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Re: Transmittal of Part A and Part B Permit Application for Triassic Park Hazardous 
Waste Facility dated December 1997 

Dear Dale: 

On behalf of T erraMatrix/Montgomery Watson, S. M. Stoller and DelHart LLC, we 
are pleased to present three (3) hard copies and one (1) electronic copy of the above 
referenced document. This document supersedes all previous Part A and Part B permit 
submittals for the Triassic Park facility. In addition, this document addresses comments 
provided by A TK and NMED on the previous application submittals. 

In accordance with State of New Mexico requirements, the engineering report, design 
drawings, specifications, construction quality assurance plan, and design calculations 
have been prepared by professional engineers registered in the State of New Mexico 
(Patrick Corser- No. 12236 and John Pellicer- No. 13547) with assistance from other 
engineering and technical staff. 

We have enjoyed working with you and Larry Gandy on this project and look forward 
to the successful development of the Triassic Park Facility. If you have any questions 
please contact us. 

Sincerely, 

T erraMatrix/Montgomery Watson 

Patrick Corser, P.E. 
Vice President 

attachments 

cc: J. Bonner- S.M. Stoller 
J. Kendall - T erraMatrix 

1475 P1ne Grove Road 
Stearn boat Springs, Colorado 
60477 

Tel: 970 879 6260 
Fax: 970 879 9048 

DelHart, LLC 
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Hart M. Greenwood, REM 
President 
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Note: This document presents a construction quality assurance plan for various 
elements of the Triassic Park Waste Disposal Facility landfill, surface 
impoundment and associated facilities Modifications to the plan may be 
required prior to construction. Any revisions required will be submitted to 
NMED for approval prior to construction. 
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FINAL CQA PIAN 

1.0 INTRODUCTION 

SECTION I- GENERAL 

Triassic Park Waste Disposal Facility 
Section I: GENERAL 

Triassic Park Waste Disposal Facility will consist of a landfill, evaporation pond, stabilization facility 
dmm handling facility, liquid waste storage area, tmck roll-off area and tmck wash. This Constmction 
Quality Assurance plan is intended to be used in conjunction with the design drawings and 
constmction specifications. 

The CQA Plan addresses the constmction quality assurance of the soils, geosynthetics, and related 
liner system components for the facilities listed above at the Triassic Park Facility. The CQA Plan is 
divided into the following sections: 

• Section I: General; 

• Section II: Soils CQA; 

• Section III: Geosynthetic Clay Liner CQA; 

• Section N: Geomembrane CQA; 

• Section V: Geotextile CQA; 

• Section VI: Geocomposite CQA; 

• Section VII: Geonet CQA; 

• Section VIII: Polyethylene Pipe and Fittings CQA; and, 

• Section IX: ADS Slotted CPT CQA; 

• Section X: Cormgated Metal Pipe CQA; 

• Section XI: Carbon Steel and Stainless Steel Pipe CQA; 

• Section XII: Polyethylene Tank CQA; 

• Section XIII: Concrete Formwork CQA; 

• Section XN: Reinforcement Steel CQA; 

• Section XV: Joints in Concrete CQA; 

• Section XVI: Miscellaneous Metalwork CQA; 

• Section XVII: Cast in Place Concrete CQA; abnd 

• Section XVIII: CQA Documentation. 

2.0 DEFINITIONS RELATING TO CONSTRUCTION QUALITY ASSURANCE 

2. ·1 Construction Quality Assurance and Construction Quality Control 

The CQA Plan is a site-specific document which addresses the following: (i) CQA personnel 
responsibilities, authorities, and qualifications; (ii) inspection, monitoring, and testing activities 
necessary to document that the facility is constmcted to meet or exceed design criteria, plans, and 
specifications; and (iii) CQA documentation requirements. 

Constmction Quality Assurance (CQA) - A planned and systematic pattern of the means and actions 
designed to provide adequate confidence that items or services meet contractual and regulatory 
requirements, and will perform satisfactorily in service. 

Constmction Quality Control (CQC) -Those actions which provide a means to measure and control 
the characteristics of an item or service to meet contractual and regulatory requirements. 

I-1 
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2.2 Use of the Terms in This Plan 

In the context of this docwnent: 

Triassic Park Waste Disposal Facility 
Section I: GENERAL 

• Construction Quality Assurance (CQA) refers to means and actions employed by the 
CQA Engineer to assure conformity of liner system preparation, production, and 
installation with this CQA Plan, the General Specifications, and the Construction 
Drawings. CQA is provided by a party independent from the product Manufacturer and 
Contractor. 

• Construction Quality Control (CQC) refers to those actions taken by Manufacturers, 
Suppliers, Contractors, or Owners, including their designated representatives, to ensure 
that the materials and the workmanship meet the requirements of the General 
Specifications, and the Construction Drawings. In the case of soils, and within this CQA 
Plan, CQC is typically made a part of the CQA requirements and is provided by the 
CQA Engineer. In the case of geosynthetic and other non-soil components, CQC is 
provided by the Manufacturers and installers of the various geosynthetics. 

3.0 PARTIES TO CONSTRUCTION QUALITY ASSURANCE 

3.1 Organization Chart 

A typical project organization chart for construction of landfills, surface impoundments and 
associated facilities is provided in Figure I -1. 

3.2 Description of the Parties 

3.2.1 Design Engineer 

The Design Engineer is the individual, firm or corporation having direct responsibility for the design 
of the landfill or surface impoundment structure. During construction, the Design Engineer must 
approve any significant deviation from the design requirements of the Contract Documents. The 
Design Engineer may be an employee of the Owner. An individual representing the Design Engineer 
dirt!cdy responsible for the project must be registered as a Professional Engineer in the State of New 
Mexico. 

3.2.2 Contractor 

The individual, firm, or corporation undertaking the execution of the work under the terms of the 
Contract Docwnents. The Contractor may be responsible for constructing the entire liner system 
(earthwork and geosynthetics), or only selected components of the liner system. The reference to 
Contractor refers to the General Contractor and all subcontractors which the General Contractor 
may employ in meeting the requirements of the Contract Documents. 

3.2.3 Drainage Gravel Supplier 

The drainage gravel Supplier excavates (or manufactures) and delivers drainage gravel to the 
Contractor at the Triassic Park Facility. 
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3.2.4 Road Base Material Supplier 

Triassic Park Waste Disposal Facility 
Section I: GENERAL 

The road base Supplier excavates (or manufactures) and road base material to the Contractor at the 
Triassic Park Facility. 

3.2.5 Select Subbase Supplier 

The select subbase Supplier excavates (or manufactures) and delivers select subbase to the contractor 
at t.he Triassic Park Facility. 

3.2.6 Resin Supplier 

The Resin Supplier produces and delivers restn to the Manufacturer of geosynthetic materials or 
polymer based products such as pipe. 

3.2.7 Manufacturer 

The Manufacturer manufactures a specific component (e.g., geomembrane, geosynthetic clay liner, 
geotextile, geocomposite, geonet or pipe) of the proposed liner system and delivers the component to 
the Contractor at the site. In the General Specifications, the term Manufacturer may refer to the 
geomembrane Manufacturer, geotextile Manufacturer, geocomposite/ geonet Manufacturer, GCL 
Manufacturer, or pipe Manufacturer. 

3.2.8 Construction Duality Assurance Engineer 

The CQA Engineer is an individual, firm, or corporation, independent from the Owner, Contractor, 
and Manufacturer, that observes, tests, and documents activities related to the CQA of the 
earthworks at the site, and observes, tests, and documents activities related to the CQA of the 
installation of the geosynthetic components of the liner system. The CQA Engineer observes, tests, 
and documents activities related to the CQA of pipes and other liner system components. The CQA 
Engineer must provide an engineer which directly manages the CQA activities who is a Professional 
Engineer registered in the State of New Mexico. The CQA Engineer may be the same as the Design 
Engineer, but must be independent from the Owner. 

3.2.9 Soils Construction Duality Assurance Laboratory 

The Soils CQA Laboratory is independent from the Owner, Gravel Supplier, Granular Material 
Supplier, and Contractor. The Soils CQA Laboratory conducts tests in the laboratory (which may be 
on site or off site) on samples of soil taken from the borrow pits, stockpiles, or the liner system. 

3.2 .. 10 Geosynthetic COA Laboratory 

The Geosynthetics CQA Laboratory is independent from the Owner, Resin Supplier, Manufacturer, 
and Contractor. The Geosynthetics CQA Laboratory conducts tests on samples of geosynthetics 
taken from the site. The Geosynthetics CQA Laboratory may also conduct tests on pipes or other 
liner system components. The Geosynthetics CQA Laboratory service cannot be provided by any 
party involved with the manufacture or installation of any of the geosynthetic components. 
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3.2.11 Owner 

Triassic Park Waste Disposal Facility 
Section I: GENER:\L 

The Owner owns and operates the landfill or surface impoundment. In this CQA Plan, the term 
"Owner" refers specifically to the Triassic Park \Vaste Disposal Facility. 

3.3 Qualifications of the Parties 

3.3.1 Design Engineer 

The representative of the Design Engineer, who is directly responsible for the project, will be a 
qualified Professional Engineer registered in the State of New Mexico. The Design Engineer will 
have a history which demonstrates familiarity with all liner system components, including detailed 
design methods and procedures. 

3.3.2 Geomembrane Installer 

Tht! Geomembrane Installer (who may be either the Contractor or a subcontractor to the Contractor) 
will be trained and qualified to install geosynthetics, as well as other liner system components such as 
pipe, if necessary. 

All personnel performing seaming operations will be qualified by experience (i.e., each seamer will 
have installed no less than 100,000 square feet of geomembrane using the same methods of seaming 
that will be used on this project). At least one seamer will have experience seaming a minimum of 
1,000,000 square feet of geomembrane using the same method of seaming that will be used on this 
project. The most experienced seamer, the "master seamer", will provide direct supervision, as 
required, over less experienced seamers. Field seaming may not take place without an approved 
master seamer being present. 

The Contractor will provide the Owner and CQA Engineer with a list of proposed seaming personnel 
and their professional records. Any proposed seaming personnel deemed insufficiently experienced 
will not be accepted by the Owner or will be required to pass a seaming test prior to working on the 
ProJect. 

3.3.3 Construction Quality Assurance Engineer Personnel 

Personnel representing the CQA Engineer shall be properly trained and qualified to test and inspect 
soils, including high- and low-permeability soils, geosynthetics, including geomembranes, geotextiles, 
geocomposites, GCLs, and pipe. The CQA Engineer will predominately be represented by a 
Resident Engineer who has direct responsibility for management of the CQA activities. The CQA 
Resident Engineer will be experienced in construction, CQA of soils; CQA of geosynthetics and pipe; 
and preparation of CQA documentation including CQA forms, reports, and plans. 

As a minimum, CQA Monitors will have a high school diploma and at least two years of construction 
related experience and one year of experience conducting CQA monitoring for landfill construction 
involving both soil and geosynthetic components, or a Bachelor of Science degree from a four year 
college or university and one year of experience conducting CQA monitoring for landfill construction 
involving both soil and geosynthetic components. In additions, the lead CQAM's shall be certified in 
geosynthetic by the National Institute for certification in Engineering technologies (NICET). The 
number of NICET certified monitors assigned to the work shall comply with the recommendation of 
EPA as indicated in Table I-1. 
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TABLE 1·1 
RECOMENDED IMPLEMENTATION PROGRAM 
FOR CONSTRUCTION QUALITY ASSURANCE 

(COAt FOR GEOSYNTHETICS* 
(Beginning January 1, 19931 

No. of End of 
Field Crews 18 Months 
at Each Site (i.e., June 30, 19941 

1·2 1 -Level II 

3-4 1 -Level II 
1 -Levell 

~5 1 -Level II 
2- Level I 

. Certification for natural materials is under development as of this writing .. Performing a Critical Operation; Typically 4 to 6 People/Crew ... Or PE with applicable experience 

Triassic Park Waste Disposal Facility 
Section I: GENER.\L 

End of 
36 Months 

(i.e., January 1. 19961 

1 -Level Ill • • • 

1 - Level Ill • • • 
1 -Levell 

1 -Level Ill*** 
1 -Level II 
1 -Levell 

Reference: EPA Technical Guidance Document: Quality Assurance and Quality Control for Waste Containment Facilities. 
EPA/600/R-93/182, September 1993. 

Qualification of CQA Personnel shall be documented by training records and professional resumes, 
shall be reviewed by the Project Manager. 

3.3.4 Soils Construction Quality Assurance Laboratory 

The Soils CQA Laboratory will have experience with the physical testing of soils, meet all applicable 
regulatory requirements, and be familiar with ASTM and other required test standards. The Soils 
CQA Laboratory will be capable of providing test results in accordance with the specifications. 

3.3.5 Geosynthetics Construction Quality Assurance Laboratory 

The Geosynthetics CQA Laboratory will have experience in testing geosynthetics and other relevant 
liner system components and be familiar with ASTM and other applicable test standards. 

3.4 Duties of Construction Quality Assurance Engineer 

The overall responsibility of the CQA Engineer is to perform those activities specified in the CQA 
Plan (e.g., inspection, sampling, testing and documentation final certification). At a minimum, the 
CQA Engineer will be represented by a CQA Resident Engineer and the necessary supporting CQA 
inspection personnel. Specific responsibilities of the CQA Resident Engineer may include: 

• Reviewing design criteria, plans, and specifications for clarity and completeness so that 
the CQA Plan can be implemented. 

• Educating CQA personnel on CQA requirements and procedures. 

• Scheduling and coordinating CQA activities. 
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FINAL CQA PLAN 
Triassic Park Waste Disposal Facility 

Section I: GENERAL 

• Directing and supporting the CQA personnel in performing observations and tests by: 

confirming that regular calibration of testing equipment is properly conducted and 
recorded; 

confirming that the testing equipment, personnel, and procedures do not change 
adversely over time and verifying that changes do not adversely impact the 
inspection process; 

confirming that the test data are accurately recorded and maintained; and, 

verifying that the raw data are properly recorded, validated, reduced, summarized, 
and interpreted. 

• Providing to the Owner reports on the observation results including: 

review and interpretation of data sheets and reports; 

identification of work that the CQA Resident Engineer believes should be accepted, 
rejected, or uncovered for observation, or that may require special testing, 
observation, or approval; and, 

rejection of defective work and verification that corrective measures are 
implemented. 

• Verifying that the Contractor's construction quality control plan, if required, 1s m 
accordance with the site-specific CQA Plan. 

• At the Owner's request, reporting to the Contractor results of observations and tests as 
the work progresses and interacting with the Contractor to provide assistance in 
modifying the materials and work to comply with the specified design. 

• Providing the final report and certifications required by the CQA Plan. 

For the supporting CQA personnel, specific responsibilities may include: 

• Performing independent on-site observation of the work in progress to verify 
conformance with the facility design criteria, plans, and specifications; 

• Verifying that the equipment used in testing meets the test requirements and that the tests 
are conducted according to the standardized procedures defined by the CQA plan; and, 

• Reporting to the CQA Resident Engineer results of all observation including work that is 
not of acceptable quality or that fails to meet the specified design. 

4.0 SCOPE OF CONSTRUCTION QUALITY ASSURANCE 

The scope of this CQA Plan includes the CQA of the subgrade, preparation and soil, pipe, concrete 
and geosynthetic components of the liner and cover system. This CQA Plan does not address design 
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Triassic Park Waste Disposal Facility 

Section I: GENERAL 

guidelines, installation specifications, or selection of soils, geosynthetics, pipe or other liner system 
components, which are all described in the General Specifications. 

The CQA Plan does not provide for Construction Quality Control which the Contractor may 
independently undertake to facilitate the Contractor's achieving his requirements under the General 
Specifications. 

5.0 UNITS 

In this CQA Plan, all properties and dimensions are expressed in customary U.S. units. 

6.0 REFERENCES 

6.1 Applicable Organizations 

Organizations whose standards are referenced in the CQA Plan and the General Specifications are as 
follows: 

• NMSH - New Mexico State Highway and Transportation Department of Highways 
(Standard Specifications for Road and Bridge Construction); 

• ASTM- American Society for Testing and Materials; 

• GRI - Geosynthetic Research Institute; 

• OSHA - Occupational Safety and Health Administration; and, 

• USEPA - United States Environmental Protection Agency. 

6.2 Applicable Standards 

Any reference to standards of any society, institute, association, or governmental agency will pertain 
to the edition in effect as of the date of this CQA Plan, unless stated otherwise. 

6.3 Specific Standards 

Specific test standards which may be cited in the CQA Plan and the General Specifications are given 
in Table I-2. These standards may be modified due to technological advances since compilation of 
Table I-2. All such modifications are to be approved by the Owner. 

TABLE 1-2 
TEST METHODS CITED IN GENERAL SPt:CIFICATIONS AND CQA PLAN 

AMERICAN SOCIETY OF TESTING AND MATERIALS 

1. ASTM A 307 Standard Specification for Carbon Steel Bolts and Studs, 60,000 psi Tensile 
Strength 

2. ASTM A 726 Standard Specification for Cold-Rolled Carbon Steel sheet, Magnetic Laminated 
Quality, types 1 , 2, and 2S 

3. ASTM C 88 Soundness of Aggregate by Use of Sodium Sulfate or Magnesium Sulfate 

4. ASTM C 131 Resistance to Degradation of Small-size coarse Aggregate by Abrasion and 
Impact in the Los Angeles Machine 
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TABLEI·2 

Triassic Park Waste Disposal Facility 
Section I: GENERAL 

TEST METHODS CITED IN GENERAL SPECIFICATIONS AND CQA PLAN 
5. ASTM D 374C or Method for Measuring Thickness of Geotextile Materials. 

D 1777 

6. ASTM D 413 Standard Test Method for Rubber Property Adhesion to Flexible Substrate. 

7. ASTM D 422 Standard Method for Particle-Size Analysis of Soils. 

8. ASTM D 570 Standard Test Method for Water Absorption of Plastics. 

9. ASTM D 638 Standard Test Method for Tensile Properties of Plastics. 

10. ASTM D 698 Standard Test Methods for Moisture-Density Relations of Soils and Soil-
Aggregate Mixtures Using 5.5-lb (2.49-kg) Rammer and 12-in. (305-mm) Drop. 

11. ASTM D 746 Standard Test Method for Brittleness Temperature of Plastics and Elastomers by 
Impact. 

12. ASTM D 751 Standard Methods of Testing Coated Fabrics. 

13. ASTM D 792 Standard Test Methods for Specific Gravity (Relative density) and Density of 
Plastics by Displacement. 

14. ASTM D 882 Standard Test Methods for Tensile Properties of Thin Plastic Sheeting. 

15. ASTM D 1004 Standard Test Method of Initial Tear Resistance of Plastic film and Sheeting. 

16. ASTM D 1204 Standard Plastics Test Method for Linear Dimensional Changes of Nonrigid 
Thermoplastic Sheeting or Film at Elevated Temperature. 

17. ASTM D 1238 Standard Test Method for Flow Rates of Thermoplastics by Extrusion 
Plastometer. 

18. ASTM D 1248 Standard Specification for Polyethylene Plastic Molding and extrusion Metals. 

19. ASTM D 1505 Standard Test Methods for Density of Plastics by Density-Gradient Technique. 

20. ASTM D 1556 Standard Test Method for Density of Soil In Place by the Sand-Cone Method. 

21. ASTM D 1593 Standard Specification for Nonrigid Vinyl Chloride Plastic Sheeting. 

22. ASTM D 1603 Standard Test Method for Carbon Black in Olefin Plastics. 

23. ASTM D 2167 Standard Test Method for Density and Unit Weight of Soils in Place by Rubber 
Balloon Method. 

24. ASTM D 2216 or Standard Method for Laboratory Determination of water (Moisture) Content of 
D 4643 Soil, Rock, and Soil-Aggregate Mixtures. 

25. ASTM D 2434 Standard Test Method for Permeability of Granular Soils (Constant Head). 

26. ASTM D 2487 Standard Test Method for Classification of Soils for Engineering Purposes. 

27. ASTM D 2657 Standard Practice for Heat-Joining for Polyolefin Pipe and Fittings. 

28. ASTM D 2663 Carbon-Black Dispersion in Rubber. 

29. ASTM D 2837 Test Method for Obtaining Hydrostatic Design Basis for Thermoplastic Pipe 
Materials. 

30. ASTM D 2922 Standard Test Method for Density of Soil and Soil-Aggregate In Place by Nuclear 
Methods (Shallow Depth). 

31. ASTM D 3015 Recommended Practice for Microscopical Examination of Pigment Dispersion in 
Plastic Compounds. 

32. ASTM D 3017 Standard Test Method for Moisture Content of Soil and Rock In Place by Nuclear 
Methods (Shallow Depth). 

33. ASTM D 3083 Standard Specification for Flexible Poly (Vinyl Chloride) Plastic Sheeting for 
Pond, Canal, and Reservoir Lining. 

34. ASTM D 3350 Standard Specifications for Polyethylene Plastic Pipe and Fittings Materials. 

35. ASTM D 3776 Mass Per Unit Area (Weight) of Woven Fabric. 

36. ASTM D 4253 Standard Test Method for Maximum Index Testing of Soils Using a Vibratory 
Table. 

37. ASTM D 4254 Standard test Method for Minimum Index Density of Soils and Calculations of 
Relative Density. 
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TABLE 1·2 

TEST METHODS CITED IN GENERAL SPECIFICATIONS AND CQA PLAN 

38. ASTM D 4318 Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils. 

39. ASTM D 4373 Standard Test Method for Calcium Carbonate Content of Soils. 

40. ASTM D 4437 Standard Test Methods for Determining the Integrity of Field Seams Used in 
Joining Flexible Polymeric Geomembranes. 

41. ASTM D 4491 Standard Test Method for Water Permeability of Geotextiles by the Permittivity 
Method. 

42. ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of Geotextiles. 

43. ASTM D 4632 Standard Test Method for Breaking Load and Elongation of Geotextiles (Grab 
Elongation Method and Peel Strength). 

44. ASTM D 4643 Determination of Water (Moisture) Content of Soil by the Microwave Oven 
Method. 

45. ASTM D 4716 Standard Test Method for Constant Head Hydraulic Transmissivity (In-Plane 
Flow) of Geotextiles and Geotextile Related Products. 

46. ASTM D 4751 Standard Test Method for Determining Apparent Opening Size of a Geotextile 

47. ASTM D 4833 Test Method for Index Puncture Resistance of Geotextiles, Geomembranes, and 
Related Products. 

48. ASTM D 5084 Standard Test Method for Measurement of Hydraulic Conductivity of Saturated 
Porous Materials Using a Flexible Wall Permeameter. 

49. ASTM D 5261 Measuring Mass Per Unit Area of Geotextile 

50. ASTM D 5321 Coefficient of Soil and Geosynthetics or Geosynthetics and Geosynthetics 
Friction by Direct Shear. 

51. ASTM D 5890 Standard Test Method for Swell Index of Clay Mineral Component of 
Geosynthetic Clay Liners. 

52. ASTM 5891 Standard Test Method for Fluid Loss of Clay Component of Geosynthetic Clay 
Liners. 

53. ASTM E 11 Specification for Wire-Cloth Sieves for Testing Purposes. 

54. ASTM F 714 Standard Specification for Polyethylene (PE) Plastic Pipe (SDR-PR) Based on 
Outside Diameter. 

55. ASTM F 904 Standard Test Method for Comparison of Bond Strength or Ply Adhesion of 
Similar Laminates Made from Flexible Materials. 

GEOSYNTHETIC RESEARCH INSTITUTE 

1. GRI-GMI Standard Test Method for Ductile/Brittle Transition Time for Notched 
Polyethylene Specimen under Constant Stress. 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

1. USEPA Method 9090 Compatibility Test for Wastes and Membrane Liners. 
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Section II: SOILS CONSTRUCTION QU,\LilY A.SSURA.NCE 

SECTION II- SOILS CONSTRUCTION QUALITY ASSURANCE 

1.0 INTRODUCTION 

TI1is section of the CQA Plan addresses the soils components of the liner and cover systems and 
specifies the soils CQA program to be implemented with regard to materials selection and evaluation, 
laboratory test requirements, field test requirements, and treatment of problems. 

Titis section of the CQA Plan also addresses for construction of the foundation subgrade, clay liners, 
clay covers, granular drainage layers, sump and pipe bedding gravel, the protective soil layer, and 
cover soil. 

2.0 EXCAVATED SUBGRADE 

2.1 Verification of Subgrade Continuity 

\Vhen the excavation of the landfill or surface impoundment is completed, the CQA Engineer will: 

• Inspect the subgrade on the side slopes and base of the landfill or surface impoundment 
and note areas of weak or excessively weathered subgrade materials; and, 

• Observe the proof rolling of the base of the landfill or surface impoundment and note 
areas that exhibit excessive rutting, heaving, or softening. 

Backfill material in the excavation will be structural fill or clay liner material that will be placed and 
compacted. The CQA Engineer will observe any excavation and backfilling operations. 

Th.e CQA Engineer will report any problems or deviations from the above requirements to the 
Owner. 

2.2 Structural Fill Placement and Compaction 

The General Specifications will be followed for the placement and compaction of structural fill. The 
CQA Engineer will monitor the fill placement and compaction to verify and document the following: 

• The soil being placed meets the General Specification requirements for fill as determined 
by the test methods and frequencies specified within this CQA Plan; 

• The compacted lift thickness is in accordance with the requirements of the General 
Specifications; 

• The previous lift is scarified as specified in the General Specifications before placing the 
next lift; 

• Fill is moisture conditioned, as required in the General Specifications; and, 

• The compacted moisture content and dry unit weight of the fill meets specifications as 
determined by the test methods and frequencies described below. 
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2.3 Construction Quality Assurance Evaluation 

The minimum frequency of soils testing for CQA purposes will conform to the minimum frequencies 
prt:sented in Table II-1. 

Nuclear density meter test methods will be used for the field testing of the in-situ dry unit weight and 
moisture content of the in-place, compacted fill. Standard Count Calibration, Sand Cone tests and/ or 
Rubber Balloon tests and oven moisture content tests will be conducted to calibrate the results of the 
nuclear density meter and in cases of uncertainty with the nuclear density meter test results. Any 
conflict over the test results will be resolved by the CQA Engineer and the Owner. All perforations 
in the fill will be backfilled in accordance with the General Specifications. 

If an in-place density test result fails to meet specifications, a confirmatory test will be performed 
immediately adjacent to the failed test. If the confirmatory test meets or exceeds specifications then a 
second conftrmatory test will be performed at a second location immediately next to the failed test. If 
the second conftrmatory test also meets or exceeds specifications then the area will be declared as 
meeting project specifications and the conftrmatory tests will be reported. In the event that either 
conftrmatory test fails to meet specifications, then additional testing will be performed to identify the 
limits of the area that does not meet project specifications. 

If a defective area is discovered in the fill, the CQA Engineer will determine the extent and nature of 
the defect. If the defect is indicated by an unsatisfactory test result, the CQA Engineer will determine 
the extent of the defective area by additional tests, observations, a review of records, or other means 
that the CQA Engineer deems appropriate. If the defect is related to adverse site conditions, such as 
excessively wet soils or surface desiccation, the CQA Engineer will define the limits and nature of the 
defect by testing or observation. After the extent and nature of a defect is determined, the CQA 
Engineer will notify the Owner, and verify that the deficiency is corrected by the Contractor before 
any additional work is performed in the area of the deficiency. 

2.4 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA survey. 
The CQA Surveyor will independently survey the excavation to confirm that the grades and 
elevations in the field agree with those shown on the Construction Drawings. CQA Surveys will be 
conducted in accordance with the requirements described in Part 14 of Section II. 

The results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer. The CQA Engineer and the Owner will review and approve 
the survey results before the next phase of the lining system is constructed. 

3.0 PREPARED SUBGRADE 

3.1 Prepared Subgrade Placement and Compaction 

The CQA Engineer will verify and document that the prepared subgrade is constructed to the 
elevations, grades, and thicknesses shown on the Construction Drawings, with material meeting the 
requirements of the General Specifications as determined by the test methods and frequencies 
specified within this CQA Plan. 
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Prior to the placement of the prepared subgrade, the CQA Engineer will verify and document that: 

• All or an approved portion of the excavation are complete, and that a survey has been 
conducted to verify that the subgrade grades and elevations conform to the Construction 
Drawings; 

• The subgrade meets specifications as determined by the test requirements of this CQA 
Plan; 

• The surface of the subgrade is free of debris, wet and soft areas, ponded water, 
vegetation, mud, ice or frozen material; and, 

• If frozen subgrade material is encountered, it is removed and replaced in accordance with 
the General Specifications. 

During placement and compaction of the prepared subgrade, the CQA Engineer will verify and 
document that: 

• Close inspection of the placement and compaction of the prepared subgrade with 
earthmoving equipment is performed by the CQA Engineer; 

• The prepared subgrade material meets the requirements of the General Specifications as 
determined by the CQA testing methods and frequency in Table II-2; 

• The prepared subgrade is placed in accordance with the conditions and rrurumum 
requirements of the General Specifications; 

• Each lift is compacted to the required thickness and minimum dry unit weight within the 
range of moisture contents established by the General Specifications as determined by 
the CQA testing methods and frequency in Table II-2; 

• The Contractor uses the compaction equipment and the number of passes specified in 
the General Specifications; 

• Perforations in the prepared subgrade at testing and sampling locations are backfilled in 
accordance with the General Specifications; and, 

• The CQA Engineer will document the properties of the prepared subgrade as 
determined by the test methods and frequency prescribed by this CQA Plan and will 
report any nonconformance with the General Specifications to the Owner. 

3.2 Construction Quality Assurance Evaluation 

Construction quality assurance testing is required of the prepared subgrade, and the Contractor must 
take quality assurance testing into account when planning his construction schedule. Nuclear density 
meter test methods will be used for testing the in-situ compacted dry unit weight and moisture 
content of the materials. Standard Count Calibration, Sand Cone and/ or Rubber Balloon tests and 
oven moisture content tests will be used to calibrate the reading of the nuclear density meter and in 
cases of uncertainty with the nuclear density meter readings. Any discrepancies between test results 
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will be resolved by the CQA Engineer and the Owner. The CQA Engineer will conduct moisture, 
and density tests as specified in Table II-2. 

The testing frequency during prepared subgrade construction may be increased or modified at the 
discretion of the CQA Engineer when visual observations of construction performance indicate 
potential problems. 

During construction, the frequency of testing may be increased by the CQA Engineer during adverse 
weather conditions, if equipment breaks down, at the start and finish of grading, if the material fails 
to meet the requirements of the General Specifications, or the extent of the work area is reduced. 

If an in-place density test result fails to meet specifications, a confirmatory test will be performed 
immediately adjacent to the failed test. If the confirmatory test meets or exceeds specifications then a 
second conftrmatory test will be performed at a second location immediately next to the failed test. If 
the second conftrmatory test also meets or exceeds specifications then the area will be declared as 
meeting project specifications and the confirmatory tests will be reported. In the event that either 
conftrmatory test fails to meet specifications, then additional testing will be performed to identify the 
limits of the area that does not meet project specifications. 

If a defective area is discovered in the prepared subgrade, the CQA Engineer will determine the 
extent and nature of the defect. If the defect is indicated by an unsatisfactory test result, the CQA 
Engineer will determine the extent of the defective area by additional tests, observations, a review of 
records, or other means that the CQA Engineer deems appropriate. If the defect is related to adverse 
site conditions, such as excessively wet soils or surface desiccation, the CQA Engineer will define the 
limits and nature of the defect by testing or observation. After the extent and nature of a defect is 
determined and has been remedied by the Contractor, the CQA Engineer will verify that the 
deficiency is corrected by retesting repaired areas before any additional work is performed by the 
Contractor in the area of the deficiency. 

Based on the requirements of the General Specifications, the Contractor will be required to use all 
means necessary to protect all prior work, as well as all materials and completed work of other 
Sections. In the event of damage, the Contractor will be required to immediately make all repairs and 
replacements necessary. The CQA Engineer will verify and document that all damages are repaired. 

3.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
The CQA Surveyor will independently survey the elevations and grades of the clay liner surfaces, and 
to conftrm that the lines and elevations in the field agree with those shown on the Construction 
Drawings. CQA surveys will be conducted in accordance with the requirements described in Part 14 
of Section II. 

The results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The owner and the CQA 
Engineer will approve the survey results before the next phase of the liner system (geomembrane 
installation) is constructed. 
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4.0 CLAY LINERS 

4.1 Clay Liner Placement and Compaction 

The CQA Engineer will verify and document that the clay liner is constructed to the elevations, 
grades, and thicknesses shown on the Construction Drawings, with material meeting the requirements 
of the General Specifications as determined by the test methods and frequencies specified within this 
CQA Plan. 

Prior to the placement of the clay liner, the CQA Engineer will verify and document that: 

• That a test fill has been constructed with the proposed liner material and production 
scale equipment to confirm processing and placement procedures. In addition, field and 
laboratory testing shall be completed on the test fill to confirm clay placement 
specifications will achieve the specified permeability. A test fill plan is presented in 
Appendix A. 

• All or an approved portion of the excavation are complete, and that a survey has been 
conducted to verify that the subgrade grades and elevations conform to the Construction 
Drawings; 

• The subgrade meets specifications as determined by the test requirements of this CQA 
Plan; 

• The surface of the subgrade is free of debris, wet and soft areas, ponded water, 
vegetation, mud, ice or frozen material; and, 

• If frozen subgrade material is encountered, it is removed and replaced in accordance with 
the General Specifications. 

During placement and compaction of the clay liner, the CQA Engineer will verify and document that: 

• Close observation of the placement and compaction of clay liner material with 
earthmoving equipment is performed by the CQA Engineer; 

• The clay liner material meets the requirements of the General Specifications as 
determined by the CQA testing methods and frequency in Table II-3; 

• The clay liner is placed in accordance with the conditions and minimum requirements of 
the General Specifications; 

• Each lift is compacted to the required thickness and minimum dry unit weight within the 
range of moisture contents established by the General Specifications as determined by 
the CQA testing methods and frequency in Table II-3; 

• The Contractor uses the compaction equipment and the number of passes specified in 
the General Specifications; 

• Thin-walled (i.e., Shelby tube) samples of clay liner material are collected and laboratory 
permeability testing is performed at the frequency specified in Table II-3; 
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• Perforations in the clay liner at testing and sampling locations are backfilled m 
accordance with the General Specifications; and, 

• Excessive wrinkles in the geosynthetic components underlying the clay have been 
"worked" out. 

The CQA Engineer will document the properties of the clay soil as determined by the test methods 
and frequency prescribed by this CQA Plan and will report any nonconformance with the General 
Specifications to the Owner. 

4.2 Construction Quality Assurance Evaluation 

Extensive construction quality assurance testing is required of the clay liners, and the Contractor must 
take quality assurance testing into account when planning his construction schedule. Nuclear density 
meter test methods will be used for testing the in-situ compacted dry unit weight and moisture 
content of the clay materials. Standard Count Calibration, Sand Cone and/ or Rubber Balloon tests 
and oven moisture content tests will be used to calibrate the reading of the nuclear density meter and 
in cases of uncertainty with the nuclear density meter readings. Any discrepancies between test 
results will be resolved by the CQA Engineer and the Owner. Thin-walled (i.e., Shelby) tube samples 
will be collected for hydraulic conductivity testing. At the request of the CQA Engineer, on-site 
construction equipment operated by the Contractor will be used to slowly push the sample tube 
thmugh the clay layer. The CQA Engineer will conduct moisture, density, and hydraulic conductivity 
tests as specified in Table II-3. 

The testing frequency during clay liner construction may be increased or modified at the discretion of 
the CQA Engineer when visual observations of construction performance indicate potential 
problems. 

During construction, the frequency of testing may be increased by the CQA Engineer during adverse 
weather conditions, if equipment breaks down, at the start and finish of grading, if the material fails 
to meet the requirements of the General Specifications, or the extent of the work area is reduced. 

All perforations in the clay liner at nuclear density test probe locations will be backfilled by the CQA 
Engineer with clay liner material and compacted by hand tamping. All perforations at sand cone or 
rubber balloon test locations, Shelby tube sample locations, and test pit locations will be backfilled by 
the Contractor with clay liner material and compacted in accordance with the specifications for clay 
liner. 

If an in-place density test results fail to meet specifications, a confirmatory test will be performed 
immediately adjacent to the failed test. If the confirmatory test meets or exceeds specifications then a 
second confirmatory test will be performed at a second location immediately next to the failed test. If 
the second confirmatory test also meets or exceeds specifications then the area will be declared as 
meeting project specifications and the confirmatory tests will be reported. In the event that either 
confirmatory test fails to meet specifications, then additional testing will be performed to identify the 
limits of the area that does not meet project specifications. 

If a defective area is discovered in the clay liner, the CQA Engineer will determine the extent and 
nature of the defect. If the defect is indicated by an unsatisfactory test result, the CQA Engineer will 
determine the extent of the defective area .by additional tests, observations, a review of records, or 
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other means that the CQA Engineer deems appropriate. If the defect is related to adverse site 
conditions, such as excessively wet soils or surface desiccation, the CQA Engineer will define the 
limits and nature of the defect by testing or observation. After the extent and nature of a defect is 
determined and has been remedied by the Contractor, the CQA Engineer will verify that the 
deficiency is corrected by retesting repaired areas before any additional work is performed by the 
Contractor in the area of the deficiency. 

Based on the requirements of the General Specifications, the Contractor will be required to use all 
means necessary to protect all prior work, as well as all materials and completed work of other 
Sections. In the event of damage, the Contractor will be required to immediately make all repairs and 
replacements necessary. The CQA Engineer will verify and document that all damages are repaired. 

4.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
The CQA Surveyor will independently survey the elevations and grades of the clay liner surfaces, and 
to confrrm that the lines and elevations in the field agree with those shown on the Construction 
Drawings. CQA surveys will be conducted in accordance with the requirements described in Part 14 
of Section II. 

The results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The Owner and the 
CQA Engineer will approve the survey results before the next phase of the liner system 
(geomembrane installation) is constructed. 

5.0 DRAINAGE GRAVEL 

5.1 Supplier 

The Contractor will require that the drainage gravel Supplier provide the CQA Engineer with quality 
control test results and a written certification signed by a responsible party of the Supplier that the 
tests required by the General Specifications have been performed on the material to be delivered to 
the site. 

The CQA Engineer will examine the tests results and report any deviations to the Owner. If the 
drainage gravel supplier cannot provide test results required by the general specifications, then the 
CQA Engineer may perform or arrange to perform the tests. 

5.2 Conformance Evaluation 

The test methods and frequency for CQA conformance testing of the drainage gravel are specified in 
Table II-4. 

If the material fails to meet the requirements of the General Specifications, the CQA Engineer will 

perform sufficient sampling and testing to identify the extent of the nonconforming material at the 
expense of the Contractor. Nonconforming material will be removed from the site. 
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The CQA Engineer will verify and document that the drainage gravel is constructed to the elevations, 
grades, and thicknesses shown on the Construction Drawings, with material meeting the requirements 
of the General Specifications as determined by the test methods and frequencies specified within this 
CQA Plan. 

Prior to the placement of the drainage gravel, the CQA Engineer will verify and document that: 

• The underlying geosynthetic layers are free of holes, tears, excessive wrinkles, or foreign 
objects; and, 

• All work on underlying layers is complete and accepted by the Owner. 

During placement and compaction of the drainage gravel, the CQA Engineer will verify and 
document that: 

• Drainage gravel material satisfies the requirements of the General Specifications as 
determined by the testing prescribed within the CQA Plan; 

• Drainage gravel material is spread before 12:00 noon, unless otherwise approved by the 
Owner; 

• The equipment wheel ground pressure versus the material thickness requirements given 
in the General Specifications are complied with; 

• The drainage gravel is placed in a manner so that the maximum material drop height is in 
accordance with the General Specifications; 

• Close observation of the placement and compaction of drainage gravel with earth 
moving equipment is performed; and, 

• The drainage gravel is compacted utilizing the equipment and number of passes specified 
in the General Specifications. 

5.4 Construction Quality Assurance Evaluation 

No density tests will be conducted on the drainage gravel. If the CQA Engineer suspects damage to 
pipes or underlying geosynthetic, the contractor will be required to expose the potentially damaged 
materials and repair any observed damage. 

5.5 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform CQA surveys. The 
CQA surveyor will independently survey the elevations and grades of the top of the drainage gravel, 
and to conftrm that the grades and elevations in the field agree with those shown on the Construction 
Drawings. The CQA surveys will be performed in accordance with the requirements described in 
Part 14 of Section II. 
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The results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The Owner and CQA 
Engineer will approve the survey results before the next phase of the lining system is constructed. 

6.0 ROAD BASE 

6.1 Supplier 

The Contractor will provide the CQA Engineer with quality control test results and a written 
certification signed by a responsible party of the road base Supplier that the tests required by the 
General Specifications have been performed on material representative of that which is to be 
delivered to the site. 

The CQA Engineer will examine the tests results and report any deviations from the General 
Specifications to the Owner. If the road base Supplier cannot provide test results required by the 
General Specifications, then the CQA Engineer may perform or arrange to perform the tests. 

6.2 Conformance Evaluation 

The test methods and frequency for CQA testing of the road base is specified in Table II-5. 

If the gravel fails to meet the requirements of the General Specifications, the CQA Engineer will 
perform sufficient sampling and testing to identify the extent of the nonconforming material with the 
cost of such tests borne by the Contractor. Nonconforming material will be removed from the site. 

6.3 Placement 

The CQA Engineer will verify and document that the road base is constructed to the elevations, 
grades, and thicknesses shown on the Construction Drawings, with material meeting the requirements 
of the General Specifications as determined by the test methods and frequencies specified within this 
CQA Plan. 

Prior to the placement of the road base, the CQA Engineer will verify and document that: 

• The underlying geotextile is free of holes, tears, excessive wrinkles, or foreign objects; 
and, 

• All work on underlying layers is complete and accepted by the Owner. 

During placement of the road base, the CQA Engineer will verify and document that: 

• Close observation of the placement of road base with earth-moving equipment 1s 
performed; 

• The road base is suitable and meets the requirements of the General Specifications as 
determined by the test methods and frequency prescribed within this CQA Plan; and, 

• The road base is placed in accordance with the General Specifications. 

II-9 
December 1997 



FINAL CQA PIA'l 
Triassic Park Waste Disposal Facility 

Section II: SOILS CONSTRUCTION QU"\LITY "\SSURA.NCE 

6.4 Construction Quality Assurance Evaluation 

Nuclear density tests will be used for testing the in-situ dry unit weight and moisture content of the 
road base. If the CQA Engineer suspects damage to underlying geosynthetics, the Contractor will be 
re<1uired to expose the potentially damaged materials and repair any observed damage. 

7.0 COVER SOIL 

7.1 Placement and Compaction 

The CQA Engineer will verify and document that the cover soil is constructed to the elevations, 
grades, and thicknesses shown on the Construction Drawings, with material meeting the requirements 
of the General Specifications as determined by the test methods and frequencies specified within this 
CQA Plan. 

Prior to the placement of the cover soil, the CQA Engineer will verify and document that: 

• All or an approved portion of the waste filling plan is complete, and that a survey has 
been conducted to verify that the waste grades and elevations conform to the 
Construction Drawings; 

• The surface of the subgrade is free of debris, wet and soft areas, ponded water, 
vegetation, mud, ice or frozen material; and, 

During placement and compaction of the cover soil, the CQA Engineer will verify and document 
that: 

• Close observation of the placement and compaction of cover soil with earthmoving 
equipment is performed by the CQA Engineer; 

• The cover soil meets the requirements of the General Specifications as determined by the 
CQA testing methods and frequency in Table II-6; 

• The cover soil is placed in accordance with the conditions and minimum requirements of 
the General Specifications; 

• Each lift is compacted to the required thickness and minimum dry unit weight within the 
range of moisture contents established by the General Specifications as determined by 
the CQA testing methods and frequency in Table II-6; 

• The Contractor uses the compaction equipment and the number of passes specified in 
the General Specifications; and, 

• The CQA Engineer will document the properties of the cover soil as determined by the 
test methods and frequency prescribed by this CQA Plan and will report any 
nonconformance with the General Specifications to the Owner. 
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7 .. 2 Construction Quality Assurance Evaluation 

Nuclear density tests will be used for testing the in-situ unit weight and moisture content of the cover 
soil. 

The Contractor will be required to use all means necessary to protect all prior work, as well as all 
material and completed work of other Sections. In the event of damage, the Contractor will be 
required to immediately make all repairs and replacements necessary. The CQA Engineer will verify 
and document that all damages are repair. 

7 .. 3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
l11e CQA Surveyor will independently survey the elevations and grades of the cover soil to confirm 
that the lines and elevations in the field agree with those shown on the Construction Drawings. CQA 
surveys will be conducted in accordance with the requirements described in Part 14 of Section II. 

l11e results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The Owner and the 
CQA Engineer will approve the survey results before ilie next phase of construction. 

8.0 VEGETATIVE COVER 

8.1 Placement and Compaction 

l11e CQA Engineer will verify and document that the vegetative cover is constructed to the 
elevations, grades, and thicknesses shown on the Construction Drawings, with material meeting the 
requirements of the General Specifications as determined by the test methods and frequencies 
specified within tills CQA Plan. 

Prior to the placement of the vegetative cover, the CQA Engineer will verify and document that: 

• All work on underlying layers is complete and accepted by Owner; and, 

• The underlying geocomposite is free of holes, team, excessive wrinkles, or foreign 
objects. 

During placement and compaction of the vegetative cover, the CQA Engineer will verify and 
document that: 

• Close observation of the placement and compaction of vegetative cover with 
earilimoving equipment is performed; 

• The vegetative cover meets the requirements of ilie General Specifications as determined 
by the CQA testing methods and frequency in Table II-7; 

• The vegetative cover is placed in accordance with the conditions and nununum 
requirements of the General Specifications; 
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• The Contractor uses the compaction equipment and the number of passes specified in 
the General Specifications; and, 

• The CQA Engineer will document the properties of the vegetative cover as determined 
by the test methods and frequency prescribed by this CQA Plan and will report any 
nonconformance with the General Specifications to the Owner. 

8.2 Construction Quality Assurance Evaluation 

The Contractor will be required to use all means necessary to protect all prior work, as well as all 
material and completed work of other Sections. In the event of damage, the Contractor will be 
required to immediately make all repairs and replacements necessary. The CQA Engineer will verify 
and document that all damages are repair. 

8.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
The CQA Surveyor will independently survey the elevations and grades of the vegetative cover to 
conftrm that the lines and elevations in the field agree with those shown on the Construction 
Drawings. CQA surveys will be conducted in accordance with the requirements described in Part 14 
of Section II. 

The results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The Owner and the 
CQA Engineer will approve the survey results before the next phase of construction. 

9.0 PIPE BEDDING SAND 

9.1 Placement and Compaction 

The CQA Engineer will verify and document that the pipe bedding is constructed to the elevations, 
grades, and thicknesses shown on the Construction Drawings, with material meeting the requirements 
of the General Specifications as determined by the test methods and frequencies specified within this 
CQA Plan. 

Prior to the placement of the pipe bedding sand, the CQA Engineer will verify and document that: 

• All work on underlying layers is complete and accepted by the Owner; and, 

• The underlying geotextile is free of holes, tears, excessive wrinkles, or foreign objects. 

During placement and compaction of the pipe bedding sand, the CQA Engineer will verify and 
document that: 

• Close observation of the placement and compaction of pipe bedding with earthmoving 
equipment is performed; 

• The pipe bedding sand meets the requirements of the General Specifications as 
determined by the CQA testing methods and frequency in Table II-8; 
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• The pipe bedding sand is placed in accordance with the conditions and minimum 
requirements of the General Specifications; 

• The Contractor uses the compaction equipment and the number of passes specified in 
the General Specifications; and, 

• The CQA Engineer will document the properties of the pipe bedding sand as determined 
by the test methods and frequency prescribed by this CQA Plan and will report any 
nonconformance with the General Specifications to the Owner. 

9.2 Construction Quality Assurance Evaluation 

The Contractor will be required to use all means necessary to protect all prior work, as well as all 
material and completed work of other Sections. In the event of damage, the Contractor will be 
required to immediately make all repairs and replacements necessary. The CQA Engineer will verify 
and document that all damages are repair. 

9.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
The CQA Surveyor will independently survey the elevations and grades of the pipe bedding sand to 
confirm that the lines and elevations in the field agree with those shown on the Construction 
Drawings. CQA surveys will be conducted in accordance with the requirements described in Part 14 
of Section II. 

The results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The Owner and the 
CQA Engineer will approve the survey results before the next phase of construction. 

10.0 SELECT SUBBASE 

10.1 Placement and Compaction 

Prior to the placement of the select subbase, the CQA Engineer will verify and document that: 

• All work on underlying layers is complete and accepted by the Owner; and, 

• The underlying geocomposite is free of holes, tears, excessive wrinkles, or foreign 
objects. 

During placement and compaction of the select subbase, the CQA Engineer will verify and document 
that: 

• Close observation of the placement and compaction of select subbase with earthmoving 
equipment is performed by the CQA Engineer; 

• The select subbase meets the requirements of the General Specifications as determined 
by the CQA testing methods and frequency in Table II-9; 
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• The select subbase is placed in accordance with the conditions and minimum 
requirements of the General Specifications; 

• Each lift is compacted to the required thickness and minimum dry unit weight within the 
range of moisture contents established by the General Specifications as determined by 
the CQA testing methods and frequency in Table II-9; 

• The Contractor uses the compaction equipment and the number of passes specified in 
the General Specifications; and, 

• The CQA Engineer will document the properties of the select subbase as determined by 
the test methods and frequency prescribed by this CQA Plan and will report any 
nonconformance with the General Specifications to the Owner. 

10.2 Construction Quality Assurance Evaluation 

Nuclear density tests will be used for testing the in-situ unit weight and moisture content of the select 
subbase. 

The Contractor will be required to use all means necessary to protect all prior work, as well as all 
material and completed work of other Sections. In the event of damage, the Contractor will be 
required to immediately make all repairs and replacements necessary. The CQA Engineer will verify 
and document that all damages are repair. 

10.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
The CQA Surveyor will independently survey the elevations and grades of the select subbase to 
conf1rm that the lines and elevations in the field agree with those shown on the Construction 
Drawings. CQA surveys will be conducted in accordance with the requirements described in Part 14 
of Section II. 

The results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The Owner and the 
CQA Engineer will approve the survey results before the next phase of construction. 

11.0 SUBBASE 

11.1 Placement and Compaction 

Tite CQA Engineer will verify and document that the subbase is constructed to the elevations, grades, 
and thicknesses shown on the Construction Drawings, with material meeting the requirements of the 
General Specifications as determined by the test methods and frequencies specified within this CQA 
Plan. 

Prior to the placement of subbase, the CQA Engineer will verify and document that 

• All work on underlying layers is complete and accepted by the Owner. 
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During placement and compaction of the subbase, the CQA Engineer will verify and document that: 

• Close observation of the placement and compaction of subbase with earthmoving 
equipment is performed by the CQA Engineer; 

• The subbase meets the requirements of the General Specifications as determined by 
the CQA testing methods and frequency in Table II-10; 

• The subbase is placed in accordance with the conditions and minimum requirements 
of the General Specifications; 

• Each lift is compacted to the required thickness and nununum dry unit weight 
within the range of moisture contents established by the General Specifications as 
determined by the CQA testing methods and frequency in Table II-10; and, 

• The Contractor uses the compaction equipment and the number of passes specified 
in the General Specifications; 

• The CQA Engineer will document the properties of the subbase as determined by 
the test methods and frequency prescribed by this CQA Plan and will report any 
nonconformance \\-i.th the General Specifications to the Owner. 

11.2 Construction Quality Assurance Evaluation 

Nuclear density tests will be used for testing the in-situ unit weight and moisture content of the 
subbase. 

The Contractor will be required to use all means necessary to protect all prior work, as well as all 
material and completed work of other Sections. In the event of damage, the Contractor will be 
required to immediately make all repairs and replacements necessary. The CQA Engineer will verify 
and document that all damages are repair. 

11.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
The CQA Surveyor will independendy survey the elevations and grades of the subbase to confirm 
that the lines and elevations in the field agree with those shown on the Construction Drawings. CQA 
surveys will be conducted in accordance with the requirements described in Part 14 of Section II. 

1be results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The Owner and the 
CQA Engineer will approve the survey results before the next phase of construction. 

12.0 FOUNDATION SAND 

12.1 Placement and Compaction 

The CQA Engineer will verify and document that the foundation sand is constructed to the 
elevations, grades, and thicknesses shown on the Construction Drawings, with material meeting the 

II-15 
December 1997 



Fll\'AL CQA PLA.'V 
Triassic Park Waste Disposal Facility 

Section II: SOILS CONSTRUCTION QUALI1Y .\SSURANCE 

requirements of the General Specifications as determined by the test methods and frequencies 
specified within this CQA Plan. 

Prior to the placement of the foundation sand, the CQA Engineer will verify and document that: 

• All work on underlying layers is complete and accepted by the Owner; and, 

• The underlying geomembrane is free of holes, tears, excessive wrinkles, or foreign 
objects. 

During placement and compaction of the foundation sand, the CQA Engineer will verify and 
document that: 

• Close observation of the placement and compaction of foundation sand with 
earthmoving equipment is performed; 

• The foundation sand meets the requirements of the General Specifications as determined 
by the CQA testing methods and frequency in Table II-11; 

• The foundation sand is placed in accordance with the conditions and l111tllll1um 
requirements of the General Specifications; 

• Each lift is compacted to the required thickness and minimum dry unit weight within the 
range of moisture contents established by the General Specifications as determined by 
the CQA testing methods and frequency in Table II-11; 

• The Contractor uses the compaction equipment and the number of passes specified in 
the General Specifications; and, 

• The CQA Engineer will document the properties of the foundation sand as determined 
by the test methods and frequency prescribed by this CQA Plan and will report any 
nonconformance with the General Specifications to the Owner. 

12.2 Construction Quality Assurance Evaluation 

Nuclear density tests will be used for testing the in-situ unit weight and moisture content of the 
foundation sand. 

The Contractor will be required to use all means necessary to protect all prior work, as well as all 
material and completed work of other Sections. In the event of damage, the Contractor will be 
required to immediately make all repairs and replacements necessary. The CQA Engineer will verify 
and document that all damages are repair. 

12.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
The CQA Surveyor will independently survey the elevations and grades of the foundation sand to 
conf1m1 that the lines and elevations in the field agree with those shown on the Construction 
Drawings. CQA surveys will be conducted in accordance with the requirements described in Part 14 
of Section II. 
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The results of the survey conducted by the CQA Surveyor will be compiled in a report signed by the 
CQA Surveyor and the CQA Engineer, and will be reviewed by the Owner. The Owner and the 
CQA Engineer will approve the survey results before the next phase of construction. 

13.0 PROTECTIVE SOIL LAYER 

13.1 Placement and Compaction 

The CQA Engineer will verify and document that the protective soil layer is constructed to the 
elevations, grades, and thicknesses shown on the Construction Drawings, with material meeting the 
requirements of the General Specifications as determined by the test methods and frequencies 
specified within this CQA Plan. 

Prior to the placement of the protective soil layer, the CQA Engineer will verify and document that: 

• The underlying geocomposite is free of holes, tears, excessive wrinkles, or foreign 
objects; and, 

• All work on underlying layers is complete and accepted by the Owner. 

During placement of the protective soil layer, the CQA Engineer will verify and document that: 

• The soil is suitable and satisfies the requirements of the General Specifications as 
determined by the test methods and frequencies prescribed in Table 11-12; 

• The protective soil is placed in accordance with the General Specifications; 

• The lift thicknesses and total thickness of the protective soil layer agree with the 
requirements of the General Specifications; 

• If excessive wrinkles begin to develop in the underlying geosynthetics during material 
placement or spreading, the wrinkles are worked out prior to continued placement 
operations; 

• The protective soil layer is lightly compacted as described in the General Specifications; 

• The protective soil is placed on the side slopes to the limits shown on the construction 
drawings; and, 

• No protective soil layer material is placed or compacted during periods of unfavorable 
weather conditions. 

13.2 Conformance Evaluation 

There are no CQA testing requirements for the protective soil layer, other than thickness 
requirements. 

If damage to underlying geosynthetics is expected, the CQA Engineer will require that the overlying 
protective soil layer material be removed to expose the geosynthetics. 
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The Contractor will be required to use all means necessary to protect all prior work, as well as all 
materials and completed work of other Sections. In the event of damage, the Contractor will be 
required to immediately make all repairs and replacements necessary. The CQA Engineer will verify 
and document that all damages are repaired. 

13.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will perform the CQA surveys. 
The CQA surveyor will independently survey the elevations and grades of the top of the protective 
soil layer on the base and side-slopes of the landfill, and to conf1m1 that the grades and elevations in 
the field agree with those shown on the Construction Drawings. The CQA surveys will be performed 
in accordance with the requirements described in Part 14 of Section II. The results of the survey 
conducted by the CQA Surveyor will be compiled in a report signed by the CQA Surveyor and the 
CQA Engineer, and will be reviewed by the Owner. 

14.0 SURVEYING 

The Surveyor will be required to survey each soil layer of the liner system and cover system (except 
the vegetative soil cover) for the landfill or surface impoundment in accordance with the 
requirements of the General Specifications. If required by the Owner, a Record Drawing will be 
submitted by the Surveyor before the placement of the next liner system layer. The surveys will be 
conducted at a 100 foot grid for slopes greater than 25 percent and at 50 foot grid for slopes less than 
25 percent. All pipes for leachate detection, collection and/ or removal will be surveyed at start and 
end points and at 50 foot intervals in between. The CQA survey will include enough information to 
confrrm that the following features of the landfill or surface impoundment are constructed in 
accordance with the Construction Drawings: 

• Toe of slope; 
• Crest of slope; 
• Grade breaks; 
• Anchor trench; 
• Leachate collection sump Leak detection sump; 
• Permanent sump (landfills only); and, 
• Perimeter drainage ditches. 

The CQA results will be submitted to the Owner for final approval to proceed on the liner system 
construction. 
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TABLE 11·1 
MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF 

c• c~ STRUCTURAL FILL 

Test Frequency Standard Test Method 

Material Properties 

Modified Proctor 1 per 5,000 cy placed (minimum 1 per source) ASTM D 1557 

Sieve Analysis 1 per 5,000 cy placed (minimum 1 per source) ASTM D 422 

Atterberg Limits 1 per 5,000 cy placed (minimum 1 per source) ASTM D 4318 

IN PLACE 

Nuclear Density Meter (50 ft. Grid) 

In-Situ Moisture Content 1 per 2,500 ft2 per lift ASTM D 3017 

In-Situ Dry Unit Weight 1 per 2, 500 ft2 per lift ASTM D 2922 

Calibration And Check 

Standard Count Calibration or 1 per day of fill placement ASTM D 1556/D2922 
Sandstone 

Oven Moisture Contents 1 per day of fill placement ASTM D 2216 

{In-Situ Moisture Content) 

TABLE 11·2 

MINIMUM FREQUENCY OF TESTING FOR 

CQA EVALUATION OF PREPARED SUBGRADE 

Test Frequency Standard Test Method 

Modified Proctor 1 per 250,000 SF ASTM D 1557 

IN PLACE 

Nuclear Density Meter (50 ft. Grid) 

In-Situ Moisture Content 1 per 2,500 ft2 per lift ASTM D 3017 

In-Situ Dry Unit Weight 1 per 2,500 ft2 per lift ASTM D 2922 

Calibration and Check 

Sand Cone (In-Situ Density) 1 per day of fill placement ASTM D 1556 

Oven Moisture Content 

lin-Situ Moisture Content) 1 per day of fill placement ASTM D 2216 
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TABLE 11-3 
MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF CLAY LINER 

Test Frequency Standard Test Method 

AfateriaiPrope~es 

Recompacted Permeability 1 per 5,000 cy placed (minimum 1 per source) ASTM D 5084 

(moisture content and dry density 
inside placement window) 

Sieve Analysis 1 per 3,000 cy placed (minimum 1 per source) ASTM D 422 

Atterberg Limits 1 per 3,000 cy placed (minimum 1 per source) ASTM D 4318 

IN PLACE 

Lift Thickness Before Compaction 1 per 2,500 ft2 per lift Field Measurement 

Nuclear Density Metel 11 (50 ft. Grid) 

In-Situ Moisture Content 1 per 300 ccy ASTM D 3017 

In-Situ Dry Unit Weight 1 per 300 ccy ASTM D 2922 

Calibration and Check 

Standard Count Calibration, Sand 1 per day of fill placement ASTM D 1556/D 
Cone or Rubber Balloon 2167/D2922 
(In-Situ Density) 

Oven Moisture Contents 1 per day of fill placement ASTM D 2216 
(In-situ Moisture Content) 

Permeability 

Shelby tube Samples 1 for every 1 ,000 cu. yd. placed ASTM D 5084 

TABLE 11-4 
MINIMUM FREQUENCY OF TESTING 

FOR CQA EVALUATION OF DRAINAGE GRAVEL 

Test Frequency Standard Test Method 

AfateriaiPrope~es 

Sieve Analysis 1 per 500 cy placed (minimum 1 per source) ASTM D 422 

Permeability 1 per source ASTM D 2434 

TABLE 11-5 
MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF ROAD BASE 

Test I Frequency I Standard Test Method 

Afaterial Prope~es 

Sieve Analysis I 1 per 1 000 cy placed (minimum 1 per source) I ASTM D 422 

Modified Proctor I 1 per 1 000 cy placed (minimum 1 per source) I ASTM D 1557 

IN PLACE 

In-Situ Moisture Content I 1 per 300 cy I ASTM D 3017 

In-Situ Dry Unit Weight I 1 per 300 cy I ASTM D 2922 
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TABLE 11-6 
'' <:.;: ,, MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF SOIL COVER 

Test I Frequency I Standard Test Method 

Material Properties 

Sieve Analysis I 1 per 3000 cy placed (minimum 1 per source) I ASTM D 422 

Atterberg Limits I 1 per 3000 cy placed (minimum 1 per source) I ASTM D 4318 

IN PLACE 

In-Situ Moisture Content I 1 per 300 ft2 per lift I ASTM D 3017 

In-Situ Dry Unit Weight I 1 per 300 ft2 per lift I ASTM D 2922 

TABLE 11-7 
MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF VEGETATIVE COVER 

Test I Frequency I Standard Test Method 

Material Properties 

Sieve Analysis I 1 per 3000 cy placed (minimum 1 per source) J ASTM D 422 

Atterberg Limits L 1 per 3000 cy placed (minimum 1 per source) I ASTM D 4318 

TABLE 11-8 

MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF PIPE BEDDING SAND 

Test I Frequency I Standard Test Material 

Materia/Properties 

Sieve Analysis I 1 per 500 cy placed I ASTM D 422 

Atterberg Limits I 1 per 500 cy placed I ASTM D 4318 

TABLEII-9 
MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF SELECT SUBBASE 

Test I Frequency I Standard Test Method 

Materia/Properties 

Sieve Analysis I 1 per 1,000 cy placed (minimum 1 per source) I ASTM D 422 

Modified Proctor I 1 per 1 ,000 cy placed (minimum 1 per source) I ASTM D 1557 

IN PLACE 

In-Situ Moisture Content I 1 per 300 cy I ASTM D 3017 

In-Situ Dry Unit Weight I 1 per 300 cy I ASTM D 2922 

·.·;· >" 

TABLE 11-10 
MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF SUBBASE 

Test Frequency Standard Test Method 

Material Properties 

Sieve Analysis 1 per 1 ,000 cy placed (minimum 1 per source) ASTM D 422 

Modified Proctor 1 per 1,000 cy placed (minimum 1 per source) ASTM D 1557 

IN PLACE 

In-Situ Moisture Content 1 per 300 cy ASTM D 3017 

In-Situ Dry Unit Weight 1 per 300 cy ASTM D 2922 
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TABLEII-11 
MINIMUM FREQUENCY OF TESTING FOR CQA EVALUATION OF FOUNDATION SAND 

Test I Frequency I Standard Test Method 

Afateria/Prope~es 

Sieve Analysis I 1 per 1 000 cy placed (minimum 1 per source) J ASTM D 422 

Modified Proctor I 1 per 1 000 cy placed(minimum 1 per source) I ASTM D 1557 

IN PLACE 

In-Situ Moisture Content I 1 per 300 cy I ASTM D 3017 

In-Situ Dry Unit Weight I 1 per 300 cy I ASTM D 2922 

TABLEll-12 
MINIMUM FREQUENCY OF TESTING FOR CQA. EVALUATION OF PROTECTIVE SOIL. 

Test I Frequency I Standard Test Method 

Afateria/Prope~es 

Sieve Analysis I 1 per 5,000 cy placed (minimum 1 per source) I ASTM D 422 

Atterberg Limits I 1 per 5,000 cy placed (minimum 1 per source) I ASTM D 4318 
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SECTION Ill- GEOSYNTHETIC CLAY LINER 
CONSTRUCTION QUALITY ASSURANCE 

1.0 GEOSYNTHETIC CLAY LINER MANUFACTURE AND DELIVERY 

1 .1 Manufacture and Quality Control 

Prior to the installation of the Geosynthetic Clay Liner (GCL), the Contractor will be required to 
provide the CQA Engineer with the following information from the GCL Manufacturer: 

• The certification required by the General Specifications signed by a responsible party 
employed by the GCL Manufacturer based on sampling interval of 1/ 50,000 ft2; and, 

• The manufacturing quality control certificates for each shift's production of GCL, signed 
by a responsible party employed by the GCL Manufacturer (such as the production 
manager). The quality control certificates will include: 

Roll numbers and identification; and, 

Sampling procedures and results of quality control tests specified by the General 
Specifications including descriptions of the test methods used for GCL rolls 
assigned to the Triassic Park project. 

The CQA Engineer will verify and document that: 

• The property values certified by the GCL Manufacturer meet all of the specified values 
listed in the General Specifications; 

• The measurements of properties by the GCL Manufacturer are properly documented 
and the test methods used are in accordance with the General Specifications; and, 

• The quality control certificates have been provided at the specified frequency for GCL 
rolls, and each certificate identifies the rolls or batch number related to that certificate. 

The CQA Engineer will report deviations from the above requirements to the Owner prior to 
installation of the GCL. 

1.2 Labeling 

1be CQA Engineer will verify and document that the GCL Manufacturer has labeled each roll of 
GCL as specified in the General Specifications. 

The CQA Engineer will examine GCL rolls upon delivery and deviation from the above requirements 
will be reported to the Owner prior to installation of the GCL. 

1.3 Transportation and Handling 

The CQA engineer will observe and document the type of GCL handling equipment used by the 
installer is consistent with handling equipment identified in the general specifications. 
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Upon delivery at the site, the CQA Engineer will conduct a visual inspection of all rolls for defects 
and for damage. This examination will be conducted without unrolling rolls unless visible defects or 
damages are found. The CQA Engineer will indicate to the Owner: 

• Any rolls that should be unrolled to allow for their inspection; 

• Any rolls, or portions thereof, which should be rejected and removed from the site 
because they have severe flaws; and, 

• Any rolls which include minor repairable flaws. 

1.4 Storage 

The CQA Engineer will verify and document that storage of the GCL is in accordance with the 
General Specifications. 

1.5 Quality Assurance Conformance Testing 

Either at the Manufacture's plant or upon delivery of the rolls of GCL, the CQA Engineer will ensure 
that samples are removed at the specified frequency and forwarded to the Geosynthetics CQA 
Laboratory for testing to verify and document conformance with the General Specifications. 

Unless otherwise specified, samples will be taken at a rate of one per lot or one per 100,000 ft2 

whichever is greater. These samples will be tested for: 

• Bentonite Moisture Content ASTM D 4643 
• GCL Grab Strength, Elongation, Per Strength ASTM D 4632 
• GCL Permeability ASTM D 5084 
• GCL Interface Shear Strength ASTM D 5321 

Conformance samples will be taken across the entire width of the roll and will not include the first 3 
feet along the length of the roll. Unless otherwise specified, samples will be 1.5 feet (minimum) long 
by the roll width. The CQA Engineer will mark the machine direction on the samples with an arrow. 

The CQA Engineer will examine all results from laboratory conformance testing and will compare the 
results to the specifications presented in Table 02780-1 of the Specifications. In addition, the CQA 
Engineer will report any nonconformance to the Owner as soon as practical after the test results 
become available. 

The following procedure will apply whenever a sample fails a conformance test that is conducted by 
the Geosynthetics CQA Laboratory: 

• The Contractor will be required to replace the roll (or rolls) of GCL that is not in 
conformance with the specifications with a roll that meets the requirements of the 
General Specifications. 

• The CQA Engineer will ensure that conformance samples are removed for testing by the 
Geosynthetics CQA Laboratory from the closest numerical roll on both sides of the roll 
from which the failing sample was obtained. These two samples must pass the above 
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conformance tests. If either of these samples fail to meet the requirements, samples will 
be collected from the five numerically closest untested rolls on both sides of the failed 
samples and tested by the Geosynthetics CQA Laboratory. These ten samples must pass 
the above conformance tests. If any of these samples fail, a sample from every roll of 
GCL on site and a sample from every roll that is subsequently delivered from the same 
Manufacturer must be conformance tested by the Geosynthetics CQA Laboratory. The 
cost of all such tests are to be borne by the Contractor. 

Tite CQA Engineer will document actions taken in conjunction with conformance test failures and 
report all actions to the Owner. 

2.0 GEOSYNTHETIC CLAY LINER INSTALLATION 

2.1 Earthworks 

2.1.1 Surface Preparation 

TI1e Contractor or subcontractor responsible for GCL installation will be required to certify in writing 
that the surface on which the GCL will be installed is acceptable. The certificate of acceptance will be 
required to be given by the Contractor to the CQA Engineer, who will then verify to the Owner that 
the subgrade and/ or day liner installation is accepted inlmediately prior to commencement of GCL 
installation in the area under consideration. 

After the surface on which the GCL is to be installed has been accepted by the Contractor 
responsible for GCL installation, it will be the CQA Engineer's responsibility to indicate to the 
Owner any change in the underlying layer that may, in accordance with the General Specifications, 
require repair work. If the Owner requires repair work, then it will be the responsibility of the 
Contractor to repair the underlying layer. 

2 .. 1.2 Anchor Trenches 

The CQA Engineer will verify and document that the anchor trench backfill meets the requirements 
of the General Specifications and that the backfill is placed in accordance with the General 
Specifications. 

2.2 Geosynthetic Clay Liner Deployment 

2.2.1 Field Panel Identification 

A field panel is the unit area of GCL which is to be placed in the field, i.e., a field panel is a roll or a 
portion of roll cut in the field. 

The CQA Engineer will verify that each field panel is given an identification code (number or letter
number) consistent with the layout plan. This identification code will be agreed upon by the Owner, 
and the Contractor. This field panel identification code should be as simple and logical as possible. 
(Note: manufacturing plant roll numbers are usually cumbersome and are not related to location in 
the field.) It will be the responsibility of the Contractor to ensure that each field panel placed is 
marked with the manufacturing plant roll number. The roll number will be marked in the center of 
the panel in a color to allow for easy inspection. 
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The CQA Engineer will establish a table or chart showing correspondence between manufacturing 
plant roll numbers and field panel identification codes. The field panel identification code will be 
used for all CQA records. 

2.2.2 Field Panel Placement 

2.2.2.1 Installation Schedule 

The CQA Engineer will evaluate significant changes in the schedule proposed by the Contractor and 
advise the Owner on the acceptability of that change. The CQA Engineer will verify and document 
that the condition of the underlying layer has not changed detrimentally during installation. Any 
damage to the surface of the underlying layer will be repaired by the Contractor in accordance with 
the General Specifications. 

The CQA Engineer will record the identification code, location, and date of installation of each field 
panel. 

2.2.2.2 Weather Conditions 

The CQA Engineer will verify and document that GCL is not placed during inclement weather 
conditions as specified within the General Specifications. 

Additionally, the CQA Engineer will verify and document that the underlying layer has not been 
damaged by weather conditions. 

2.2.2.3 Damage 

The CQA Engineer will visually observe each panel, after placement, for damage. The CQA 
Engineer will advise the Owner which panels, or portions of panels, should be rejected, repaired, or 
accepted. Damaged panels or portions of damaged panels which have been rejected by the Owner 
will be marked, and their removal from the work area will be documented by the CQA Engineer. 

2.2.2.4 Seam Overlap and Bentonite Seal 

The CQA engineer will observe and document that the seam overlaps and bentonite material placed 
between panels along the seams meet specification guidelines. The CQA engineer will verify overlap 
width and will observe bentonite seal placement. 

2 .. 3 Defects and Repairs 

2.3.1 Identification 

All seams and non-seam areas of the GCL will be inspected by the CQA Engineer for evidence of 
defects, holes, contamination of geotextiles, displaced panels, premature hydration, and any sign of 
contamination by foreign matter. The CQA Engineer will observe and document repair procedures 
described below. 

2.3.2 Repair Procedures 

Prior to cover material placement, damage to the GCL shall be identified and repaired by the installer. 
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Rips or tears may be repaired by completely exposing the affected area, removing all foreign objects 
or soil, and by then placing a patch cut from unused GCL over the damage (damaged material may be 
left in place), with a minimum overlap of 12 inches on all edges. 

Accessory bentonite should be placed between the patch edges and the repaired material at a rate of a 
quarter pound per lineal foot of edge spread in a continuous six inch fillet. 

2.3.2.2 Rip and Tear Repair (Slopes) 

Damaged GCL material on slopes shall be repaired by the same procedures above, however, the 
overlapped edges of the patch should be wide enough to ensure the patch will keep its position 
during backfill or cover operations. 

2.3.2.3 Displaced Panels 

Displaced panels shall be adjusted to the correct position and orientation. The adjusted panel shall 
then be inspected for any geotextile damage or bentonite loss. Damage shall be repaired by the above 
procedure. 

2.3.2.4 Premature Hydration 

If the GCL is subjected to premature hydration, the GCL installer shall notify the CQA Engineer and 
Design Engineer for a site specific determination as to whether the material is acceptable or if 
alternative measures must be taken to ensure the quality of the design dependent upon the degree of 
damage. 
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SECTION IV - GEOMEMBRANE CONSTRUCTION QUALITY 
ASSURANCE 

1.0 GEOMEMBRANE MANUFACTURE AND DELIVERY 

1.1 Resin 

Prior to the installation of the HDPE geomembrane material, the Contractor will be required to 
provide the CQA Engineer with the following information from the geomembrane Manufacturer: 

• A copy of the quality control certificates issued by the resin Supplier that includes the 
origin (resin Supplier's name and resin production plant), identification (brand name, 
number) the production date of the resin used in the manufacture of the geomembrane 
shipped to the site, and the results of tests conducted to verify that the quality of the 
resin used to manufacture the geomembrane rolls assigned to the project meets the 
General Specifications; and 

• Certification from the geomembrane Manufacturer that no reclaimed polymer is added 
to the resin during the manufacture of the geomembrane to be used in this project; the 
use of polymer recycled during the manufacturing process is permitted if the recycled 
polymer does not exceed 2 percent by weight of the total polymer weight. 

The CQA Engineer will review these documents and report any discrepancies with the above 
requirements to the Owner. 

1.2 Geomembrane Manufacturing Quality Control 

Prior to the installation of the HDPE geomembrane, the Contractor will be required to provide the 
CQA Engineer with the following information from the geomembrane Manufacturer: 

• The certification required by the General Specifications signed by a responsible party 
employed by the geomembrane Manufacturer based on sampling interval of 1/50,000 ft2; 
and, 

• The manufacturing quality control certificates for each shift's production of 
geomembrane, signed by a responsible party employed by the geomembrane 
Manufacturer (such as the production manager). The quality control certificates will 
include: 

Roll numbers and identification; and, 

Sampling procedures and results of quality control tests specified by the General 
Specifications including descriptions of the test methods used for geomembrane 
rolls assigned to the Triassic Park project. 

The CQA Engineer will verify and document that: 

• The property values certified by the geomembrane Manufacturer meet all of the specified 
values listed in the General Specifications; 
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• The measurements of properties by the geomembrane Manufacturer are properly 
documented and the test methods used are in accordance with the General 
Specifications; and, 

• The quality control certificates have been provided at the specified frequency for 
geomembrane rolls, and each certificate identifies the rolls or batch number related to 
that certificate. 

The CQA Engineer will report deviations from the above requirements to the Owner pnor to 
installation of the geomembrane. 

1.3 Labeling 

The CQA Engineer will verify and document that the geomembrane Manufacturer has labeled each 
roll of geomembrane as specified in the General Specifications. 

The CQA Engineer will examine geomembrane rolls upon delivery and deviation from the above 
requirements will be reported to the Owner prior to installation of the geomembrane. 

1.4 Transportation and Handling 

Upon delivery at the site, the CQA Engineer will conduct a visual inspection of all rolls for defects 
and for damage. This examination will be conducted without unrolling rolls unless visible defects or 
damages are found. The CQA Engineer will indicate to the Owner: 

• Any rolls that should be unrolled to allow for their inspection; 

• Any rolls, or portions thereof, which should be rejected and removed from the site 
because they have severe flaws; and, 

• Any rolls which include minor repairable flaws. 

1.5 Storage 

The CQA Engineer will verify and document that storage of the geomembrane is in accordance with 
the General Specifications. 

1.6 Quality Assurance Conformance Testing 

:E.ither at the Manufacture's plant or upon delivery of the rolls of geomembrane, the CQA Engineer 
will ensure that samples are removed at the specified frequency and forwarded to the Geosynthetics 
CQA Laboratory for testing to verify and document conformance with the General Specifications. 

Conformance samples will be taken by the CQA Engineer across the entire width of the roll and will 

not include the first 3 feet. Unless otherwise specified, samples will be 1.5 feet (minimum) long by 
the roll width. The CQA Engineer will mark the direction of the machine used to cut the samples 
with an arrow. 

IV-2 
December 1997 



FINAL CQA PL4N 
Triassic Park Waste Disposal Facility 

Section IV: GEOMEMBRANE CONSTRUCfiON QUALI1Y ASSURANCE 

Unless otherwise specified, samples will be taken at a rate of one per lot or one per 100,000 ft2 
whichever is greater. These samples will be tested for: 

• Specific gravity 

• Thickness 

• Yield strength and yield elongation 

• Tensile strength and tensile elongation at break 

• Carbon black content 

• Carbon black dispersion 

• Puncture Resistance 

Test shall be conducted in accordance with the test procedure presented in the specification. 

The CQA Engineer will examine all results from laboratory conformance testing and will report any 
nonconformance to the Owner as soon practical after the test results become available. 

The following procedure will apply whenever a sample fails a conformance test that is conducted by 
the CQA Engineer: 

• The Contractor will be required to replace the roll (or rolls) of geomembrane that is in 
nonconformance with the General Specifications with a roll that meets the General 
Specifications. 

• The CQA Engineer will ensure that conformance samples are removed for testing by the 
Geosynthetics CQA Laboratory from the closest numerical roll on both sides of the 
failed roll. These two samples must pass the above conformance tests. If either of these 
samples fail, samples will be collected from the five numerically closest untested rolls on 
both sides of the failed sample and tested by the Geosynthetics CQA Laboratory. These 
ten samples must pass the above conformance tests. If any of these samples fail, a 
sample from every roll of geomembrane on site and every roll subsequently delivered 
from the same Manufacturer must be conformance tested by the Geosynthetics CQA 
Laboratory; the cost of all such additional tests are to be borne by the Contractor. 

The CQA Engineer will document actions taken in conjunction with conformance test failures and 
report all actions to the Owner. 

2.0 GEOMEMBRANE INSTALLATION 

2.1 Earthwork 

2.1.1 Surface Preparation 

The Contractor or subcontractor responsible for geomembrane installation will be required to certify 
in writing that the surface on which the geomembrane will be installed is acceptable. 
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TI1e certificate of acceptance will be required to be given by the Contractor to the CQA Engineer, 
who will then verify to the Owner that the subgrade is accepted immediately prior to commencement 
of geomembrane installation in the area under consideration. 

After the surface on which the geomembrane is to be installed has been accepted by the Contractor 
responsible for geomembrane installation, it will be the CQA Engineer's responsibility to indicate to 
the Owner any change in the underlying layer that may, in accordance with the General Specifications, 
require repair work. If the Owner requires repair work, then it will be the responsibility of the 
Contractor to repair the underlying layer. 

2.1.2 Anchor Trenches 

The CQA Engineer will verify and document that the anchor trench backfill meets the requirements 
of the General Specifications and that the backfill is placed in accordance with the General 
Specifications. 

2.2 Geomembrane Deployment 

2.2.1 Layout Drawing 

1be Contractor will be required to produce layout drawings which show the geomembrane panel 
configuration, dimensions, details, seam locations, etc. The layout drawings must be approved by the 
Owner prior to the installation of the geomembrane. The layout drawings, as modified and/ or 
approved by the Owner will be part of the specifications, and a copy will be furnished to the CQA 
Engineer. The CQA Engineer will become familiar with the layout drawings. 

2.2.2 Field Panel Identification 

A field panel is the unit area of geomembrane which is to be seamed in the field, i.e., a field panel is a 
roll or a portion of roll cut in the field. 

The CQA Engineer will verify that each field panel is given an identification code (number or letter
number) consistent with the layout plan. This identification code will be agreed upon by the Owner, 
and the Contractor. This field panel identification code should be as simple and logical as possible. 
(Note: manufacturing plant roll numbers are usually cumbersome and are not related to location in 
the field.) It will be the responsibility of the Contractor to ensure that each field panel placed is 
marked with the manufacturing plant roll number. The roll number will be marked in the center of 
the panel in a color to allow for easy inspection. 

The CQA Engineer will establish a table or chart showing correspondence between manufacturing 
plant roll numbers and field panel identification codes. The field panel identification code will be 
used for all CQA records. 

2.2.3 Field Panel Placement 

2.2.3.1 Location 

The CQA Engineer will verify and document that field panels are installed at the locations and 
positions indicated in the Contractor's layout plan, as approved or modified by the Owner. 
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The CQA Engineer will evaluate significant changes in the schedule proposed by the Contractor and 
advise the Owner on the acceptability of that change. The CQA Engineer will verify and document 
that the condition of the underlying layer has not changed detrimentally during installation. Any 
damage to the surface of the underlying layer will be repaired by the Contractor in accordance with 
the General Specifications. 

Tite CQA Engineer will record the identification code, location, and date of installation of each field 
panel. 

2.2.3.3 Weather Conditions 

The CQA Engineer will verify and document that geomembrane is not placed during inclement 
weather conditions as specified within the General Specifications. 

Additionally, the CQA Engineer will verify and document that the underlying layer has not been 
damaged by weather conditions. 

2.2.3.4 Damage 

The CQA Engineer will visually observe each panel, after placement and prior to seaming, for damage 
(e.g., holes, blisters, creases). The CQA Engineer will advise the Owner which panels, or portions of 
panels, should be rejected, repaired, or accepted. Damaged panels or portions of damaged panels 
which have been rejected by the Owner will be marked, and their removal from the work area will be 
documented by the CQA Engineer. 

2.3 Field Seaming 

2.3.1 Seam Layout 

1be CQA Engineer will verify and document that the seam layout shown on the Panel Layout 
Drawing (Part 2.2.1) is consistent with the General Specifications. No panels may be seamed in the 
field without the Owner's approval. In addition, seams not specifically shown on the seam layout 
drawing may not be made without the Owner's prior approval. 

A seam numbering system compatible with the panel numbering system will be agreed upon by the 
Contractor, the Owner, and CQA Engineer. 

2.3.2 Seaming Equipment and Products 

Processes approved by the General Specifications for field seaming are: (i) extrusion seaming; and (ii) 
fusion seaming. Proposed alternate processes will be required to be documented and submitted to 
the Owner for approval. Only seaming apparatus which the Owner has specifically approved by 
make and model will be used. The Contractor will be required to use a pyrometer to ensure that 
accurate temperatures of the extrudate and seamer nozzle are being achieved. 

The extrusion seaming apparatus will be equipped with gauges indicating the temperatures of the 
extrudate and nozzle. The Contractor will be required to provide to the CQA Engineer the 
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Manufacturer's certification that the extrudate is compatible with the General Specifications and is 
comprised of the same resin as the geomembrane. 

The CQA Engineer will log ambient temperatures, seaming apparatus temperatures, and extrudate 
temperatures or fusion seaming apparatus speeds. Ambient temperatures will be measured as 
specified in the General Specifications. 

2.3.3 Seam Preparation 

TI1e CQA Engineer will verify and document that: 

• Prior to seaming, the seam area is clean and free of moisture, dust, dirt, debris, and 
foreign material; and, 

• Preparation of seams is in accordance with the General Specifications. 

2.3.4 Weather Conditions for Seaming 

The CQA Engineer will verify and document that weather conditions for seaming are within the 
limits specified in the General Conditions. 

2.3.5 Trial Seams 

The Contractor will be required to make trial seams on fragment pieces of geomembrane liner to 
verify that seaming conditions are adequate. The Contractor will be required to make and test trial 
seams at the frequency and in accordance with the methods specified in the General Specifications. 

The CQA Engineer will observe all trial seam procedures. The successful trial seam sample will be 
assigned a number and marked accordingly by the CQA Engineer, who will log the date, hour, 
ambient temperature, number of seaming unit, name of seamer, and pass or fail description. The 
sample itself will be retained only until the construction of the liner is complete and the liner has been 
accepted by the Owner. 

2.3.6 Nondestructive Seam Continuity Testing 

2.3.6.1 Introduction 

Except as otherwise noted in the General Specifications, the Contractor will nondestructively test all 
field seams over their full length in accordance with the General Specifications. The purpose of 
nondestructive tests is to check the continuity of seams. Continuity testing will be carried out as the 
seaming work progresses, not at the completion of all field seaming. Nondestructive testing will not 
be permitted before sunrise or after sunset unless the Contractor demonstrates to the Owner that the 
Contractor has the capabilities to perform continuity testing under reduced light conditions. 
The CQA Engineer will: 

• Observe the continuity testing; 

• Record location, date, test unit number, name of tester, and outcome of all testing; and, 

• Document and inform the Contractor of any required repairs. 
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The Contractor will be required to complete any required repairs in accordance with the General 
Specifications. 

The CQA Engineer will: 

• Observe the repair and re-testing of the repair; 

• Mark on the geomembrane that the repair has been made; and, 

• Document the results. 

Tite CQA Engineer will verify and document the procedures specified in the General Specifications 
where seams cannot be nondestructively tested. 

The location, date of visual observation, name of tester, and outcome of the test or observation will 
be recorded by the CQA Engineer and reported to the Owner. 

2.3.7 Destructive Seam Testing 

2.3.7.1 Concept 

Destructive seam tests will be performed at selected locations. The purpose of these tests is to 
evaluate seam strength and integrity. Seam strength testing will be done as the seaming work 
progresses, not at the completion of all field seaming. 

2.3.7.2 Location and Frequency 

The CQA Engineer will select locations where seam samples will be cut out for laboratory testing. 
The test frequency and locations will be established as follows: 

• Samples will be collected at a minimum frequency of one test location per 500 ft of seam 
length (this minimum frequency is to be determined as an average taken throughout the 
entire landfill or surface impoundment project); and, 

• Test locations will be determined during seaming at the CQA Engineer's discretion; 
selection of such locations may be prompted by suspicion of excess crystallinity, 
contamination, offset seams, or any other potential cause of imperfect seaming. 

The Contractor will not be informed in advance of the locations where the seam samples will be 
taken. 

2.3.7.3 Sampling Procedure 

The Contractor will be required to cut samples as directed by the CQA Engineer as the seaming 
progresses in order to have laboratory test results before the geomembrane is covered by another 
material. The CQA Engineer will: 

• Observe sample cutting; 
• Assign a number to each sample and mark it accordingly; 
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• Record the sample number and location on the panel layout drawing; and, 
• Record the reason for taking the sample at this location (e.g., routine testing, suspicious 

feature of the geomembrane, etc.). 

All holes in the geomembrane resulting from destructive seam sampling will be covered by the 
Contractor immediately after sampling and repaired in accordance with the repair procedures 
described in the General Specifications. The continuity of the new seams in the repaired area will be 
nondestructively tested according to the General Specifications. 

2.3.7.4 Size of Samples 

At a given sampling location, two types of samples will be required to be taken by the Contractor. 

First, two specimens for field testing will be taken. Each of these specimens will be 1 inch wide by 6 
to 12 inches long, with the seam centered parallel to the width. The distance between these two 
specimens will be approximately 42 inches. If both specimens pass the field test described in the 
General Specifications, a sample for laboratory testing will be taken. 

The sample for laboratory testing will be required to be taken between the two specimens for field 
testing. The destructive sample will be 12 inches wide by 42 inches long with the seam centered 
lengthwise. The sample will be cut into three parts and distributed as follows: 

• One portion to the Contractor, 12 inches long; 

• One portion to the CQA Engineer for archive storage, 12 inches long; and, 

• One portion to the CQA Engineer for CQA Laboratory testing, 18 inches long. 

Final determination of the sample sizes will be made at the preconstruction meeting. 

2.3.7.5 Field Testing 

The two l-inch wide specimens specified above will be required to be tested in the field, by the 
Contractor, by tensiometer for peel and should not fail in the seam. If any field test sample fails to 
pass, then the procedures outlined in the General Specifications will be required to be followed. 

The CQA Engineer will observe field tests and mark all samples and portions with their number, 
date, and time. 

2.3.7.6 Geosynthetic Construction Duality Assurance Laboratory Testing 

Laboratory destructive test samples will be packaged and shipped to the CQA Laboratory by the 
CQA Engineer in a manner which will not damage the test sample. The CQA Engineer will store the 
archive samples until the completion of the project. Laboratory destructive test samples will be tested 
by the Geosynthetics CQA Laboratory. 

Testing will include "Shear Strength", and "Peel Strength", (ASTM D 443) with l-inch wide strip, 
tested at 2 inches per minute). The minimum acceptable values to be obtained in these tests are those 
indicated in Table 02775-2 of Section 02775 of the General Specifications. At least 5 specimens will 
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be tested for each test method. Specimens will be selected alternately by test from the samples (i.e., 
peel, shear, peel, shear). At least 4 out of 5 of the specimens must pass. 

The Geosynthetics CQA Laboratory will provide test results verbally to the CQA Engineer in a timely 
manner after they receive the samples. The CQA Engineer will review laboratory test results as soon 
as they become available, and inform the Owner of the test results. 

2.3.7.7 Procedures for Destructive Test Failure 

Tite procedures specified within the General Specifications will be required whenever a sample fails a 
destructive test, whether that test is conducted by the Geosynthetics CQA Laboratory, the 
Contractor's laboratory (if required), or by field tensiometer. The CQA Engineer will verify and 
document that one of the options specified within the General Specifications is followed. 

The CQA Engineer will document all actions taken in conjunction with destructive test failures. 

2.4 Defects and Repairs 

2.4.1 Identification 

AU seams and non-seam areas of the geomembrane will be inspected by the CQA Engineer for 
evidence of defects, holes, blisters, undispersed raw materials, and any sign of contamination by 
foreign matter. Because light reflected by the geomembrane helps to detect defects, the surface of the 
geomembrane will be required to be clean at the time of examination. The geomembrane surface will 
be required to be broomed or washed by the Contractor if the amount of dust or mud inhibits 
examination. 

2.4.2 Evaluation 

Each suspect location both in seam and non-seam areas will be required to be either non-destructively 
tested using the methods described in the General Specifications, or repaired as appropriate as 
determined by the CQA Engineer. Each location which fails the non-destructive testing will be 
marked by the CQA Engineer and will be required to be repaired by the Contractor. Materials should 
not be placed over geomembrane locations that have been repaired until the CQA Engineer has 
approved the repair. 

2.4.3 Large Wrinkles 

\Vhen seaming of the geomembrane is completed (or when seaming of a large area of the 
geomembrane is completed) and prior to placing overlying materials, the CQA Engineer will visually 
inspect the geomembrane for wrinkles. The CQA Engineer will indicate to the Contractor which 
wrinkles, if any, should be cut and reseamed. The seam thus produced will be tested like any other 
seam. 

2.4.4 Repair Procedures 

Any portion of the geomembrane exhibiting a flaw, or failing a destructive or nondestructive test will 
be repaired by the Contractor in accordance with the applicable method specified within the General 
Specifications. 
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Each repair will be located and logged by the CQA Engineer. Each repair will be non-destructively 
tested using the methods described in the General Specifications as appropriate. Repairs which pass 
the non-destructive test will be considered as an adequate repair. Large caps may be of sufficient 
extent to require destructive testing, at the discretion of the CQA Engineer. Failed tests will require 
the repair to be redone and retested until passing test results are obtained. The CQA Engineer will 
observe the non-destructive testing of repairs and will document the date of the repair and test 
outcome. 

2.5. Appurtenances 

The CQA Engineer will verify and document that: 

• Installation of the geomembrane around, and connection of geomembrane to 
appurtenances have been made according to the General Specifications; 

• Extreme care is taken while seaming around appurtenances since neither non-destructive 
nor destructive testing may be feasible in these areas; and, 

• The geomembrane has not been visibly damaged while being connected to 
appurtenances. 

The CQA Engineer will inform the Owner if the above conditions are not fulfilled. 

3.0 SURVEYING 

The CQA Engineer, in conjunction with the Surveyor, will be required to prepare an "as-built" 
Record Drawing for geomembrane installations. It will include the surveyed location of field panels, 
seams (factory and field), repairs, and test locations. 

Tite CQA results (Record Drawing and certification of Contractor's work) will be submitted to the 
0\vner for fmal review and approval prior to proceeding with construction of any subsequent liner 
system components. 
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SECTION V- FILTER OR CUSHION GEOTEXTILE CONSTRUCTION 
QUALITY ASSURANCE 

1.0 GEOTEXTILES 

1.1 Manufacturing 

The Geosynthetics Contractor will be required to provide the CQA Engineer with the following 
information from the geotextile Manufacturer: 

• Certification required by the General Specifications signed by a responsible party 
employed by the geotextile Manufacturer; and, 

• The manufacturing quality control certificates for each shift's production of geotextile 
rolls, which include geotextile roll numbers and identification, sampling procedures, and 
descriptions and results of the quality control tests specified in the General Specifications 
signed by a responsible party employed by the geotextile Manufacturer. 

The CQA Engineer will examine all geotextile Manufacturer's certifications to verify and document 
that the property values listed on the certifications meet or exceed those specified within the General 
Specifications and that proper and complete documentation has been provided by the geotextile 
Manufacturer for all geotextile used at the site. The CQA Engineer will report any deviations from 
the above requirements to the Owner prior to installation of the geotextile. 

1.2 Labeling 

The CQA Engineer will verify and document that the geotextile Manufacturer has labeled all rolls of 
geotextile with the information specified in the General Specifications. 

The CQA Engineer will examine rolls upon delivery and any deviation from the above requirements 
will be reported to the Owner prior to installation of the geotextile. 

1.3 Shipment and Storage 

The CQA Engineer will observe rolls of geotextile upon delivery at the site and any deviation from 
the requirements specified within the General Specifications will be reported to the Owner. Any 
damaged rolls will be rejected by the CQA Engineer and required to be repaired or replaced by the 
Contractor. 

1.4 Conformance Testing 

Either at the Manufacturer's factory or upon delivery of the geotextile rolls, the CQA Engineer will 
ensure that samples are removed and forwarded to the Geosynthetics CQA Laboratory for testing to 
verify and document conformance with the requirements of the General Specifications. 

Conformance samples will be taken across the entire width of the roll and will not include the first 3 
feet along the length of the roll. Unless otherwise specified, samples will be 1.5 feet (minimum) long 
by the roll width. The CQA Engineer will mark the machine direction on the samples with an arrow. 
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Samples will be taken at a rate of one per lot or one per 100,000 ft2, whichever is greater. These 
samples will be tested for: 

• Mass per unit area 

• Grab strength 

• Tear strength 

• Puncture strength 

• Permittivity 

(Note: All tests should be conducted in accordance with the test methods listed in the specification.) 

If the geotextile is being used as a filter, cushion or separator, the samples will also be tested for 
apparent opening size. 

The CQA Engineer will examine all results of laboratory conformance testing and report any 
nonconformance to the Owner as soon as results become available. 

The following procedure will apply whenever a sample fails a conformance test that is conducted by 
the Geosynthetics CQA Laboratory: 

• The Contractor will be required to replace the roll (or rolls) of geotextile that is not in 
conformance with the specifications with a roll that meets the requirements of the 
General Specifications. 

• The CQA Engineer will ensure that conformance samples are removed for testing by the 
Geosynthetics CQA Laboratory from the closest numerical roll on both sides of the roll 
from which the failing sample was obtained. These two samples must pass the above 
conformance tests. If either of these samples fail to meet the requirements, samples will 
be collected from the five numerically closest untested rolls on both sides of the failed 
sample and tested by the Geosynthetics CQA Laboratory. These ten samples must pass 
the above conformance tests. If any of these samples fail, a sample from every roll of 
geotextile on site and a sample from every roll that is subsequently delivered from the 
same Manufacturer must be conformance tested by the Geosynthetics CQA Laboratory. 
The cost of all such tests are to be borne by the Contractor. 

The CQA Engineer will document actions taken in conjunction with conformance test failures and 
n:port all actions taken to the Owner. 

1.5 Handling and Placement 

The Geosynthetics Contractor will be required to handle all geotextile in such a manner as to ensure 
the geotextile is not damaged in any way. The CQA Engineer will verify and document compliance 
with the following: 

• Just prior to geotextile placement, the layer that underlies the geotextile, if it is a 
geosynthetic, is clean and free of excessive amounts of dust, dirt, stones, rocks, or other 
obstructions that could potentially damage the liner system. 

• In the presence of excessive wind, the geotextile is weighted with sandbags (or equivalent 
weight approved by the CQA Engineer). 
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• Geotextile is kept under tension to minimize the presence of wrinkles in the geotextile. 
If necessary, the geotextile is positioned by hand after being unrolled to minimize 
wrinkles. 

• Geotextiles are cut using a geotextile cutter approved by the geotextile Manufacturer and 
the CQA Engineer. If in place, special care is taken to protect other materials (such as 
underlying geosynthetics) from damage which could be caused by the cutting of the 
geotextiles. 

• The Contractor takes any necessary precautions to prevent damage to the underlying 
layers during placement of the geotextile. 

• During placement of geotextiles, care is taken not to entrap in the geotextile stones, 
excessive dust, or moisture that could damage the underlying layers, generate clogging of 
drains or ftlters, or hamper subsequent seaming. 

• Geotextile is not left exposed for a period in excess of 30 days after placement unless a 
longer exposure period is approved by the CQA Engineer and Owner. 

The CQA Engineer will document any noncompliance with the above requirements and report them 
to the Owner. 

1.6 Seams and Overlaps 

The CQA Engineer will verify and document that all geotextile seams are oriented, overlapped and 
sewn in accordance with the General Specifications. 

The Contractor will be required to pay close attention at seams to ensure that no protective soil layer 
material could be inadvertendy placed beneath the geotextile. 

Sewing will be required to be performed as required in the General Specifications. 

1.7 Repair 

The CQA Engineer will verify and document that any holes or tears in the geotextile are repaired in 
accordance with the requirements of the General Specifications. 

The CQA Engineer will document any noncompliance with the above requirements and report it to 
the Owner. 
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SECTION VI - GEOCOMPOSITE CONSTRUCTION 
QUALITY ASSURANCE 

1.0 GEOCOMPOSITES 

1.1 Manufacturing 

The Geosynthetics Contractor will be required to provide the CQA Engineer with the following 
information from the geocomposite Manufacturer: 

• Certification required by the General Specifications signed by a responsible party 
employed by the geocomposite Manufacturer; 

• The certification from the geocomposite Manufacturer that no reclaimed polymer was 
added to the resin during the manufacture of the geonet component of the geocomposite 
rolls assigned this project; and, 

• The manufacturing quality control certificates for each shift's production of 
geocomposite rolls which include geocomposite roll numbers and identification, 
sampling procedures, and descriptions and results of quality control tests for the geonet 
specified in the General Specifications signed by a responsible party employed by the 
geocomposite Manufacturer. 

The CQA Engineer will examine all of the geocomposite Manufacturer certifications to verify and 
document that the property values listed on the certifications meet or exceed those specified within 
the General Specifications and that proper and complete documentation has been provided by the 
geocomposite Manufacturer for all geocomposite used at the site. The CQA Engineer will report any 
deviations from the above requirements to the Owner prior to installation of the geocomposite. 

1.2 Labeling 

The CQA Engineer will verify and document that the geocomposite Manufacturer has labeled all rolls 
of geocomposite as specified within the General Specifications. 

1be CQA Engineer will examine rolls upon delivery and any deviation from the above requirements 
will be reported to the Owner prior to installation of the geocomposite. 

1.3 Shipment and Storage 

The CQA Engineer will observe rolls of geocomposite upon delivery at the site and any deviation 
from the requirements of the General Specifications will be reported to the Owner. Any damaged 
rolls will be rejected by the CQA Engineer and required to be repaired or replaced by the Contractor. 

1.4 Conformance Testing 

Either at the Manufacturer's plant or upon delivery of the geocomposite rolls, the CQA Engineer will 
ensure that samples are removed and forwarded to the Geosynthetics CQA Laboratory for testing to 
verify and document conformance with the requirements of the General Specifications. 
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Conformance samples will be taken across the entire width of the roll and will not include the first 3 
feet. Unless otherwise specified, samples will be 1.5 feet long (minimum) by the roll width. The 
CQA Engineer will mark the machine direction on the samples with an arrow. 

Samples will be taken at a rate of one per lot or one per 100,000 ft2, whichever is greater. These 
samples will be tested for: peel strength (ASTM F 904); and hydraulic transmissivity, in accordance 
with the text methods presented in the specification. 

The CQA Engineer will examine all results from laboratory conformance testing and will report any 
nonconformance to the Owner as soon as the results are become available. 

The following procedure will apply whenever a sample fails a conformance test that is conducted by 
the Geosynthetics CQA Laboratory: 

• The Contractor will be required to replace the roll (or rolls) of geocomposite that is not 
in conformance with the specifications with a roll that meets the requirements of the 
General Specifications. 

• The CQA Engineer will ensure that conformance samples are removed for testing by the 
Geosynthetics CQA Laboratory from the closest numerical roll on both sides of the 
failed roll. These two samples must pass the above conformance tests. If either of these 
samples fail, samples will be collected from the 5 numerically closest untested rolls on 
both sides of the failed sample and tested by the Geosynthetics CQA Laboratory. These 
ten samples must pass the above conformance tests. If any of these samples fail, a 
sample from every roll of geocomposite on site and a sample from every roll that is 
subsequently delivered from the same Manufacturer must be conformance tested by the 
Geosynthetics CQA Laboratory. The cost of such tests is to be borne by the Contractor. 

The CQA Engineer will document actions taken in conjunction with conformance test failures and 
report all actions to the Owner. 

1.5 Handling and Placement 

The Contractor will be required to handle all geocomposite in such a manner as to ensure it is not 
damaged. The CQA Engineer will verify and document compliance with the following: 

• Just prior to geocomposite placement, the layer that will underlie the geocomposite is 
clean and free of excessive amounts of dust, dirt, stones, rocks, or other obstructions 
that could potentially damage the underlying layers or clog the drainage system. 

• In the presence of excessive wind, the geocomposite is weighted with sandbags (or 
equivalent weight approved by the CQA Engineer). 

• Geocomposite is kept under tension to minimize the presence of wrinkles in the 
geocomposite. If necessary, the geocomposite is positioned by hand after being unrolled 
to minimize wrinkles. 

• Geocomposites are cut using a geocomposite cutter approved by the geocomposite 
Manufacturer and the CQA Engineer. If in place, special care is taken to protect other 
materials from damage which could be caused by the cutting of the geocomposites. 
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• The Geosynthetics Contractor takes all necessary precautions to prevent damage to the 
underlying layers during placement of the geocomposite. 

• Geocomposite is not welded to geomembranes. 

• During placement of clean geocomposite, care is taken not to entrap stones, excessive 
dust, or moisture that could damage the underlying geomembrane, generate clogging of 
drains or fll.ters, or hamper subsequent seaming. 

• A visual examination of the geocomposite is carried out over the entire surface, after 
installation, to ensure that no potentially harmful foreign objects, such as needles, are 
present. 

• Geocomposite is not left exposed for a period in excess of 30 days after placement 
unless a longer exposure period is approved by the CQA Engineer and the Owner. 

The CQA Engineer will document any noncompliance with the above requirements and report it to 
the Owner. 

1.6 Seams and Overlaps 

The components of the geocomposite (e.g., geotextile-geonet-geotextile) are not bonded together at 
the ends and edges of the rolls. The CQA Engineer will document that the geocomposite is 
overlapped and secured or seamed in accordance with the General Specifications. 

1.7 Repair 

The CQA Engineer will verify that any holes or tears in the geocomposite are repaired in accordance 
with the General Specifications. 

The CQA Engineer will observe any repair, document any noncompliance with the above 
requirements, and report the noncompliance to the Owner. 
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SECTION VII- GEONET CONSTRUCTION QUALITY ASSURANCE 

1.0 GEONET 

1.1 Manufacturing 

The Geosynthetics Contractor will be required to provide the CQA Engineer with the following 
information from the geonet Manufacturer: 

• Certifications required by the General Specifications signed by a responsible party employed 
by the geonet Manufacturer; 

• The certification from the geonet Manufacturer that no reclaimed polymer was added to the 
resin during the manufacture of the geonet rolls assigned to this project; and, 

• The manufacturing quality control certificates for each shift's production of geonet rolls, 
which include geonet roll numbers and identification, sampling procedures, and descriptions 
and results of quality control tests for polymer specified in the General Specifications signed 
by a responsible party employed by the geonet Manufacturer. 

The CQA Engineer will examine all geonet Manufacturer's certifications to verify and document that 
the property values listed on the certifications meet or exceed those specified within the General 
Specifications and that proper and complete documentation has been provided by the geonet 
Manufacturer for all geonet used at the site. The CQA Engineer will report any deviations from the 
above requirements to the Owner. 

1.2 Labeling 

The CQA Engineer will verify and document that the geonet Manufacturer has labeled all rolls of 
geonet as specified within the General Specifications. 

The CQA Engineer will examine rolls upon delivery and any deviation from the above requirements 
will be reported to the Owner prior to installation of the geonet. 

1 .. 3 Shipment and Storage 

The CQA Engineer will observe the rolls of geonet upon delivery at the site and any deviations from 
the requirements specified within the General Specifications will be reported to the Owner. Any 
damaged rolls will be rejected by the CQA Engineer and will be required to be repaired or replaced by 
the Contractor. 

1.4 Conformance Testing 

Either at the Manufacturer's plant or upon delivery of the geonet rolls, the CQA Engineer will ensure 
that samples are removed and forwarded to the Geosynthetic CQA Laboratory for testing, to verify 
and document conformance with the requirements of the General Specifications. 
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Conformance samples will be taken across the entire width of the roll and will not include the first 3 
feet. Unless otherwise specified, samples will be 1.5 feet long (minimum) by the roll width. The CQA 
Engineer will mark the machine direction on the samples with an arrow. 

Samples will be taken at a rate of one per lot or one per 100,000 ft2, whichever is greater. These 
samples will be tested for: 

• Polymer specific gravity 
• Carbon black 
• Thickness 
• Transmissivity 
• Polymer melt index 

Tests shall be conducted in accordance with the method indicated in the specification. 

The CQA Engineer will examine all results from laboratory conformance testing and will report any 
nonconformance to the Owner as soon as the results become available. 

The following procedure will apply whenever a sample fails a conformance test that is conducted by 
the Geosynthetics CQA Laboratory: 

• The Contractor will be required to replace the roll (or rolls) of geonet that is not in 
conformance with the specifications with a roll that meets the requirements of the General 
Specifications. 

• The CQA Engineer will ensure that conformance samples are removed for testing by the 
Geosynthetics CQA Laboratory from the closest numerical roll on both sides of the failed 
roll. These two samples must pass the above conformance tests. If either of these samples 
fail, samples will be collected from the five numerically closest untested rolls on both sides of 
the failed sample and tested by the Geosynthetics CQA Laboratory. These ten samples must 
pass the above conformance tests. If any of these samples fail, a sample from every roll of 
geonet on site and a sample from every roll that is subsequendy delivered from the same 
Manufacturer must be conformance tested by the Geosynthetics CQA Laboratory. The cost 
of such tests is to be borne by the Contractor. 

The CQA Engineer will document actions taken in conjunction with conformance test failures and 
report all actions taken to the Owner. 

1.5 Handling and Placement 

The Contractor will handle all geonet in such a manner as to ensure the geonet is not damaged. The 
CQA Engineer will verify and document compliance with the following: 

• The geonet is free of dirt or excessive dust just before installation. 

• Just prior to geonet placement, the geomembrane liner that will underlie the geonet is clean 
and free of excessive amounts of dust, dirt, stones, rocks, or other obstructions that could 
potentially damage the geomembrane or clog the drainage system. 
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• On side slopes, the geonet is secured at the top of the slope then rolled down the slope in 
such a manner as to keep the geonet sheet in tension. If necessary, the geonet is positioned 
by hand after being unrolled to minimize wrinkles. Geonet can be place in the horizontal 
direction (i.e., across the slope) in some special locations (e.g., at the toe of a slope). If an 
extra layer of geonet is required, this extra layer of geonet can be placed in the horizontal 
direction. Such locations will be identified on the Construction Drawings. 

• In the presence of excessive wind, the geonet is weighted with sandbags or the equivalent. 

• Unless otherwise specified, geonet is not welded to geomembrane. 

• Geonet will only be cut using a cutter approved by the geonet Manufacturer and the CQA 
Engineer. If in place, special care is taken to protect underlying geosynthetics from damage 
that could be caused by cutting of the geonet. 

• The Geosynthetics Contractor takes any necessary precautions to prevent damage to 
underlying layers during placement of the geonet. 

• During placement of geonets, care is taken not to entrap in the geonet dirt or excessive dust 
that could cause clogging of the drainage system, and/ or stones that could damage the 
adjacent geomembrane. If dirt or excessive dust is entrapped in the geonet, it is hosed clean 
prior to placement of the next material on top of it. In this regard, care should be taken with 
the handling or sandbags, to prevent rupture or damage of the sandbag. 

• Geonet is not placed in direct contact with textured geomembrane liner unless specifically 
called for in the Construction Drawings. 

Tbe CQA Engineer will document any noncompliance with the above requirements and report it to 
the Owner. 

1.6 Stacking and Joining 

Geonet will be stacked and joined in accordance with the Construction Drawings and the General 
Specifications. As a minimum, the CQA Engineer will verify and document that staking, joining and 
overlapping is in accordance with the General Specifications. 

The CQA Engineer will document any noncompliance with the above requirements and report it to 
the Owner. 

1.7 Repair 

The CQA Engineer will verify and document that any holes or tears in the geonet are repaired in 
accordance with the General Specifications. 

The CQA Engineer will observe any repair, note any noncompliance with the above requirements and 
report them to the Owner. 
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SECTION VIII- POLYETHYLENE PIPE AND FITIINGS 
CONSTRUCTION QUALITY ASSURANCE 

1.0 POLYETHYLENE PIPE MANUFACTURE AND DELIVERY 

1.1 Manufacturing 

Prior to incorporating the polyethylene pipe and fittings into the work the Contractor will be required 
to provide the CQA Engineer with the certifications required by the General Specifications signed by 
a responsible party employed by the pipe Manufacturer. 

The CQA Engineer will verify and document that the property values certified by the pipe 
Manufacturer meet the requirements of the General Specifications based on a sampling interval of 
one sample per lot. The CQA Engineer will report any deviations from the above requirements to 
the Owner. 

1.2 Labeling 

The CQA Engineer will verify that the pipe is labeled with the information specified in the General 
Specification. Any deviations from the labeling requirements will be reported to the Owner prior to 
pipe installation. 

1.3 Shipment and Storage 

1be CQA Engineer will verify and document that the pipe and fittings are stored in accordance with 
the General Specifications. 

The CQA Engineer will visual inspect the pipe upon delivery at the site and any deviations from the 
requirements of the General Specifications will be reported to the Owner. 

1.4 Conformance Testing 

No conformance testing will be conducted on the materials delivered to the site. 

2.0 PIPE INSTALLATION 

2.1 Handling and Laying 

The CQA Engineer will verify and document that the pipe is installed at the specified locations and 
grades and that placement of backfill around and over the pipe is conducted in accordance with the 
requirements of the General Specifications, and in a manner intended to prevent damage to the pipe. 

The pipe and fittings will be carefully examined before installation by the CQA Engineer. The CQA 
Engineer will verify and document that cracks, damage or defects are not present in the pipe and 
fittings in excess of that allowed by the General Specifications. 

The CQA Engineer will also note the condition of the interior of pipes and fittings. Foreign material 
shall be removed from the pipe interior before it is moved into final position. No pipe will be 
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permitted to be placed until the CQA Engineer has observed the condition of the pipe. The CQA 
Engineer will document any deviation from the above requirements and report it to the Owner. 

2.2 Joints and Connections 

Lengths of pipe will be required to be assembled into suitable installation lengths by the butt-fusion 
process. Butt-fusion refers to the butt-joining of the pipe by softening the aligned faces of the pipe 
ends in a suitable apparatus and pressing them together under controlled pressure. 

The CQA Engineer will spot-monitor butt fusion welding operations to ensure that the Contractor 
follows the General Specifications. 

The CQA Engineer will document any noncompliance with the above requirements and report it to 
the Owner. 

2.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will provide the CQA Surveys. 
The CQA Surveyor Will independently survey the fmal elevation of the invert of all polyethylene 
leachate collection pipe (excluding laterals). 

llte results of the survey will be compiled in a report signed by the CQA Surveyor and the CQA 
Engineer and will be reviewed by the Owner. The Owner and the CQA Engineer will approve the 
results contained in the report before any subsequent construction that completely covers the pipe 
occurs. 
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SECTION IX- ADS SLOTTED CPT AND N12 
CONSTRUCTION QUALITY ASSURANCE 

1.0 ADS SLOTTED CPT MANUFACTURE AND DELIVERY 

1.1 Manufacturing 

Prior to incorporating the slotted CPT into the work the Contractor will be required to provide the 
CQA Engineer with the certifications required by the General Specifications signed by a responsible 
party employed by the pipe Manufacturer. 

The CQA Engineer will verify and document that the property values certified by the pipe 
Manufacturer meet the requirements of the General Specifications based on a sampling interval of 
one sample per lot. The CQA Engineer will report any deviations from the above requirements to 
the Owner. 

1.2 Labeling 

The CQA Engineer will verify that the pipe is labeled with the information specified in the General 
Specification. Any deviations from the labeling requirements will be reported to the Owner prior to 
pipe installation. 

1 .. 3 Shipment and Storage 

The CQA Engineer will verify and document that the pipe and fittings are stored in accordance with 
the General Specifications. 

The CQA Engineer will visual inspect the pipe upon delivery at the site and any deviations from the 
requirements of the General Specifications will be reported to the Owner. 

1 .. 4 Conformance Testing 

No conformance testing will be conducted on the materials delivered to the site. 

2.0 PIPE INSTALLATION 

2.1 Handling and Laying 

The CQA Engineer will verify and document that the pipe is installed at the specified locations and 
grades and that placement of backfill around and over the pipe is conducted in accordance with the 
requirements of the General Specifications, and in a manner intended to prevent damage to the pipe. 

The pipe and fittings will be carefully examined before installation by the CQA Engineer. The CQA 
Engineer will verify and document that cracks, damage or defects are not present in the pipe and 
fittings in excess of that allowed by the General Specifications. 

The CQA Engineer will also note the condition of the interior of pipes and fittings. Foreign material 
shall be removed from the pipe interior before it is moved into fmal position. No pipe will be 
permitted to be placed until the CQA Engineer has observed the condition of the pipe. 
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The CQA Engineer will document any deviation from the above requirements and report it to the 
Owner. 

2.2 Joints and Connections 

Lengths of pipe will be required to be assembled into suitable installation lengths by split couplers. 
The CQA Engineer will spot-monitor installation of the split couplers to ensure that the Contractor 
follows the General Specifications. The CQA Engineer will document any noncompliance with the 
above requirements and report it to the Owner. 

2.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will provide the CQA Surveys. 
The CQA Surveyor will independendy survey the fmal elevation of the invert of all slotted CPT. 

The results of the survey will be compiled in a report signed by the CQA Surveyor and the CQA 
Engineer and will be reviewed by the Owner. The Owner and the CQA Engineer will approve the 
results contained in the report before any subsequent construction that completely covers the pipe 
occurs. 
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SECTION X - CORRUGATED METAL PIPE 
CONSTRUCTION QUALITY ASSURANCE 

1.0 CORRUGATED METAL PIPE MANUFACTURE AND DELIVERY 

1.1 Manufacturing 

Prior to incorporating the corrugated metal pipe (CMP) into the work the Contractor will be required 
to provide the CQA Engineer with the certifications required by the General Specifications signed by 
a responsible party employed by the pipe Manufacturer. 

The CQA Engineer will verify and document that the property values certified by the pipe 
Manufacturer meet the requirements of the General Specifications based on a sampling interval of 
one sample per lot. The CQA Engineer will report any deviations from the above requirements to 
the Owner. 

1.2 Labeling 

No labels required in specifications. 

1.3 Shipment and Storage 

The CQA Engineer will verify and document that the pipe and fittings are stored in accordance with 
the General Specifications. 

Tbe CQA Engineer will visual inspect the pipe upon delivery at the site and any deviations from the 
requirements of the General Specifications will be reported to the Owner. 

1.4 Conformance Testing 

No conformance testing will be conducted on the materials delivered to the site. 

2.0 CMP INSTALLATION 

2.1 Handling and Laying 

The CQA Engineer will verify and document that the pipe is installed at the specified locations and 
grades and that placement of backfill around and over the pipe is conducted in accordance with the 
requirements of the General Specifications, and in a manner intended to prevent damage to the pipe. 

The pipe and fittings will be carefully examined before installation by the CQA Engineer. The CQA 
Engineer will verify and document that cracks, damage or defects are not present in the pipe and 
fittings in excess of that allowed by the General Specifications. 

The CQA Engineer will also note the condition of the interior of pipes and fittings. Foreign material 
shall be removed from the pipe interior before it is moved into fmal position. No pipe will be 
permitted to be placed until the CQA Engineer has observed the condition of the pipe. 

The CQA Engineer will document any deviation from the above requirements and report it to the 
Owner. 
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2.2 Joints and Connections 

Lengths of pipe will be required to be assembled into suitable installation lengths. The C:MP will be 
joined using the manufacturer's recommended equipment and procedures. The CQA Engineer will 
spot-monitor joining operations to ensure that the Contractor follows the manufacturer's 
specifications. The CQA Engineer will document any noncompliance with the above requirements 
and report it to the Owner. 

2. 3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will provide the CQA Surveys. 
The CQA Surveyor will independendy survey the final elevation of the invert of all CMP. 

TI1e results of the survey will be compiled in a report signed by the CQA Surveyor and the CQA 
Engineer and will be reviewed by the Owner. The Owner and the CQA Engineer will approve the 
results contained in the report before any subsequent construction that completely covers the pipe 
occurs. 

X-2 
December 1997 



Fli'.fAL CQA PL4 
Triassic Park Waste Disposal Facility 

Section XI: CARBON/STAINLESS STEEL PIPE 
CONSTRUCTION QUALITY ,\SSURANCE 

SECTION XI- CARBON AND STAINLESS STEEL PIPE 
CONSTRUCTION QUALITY ASSURANCE 

1.0 STEEL PIPE MANUFACTURE AND DELIVERY 

1.1 Manufacturing 

Prior to incorporating the steel pipe into the work the Contractor will be required to provide the 
CQA Engineer with the certifications required by the General Specifications signed by a responsible 
party employed by the pipe Manufacturer. 

The CQA Engineer will verify and document that the property values certified by the pipe 
Manufacturer meet the requirements of the General Specifications based on a sampling interval of 
one sample per lot. The CQA Engineer will report any deviations from the above requirements to 
the Owner. 

1.2 Labeling 

The CQA Engineer will verify that the pipe is labeled with the information specified in the General 
Specification. Any deviations from the labeling requirements will be reported to the Owner prior to 
pipe installation. 

1.3 Shipment and Storage 

The CQA Engineer will verify and document that the pipe and fittings are stored in accordance with 
the General Specifications. 

The CQA Engineer will visual inspect the pipe upon delivery at the site and any deviations from the 
requirements of the General Specifications will be reported to the Owner. 

1.4 Conformance Testing 

No conformance testing will be conducted on the materials delivered to the site. 

2.0 PIPE INSTALLATION 

2.1 Handling and Laying 

Tite CQA Engineer will verify and document that the pipe is installed at the specified locations and 
grades and that placement of backfill around the pipe is conducted in accordance with the 
req.uirements of the General Specifications, and in a manner intended to prevent damage to the pipe. 

The pipe will be carefully examined before installation by the CQA Engineer. The CQA Engineer 
will verify and document that cracks, damage or defects are not present in the pipe fittings in excess 
of that allowed by the General Specifications. 
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The CQA Engineer will also note the condition of the interior of pipes. Foreign material shall be 
removed from the pipe interior before it is moved into final position. No pipe will be permitted to 
be placed until the CQA Engineer has observed the condition of the pipe. 

The CQA Engineer will document any deviation from the above requirements and report it to the 
Owner. 

2. 2 Joints and Connections 

Lengths of pipe will be required to be assembled into suitable installation lengths by butt welding. 

The CQA Engineer will spot-monitor welding operations to ensure that the Contractor follows the 
General Specifications. 

The CQA Engineer will document any noncompliance with the above requirements and report it to 
the Owner. 

2.3 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will provide the CQA Surveys. 
The CQA Surveyor will independently survey the final elevation of the basal location of all steel pipe. 

The results of the survey will be compiled in a report signed by the CQA Surveyor and the CQA 
Engineer and will be reviewed by the Owner. The Owner and the CQA Engineer will approve the 
results contained in the report before any subsequent construction that completely covers the pipe 
occurs. 
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SECTION XII- POLYETHYLENE TANK 
CONSTRUCTION QUALITY ASSURANCE 

1.0 POLYETHYLENE TANK MANUFACTURE AND DELIVERY 

1.1 Manufacturing 

Prior to incorporating the polyethylene tank into the work the Contractor will be required to provide 
the CQA Engineer with the certifications required by the General Specifications signed by a 
responsible party employed by the polyethylene tank Manufacturer. 

The CQA Engineer will verify and document that the property values certified by the polyethylene 
tank Manufacturer meet the requirements of the General Specifications based on a sampling interval 
of one sample per lot. The CQA Engineer will report any deviations from the above requirements to 
the Owner. 

1 .2 Labeling 

The CQA Engineer will verify that the polyethylene tank is labeled with the information specified in 
the General Specification. Any deviations from the labeling requirements will be reported to the 
Owner prior to pipe installation. 

1.3 Shipment and Storage 

The CQA Engineer will verify and document that the polyethylene tanks are stored in accordance 
v.1th the General Specifications. 

The CQA Engineer will visual inspect the polyethylene tank upon delivery at the site and any 
deviations from the requirements of the General Specifications will be reported to the Owner. 

1.4 Conformance Testing 

No conformance testing will be conducted on the materials delivered to the site. 

2.0 POLYETHYLENE TANK INSTALLATION 

2.1 Handling and Laying 

The CQA Engineer will verify and document that the polyethylene tank is installed at the specified 
locations, and in a manner intended to prevent damage to the polyethylene tank. 

The polyethylene tank will be carefully examined before installation by the CQA Engineer. The CQA 
Engineer will verify and document that cracks, damage or defects are not present in the polyethylene 
tank in excess of that allowed by the General Specifications. 

The CQA Engineer will document any deviation from the above requirements and report it to the 
Owner. 
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A Professional Land Surveyor registered in the State of New Mexico will provide the CQA Surveys. 
The CQA Surveyor will independently survey the final locations and elevation of the base of the 
polyethylene tank. 

The results of the survey will be compiled in a report signed by the CQA Surveyor and the CQA 
Engineer and will be reviewed by the Owner. The Owner and the CQA Engineer will approve the 
results contained in the report before any subsequent construction hinders surveying of the 
polyethylene tank. 
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SECTION XIII - CONCRETE FORMWORK 
CONSTRUCTION QUALITY ASSURANCE 

1.0 CONCRETE FORMWORK MANUFACTURE 

1.1 Manufacturing 

Prior to incorporating the formwork into the work the Contractor will be required to provide the 
CQA Engineer with the requirements of the General Specifications. 

The CQA Engineer will verify and document that the material properties meet the requirements of 
the General Specifications. The CQA Engineer will report any deviations from the above 
requirements to the Owner. 

2.0 FORMWORK INSTALLATION 

2.1 Handling and Laying 

The CQA Engineer will verify and document that the formwork is installed at the specified locations, 
and in the manner intended by the General Specifications. 

The CQA Engineer will document any deviation from the above requirements and report it to the 
Owner. 

2.2 Surveying 

A Professional Land Surveyor registered in the State of New Mexico will provide the CQA Surveys. 
The CQA Surveyor will independently survey the fmallocations and elevation of the formwork. 

The results of the survey will be compiled in a report signed by the CQA Surveyor and the CQA 
Engineer and will be reviewed by the Owner. The Owner and the CQA Engineer will approve the 
results contained in the report before any subsequent construction hinders surveying of the 
formwork. 
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SECTION XIV- REINFORCEMENT STEEL 
CONSTRUCTION QUALITY ASSURANCE 

1.0 REINFORCEMENT STEEL MANUFACTURE AND DELIVERY 

1.1 Manufacturing 

Prior to incorporating the reinforcement steel into the work, the Contractor will be required to 
provide the CQA Engineer with the material certifications required by the General Specifications 
signed by a responsible party employed by the reinforcement steel Manufacturer. 

The CQA Engineer will verify and document that the property values certified by the reinforcement 
steel Manufacturer meet the requirements of the General Specifications. The CQA Engineer will 
report any deviations from the above requirements to the Owner. 

1.2 Labeling 

The CQA Engineer will verify that the reinforcement steel is labeled with the information specified in 
the General Specification. Any deviations from the labeling requirements will be reported to the 
Owner prior to pipe installation. 

1.3 Shipment and Storage 

TI1e CQA Engineer will verify and document that the reinforcement steel is stored in accordance with 
the General Specifications. 

1.4 Testing 

If requested by the Engineer, testing outlined in the General Specifications will be conducted. 

2 .. 0 REINFORCEMENT STEEL INSTALLATION 

2.1 Fabrication and Installation 

The CQA Engineer will verify and document that the reinforcement steel is installed at the specified 
locations, and in a manner intended to prevent damage to the work. 

The reinforcement steel will be examined to ensure that the requirements of the General 
Specifications are followed. 

The CQA Engineer will document any deviation from the above requirements and report it to the 
Owner. 
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SECTION XV- JOINTS IN CONCRETE 
CONSTRUCTION QUALITY ASSURANCE 

1.0 JOINT MATERIAL MANUFACTURE 

1.1 Manufacturing 

Prior to incorporating the joint materials into the work the Contractor will be required to provide the 
CQA Engineer with the certifications required by the General Specifications signed by a responsible 
party employed by the Manufacturer. 

The CQA Engineer will verify and document that the property values certified by the Manufacturer 
meet the requirements of the General Specifications. The CQA Engineer will report any deviations 
from the above requirements to the Owner. 

2.0 JOINT INSTALLATION 

2.1 Handling and Laying 

The CQA Engineer will verify and document that the joint materials, locations and installation 
procedures are in accordance with the General Specifications. The CQA Engineer will document any 
deviation from the above requirements and report it to the Owner. 
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SECTION XVI- MISCELLANEOUS METALWORK 
CONSTRUCTION QUALITY ASSURANCE 

1.0 MISCELLANEOUS METALWORK SUBMITTALS 

Prior to incorporating the miscellaneous metalwork into the work, the Contractor will be required to 
provide the CQA Engineer with the submittals required by the General Specifications. 

2.0 FABRICATION AND INSTALLATION 

The CQA Engineer will verify and document that the miscellaneous metalwork is fabricated and 
installed at the specified locations, and in a manner intended by the General Specifications. 
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SECTION XVII -CAST IN PLACE CONCRETE 
CONSTRUCTION QUALITY ASSURANCE 

1.0 SUBMITTALS 

Prior to incorporating the cast in place concrete into the work, the Contractor will be required to 
provide the CQA Engineer all submittals required by the General Specifications. 

2.0 CONFERENCE 

Prior to incorporating the cast in place concrete into the work, the Contractor will be required to hold 
a meeting to discuss items required in the General Specifications. 

3.0 TESTING 

The CQA Engineer will verify and document that material sampling and testing required in the 
General Specifications is completed. 
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SECTION XVIII - CONSTRUCTION QUALITY ASSURANCE 
DOCUMENTATION 

1.0 DOCUMENTATION 

1.1 Introduction 

An effective CQA plan depends largely on recognition of all construction activities that should be 
monitored, and on assigning responsibilities for the monitoring of each activity. This is most 
effectively accomplished and verified by the documentation of construction quality assurance 
activities. The CQA Engineer will document that all quality assurance requirements have been 
addressed and satisfied. 

The CQA Engineer will provide the Owner with signed descriptive remarks, data sheets, and logs to 
verify and document that all monitoring activities have been carried out. The Owner will maintain at 
the: site a complete fue of Construction Drawings, the CAQ plan, the General Specifications, (test 
procedures, daily reports, testing logs, and other pertinent forms and documents. The forms to be 
used for CQA documentation should include, at a minimum, those presented in this CQA Plan. The 
forms presented in this CQA Plan may be revised as necessary by the CQA Engineer. 

1.2 Daily Record Keeping 

1.2.1 Overview 

Daily records will be completed in the field documenting CQA project administration, soils CQA, 
geosynthetics CQA, and other required CQA activities. The forms to be completed that pertain to 
each of these categories of records are discussed below. 

1.2.2 Project Administration Records 

Most project administration records are completed daily by the CQA Engineer and submitted weekly 
to the Owner. Examples of these forms are included in Appendices B and are briefly described 
below. 

Daily Field Report 

The Daily Field Report will be prepared by the CQA Engineer and submitted weekly to the Owner. 
At a minimum, the Daily Field Report will include the following information: 

• The date, project name, location, and other identification; 

• A narrative of the events and activities, including meetings and observation which 
occurred during a given day; 

• The weather conditions; 

• Source and amount of water used to construct the clay liner, if any; 
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• The name of parties to any discussions; 

• The relevant subject matter or issues; 

• The activities planned and performed; 

• The schedule; and, 

• The signature of the CQA Engineer. 

Weekly Field Report 

On a weekly basis, the CQA Engineer will summarize in a Weekly Field Report the activities recorded 
on the Daily Field Reports. This report will be submitted each week to the Owner along with the 
Daily Field Reports, and will include, at a minimum, the following information: 

• The date, project name, location, and other information; 

• A summary of work activities during reporting period; 

• A summary of construction situations, deficiencies, and/ or defects occurring during the 
reporting period; 

• A summary of actions taken to remedy such situations, deficiencies and or defects; and, 

• The signature of the CQA Resident Engineer. 

Since the weekly report is presented in a report format, a form is not presented in Append.Lx B. 

1.2.3 Soils CQA Records 

Records kept for soils related activities will be completed by the CQA Engineer. The information will 
be recorded as testing is done in the field or as results are received from the laboratory. The records 
will be available for review on site, and copies will be issued as part of the Final Report. Examples of 
the relevant forms are included in Appendix Band are briefly described below. 

Field Laboratory Compaction Test Log (ASTM D 698 Method A, B, C, D and ASTM D 1557 
Method A, B, C). 

The results of field compaction tests will be recorded on the Field Laboratory Compaction Test Log. 
Separate forms are available for each test method used. 

Standard Count, Field Sand Cone and Rubber Balloon Density Test Log 

The results of the sand cone and or rubber balloon Density Test Log. The results will be used for 
comparison or calibration with nuclear density test results. 
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Summary of Sieve Analysis Test Data 

This form will provide a summary of sieve analysis test results for soils. 

Summary of Field Density Test 

This form will provide a summary of field nuclear density test results and sand cone test results for 
soils. 

Summary of Index Laboratory Test Data 

This form will provide a summary of index test results performed as required for soils. 

Summary of Permeability Laboratory Data 

This form will provide a summary of laboratory permeability test data required for clay liners. 

1.2.4 Geosynthetics CQA Records 

Records for the installation of geosynthetics will be completed by the CQA Engineer. The 
information will be recorded as the work progresses. The records will be available for review on site 
and copies will be issued as part of the final CQA report. Examples of the CQA forms to be 
completed for geosynthetics are included in Appendix D and briefly described below. 

Material Inventory 

The identifying roll number and pertinent information of each roll of geosynthetic received at the site 
will be recorded on this form as the materials arrive at the site. This information \vill be used to track 
manufacturer's quality control information, conformance test samples, and other CQA 
documentation. 

Nondestructive Test Log 

This form will be used to record the time, date, equipment operator, and results of vacuum box or air 
pressure testing of production geomembrane seaming operations. 

Panel Placement Monitoring Log 

This form will be used to record geomembrane panel numbers as they are placed in the field and to 
cross-reference the assigned panel numbers with roll numbers. The weather conditions, time, and 
temperature at placement will be recorded on the log. Measured dimensions used to calculate the 
area of the geomembrane will be recorded on the log. 

Repair Summary Log 

Information on repairs to geomembrane panels and seams will be recorded on this form. The 
information recorded will include a code to describe the type of repair, the name of the operator 
making the repair, the location (i.e. seam or panel location) of the repair, nondestructive testing 
results of the repair, and initials of the CQA Engineer observing the repair. 
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The relative location of repairs to geomembrane panels and seams described in the Repair Summary 
Log will be recorded on this form. The results of destructive tests and nondestructive can be 
indicated in this log, as well as, location and results of thickness measurements taken for each panel. 

Destructive Test Log 

This form will be used to record the results from testing performed on geomembrane seams at the 
Geosynthetics CQA Laboratory (an independent testing laboratory). The results for both pep and 
shear will be recorded. The form will be completed as data becomes available. 

Trail Seam and Seaming Log 

This form will be used to record results of trial geomembrane seam testing and to track production 
seaming activities. The time, temperature, type of seaming equipment used, name of seamer, and 
length of seam will be recorded. 

Certificate of Acceptance Subgrade Surface 

The Certificate of Acceptance is required to be signed by the Contractor prior to the installation of 
the~ geomembrane. The area being accepted must be described on the certificate. 

1.2.5 Survey Records 

Rf:cord Drawings resulting from the surveying performed by the CQA Surveyor will be reviewed by 
the CQA Engineer and the Owner. The Record Drawings will be available for review onsite, and 
copies will be issued as part of the final CQA Report issued by the CQA Engineer. At a minimum, 
these Records Drawings will include as-built survey data for the following liner system components: 

• Prepared subgrade; 

• Structural fill 

• Clay liner; 

• Polyethylene pipe and fittings; 

• Geomembrane liners; 

• Drainage Gravel; 

• Protective soil layer; 

• Road Base; 

• Cover Soil; 

• Vegetative cover; 

• Pipe bedding; 

• Select Subbase; 

• Subbase; 

• Foundation sand; 

• Geocomposite; 

• Geonet; 

• Geotextile; 

• Polyvinyl Chloride Pipe; 

• Geosynthetic Clay Liner 
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• Steel Pipe; and, 
• Polyethylene Tank. 

1.3 Photographic Documentation 

Photographic documentation will serve as a pictorial record of work progress, problems, and 
mitigation activities. The basic ftle will contain color prints; negatives will also be stored in a separate 
file in chronological order. These photographs will be available for review by the Owner, the CQA 
Engineer, and other interested parties. Selected photographs will be reproduces as part of the Final 
R{:port. The remaining photographs will be transmitted to the Owner and archived by the Owner as 
part of the operating records. 

1.4. Design and/or Specification Changes 

Design and/or specification changes may be required during construction. In such cases, the CQA 
Engineer will notify the Owner. The Owner will notify NMED, and when necessary, the Design 
Engineer. 

Major design and/ or specifications changes will be made only with the written agreement of the 
Design Engineer and the Owner and will take the form of an addendum to the General 
Specifications. 

1.5 Signatures and Final Reports 

At the completion of the work, the CQA Engineer will submit a final CQA report to the Owner. 

At a minimum, this report will include: (a) summaries of all construction activities; (b) sources and 
amounts of water used to construct the clay liners; (c) results of chemical quality analyses of 
construction water from each source; (d) observation logs and testing data sheets including sample 
location plans; (e) a discussion of any changes from design and material specifications; (f) CQA 
Record Drawings; and (g) a summary statement sealed and signed by a Professional Engineer 
registered in the State of New Mexico that construction quality assurance was conducted as provided 
in the CQA Plan and, based on visual observations and data generated in accordance with the CQA 
Plan, the landfill or surface impoundment was constructed in accordance with the Construction 
Drawings, the CQA Plan, and the General Specifications, except as properly authorized and 
documented in the CQA fmal report. The CQA Record Drawings will include the following: 
primary and secondary geomembrane panel layout drawings; all drawings (including cross-sections) 
depicting any deviations from the Construction Drawings; and all survey conformance data. 
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1 .0 PURPOSE AND SCOPE 
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The purpose of the test fill is to establish a sequential and logical approach for the development of 
placement and compaction procedures to be used during construction of cohesive soil liners as an 
indicator that the soil liners are constructed in a way that meets design performance specifications. 
The test fill program will allow the Contractor, the Design Engineer, and the Construction Quality 
Assurance (CQA) engineer to identify appropriate placement and compaction procedures by 
establishing relationships between various compaction parameters, density, water content, Atterberg 
limits, particle size distribution, and permeability of the fill. 

Once the construction procedures have been established by the test fill program, the Contractor and 
the CQA Engineer will monitor the cohesive soil liner construction procedures as an indicator that 
the design performance specifications are being achieved, Test fill construction procedures will 
include measuring lift thickness, counting the number of compactor coverages, and performing in
place density and moisture content tests to verify that the specified degree of compaction is achieved. 

The test fill will be constructed in uniform horizontal lifts of uniform thicknesses. 

This test fill program documents the requirements for constructing the test fill. The test fill program 
'.V-:ill include: 

• subgrade preparation 
• construction of a 3-foot-thick test fill 
• inspection and testing of the test fill 
• sampling of portions of the test fill 

The test fill program described in this appendix may be modified based on site specific design and 
construction considerations. 

Feasibility testing of clay sources will have been performed before the start of the test fill. These tests 
should provide the basic relationship of permeability with varying density and moisture content. 

2.0 CONSTRUCTION EQUIPMENT 

The equipment to be used for the test fill shall be proposed by the Contractor, and approved by the 
CQA Engineer and Project Manager. 

3.0 TEST FILL MATERIAL 

Test fill material shall be approved by the CQA Engineer. The material shall meet the requirements 
of the Specification Section 02221. The Material shall be an inorganic cohesive soil with a plasticity 
index (PI) ranging between 10 and 40; at least 50 percent of the soil shall pass the No. 200 sieve. As 
approved by the CQA Engineer, small quantities of fill with PI greater than 40 may be allowed if such 
materials are thoroughly mixed with other less plastic soils. Other materials may be considered based 
upon laboratory testing and upon approval of the Project Manager. The maximum particle size shall 
be 2 inches before processing.No frozen material shall be used, and in-place material that becomes 
frozen prior to completion of operations shall be removed. 
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The area within the limits of the test fill shall be cleared and grubbed of all trees, debris, brushes, 
stumps, roots, trash, and any other vegetation or objectionable material. Following clearing and 
grubbing, the area shall be stripped of topsoil. Topsoil shall be stockpiled in an area designated by 
the Project Manager. 

The surface of the subgrade shall be proof-rolled so as to be free of soft zones, irregularities, loose 
earth, and abrupt changes in grade. The subgrade and test fill shall be sloped at a 2 percent grade. 
No standing water or excessive moisture shall be allowed on the surface of the subgrade. The surface 
shall be inspected by the CQA Engineer prior to beginning construction of the test fill. 

If placement and compaction of soil materials on slope areas is to be accomplished by the downslope 
compaction method rather than by horizontal benching, the test fill shall have a sloped area of similar 
grade to the intended liner installation where the downslope compaction method can be evaluated. 

4. 2 CONFIGURATION 

The test fill shall be a rectangle approximately 60 feet long by 20 feet wide. The test fill shall be 
constructed to a thickness of 3 feet in uniform horizontal lifts. Lines and grades shall be controlled 
by survey. 

4.3 FILL PLACEMENT 

The test fill shall be constructed in uniform horizontal lifts to a total thickness of 3 feet after 
compaction in accordance with the procedures specified below. The procedures, which vary with the 
lift considered, are intended to allow determination of a relationship between soil compaction criteria, 
which include density and moisture content, permeability, and compaction method parameters. 
Compaction method parameters include: (1) compactor characteristics; (2) thickness of 
compacted/uncompacted layers; (3) number of compactor coverages; and, soils moisture content. 

4.3. 1 First Lift 

1. The first lift of test fill material shall be placed to a thickness resulting in 6 inches after 
compaction. 

2. Soils moisture content shall be maintained when the placement window defined in the 
Specifications (Section 02221). The contractor shall adjust the moisture content as necessary 
to obtain the specified density criteria. 

3. The test fill material shall be compacted with two one-way coverages using the Contractor's 
proposed compaction equipment. 

4. The Contractor shall permit the CQA Engineer to perform inplace density tests and collect 
soil samples as specified in 5-3 .. 
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5. QA Engineer to perform in-place density tests and collect soil samples as specified in Section 
5.3. 

6. Holes left in the lift shall be repaired in accordance with methods outlined in the CQA plan. 
The repairs shall be compacted using procedures which have been shown to meet the 
required moisture and density criteria. 

7. The test fill material shall be compacted a second time by applying two more one-way 
coverages with the selected compactor. 

8. Steps 4 and 5 shall be repeated. Second tests shall be taken near the original tests. 

9. The test fill material shall be compacted a third time by applying two more one-way 
coverages with the selected compactor. 

10. Steps 4 and 5 shall be repeated. Third tests shall be taken near the first and second tests. 

11. Steps 8 and 9, respectively, shall be repeated and continued until specified compaction criteria 
are obtained as identified by the CQA Engineer. 

4.3.2 Second Lift 

1. The loose thickness of the second lift shall be such that the thickness of the lift will be 6 
inches after compaction. 

2. A competent bond with the first lift shall be achieved by the Contractor and approved by the 
CQA Engineer. 

3. Steps 2 through 10 of Section 4.3.1 shall be repeated. 

4.3.3 Remaining Lifts 

1. The loose thickness of the remaining lifts shall be such that the thickness of the lifts will be 6 
inches after compaction. 

2. The procedures for compacting and testing the remaining lifts shall be those that have been 
tested and proven effective during the compaction of the second lift. 

4.3.4 Final Surface Preparation 

The surface of the test fill shall be rolled with a smooth steel drum or pneumatic rolled so as to be 
free of irregularities, loose earth, and abrupt changes in grade. All stones larger than 1 inch shall be 
removed. Stones which are smaller than 1 inch and are judged to be detrimental to a geomembrane 
liner will be removed. One-half of the prepared soil surface shall be protected against drying with 
temporary plastic sheets. The sheets shall be placed immediately after the completion of surface 
preparation. Observations and documentation of desiccation cracking versus time shall be made on 
the uncovered section of the test fill. 
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The CQA Engineer shall perform testing on the cohesive soil material prior to its use in the test fill. 
Testing, using the most recent ASTM method, will include at least the following: 

• soil density /moisture content relationship using the Modified and Standard Proctor 
Compaction Method (ASTM D 698 and ASTM D 1557) 

• natural water content (ASTM D 2216) 
• particle size distribution (ASTM D 422) 
• Atterberg limits (ASTM D 4318) 
• soil classification (ASTM D 2487) 

5.2 SUBGRADE PREPARATION 

The CQA Engineer shall observe the prepared subgrade for firmness, smoothness, and absence of 
abrupt changes in grade. 

5.3 TEST FILL CONSTRUCTION 

5.3.1 Lift Compaction 

For the first and second lifts, the CQA Engineer shall perform the following activities: 

• estimate the thickness of the loose lifts 
• count the number of compactor coverages and observe compactor coverage of the test 

fill (Figure 1) 
• at every two (2) coverages, perform a minimum of eight nuclear gauge in-place density 

and moisture reading (ASTM D 2292); compute degree of compaction (i.e., in-place dry 
density divided by the Standard Proctor or Modified maximum dry density; collect four 
additional soil samples for moisture content determination (ASTM D 2216) 

• observe the repair of holes left in the lift as a result of density testing and soil sample 
collection 

• continue in-place density testing and moisture content determination to enable 
development of a curve giving in-lace dry density versus number of compactor coverages 
for each lift thickness 

For each of the remaining lifts, the CQA engineer shall perform the following activities: 

• verify that the thickness of the loose lift does not exceed the loose thickness determined 
from testing of the second lift 

• count the number of compactor coverages, determined from testing of the second lift, 
which are necessary to achieve the specified density and observe compactor coverage of 
the test fill 

• perform a minimum of eight nuclear density tests per lift to verify the adequacy of the 
construction procedures previously established 
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The CQA Engineer shall collect a minimum of six (6) undisturbed Shelby tube samples or 12 inch x 
12 inch x 6 inch undisturbed block soil samples from varying depths of the completed test fill. The 
samples shall be waxed or otherwise protected to retain natural moisture and tested in the laboratory 
for the following: 

• hydraulic conductivity (permeability) using water as the permeant (ASTh1 D 5084) 
• dry density 
• particle size distribution (ASTh1 D 422) 
• Atterberg limits (ASTh1 D 4318) 
• soil classification (ASTh1 D 2487) 
• soil moisture content (ASTh1 D 2216) 

Tite CQA Engineer shall observe the test fill to verify the adequacy of the bonding between adjacent 
lifts. Such observation shall be exercised on the portion of the test fill which has been excavated to 
permit removal of undisturbed soil block samples. 

5 .. 3.2 Final Surface Preparation 

The CQA Engineer shall observe the prepared surface for firmness, smoothness, and absence of 
abrupt changes in grade. 

5.3.3 Permeability Testing 

The permeability of the test fill shall be assessed by performance of a minimum of six (6) laboratory 
tests on specimens trimmed form the undisturbed block of Shelby tube samples tested at a location 
sdected by the CQA Engineer. 

5.4 TEST RESULTS 

The test results which will be used to verify that the specified construction procedures meet the 
design performance criteria shall be: 

• compaction testing (i.e., degree of compaction, in-place dry density, and moisture 
content) 

• results of laboratory permeability testing performed on undisturbed soils samples 
• soil index testing to evaluate material suitability 

5.5 LINES AND GRADES 

The following surfaces shall be surveyed to verify that proper thicknesses have been constructed: 

• prepared surface of the subgrade 
• fmal surface of the test fill 

6.0 DOCUMENTATION 

The CQA Engineer shall document act1v1t1es associated with the construction, monitoring, and 
testing of the test fill. Such documentation shall include daily reports of construction activities and 
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oral communications with the contractor. In addition, the following shall be documented for each of 
the section listed below: 

6. 1 TEST FILL MATERIAL 

The CQA Engineer shall provide a moisture-density relationship for the test fill liner material and 
other and other test results as specified in Section 5.1. 

6.2 TEST FILL CONSTRUCTION 

6.2.1 Subgrade preparation 

The CQA Engineer shall document observations on subgrade preparation, as specified in Section 5.2. 

6.2.2 Test Fill Construction 

The CQA Engineer shall document activities of the test fill construction, monitoring, and testing in a 
test fill summary report, which shall include but not be limited to: 

• record of the compactor type, configuration, and weight; for sheepsfoot compactors, 
record the drum diameter and length, empty and ballasted weight, length and face area of 
feet, and yoking arrangement, if any 

• record thicknesses of lifts prior to and after compaction 
• record density versus number of compactor coverages for each lift thickness, as specified 

in Section 5.3.1 
• record the number of compactor coverage which will provide the specified degree of 

compaction and permeability 
• record the procedure to bond lifts 
• results of moisture, in-place density and degree of compaction, as specified in Section 

5.3.1 
• repair of holes left in the lift as a result of density testing and soil sample collection, as 

specified in Section 5.3.1 
• results of laboratory premeability testing and other soil properties tests performed on 

undisturbed soil samples 
• as-built drawing of the test fill and locations of all test samples for each lift 
• cross-section of the test fill showing number of lifts and lift thickness 
• description of actual construction procedures 
• observations of test fill excavation for removal of undisturbed soils samples and 

observations of layer bonding, as specified in Section 5.3.1 
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AVERAGE FINAL READING (ft1
) 

INITIAL READING (ft') 

CORRECTED VOLUME (ft1
) 

SOIL WEIGHT + TARE {gm) 

TARE {gm) 

WEIGHT WET SOIL {gm) 

WET DENSITY (pd) 

TIN NUMBER 

WEIGHT WET SOIL + TARE {gm) 

WEIGHT DRY SOIL+ TARE {gm) 

WEIGHT OF WATER {gm) 

TARE {gm) 

WEIGHT DRY SOIL {gm) 

MOISTURE CONTENT 

DRY DENSITY (pd) 

MAXIMUM DRY DENSITY (pd) 

PERCENT COMPACTION 

CORRELATION TO TROXLER 

Vrb&.:•lJrm 
'"Qt.''"'" ¥f>l,ll., 

TerraMatnx Inc. • P.O. &x 774018 ,. Steambout Spmlf{S, Colorado 80477 • (JOJ) 8796260 • (JOJ) 8796260 (j.Jx) 

I 

I 



SAMPLE: _________ _ 

Sieve Cumulative Cumulative % Cumulative % 
Weight Retained Retained Passing 

3" 

2" 

1" 

3/4" 

3/8" 

#4 

#10 

#20 

#40 

#60 

#100 

#200 

PAN 

SAMPLE AND TARE WT: -------

TARE WT: ------- CONTAINER NO.: ___ _ 

WEIGHT BEFORE SIEVING: __________ _ 

UNIFORMITY COEFFICIENT, (D,/D10):. ______ _ 

COEFFICIENT OF CURVATURE, (030)/(010 X D60):. ___ _ 

SIEVE ANALYSIS FORM (ASTM D 422) 

PROJECT: TRIASSIC PARK WASTE DISPOSAL FAcn.ITY CQA 

PROJECT NO. 602 DATE: TESTED BY: 

TERRAMA TRIX 
1475 Pine Grove Road 

Steamboat Springs, Colorado 804n 

Specification % 
Passing 



PROjECT l".'lr.dBER: 602 
OWNER: GANDY MAIU.EY INC. 
LOCATION: 

NUCLEAR FIELD DEl'f ' 1MOISTURE TEST DATA 
TRIASSIC PARK W} .. _ .. DISPOSAL FACILITY 

(ASTM 2922, 03017) 
CONTRACTOR:~-~----

SHEET NUMBER __ OF __ 

TROXLER MODEL SERIAL NO.: STANDARD COUNT: DENSITY: ___ _ MOISTURE: REQUIRED COMPACTION (%): __ _ 

WEATHER: FIELD MONITOR:--------

TEST NUMBER 

GENERAL TEST LOCATION 

R J.D. NUMBER 
E 
F 
E NORTH 
R COORDINATE 
E 
N EAST 
c COORDINATE 
E 

ELEVATION 
s 
T 
A BEARING (TO 
K TEST) 
E 

DISTANCE 

MODE&DEPTH 

WET DENSITY (pd) 

DRY DENSITY (pd) TROXLER LAB TROXLER LAB TROXLER LAB TROXLER LAB TROXLER LAB TROXLER LAB 

%MOISTURE 

% COMPACTION 

OPTIMUM MOISTURE (%) 

MAXIMUM DRY DENSITY (pd) 

PASS/FAIL 
-

40)/ga,v•Jrm 

JQ!]Q/~4 4 ~,.a Wf' .. l/111 

Tm-~M~mx Inc ,. P.O. Box: 774018 ,. Slf~mbo~t Sprmgs, Color.uiu IJ0-171 "(!03} 879(,260 "(303) H19 90-IH (j.Jx) 

I 

i 



~· 

r= ,, 

I SOILS TEST REQUEST SHEET 

PROJECT NAME: TIUASSIC PARK WASTE DISPOSAL FACIUTY PROJECT NO. 602 LAB NO. 

REQUESTED BY PROJECT MANAGER APPROVAL PAGE __ OF ---

SAMPLE SAMPLE DEPTH LOCATION VISUAL MOISTUlf. on A TTEUEilG SIEVE 1200 HYDROMETER COMPACfiON UNDISTUiliED DlllECf UNCONFINED REMOLDED DATE RESUlTS DATE DATE DATE 
NUMIEil ANDIOil STATION uses CONTENT DI!NSITY LIMIITS ANAlYSIS WASil ANALYSIS TEST PEilMEAIIUTY SEHAil COMPilESSION PEilMEAIIliTY REQUESTED DUE IY COMPLETED SAMPLE SAMPlf 

SYMIOL STORED DISPOSED 
OF 

i 

I 

! 

I 

I 

COMMENTS: SPEOAL INSTilUCflONS: 

SAMPLES DELIVEilED BY: 
SAMPLES llECFJVED BY: 

.Ol/~c..equ.Jna 

10/lQ/94 Mlpm WP~I/• 
Tt:rraMatrix Inc. *P.O. Box 174018 • Steamboat Sp11ngs, Colorado 80477 • (303) 819·6260 



TypE' of Test LL LL LL LL Nat. M.C. 
Container# 
Tare Wt. (g) 
Number of Blows 
Wt. Sample Wet + Tare (g) 
Wt. Sample Dry + Tare (g) 
Weight of Water (g) 
Weight of Dry Soil (g) 
Moisture Content(%) 
Type of Test PL PL Borehole# 
Container# Sample# 
Tare (g) Depth 
Wt. Sample Wet + Tare (g) Uquid Umit 
Wt. Sample Dry + Tare (g) Plastic Umit 
Weight of Water (g) Plasticity Index 
Weight of Dry Soil (g) Moisture Content 
Moisture Content (%) Uquidity_ Index 

~ +---+-~--+-~~~-r~~-r++~~~~H+~~H*~~~ 

~~+-+-~~~~~~~~~~~~ ; 
~~~-+-+~~~~~~+H~~*H~~~~ 

5 10 

Sample Description: -------------------------

ATTERBERG UMrTS 

Project: TRIASSIC PARK WASTE DISPOSAL FACILITY CQA 
', Project No.: DATE: TESTED BY: TERRAMATRIX 



CONSTANT HEAD PERMEABILITY ON GRANULAR SOIL 
GANDY MARLEY INC. 

CHAVES COUNTY, NEW MEXICO 

DATE: SHEET __ OF 

O'WNER: ______________ _ PROJECT NUMBER: ______ _ 

PROJECT NAME: _____________ LOCATION:, __________ _ 

S.AMPLE NO.:, ____ _ TECH. ______ _ 

Dl~CRWTION: ___________________________ _ 

HEIGHT BEFORE (H1): 

(1) 

(2) 

(3) 

(4) 

AVERAGE (H1) ----

SAMPLE DIMENSIONS 

HEIGHT AFTER (H2): 

(1) 

(2) 

(3) 

(4) 

AVERAGE(H2) ---------

HEIGHT, L·(H1-H2), em: ------ HEAD, h, em: -------

DIAMETER, em: ____ _ 

AREA, A, sq. em: ____ _ 

QUANTITY OF WATER, Q 
(cubic em) 

TRIAL 1:, ____ _ 

TRIAL 2: -----
TRIAL 3: ____ _ 

AVERAGE: _____ _ 

TIME, t 
(sec) 

K- QL/Ath- ______ em/sec 

1 inch ... 2.45 em 
1 1;al = 3785.41 cubic em 

TerraMatrix Inc. ,. P.O. &x 774018 ,. Steamboat Springs, Colorado 80477,. (303) 879-6260 



Fllli.'AL CQA PLAN 

APPENDIX D 

Triassic Park Waste Disposal Facility 
AppendixD 

GEOSYNTHETICS CQA RECORDS 

Appendices 
December 1997 



GEOSYNTHETICS INVENTORY, QUALITY., .~TROLAND CONFORMANCE TESTiNG LOG' 

PROJEL'T NUMBE DATE OF INVENTORY: _________ _ 

DATE OF DELIVERY: ----------
TRUCK TYPE: ____________ _ 
BILL OF LADING NUMBER:. ___________ _ 

QAM::~~~~~~=------------------UNLOADING EQUIPMENT:. _________ _ 
WI!:A'fttER CONDiTiONS: __________ _ 

MANUFACTURER: -------

non • ..,l"vr aJ .a. ... -.... • ft'-'.ta:.- • ... ~ ........ . 

OWNER: 
INSTALLER: 

MA' - - -- --- --- - -- - ··-- --- - --- -- -... ·---~· 

INVENTORY LOG QUALITY CONTROL CERTIFICATES AND CONFORMANCE TESTING 
VERIFICATION 

ROLL NUMBER LOTI MON ROLL. AREA DAMAGE QC DATE DATE CONF. CONF. RESULTS I' IF 
ID LXW (nl) REMARKS CERT CONF. RESULTS REVIEWED 

(ftxft) RECD SAMPLE CUT/ RECD. BY/DATE 
YIN SENT OUT 

1. 

2. 

3. 

4. 

s. 

6. 

7. 

8. 

9. 

10. 

11. 

11. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

')fi 

NCR# I TOTAL I REVIEWED BY: DATE: 

• :~81Gii 

Terra Matrix ln.:. *P.O. Box 774018 *Steamboat Springs, Colorado 80477 * (970) 879-6260 * (970) 879-9048 (fax) Filc:P:\PAT\F-FORMS\CONFREC.LOG 12/9/97 



GEOSYNTHETICS PANEL DEPLOYMENT LOG 

PROJECT NUMBER: 
OWNER: 
INSTALLER: 

DATE:~----~-----
SHEET NUMBER ___ of __ _ 

GEOSYNTHETIC TYPE: PRIMARY /SECONDARY /TERTIARY /CLOSURE 
GEOMEMBRANE GCL GEONET(COMPOSITE) GEOTEXTILE(CU) 

OTHER/COMMENTS:~~~~~--~~~--~~~~~~~~~~~~-----------------
SUBGRADE CONDITION (Surface Compaction, Prouusions, Desiccation, Excessive Moisture): --------------------

ROLL :-ol:I!BER 

DEPLO\loD LE.'>GTH (FI) 

• .~\!BIE:-o T .\IR TE.\lP (F) 

\lSt:.\1. OBSERY.\llON 

••OBSER\lill 0\'ERL\P 

~10:-<ITOR 

RE.\L\RKS 

SHEET 11UCK.'<ESS <'IIL'l LE...O TIL \It SPEC PF 

;., 

.. 

.. 

.. 

... 
.WER.\GE ., 

ROLL:-UMBER 

DEPLO\lill LE.'<GTH (Fl) 

• .~\!BIE."o'T .\IR TE.\lP (F) 

\lSU.\1. OBSERV.\TION 

.. OBSERVED 0\'ERL\P 

~!OSITOR 

RE.\L\l\KS 

SHEET THICK.'<ESS !'IlLS LE...O TIL <It SPEC p F 

.. 

.. 

.. 

.. 

... 
.\\"ER.\GE ., 

NCR REFERENCE NCMBER (IF REQUIRED)~-------

• Ambient :ur tempenrure must be between -10" and 100" F for HOPE deployment 
** Ob54:t\·ed o'·erbp must confonn to construcnon spec1ficallons for relevant matena.l type 

LE.\D TIL \It 

LE...O TIL \It 

!NSTR\.iMENT ID# 
THERMOMETER __ 
MICROMETER--
\~1ND GAL'GE ---

SPEC PF 

.. 

.. 

.. 

... 

.. 
60 

SPEC P F 

.. 

.. 

.. 

.. 

.. 

., 

LE...O TIL \It SPEC p F 

.. 

.. 

... 

.. 

.. 

., 

LE...O TL\JL SPEC p F 

... 

.. 

.. 

.. 

.. 
60 

REVIEWED BY ___ DATE ___ _ 

File: Paneldep.log 
Printed: December 9, 1997 (!O:Oiam) 

TcnaMatrix lac. • P.O. Box 774018 • Ste-boat Spriftp, Colorado 80477 • (970) 879-6260 • (970) 879-9048 (fu) 



GEOMEMBRANE DEFECT LOG 

PROJECT NUMBER: 
OWNER: 
LOCATION: 
•NSTALLER: 

DEFECf 
CODE 

SE.I..\L P.\NEL OR 
REP.\lR NO. 

A 

B 

c 

D 

E 

F 

G 

H 

I 

r 

K 

M 

N 

p 

Q 

R 

8 
AD 
B 
BO 
BS 
co 
CR 

ANIMAL RELATED DAMAGE 
CNDISPERSED RESIN BEAD 
FCSION WELDER BURN 
BOOT /SKIRT FOR FML PENETRATION 
CHANGE OF OVERLAP 
CREASE 

DEFECf LOC.\TION 

DEFECf LOC.\ TION DESCRIPTION 

EE EARTHWORKS DAMAGE 
EXT EXTENSION 
FM FISHMOUTH 
FS FAILED SEAM LENGTH 
FTS FIELD TEST STRIP 
MT HEAT TRACK BURN 

DEFECf LOG 
TI1'E D.\TE 
(SEE 

BELO~) 

D 
DF-# 
DX-# 

INSTALLATION DAMAGE 10 INSUFFICIENT OVERLAP (UNDER SPEQ WS 
FUSION DESTRCCTIVE TEST NUMBER 
EXTRCSION DESTRUCTIVE TEST NUMBER 

MO MANUFACTURER/DELIVERY DAMAGE 

NOTE: • COLCMNS TO BE USED BY THE DATA REVIEWER ONLY 

REVIEWED BY: ___ DATE. ______ _ 

NCR REFERENCE NUMBER (IF REQUIRED)·----------

SHEET NUMBER: 

CQ.\ RE.\L\RKS REP.\IR TEST 
~ION D.\TE• D.\TE• 

PT PRESSURE TEST CUT 
Sl SOIL IRREGULARITY 
SL SLAG ON TEX11JRED SHEET 
T THREE PANEL INTERSECTION 
VL V ACl!UM TEST LEAK 
WR WRINKLE 
"ELDER RESTART 
OTHER 

TcrraMaaix Inc. • P.O. Box 774018 • Sceamboac Sprinp, Colorado 80477 • (970) 879-6260 • (970) 879-9048 (fax) 
Filc:P:\SHELLY\FIELDFRM\DEFECfLO.FRM 12/9/97 



PROJECT NUMBER: 
ow!QER: 
LOCATION: 
INSTAI.LER: 
MACHINE NUMBER: .uMAJ:#z;__ __ 
PASSING TRIAL SEAM INFORMATION 

NO. TIME TECHID WEDGE TEMP. 

SEAM SUM SECTION"' 
NUMBER"' 

FROM 

I -
I -
I -
I -
I -
I -
I -
I -
I -
I -
I -
I -

SPEED 

TO 

GEOMEMBR_M\' 'USION SEAM LOG 
' 

) 

DATE: ____ _ 

CARRYOVER: __ _ CQA MONITOR: __ SHEET NUMBER: __ of __ 

STARTlliiE TECH TEIIPERATUREISP£ED APPRO X. DISTANCE DESTRUCTIVE ENTIRE SEAM REMARKS NON-
ID VERFICATION LENGTH FROIILAST NUMBER COMPLETE DESTRUCT 

WELDED DESTRUCTIVE TEST 
WEDGE SPEED NO YES DATE 

TEIIP.(F) (h) (h) _...,, 

(1) Indicate -m number by two ICijllcent panel numbers, with the lowest panel number Indicated first 
(2)Reference eeem endpoints from en End of Seem (EOS), 1 defect repair number or a point location on the -m (reference point, distance from reference point). REVIEWED BY ___ DATE. __ _ 

(CIRCLE MACHINE USED) 
TMI TENSIOMETER CALIBRATION: SERIAL NUMBER: 124 
NSC TENSIOMETER CALIBRATION: SERIAL NUMBER: 93021/911101 

NCR REFERENCE NUMBER (IF REQUIRED) ________ _ 

CALIBRATION DATE: 4/1/96 
CALIBRATION DATE: 10/14/96 

RECALIBRATION DATE: 4/1/97 
RECAUBRATION DATE: 10/14/97 

TcrraMatrix Inc. • P.O. Box 774018 • Steamboat Springs, Colorado 80477 • (970) 879-6260 • (970) 879-9048 (fax) Pile: P:\SHELLY\PIELDFRM\FUSJON.LOG U/9/97 



GEOMEMBRANE EXT! jiON SEAM/REPAIR LOG 

PROJECT NUMBER: 
OWNER: 
LOCATION: 
INSTALLER: 

MACHINE NUMBER: ~MUlX...._ __ CARRYOVER: __ _ CQA MONITOR: __ DATE: ______ _ 

PASSING TRIAL SEAM INFORMATION EXTRUDER PURGED OF HEAT DEGRADED EXTRUDATE (1) 

NO. TIME TECIIID I'RE-IIEAT IIARREL 

SEAM BEAll SECllOH"' DEFECT START TECIIIO TEMPERATURE REPAIR SIZE APPIIOX. LENGTH DISTANCE ,_ 

-BEA'" CODE nilE YERACATION waDED LAST 
DESTAUCTlVE - TD 

PRE-HEAT 

=~ 
(II X H) (II) 

SETTING 
(II) 

I . 

I . 

I . 

I . 

I . 

I 

I . 

I . 

I 

I . 
I . 

I -- -- -- -- -- -- - ---

(1) Ex1nlder must be purged when atartlng • H8lll and when welding atopa for mora IIWII minute. 
(2) Indicate - IIUIIIber lily two acflacant panelnumllarS, wltlllhe loW .. t panel nurnllar lnclcatad flral 
(3) .....,_-endpolnta from an End ol Seam (EOS). • clefKt repair numiJar ora paint tocaUon on the aeam (reference point, clatance from ... ~point). 

(CIRCLE MACHINE USED) 
TMI TENSIOMETER CALIBRATION: 
NSC TENSIOMETER CALIBRATION: 

SERIAL NUMBER: 124 CALIBRATION DATE: 411196 
SERIAL NUMBER: 93021/91001 CALIBRATION DATE: 10/14196 

RE-CALIBRATION DATE: 411/97 
RE..CALIBRATION DATE: 10/14197 

NCR REFERENCE NUMBER (IF REQUIRED)-------

T~naMauix Inc. • P.O. Box 774018 • Steamboat Springs, Colorado 80477 • (970) 879-6260 • (970) 879-9048 (fax) 

(!0:01am) 

SHEET NUMBER· of 

DESTAUCflYE 
~ 

ENnR£ SEAM REMARKS NO~ST 
I COMPLETE TEST 

DATE 

No Yoo --· I 

I 

! 

REVIEWED BY ___ DATE __ _ 

File: P:\SHELLY\FIELDFRM\EXTRUSJ.LOG 4/8/96 
Print~d: o~c~mb~r 9, 1997 



GEOMEMBRANE FUSION DESTRUCTIVE LOG 

ROJECf NUMBER: 
OWNER:: DESTRUCTIVE MONITOR:-------
LOCATION: 
INSTALLER: DATE TESTED: _______ _ 

DESTRUCTIVE SAMPLE NUMBER: ______ (ASSIGNED BY QAM) 

DESTRUCTIVE INFORMATION: 

~cr 
SEAM LOCATION TECH MACHINE DATE CQA 

). NO. ID NUMBER MON 
ID 

DESTRUCTIVE TEST DATA: 

PEEL TEST RESULTS 

SAMPLE STRENGTH BREAK SAMPLE STRENGTH BREAK 
(INSIDE TRACK) (lbs/in) TYPE (OUT. TRACK) (lbs/in) TYPE 

A1 A2 

Bl B2 

Ct C2 

Dl D2 

El E2 

SPECIFICATION 90 FrB 
REQUIREMENTS 

SHEAR TEST RESULTS 

SAMPLE PEAK BREAK 
STRENGTH TYPE 

(lbs/in) 

F 

G 

H 

I 

J 
SPECiflCATION 119 FrB 
REQUIREMENTS 

PASS/FAIL:-------
REMARKS: 

WELD TO GRIP 
LENGTH 

(a) 

REVIEWED BY _____ DATE=~~= 
(CIRCLE MACHINE USED) 

WELD TO GRIP 
FAIUNGSIDE 

AT YIELD 
(b) 

TMI TENSIOMETER CALIBRATION: SERIAL#: 124 CALIBRATION DATE: 4/1/96 
NSC TENS! OMETER CALIBRATION: SERIAL #'S: 93021/91001 CALIBRATION DATE: 10/14/96 

NCR REFIERENCE NUMBER (IF REQUIRED) ________ _ 

90 FrB 

WELD TO GRIP SHEAR 
FAIUNGSIDE STRAIN(%) 

AT BREAK AT YIELD((b-a)/ a)/ 
(c) AT BREAK ((c-a)/a) 

AT YIELD -10% MIN 
AT BREAK- SO% MIN 

RECAUBRATION DATE: 4/1/'17 
RECALIBRATION DATE:10/14/'17 



GEOMEMBRANE EX1 

PROJECT NUMBER: 
OWNER: 
LOCATION: 
INSTALLER: 

TRW. SEAM TillE AMBIENT TECH MACHINE CQA TEMPERATURE 
M*BER WELDED TEMPERATURE ID -BER MOH SETTINGS 
ITSX-11 (F) (IIII-I) ID 

PRE-HEAT BARREL 
SETTING TEMP. (f} 

SPECIFICATION REQUIREMENTS : 60 mil GEOMEMBRANE 

TMI TENSIOMETER CALIBRATION: 
NSC TENSIOMETER CALIBRATION: 

(CIRCLE MACHINE USED) 
SERIAL#: 124 
SERIAL #'5:93021/91001 

CALIBRATION DATE: 4/1/96 
CALIBRATION DATE: 10/14/96 

NCR REFERENCE NUMBER (IF REQUIRED) _________ _ 

SiON TRiAL SEAM LOG 

PEEL TEST RESULTS 

SAMPLE STRENGTH BREAK ,_, TYPE 

A 

B 

c 

A 

B 

c 

A 

B 

c 

A 

B 

c 

A 

B 

c 

A 

B 

c 

PEEL FTB 

RECALIBRATION DATE: 4/1/'17 
RECALIBRATION DATE: 10/14/'17 

SAMPLE 

D 

E 

D 

E 

D 

E 

D 

E 

D 

E 

D 

E 

SHEAR 

TerraMatrix Inc. • P.O. Box 774018 • Steamboat Springs, Colorado 80477 • ('170) 879-6260 • ('170) 879-9048 (fax) 

DATE: ____ _ 

SHEET NUMBER: of 

SHEAR TEST RESULTS PASS/FAIL REMARKS 

STRENGTH BREAK ,.....,.,, TYPE 

FTB 

REVIEWED BY DATE. __ _ 

File: EXTRIAL.LOG 4/8/96 



GEOMEMBRA .. NE s~ 1 VACUUM TEST LOG 

PROJECT NUMBER: 
OWNER: 
LOCATION: CQA MONITOR:----
INSTALLER: VACUUM BOX NUMBER, __ _ 

SEAMS 

SEAM NUMBER* SEAM SECrJON •• TEST TECH DEFECTS*** SEAM COMPLETE OBS REMARKS 
FROM TO DATE ID NO YES TEST 

I - I 

I - I 

I - I 

I - I 

I - I 

I - I 

I - I 

I - I 

I - I 

I - I 

I - I 

I - I 

I - I 

I -

I - I 

I - I 

I - I 
• Indicate 11eam number by two adjacent panel numben, with the loweat panel number indicated fint and proper layer (i.e., Tertiary, Secondary Primary). 
•• Reference aeam endpointa from an End of Seam (EOS), a repair number or a point location on the aeam (i.e., Reference point, diatance from reference point). 
- Record quantity of lealuo detected and reference new defect code in remarka column. 
NCR REFERENCE NUMBER (IF REQUIRED), ___________ _ 

DEFECT 
CODE 

TerraMatrix Inc. • P.O. Box 774018 • Steamboat Springs, Colorado 80477 • (970) 879-6260 • (970) 879-9048 (fax) 

SHEET __ OF __ 

REPAIRS 

TEST TECH lD DEFECTS*** OBS REMARKS 
DATE TE..o.;T 

REVIEWED BY DATE. __ _ 

File: P:\PAT\F-FORMS\ VACUUM.LOG 12/9/97 



GEOMEMBRANESli ~ PRESSURE TEST LOG 

PROJECT NUMBER: 
OWNER: 
LOCATION: 

INSTALLER: DATE: ____ _ 

MACHINE NUMBER: __ _ CQA MONITOR: __ _ SHEET NUMBER: __ of. __ 

SEAM SEAM SEC110H" TECH START FINISH IITlAL FINAL PRESSURE PASSIFAIL OBS ENTIRE SEAM REMARKS 
NUIIBEir ID TIME TillE PRESSURE PRESSURE DFFERENCE TEST COMPLETE 

YIN 
FROM TO NO YES 

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

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

• Indicate nam number by two acljacant panel numbera, with the ~t panel number Indicated flraL 
•• Reference nam anclpclmte from an End of Seam (EOS), a defect repair number or a point location on the seam (reference point, dlatence from reference point). REVIEWED BY ___ DATE, __ _ 

NCR REFERENCE NUMBER (IF REQUIRED)'------------

TerraMatrix Inc. • P.O. Box 774018 • Steamboat Springs, Colorado 80477 • (970) 879-6260 • (970) 879-9048 (fax) File: P:\SHELLY\FIEWFRM\PRESTST.LOG U/9/97 



PROJECT NUMBER: 
mmER: 
LOCATION: 
INSTALLER: 

Check Applicable 
Pond4 
Repository 

LETTER OF ACCEPTANCE 
OFSOILSUBGRADESURFACE 

I, the Undersigned, the duly authorized representative of TeqaMatrix Inc. (fMI) , have visually observed the soil subgrade 
swface within the area described below, and found that: 1.) all stones, rocks, debris, trash, roots, branches, and foreign matter, as 
well as pockets of soft or loose soil, and stones and rocks larger than 1/z inch, have been removed from the surface; 2.) the surface 
is 5mooth and free of irregularities, sharp objects and abrupt changes in grade; and, 3.) the surface has been smooth-drum rolled. 

This is a general acceptance for the area described below. The area of deployment for any given day will be reinspected by 
Te.rraMatrix tc> ensure that the subgrade surface continues to meet the above described criteria. The final inspection will be 
recorded in the Terra..\1atri.x daily logs. 

Ar,ea that has been observed is outlined on the attached drawing and is identified by: 

TMI REPRESENTATIVE 

NAME SIGNATURE 

LETTER RECEIVED BY 

NAME SIGNATURE 

NCR REFERENCE NUMBER (IF REQUIRED), ________ _ 

Fil1:: P:\SHEU.. Y\FlELDFRM\SURFACCP.FRM 
Printed: December 9, 1997 (I 0:07am) 

TITLE 

TITLE 

DATE 

DATE 

TmaMatrix [II(. "P.O. Box 774018 "SttQ/'IIboat Spri11gs, Colorado 80477 "(303) 879-6260 "(303) 879-9048 (fax) 



I 



NEW MEXICO ENVIRONMENTAL DEPARTMENT 
RCRA PART B PERMIT APPLICATION 

SPECIFICATIONS FOR LANDFILL, SURFACE IMPOUNDMENT AND 
ASSOCIATED FACILITIES LINER AND COVER SYSTEM 

CONSTRUCTION 

FINAL 

TRIASSIC PARK HAZARDOUS WASTE FACILITY 
CHAVES COUNTY, NEW MEXICO 

EPA /DENT/FICA TION NUMBER NMOOO 1002484 

December 1997 

Patrick Corser, P.E., New Mexico Registration 12236 

NOTE: This document contains construction specifications for various 
elements of the Triassic Park Hazardous Waste Facility landfill, 
landfill cover, surface impoundment, and Associated Facilities. 
Modifications to the plan may be required prior to construction. 
Any revisions required will be submitted to NMED for approval 
prior to construction. 



FINAL Triassic Park.Hazardous Waste Facility 

TABLE OF CONTENTS 

Section No. Page No. 

SECTION 01010 GENERAL REQUIREMENTS ........................................................................... 01010-1 

SECTION 02110 SITE PREPARATION AND EARTHWORK ................................................... 02110-1 

SECTION 02119 PREPARED SUBGRADE ................................................................................... 02119-1 

SECTION 02221 CLAY LINER ....................................................................................................... 02221-1 

SECTION 02224 DRAINAGE GRAVEL ........................................................................................ 02224-1 

SECTION 02225 ROAD BASE ......................................................................................................... 02225-1 

SECTION 02226 COVER SOIL ....................................................................................................... 02226-1 

SECTION 02227 VEGETATIVE COVER ...................................................................................... 02227-1 

SECTION 02228 PIPE BEDDING ................................................................................................... 02228-1 

SECTION 02229 SELECT SUBBASE ............................................................................................. 02229-1 

SECTION 02230 VEGETATIVE COVER ...................................................................................... 02230-1 

SECTION 02231 FOUNDATION SAND ......................................................................................... 02231-1 

SECTION 02232 PROTECTIVE SOIL LAYER ............................................................................. 02232-1 

SECTION 02710 GEOCOMPOSITE ................................................................................................ 02710~1 

SECTION 02712 GEONET ................................................................................................................ 02712-1 

SECTION 02714 FILTER OR CUSHION GEOTEXTILE ............................................................ 02714-1 

SECTION 02718 POLYETHYLENE PIPE AND FITTINGS ........................................................ 02718-1 

SECTION 02720 ADS N-12 PIPE ...................................................................................................... 02720-1 

SECTION 02730 ADS SLOTTED CPT ............................................................................................ 02730-1 

SECTION 02740 CORRUGATED METAL PIPE ........................................................................... 02740-1 

SECTION 02750 POLYVINYL CHLORIDE PIPE ........................................................................ 02750-1 

SECTION 02775 GEOMEMBRANE LINERS ................................................................................ 02775-1 

SECTION 02780 GEOSYNTHETIC CLAY LINERS ..................................................................... 02780-1 

TOC-i 
w:/602/Sp.a 

Revision No. 0 
12/6/97 



FINAL Triassic ParkHazardous Waste Facility 

SECTION 02900 VEGETATION AND SEEDING .......................................................................... 02900-1 

SECTION 03100 CONCRETE FORMWORK ................................................................................ 03100-1 

SECTION 03200- REINFORCEMENT STEEL ............................................................................. 03200-1 

SECTION 03290 JOINTS IN CONCRETE ...................................................................................... 03290-1 

SECTION 03300 CAST-IN-PLACE CONCRETE ......................................................................... 03300-l 

SECTION 03410 STRUCTURAL PRECAST CONCRETE ........................................................... 03410-1 

SECTION 05100 STRUCTURAL STEEL FRAMING ..................................................................... 05100-1 

SECTION 05500 MISCELLANEOUS METALWORK ................................................................. 05500-1 

SECTION 07920 SEALANTS AND CAULKING •........................................................................... 07920-1 

SECTION 11210 LEACHATE PUMPS ............................................................................................ 11210-1 

SECTION 13205 POLYETHYLENE TANK ..................................•................................................ 13205-1 

SECTION 15600 CARBON STEEL PIPE ..........•.•.........................................................•...............•. 15600-1 

Table No. 

01010-1 
02710-1 
02712-1 
02714-1 
02714-2 
02775-1 
02775-2 
02780-1 

LIST OF TABLES 

Title Page No. 

Test Methods Cited in General Specifications and CQA Plan .............. 01010-13 
Required Geocomposite Properties ........................................................ 02710-9 
Required Geonet Properties .................................................................... 02712-7 
Required Filter Geotextile Properties ..................................................... 02714-7 
Required Cushion Geotextile Properties ................................................ 02714-8 
Required Geomembrane ....................................................................... 02775-23 
Required Geomembrane Seam Properties ............................................ 02775-23 
Required GCL Properties(4

) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 02780-11 

LIST OF FIGURES 

Figure No. Title Page No. 

01010-1 
02221-1 

w:/602/Spen 

Organization Chart ................................................................................ 01010-9 
Clay Liner placement Window ............................................................... 02221-4 

TOC·ii Revision No. 0 
1216/97 



' '~ 

W/602/Speo 
!2/05/97slb 

FINAL Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

SECTION 01010 
GENERAL REQUIREMENTS 

PART 1 GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary to construct the landfill or 
surface impoundment liner or cover systems at the Triassic Park hazardous 
waste treatment, storage, and disposal facility (TSDF) in Chaves County, New 
Mexico. 

B. The work shall include those items identified in the Contract Documents 
which may include site preparation and earthwork, clay liner construction, 
geosynthetic clay liner installation, geomembrane liner/ cover installation, 
drainage layer and drainage pipe installation, protective soil layer placement, 
quality control, surveying, and related work. 

1.02 DEFINITIONS 

A. The following list of definitions is provided for reference. 

1. Atterberg Limits: The liquid limit, plastic limit, and shrinkage limit for 
soils as defined by (ASTM D 4318). 

2. NMED: New Mexico Environmental Department (NMED) 

3. NMED and RCRA Part B Permit (Part B Permit): New Mexico 
Environmental Department and Resource Conservation and Recovery 
Act (RCRA) Part B Permit for the Triassic Park Facility. 

4. Compaction: The process of increasing the unit weight of soil by 
rolling, tamping, vibrating, or other mechanical means. As a result of 
compaction, the hydraulic conductivity of the soil may be decreased. 

5. Construction Drawings: Design plans used to construct a facility; the 
plans must be signed and sealed by a Professional Engineer registered in 
the State of New Mexico. 

6. Construction Quality Assurance (CQA}: A planned and systematic 
pattern of all means and actions designed to provide adequate 
confidence that items or services meet contractual and regulatory 
requirements. 

7. CQA Engineer: The individual, firm or corporation, independent from 
the Owner, Contractor, Supplier, or Manufacturer, that is responsible 

01010-1 Revision No. 0 
12/6/97 

I 



W/602/Sp<<> 
12105/975/b 

FINAL Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

for observing, testing, and documenting construction activities under 
the terms of the contract. Provided that the Design Engineer and the 
Owner are not the same party, the CQA Engineer may be the same as 
the Design Engineer. The CQA Engineer will provide a Construction 
Quality Assurance Resident Engineer (CQA Resident Engineer). The 
CQA Engineer is responsible for certification of landfill construction 
according to the specifications contained herein and will be a 
Professional Engineer registered in the State of New Mexico. 

8. CQA Plan: Site-specific document which addresses the following: (i) 
CQA personnel responsibilities, authorities, and qualifications; (ii) 
inspection, monitoring, and testing activities necessary to ensure that 
the facility is constructed to meet or exceed design criteria, plans, and 
specifications; and (iii) CQA documentation requirements. 

9. Contract Documents: The contract documents for construction of the 
landfill or surface impoundment including the General Specifications, 
the Construction Drawings, the CQA Plan, any supplemental 
requirements, and the General Agreement. 

10. Contractor: The individual, firm, or corporation undertaking the 
execution of the work under the terms of the contract. 

11. Design Engineer: The individual, firm or corporation having direct 
responsibility for the design of the landfill or surface impoundment 
structure. The Design Engineer must provide a Professional Engineer 
registered in the State of New Mexico. The Design Engineer may be 
the same as the Owner. 

12. Dewatering: Process of lowering ground water level(s) or removing 
storm water to permit construction activities to be made "in the dry" 
(not drying of fill material). 

13. General Specifications: Specifications written which apply to the 
construction of all landfills and surface impoundments. 

14. Geocomposite: A planar, polymeric drainage material consisting of a 
polyethylene geonet core and geotextile filter layers that have been 
heat-bonded to the top and bottom surfaces of the geonet. 

15. Geomembrane: A nonporous polymeric membrane liner or barrier used 
in civil engineering projects. 

16. Geonet: A net consisting of two sets of transverse polymeric strands 
which create high in-plane flow capacity; used as a drainage medium in 
civil engineering projects. 
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Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

Geosynthetics: Polymeric materials used to perform various functions 
in construction projects (i.e., geomembranes, geonets, geocomposites, 
geotextiles, etc.). 

Geosynthetic Clay Liner (GCL): A factory manufactured, hydraulic 
barrier typically consisting of bentonite clay or other very low 
permeability material, supported by geotextiles and/ or geomembranes 
which are held together by needling, stitching, or chemical adhesives. 

Geotextile: A permeable textile material used with foundation, soil, 
rock, earth, or any other geotechnical engineering-related material that 
is an integral part of a man-made project, structure, or system. 

Gandy-Marley, Inc.: owner and operator of the hazardous waste 
treatment, storage, and disposal facility under construction; referred to 
as the Owner. 

Hydraulic Conductivity: The rate at which a fluid flows through a 
porous medium. It is a function of the physical characteristics of both 
the porous medium and the fluid. 

In-situ: "As is", or as it exists in place naturally. 

Laboratory: The individual, firm, or corporation, independent from the 
Owner, Manufacturer, Supplier, or Contractor, responsible for 
conducting tests on construction materials to assure conformance with 
the General Specifications. 

Leachate Collection System: The drainage layer above the primary 
composite liner of the landfill and associated piping, risers, etc. that 
enable collection and removal of leachate from the landfill. 

Leak Detection System: The drainage layer sandwiched between the 
primary and secondary liners of the landfill or surface impoundment 
and associated piping, risers, etc., that enable detection, collection, and 
removal of leachate, if any, that leaks through the primary liner. 

Liner System: The system of natural and synthetic liners and drainage 
layers beneath the landfill or surface impoundment, used to contain 
leachate while allowing its collection and removal. 

Manufacturer: The individual, firm, or corporation responsible for 
manufacturing a specific component (e.g., a geomembrane liner) used in 
surface impoundment or landfill construction. 

Moisture Content: Ratio of quantity of water in the soil (by weight) to 
the weight of the soil solids (dry soil), expressed in percentage; also 
referred to as water content. 
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Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

Optimum Moisture Content (OMQ: Moisture content corresponding to 
maximum dry unit weight as determined in the standard Proctor or 
modified Proctor compaction test (i.e., ASTM D 698 or D 1557). 

Owner: The party known as Gandy-Marley, Inc., a New Mexico 
Corporation, and the operator of the hazardous waste treatment storage 
and disposal facility under construction. The Owner shall hire the 
Contractor(s) to execute the work under the terms of the General 
Agreement. The activities of the Owner in the General Specifications, 
any supplemental requirements, and CQA Plan may be performed by 
the Owner or other party representing the .Owner such as, but not 
limited to, a representative of Triassic Park Hazardous Waste Facility, 
the Design Engineer, or CQA Engineer. 

Particle-Size Distribution: Distribution of particle s1zes within a soil; 
determined using ASTM D 422. 

Permanent Sump: The drainage layer beneath the sump area of the 
secondary liner of the landfill that enables the detection, collection, and 
removal of leachate if any, that leaks through the secondary liner in 
that area. 

Permeability: Ability of pore fluid to travel through a soil mass via 
interconnected voids. "High" permeability indicates relatively rapid 
flow, and vice versa. Rates of permeability are generally reported in 
centimeters per second. 

Plasticity: Ability of soil mass to flow or be remolded without raveling 
or breaking apart. Generally that range of soil water content between 
the liquid and plastic limit. 

Primary Composite Liner: Top composite liner in a double-liner system 
consisting of two or more low-permeability components of different 
materials in contact with each other. 

Primary Geomembrane Liner: Top geomembrane liner in a double-liner 
system. 

37. Primary Soil Liner: Top soil liner in a double-liner system. 

38. RCRA: Resource Conservation and Recovery Act; Federal hazardous 
waste regulations. 

39. Secondary Composite Liner: Bottom composite liner in a double-liner 
system consisting of two or more low-permeability components of 
different materials in contact with each other. 
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40. Secondary Geomembrane Liner: Bottom geomembrane liner in a 
double-liner system. 

41. Secondary Soil Liner: Bottom soil liner in a double-liner system. 

42. Secondary Structure: The macrostructure of a geologic stratum. 
Structural features in a soil or rock deposit which can be seen with little 
or no magnification, to include, but not be limited to, pockets, lenses, 
layers, seams, or partings of varying soil types, slickensided fissures, 
laminated structure, bedding planes, and/ or mineral concretions or 
staining. 

43. Landfill Phase: A discrete landfill cell designed and constructed to store 
industrial and/ or hazardous wastes in an environmentally safe manner 
and in accordance with Federal, State, and local regulations. 

44. Sieve (200 Mesh): Refers to the soil particle size that passes (smaller than 
or equal to) the U.S. Sieve No. 200 (ASTM Specification E-ll) which 
has a 75 micrometer (0.00295 inch) opening. 

45. Specifications: Detailed descriptions of requirements, dimensions, 
materials, construction methods, etc., necessary for the construction of 
a landfill or surface impoundment. 

46. Subcontractor: The individual, firm, or corporation that contracts to 
perform some service or provide some material necessary for the 
performance of another's contract. 

47. Supplier: The individual, firm, or corporation responsible for supplying 
a contractor or a manufacturer with a specific material (e.g., gravel, 
granular material, resin, etc.) required for construction of a 
manufactured product or for the construction of the landfill or surface 
impoundment. 

48. Surface Impoundment: A discrete impoundment designed and 
constructed to hold an accumulation of potentially contaminated 
rainwater and runoff from processing, hauling, or waste handling 
operations or designed and operated to contain hazardous waste during 
treatment of the waste. 

49. TSDF: treatment, storage, and disposal facility. 

50. Unified Soil Classification System: 
accordance with ASTM D 2487. 

Soil classification system m 

51. Unit Weight: Weight of soil per unit volume; usually reported m 
pounds per cubic foot. 
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Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

"Walking Out": Continually rising effect experienced by a sheepsfoot 
roller during compaction of soil; an indication that the soil is 
approaching the proper degree of compaction. 

PART 2: CONTRACT DOCUMENTS 

2.01 INCLUDED DOCUMENTS 

A. The Contract Documents for construction of the landfill or surface 
impoundment shall include, as applicable: (i) General Specifications, (ii) 
Supplemental Specifications; (iii) CQA Plan; (iv) Construction Drawings; and 
(v) General Agreement. 

2.02 GENERAL SPECIFICATIONS 

A. The landfill or surface impoundment shall be constructed in accordance with 
these General Specifications and other applicable Contract Documents. 

2.03 SUPPLEMENTAL SPECIFICATION 

A. The supplemental specifications provide additional requirements for 
construction of a specific landfill liner or cover or surface impoundment that 
relate to construction contractual considerations, and are not permit-related. 

2.04 CQA PLAN 

A. The materials, procedures, and test methods and frequencies used in the 
construction quality assurance of the landfill or surface impoundment 
construction shall conform to the requirements of the CQA Plan. 

2.05 CONSTRUCTION DRAWINGS 

A. The landfill or surface impoundment shall be constructed not only in 
accordance with the General Specifications but also in accordance with the 
Construction Drawings for the specific structure. 

2.06 GENERAL AGREEMENT 

A. The contractual agreement, and all terms and conditions thereof, between the 
Owner and the Contractor. 

PART 3: PROJECT ORGANIZATION AND CONTROL 

3.01 ORGANIZATION CHART 

A. The project organization chart for the parties involved in construction of the 
landfill and surface impoundment is provided in Figure 01010-1. 
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3.02 RESPONSIBILITIES OF PARTIES 

A. Owner: The Owner is the facility manager, responsible for facility 
administration, regulatory oversight, health and safety, accounting, purchasing, 
etc. The Owner has direct authority over the Contractor, CQA Engineer, and 
Design Engineer and coordinates activities by these parties. 

B. Contractor: The Contractor is responsible for constructing various elements of 
the facility in accordance with the General Specifications, other applicable 
contract documents, Construction Drawings and CQA Plan. The Contractor 
may be responsible for earthwork, geosynthetics, and other components of 
landfill or surface impoundment construction. The contracting and 
administration of contract requirements for landfill or surface impoundment 
construction shall be the responsibility of the Owner. Different contractors 
may be used to construct different components of the landfill or surface 
impoundment. 

C. CQA Engineer: The CQA Engineer is responsible for monitoring construction 
activities on-site and certifying that the facility is constructed in accordance 
with the plans and specifications. The CQA Engineer provides information, 
reports, test results, and observations to the Owner. The CQA Engineer may 
communicate directly with the Contractor and Design Engineer to coordinate 
activities and receive information. The CQA Engineer provides an on-site 
CQA Resident Engineer. 

D. Design Engineer: The Design Engineer is responsible for the design of the 
landfill or surface impoundment. The Design Engineer reports to the Owner. 
The Design Engineer may communicate directly with the Contractor and 
CQA Engineer. 

PART 4: SEQUENCE OF CONSTRUCTION 

4.01 OVERALL SEQUENCE 

A. The overall sequence of construction for a specific facility element shall be as 
described in the Construction Drawings for the specific structure and in 
accordance with the Contract Documents. 

PART 5: REFERENCE STANDARDS 

5.01 APPLICABLE ORGANIZATIONS 

A. Organizations whose standards are referenced herein are as follows: 

1. ASTM - American Society for Testing and Materials 

2. New Mexico State Highway and Transportation Department (Standard 
Specifications for Highway and Bridge Construction) 
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Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

OSHA - Occupational Safety and Health Administration 

USEPA- United States Environmental Protection Agency 

5.02 APPLICABLE STANDARDS 

A. Any reference to standards of any society, institute, association, or government 
agency shall be the edition in effect as of the date of the contract, unless stated 
otherwise. 

5.03 SPECIFIC STANDARDS 

A. Specific test standards cited in the General Specifications are given in Table 
01010-1. 

PART 6: GENERAL REQUIREMENTS 

A. Reference Points: Construction reference monuments and benchmarks have 
been established by the Owner for use in controlling the construction work. 
All work shall be constructed based on and in relation to these reference points. 
The Contractor shall be responsible for re-establishing any reference points 
disturbed during construction. Disturbed or destroyed points shall be 
re-established at the Contractor's expense, as directed by the Owner. 

B. Soils Investigation: Site soil investigations will be performed by the Owner. 
Soil investigation reports will be available for the Contractor's use. The 
Contractor shall not assume that information within these reports accurately 
reflects the soil conditions at all locations within the project area, but that they 
only depict soil conditions at specific points where samples were taken. 

C. Surveying: The Contractor shall perform all surveying required to lay out and 
control the work. Surveying shall be conducted such that all applicable 
standards required by the State of New Mexico are followed. Required Record 
Drawings shall be as specified in these General Specifications. All surveying 
shall be performed under the direction of a surveyor licensed to perform such 
work in the State of New Mexico. All Record Drawings shall be signed and 
sealed by the licensed surveyor who directed the survey work. Record 
drawings shall be at a scale not smaller than 1 inch = 50 feet. The required 
surveying of liner system elevations shall be carried out on a grid; 
approximately 50-foot square on slopes of 25 percent or less and 100-foot square 
on slopes greater than 25 percent. The survey locations shall be close enough 
to define the following features in the landfill or surface impoundment: toe of 
slope, crest of slope, anchor trench, leachate collection sump, leak detection 
sump, permanent sump, and perimeter drainage ditch. All surveys shall be 
referenced to the Owner's site coordinate grid system. 
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Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

Construction Tolerances: Unless otherwise stated herein and where practical, 
construction tolerances shall be " 0.2 feet horizontally, and, provided that 
minimum thickness requirements are met, " 0.1 feet vertically. All surfaces 
shall be reasonably free from irregularities with slopes or grades within " 10 
percent of their nominal values. All liner and cover surfaces shall be 
free-draining with no standing water except at low points designated on the 
Construction Drawings. 

Permits: The Contractor shall not be required to obtain any environmental or 
general construction permits applying to the general design of the facility. The 
Contractor shall be required to obtain permits, such as over-size haul permits, 
related to specific construction equipment or techniques he intends to employ 
to accomplish the work. 

Sedimentation, Erosion Control, and Dewatering: Contractor shall comply with 
all requirements of the New Mexico State Highway and Transportation 
Department Standard Specifications for Highway and Bridge Construction for 
controlling erosion, water pollution, and dust emissions resulting from 
construction activities; the Contractor shall be responsible for any fines 
imposed due to noncompliance. Within the disturbed areas in which the 
Contractor is working, the Contractor shall seal-roll disturbed surfaces when 
required and maintain temporary grades and ditches to promote water drainage 
and prevent infiltration. The Contractor shall provide all equipment necessary 
to dewater excavations within 12 hours after a storm event. 

Work Limits: All clearing, stripping, excavation, backfill and surfacing shall be 
done to the lines, grades, and dimensions called for on the Construction 
Drawings and General Specifications unless directed otherwise by the Owner. 
All work done beyond designated limits without prior approval shall be 
corrected to the Owner's satisfaction, at no additional cost to the Owner. 

Protection of Existing Services and Wells: The Contractor shall exercise care to 
avoid disturbing or damaging existing monitor wells, electrical poles and lines, 
permanent below-ground utilities, permanent drainage structures, temporary 
utilities and structures, or items which the Owner has marked with red 
flagging. If the Contractor encounters any unexpected underground utilities 
during the course of the work, the Contractor shall immediately inform the 
Owner who will determine whether or not the utility is active. When the 
work requires the Contractor to be near or cross known utilities, the 
Contractor shall carefully uncover, support and protect these utilities and shall 
not cut, damage, or otherwise disturb them without prior authorization from 
the Owner. All utilities, wells, or other items damaged by the Contractor shall 
be immediately repaired or replaced by the Contractor to the satisfaction of the 
Owner at no additional cost to the Owner. 

Explosives: The use of explosives for demolition or excavation is not expected 
to be required and will not be permitted without prior written approval of the 
Owner. 
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Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

Burning: The use of open fires on site for any reason is prohibited. 

Temporary Roads: The Contractor shall be responsible for constructing and 
maintaining all temporary roads and laydown areas which the Contractor may 
require in the execution of his work. 

Construction Water: The quality of construction water used to accomplish 
construction work is crucial due to the nature of the facilities being 
constructed. The Owner will provide water for construction and dust control 
and will specify the source and periodically obtain water quality samples. The 
Contractor shall not add substances to construction water without the express 
written consent of the Owner. The Contractor shall utilize measuring devices 
that allow him to measure and record the volume of water used. Such usage 
records shall be maintained by the Contractor and provided to the Owner. 

Cooperation: The Contractor shall cooperate with all other parties engaged in 
project-related activities to the greatest extent possible. Disputes or problems 
shall be referred to the Owner for resolution. 

Familiarization: The Contractor is responsible for becoming familiar with all 
aspects of work prior to performing the work. 

Safeguards: The Contractor shall provide and use all personnel safety 
equipment, barricades, guardrails, signs, lights, flares, and flagmen as required 
by OSHA, state, or local codes and ordinances. No excavations deeper than 4 
feet with side slopes steeper than 2: 1 (horizontal:vertical) shall be made without 
the prior approval of the Owner. When shoring is required, the design and 
inspection of such shoring shall be the Contractor's responsibility and subject 
to the review of the Owner prior to use. No personnel shall work within or 
next to an excavation requiring shoring until such shoring has been installed, 
inspected, and approved by an Engineer registered in the State of New Mexico 
provided by the Contractor. The Contractor shall be responsible for any fines 
imposed due to violation of any laws and regulations relating to the safety of 
the Contractor's personnel. 

Construction Access Plan: Prior to mobilization to the site, the Contractor shall 
submit a plan to the Owner showing where he intends to place staging areas, 
stockpile areas, temporary on-site access roads, temporary erosion control 
structures, etc. This plan must be approved by the Owner prior to 
mobilization. 

Clean-up: The Contractor shall be responsible for general house-keeping during 
construction. Upon completion of work, the Contractor shall remove all of his 
equipment, facilities, construction materials, and trash. All disturbed areas shall 
be revegetated or otherwise put into a condition satisfactory to the Owner. 
Revegetation shall be carried out in accordance with the requirements in 
Section 02900. 

01010-11 Revision No. 0 
tl/6/97 



W·/602/Specs 

12/05197 sib 

FINAL 

R. 

Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

Security: The Contractor is responsible for the safety and condition of all of his 
tools and equipment. The Owner will not be responsible for lost or stolen 
materials or equipment. 

S. Acceptance of Work: Except as otherwise provided within the General 
Conditions, the Contractor shall retain ownership and responsibility for all 
work until accepted by Owner. The Owner will accept ownership and 
responsibility for the liner system: (i) when all work is completed; (ii) after the 
Contractor has submitted all required documentation, including manufacturing 
quality control documentation, manufacturing certifications, and Record 
Drawings signed and sealed by a Professional Land Surveyor licensed in the 
State of New Mexico (if required by Owner); and (iii) after the CQA Engineer 
has submitted the Final CQA Report which certifies that the liner has been 
constructed in accordance with the Construction Drawings and these 
Specifications and Record Drawings signed and sealed by a Professional 
Engineer registered in the State of New Mexico. 

T. Health and Safety Training: The Contractor shall provide necessary health and 
safety training for all of the Contractor's on-site personnel in accordance with 
the Site Health and Safety Plan. The Owner may require evidence of health 
and safety training at any time for any of the Contractor's personnel working 
on site. 

U. Exclusion Areas: The Contractor's personnel shall not enter any areas on-site 
identified with signs as exclusion areas without approval of the Owner, and 
without proper personal protective equipment. The Contractor shall confine 
activities to the work limits shown on the Construction Drawings. 

V. Hazardous Waste Management Operations: The Contractor shall not enter areas 
where active hazardous waste management operations are being performed. 

W. CQA Activities: The Owner will utilize an independent CQA Engineer to 
perform CQA activities. The Contractor shall be aware of all CQA activities 
and shall allow sufficient time in his construction schedule to accommodate 
CQA activities. No additional costs to the Owner shall be allowed by the 
Contractor as a result of the performance of CQA activities. 

X. All quality control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 
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Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

TEST METHODS CITED IN GENERAL SPECIFICATIONS AND CQA PLAN 

AMERICAN SOCIETY OF TESTING AND MATERIALS 

1 0 ASTM A 307 

2. ASTM A 726 

3. ASTM C 88 
4. ASTM C 131 

5. ASTM C 535 

6. ASTM D 422 

7. ASTM D 570 

8. ASTM D 638 

9. ASTM D 698 

10. ASTM D 746 

11 0 ASTM D 751 

12. ASTM D 792 

13. ASTM D 882 

14. ASTM D 1004 

15. ASTM D 1204 

16. ASTM D 1238 

17. ASTM D 1248 

18. ASTM D 1505 

19. ASTM D 1556 

20. ASTM D 1593 

21. ASTM D 1603 

22. ASTM D 2167 

23. ASTM D 2216 
or D 4643 

24. ASTM D 2434 

25. ASTM D 2487 

26. ASTM D 2657 

27. ASTM D 2663 

28. ASTM D 2837 

29. ASTM D 2922 

30. ASTM D 3015 

31. ASTM D 3017 

32. ASTM D 3083 

33. ASTM D 3350 

34. ASTM D 3776 

35. ASTM D 4253 

Standard Specification for Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength. 

Standard Specification for Cold-Rolled Carbon Steel Sheet, Magnetic Laminated 
Quality, Types 1, 2, and 2S. 
Soundness of Aggregate by use of Sodium Sulfate or Magnesium Sulfate 
Resistance to Degradation of Small-Size Coarse Aggregate by Abrasion and Impact in 
the Los Angeles Machine 
Resistance to Degradation of Large-Size Coarse Aggregate by Abrasion and Impact in 
the Los Angeles Machine 

Standard Method for Particle-Size Analysis of Soils. 

Standard Test Method for Water Absorption of Plastics. 

Standard Test Method for Tensile Properties of Plastics. 

Standard Test Methods for Moisture-Density Relations of Soils and Soil-Aggregate 
Mixtures Using 5.5-lb (2.49-kg) Rammer and 12-in. (305-mm) Drop_. 

Standard Test Method for Brittleness Temperature of Plastics and Elastomers by 
Impact. 

Standard Methods of Testing Coated Fabrics. 

Standard Test Methods for Specific Gravity (Relative Density) and Density of Plastics 
by Displacement. 

Standard Test Methods for Tensile Properties of Thin Plastic Sheeting. 

Standard Test Method of Initial Tear Resistance of Plastic Film and Sheeting. 

Standard Plastics Test Method for Linear Dimensional Changes of Nonrigid 
Thermoplastic Sheeting or Film at Elevated Temperature. 

Standard Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer. 

Standard Specification for Polyethylene Plastic Molding and Extrusion Metals. 

Standard Test Methods for Density of Plastics by Density-Gradient Technique. 

Standard Test Method for Density of Soil In Place by the Sand-Cone Method. 

Standard Specification for Nonrigid Vinyl Chloride Plastic Sheeting. 

Standard Test Method for Carbon Black in Olefin Plastics. 

Standard Test Method for Density and Unit Weight of Soils in Place by the Rubber 
Balloon Method. 

Standard Method for Laboratory Determination of Water (Moisture) Content of Soil, 
Rock, and Soil-Aggregate Mixtures. 

Standard Test Method for Permeability of Granular Soils (Constant Head). 

Standard Test Method for Classification of Soils for Engineering_ Purposes. 

Standard Practice for Heat-Joining for Polyolefin Pipe and Fittings. 

Carbon-Black Dispersion in Rubber.· 

Test Method for Obtaining Hydrostatic Design Basis for Thermoplastic Pipe Materials. 

Standard Test Method for Density of Soil and Soil-Aggregate In Place by Nuclear 
Methods (Shallow Depth). 

Recommended Practice for Microscopical Examination of Pigment Dispersion in 
Plastic Compounds. 

Standard Test Method for Moisture Content of Soil and Rock In Place by Nuclear 
Methods (Shallow Depth). 

Standard Specification for Flexible Poly (Vinyl Chloride) Plastic Sheeting for Pond, 
Canal, and Reservoir Lining. 

Standard Specifications for Polyethylene Plastic Pipe and Fittings Materials. 

Mass Per Unit Area (Weight) of Woven Fabric. 

Standard Test Method for Maximum Index Density of Soils Using a Vibratory Table 
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TABLE 01010-1 

Triassic Park Hazardous Waste Facility 
Section 01010: General Requirements 

TEST METHODS CITED IN GENERAL SPECIFICATIONS AND CQA PLAN 
36. ASTM D 4254 Standard Test Method for Minimum Index Density of Soils and Calculations of 

Relative Density. 

37. ASTM D 4318 Standard Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils. 

38. ASTM D 4373 Standard Test Method for Calcium Carbonate Content of Soils. 

39. ASTM D 4437 Standard Test Methods for Determining the Integrity of Field Seams Used in Joining 
Flexible Polymeric Geomembranes. 

40. ASTM D 4491 Standard Test Method for Water Permeability of Geotextiles by the Permittivity 
Method. 

41. ASTM D 4533 Standard Test Method for Trapezoid Tearing Strength of Geotextiles. 

42. ASTM D 4632 Standard Test Method for Breaking Load and Elongation of Geotextiles (Grab 
Elongation Method and Peel Strength). 

43. ASTM D 4643 Determination of Water (Moisture) Content of Soil by the Microwave Oven Method 

44. ASTM D 4716 Standard Test Method for Constant Head Hydraulic Transmissivity (In-Plane Flow) of 
Geotextiles and Geotextile Related Products. 

45. ASTM D 4751 Standard Test Method for Determining Apparent Opening Size of a Geotextile. 

46. ASTM D 4716 Test Method for Index Puncture Resistance of Geotextiles, Geomembranes, and 
Related Products. 

47. ASTM D 4833 Standard Test Method for Measurement of Hydraulic Conductivity of Saturated 
Porous Materials Using a Flexible Wall Permeameter. 

48. ASTM D 5261 Measuring mass per unit area of geotextile. 

49. ASTM D 5321 Coefficient of soil and geosynthetics or geosynthetics and geosynthetics friction by 
direct shear. 

50. ASTM D 5890 Standard Test Method for Swell Index of Clay Mineral Component of Geosynthetic 
Clay Liners 

51. ASTM D 5891 Standard Test Method for Fluid Loss of Clay Component of Geosynthetic Clay Liners 

52. ASTM E 11 Specification for Wire-Cloth Sieves for Testing Purposes. 

53. ASTM F 714 Standard Specification for Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside 
Diameter. 

54. ASTM C 31 Making and Curing Concrete Test Specimen in the Field. 

55. ASTM C 39 Compressive Strength of Cylindrical Concrete Specimens. 

56. ASTM C 143 Test Method for Slump of Hydraulic Cement Concrete. 

57. ASTM C 173 Test Method for Air Content of Freshly Mixed Concrete by the Volumetric Method. 

58. ASTM C 231 Test Method for Air Content of Freshly Mixed Concrete by the Pressure Method. 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

1 . USEPA Method 
9090 

Compatibility Test for Wastes and Membrane Liners. 

[ END OF SECTION ] 
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SECTION 0211 0 
SITE PREPARATION AND EARTHWORK 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary to perform all site 
preparation, excavation, backfilling, and grading required to construct the 
landfill or surface impoundment. The work shall be carried out in accordance 
with this General Specification, the CQA Plan, and the Construction 
Drawings. 

1.02 RELATED SECTIONS 

A. Section 02119- Prepared Subgrade 
B. Section 02221 - Clay Liner 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQA Plan. 

B. The Contractor shall be aware of all testing activities outlined in the CQA Plan 
and shall account for these activities in the construction schedule. No 
additional costs to the Owner shall be allowed by the Contractor as a result of 
the performance of the CQA activities. 

C. Soil testing (both field and laboratory testing) required by the CQA Plan will 
be the responsibility of the CQA Engineer. All Quality Control testing 
required by the General Specifications and/ or conducted at the discretion of the 
Contractor shall be the responsibility of the Contractor. The Contractor shall 
cooperate with the CQA Engineer during all testing activities. The Contractor 
shall provide equipment and labor to assist the CQA Engineer in sampling and 
shall provide access to all areas requiring testing. The Contractor shall repair 
any damage to finished work caused by the CQA Engineer's sampling or 
testing activities, except when specifically not required by the General 
Specifications. 
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E. 

Triassic Park Hazardous Waste Facility 
Section 02110: Site Preparation and Earthwork 

The CQA Engineer will coordinate independent surveying required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor of 
his responsibility to lay out, control, and document the work. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 MATERIALS 

A. Fill materials shall be obtained from the excavation of the landfill or surface 
impoundment, from the excavation of diversion ditches, or from borrow 
sources identified by the Owner. 

B. Soil shall be classified as one of the following: (i) structural fill; (ii) clay liner 
material; (iii) topsoil; (iv) protective soil layer material; (v) cover soil; (vi) 
vegetative cover; (vii) pipe bedding; (viii) subbase; or (ix) spoil. 

1. Soil that is classified according to the Unified Soil Classification System 
(USCS) as SM, CL, ML, SC or GM or GC (ASTM D 2487) and has a 
maximum particle size of 4 inches; or other material approved by the 
Owner, may be used as structural fill. Structural fill shall be placed at 
the locations shown on the Construction Drawings and in all areas 
requiring fill that are within 50 feet of the landfill or surface 
impoundment liner system. Beyond the 50 foot requirement structural 
fill material characteristics may be modified with the approval of the 
Owner. 

2. Soil that meets the requirements of Section 02221 of these General 
Specifications may be used as clay liner material. 

3. Soil classified as topsoil may be used for revegetation of disturbed areas 
or for other purposes shown on the Construction Drawings. All 
revegetation activities shall be carried out in accordance with this 
Section and Section 02900. 

4. Soil that meets the requirements of Section 02716 of these General 
Specifications may be used as protective soil layer material. 

5. Soil that meets the requirements of Section 02226 of these General 
Specifications may be used a cover soil. 

6. Soil that meets the requirements of Section 02227 of these General 
Specifications may be used as vegetative cover material. 
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Triassic Park Hazardous Waste Facility 
Section 02110: Site Preparation and Earthwork 

Soil that meets the requirements of Section 02228 of these General 
Specifications may be used as pipe bedding. 

Soil that meets the requirements of Section 02230 of these General 
Specifications may be used as subbase. 

Soil not classified as structural fill, clay liner material, protective soil 
layer material, cover soil, vegetative cover, or topsoil shall be classified 
as spoil material. Spoil may be used for purposes specified in the 
Construction Drawings or by the Owner, or it may be disposed of on 
site in a manner approved by the Owner. 

PART 3: EXECUTION 

3.01 SITE PREPARATION 

A. The Contractor shall develop access to the construction area in accordance with 
the requirements of the Construction Drawings. 

B. The Contractor shall install silt fences immediately down-slope of each area to 
be disturbed prior to the beginning of work in that area. The Contractor shall 
maintain the silt fences for the duration of construction. Accumulated 
sediment behind the silt fences shall be disposed of on-site by the Contractor in 
a manner approved by the Owner. The area around the top of landfills and 
surface impoundments shall be graded to direct surface water away from the 
structure, wherever possible. 

C. All brush, vegetation, rubbish, and other objectionable material shall be 
removed from the construction area and disposed of in an area designated by 
the Owner. 

D. All topsoil shall be removed from the construction area and stockpiled in areas 
designated by the Owner for subsequent use on site. 

E. A 30-foot wide work area shall be maintained clear of objectionable materials 
around the edge of the landfill or surface impoundment construction area. 

F. Diversion ditches, either permanent or temporary, shall be constructed in 
accordance with the Construction Drawings or as approved by the Owner. 
The Contractor shall be responsible for constructing diversion ditches as 
required to divert run-on around the construction area. The construction of 
temporary ditches not shown on the Construction Drawings shall not be 
undertaken until the Contractor's plan for constructing the ditches is approved 
by the Owner. 

G. Temporary access roads to the construction area shall be constructed m 
accordance with the Construction Drawings or as approved by the Owner. 
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3.02 STOCKPILING 

A. Prior to the start of excavation and if required by the Owner, the Contractor 
shall prepare a written excavation plan. The plan shall indicate the areas and 
sequence of excavation, and the anticipated classification of the excavated 
material (e.g., structural fill, clay liner material). This excavation plan must be 
reviewed and approved by the Owner. The Contractor shall take into account 
that the stockpiling portion of the excavation plan may be modified during 
construction based on the results of any conformance testing of the excavated 
material required by the CQA Plan. 

B. Excavated fill materials (i.e., clay liner, cover soil, etc.) shall be stockpiled in 
designated areas free of incompatible soil, clearing debris, or other objectionable 
materials. Stockpile areas will be shown on the Construction Drawings or 
designated by the Owner. 

C. Excavated material classified as spoil shall be segregated from fill and stockpiled 
or disposed of in the manner shown on the Construction Drawings or as 
specified by the Owner. 

D. The CQA Engineer shall assist in the determination of what excavation 
material is select fill or spoil material. 

E. Stockpiles of fill or spoil shall be no steeper than 3:1 (horizontal:vertical) or 
other slope approved by the Owner, graded to drain, sealed by tracking parallel 
to the slope with a dozer or other means approved by the Owner, and dressed 
daily during periods of active placement of fill taken from the stockpile. The 
Contractor may cover fill stockpiles with plastic sheeting or other material 
approved by the Owner in order to preserve the moisture content of the fill. 

F. Stockpiles that will remain out of active use for a period greater than seven 
months shall either be covered as described in this section or stabilized by 
revegetation in accordance with the requirements for revegetation given in 
Section 02900. 

G. The Contractor shall not remove fill material from the project site without the 
prior written approval of the Owner. 

3.03 EXCAVATION 

A. Upon completion of site preparation, the landfill or surface impoundment shall 
be excavated to the elevations and grades for the subgrade shown on the 
Construction Drawings. The excavation shall include provisions for any 
leakage detection system sump or permanent sump shown on the Construction 
Drawings. All excavation work shall be carried out in compliance with all 
applicable OSHA regulations. 
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During construction of the landfill or surface impoundment, the Contractor 
shall make excavations, as necessary, to ensure the drainage of water to a single 
area (i.e., a sump) to facilitate water collection and removal. A pump shall be 
provided for removing water from the sump. The pump shall have a capacity 
sufficient to meet the requirements of Section 01010 of these General 
Specifications. Water that accumulates in the sump shall be pumped to the 
on-site construction water tank or to such other location as designated by the 
Owner. The Contractor shall maintain the landfill or surface impoundment 
excavation in a dry and workable condition. Damaged work or delays caused 
by water from any source shall be the responsibility of the Contractor. 

For subgrades on slopes steeper than 5:1 (horizontal:vertical) which will serve 
as foundations for structural fill, the subgrade shall be terraced or keyed to 
anchor the fill material and prevent slip failures. Each terrace shall be at least 
10 feet wide with a maximum vertical elevation difference between terraces of 
10 feet. Terraces shall generally run perpendicular to the fall line of the slope. 
Terraces shall have grades of not less than 2 percent or more than 5 percent 
away from the face of the embankment. Surface drainage shall be maintained at 
all times. This requirement does not apply to structural fills placed within the 
landfill or surface impoundment such as ramps or berms. 

After excavation or stripping to final grade, the CQA Engineer will inspect the 
subgrade on the side slopes of the landfill or surface impoundment. The CQA 
Engineer will identify areas that require additional excavation of weak or 
excessively weathered subgrade materials on the slopes of the landfill or surface 
impoundment excavation. The Owner will direct the Contractor to excavate 
the soft areas identified by the CQA Engineer. Such excavations shall be 
backfilled with structural fill or clay liner material. Backfill shall be placed and 
compacted in accordance with the requirements for structural fill given in this 
section. If clay liner material is used to backfill these areas, it shall be placed in 
accordance with Section 02221 of these General Specifications. However, 
permeability tests will not be required. 

After excavation to final grade, the CQA Engineer will inspect the subgrade on 
the base of the landfill or surface impoundment. The CQA Engineer may 
identify areas of the subgrade to be proofrolled. If proofrolling is necessary, the 
Contractor shall use a 20-ton pneumatic-tired roller or other equipment 
approved by the CQA Engineer. If soft spots or unsuitable materials are found, 
the Owner may direct the Contractor to excavate the soft material and either 
fill the excavated area with the same material (assuming the existing material 
will provide adequate support if recompacted) or structural fill material. 
Backfill shall be placed and compacted in accordance with the requirements for 
structural fill given in this section or clay liner material given in Section 02221. 
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The Contractor shall scarify the portion of the subgrade on the base of the 
landfill or surface impoundment that is comprised of soil and not treated for 
soft spots, to a depth of not less than 8 inches and compact it in accordance 
with the requirements for structural fill as directed by the Owner. 

G. The subgrade surface shall be seal-rolled to prevent moisture infiltration unless 
fill is to be immediately placed on the subgrade. 

H. Excavation of the landfill or surface impoundment shall not be considered 
complete, and no fill shall be placed on the subgrade, until the CQA Engineer 
confirms that the minimum elevations and grades shown on the Construction 
Drawings have been achieved in the field. The Contractor shall be responsible 
for notifying the CQA Engineer that the excavation (or a significant portion 
thereof) is complete and the Contractor shall plan for the time required for the 
CQ A Engineer to confirm the elevations and grades of the excavation. 

3.04 PLACEMENT AND COMPACTION OF STRUCTURAL FILL 

A. Specific requirements for placement and compaction of structural fill shall be as 
specified herein unless other requirements are given on the Construction 
Drawings. 

B. Fill lifts after compaction shall have an average thickness of no more than 6 
inches and a maximum thickness of no more than 7 inches. The loose 
thickness shall be no greater than the length of the pad foot and drum groove of 
the compaction equipment (7 to 8 inches for a CAT 825). 

C. The CQA Engineer must complete field testing of fill placed and compacted to 
determine compliance with these specifications in accordance with the CQA 
Plan. The Contractor shall not place a new lift of fill over a preceding lift until 
approval is given by the CQA Engineer. If the Contractor fails to comply with 
this requirement, he will be required to remove and replace all unauthorized 
work at his own expense. 

D. Prior to placement of a lift of fill, the previous compacted lift shall be 
thoroughly scarified to provide good bonding between lifts. Scarification shall 
be accomplished by raking with a grader, discing, or an alternate method 
approved by the Owner. 

E. The subgrade may be compacted at its natural moisture content. 

F. Unless otherwise required by the Construction Drawings, structural fill shall be 
compacted at a moisture content between 3 percent dry to 3 percent wet of the 
optimum moisture content and to a minimum dry unit weight of 95 percent of 
the maximum dry unit weight determined in the modified Proctor compaction 
test (ASTM D 1557). If the moisture content of the structural fill is outside of 
the acceptable range, the soil shall be wetted or dried back, as appropriate. 
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During wetting or drying, the soil shall be regularly disced or otherwise mixed 
so that uniform moisture conditions are obtained. 

G. The Contractor may moisture-condition fill in either the stockpile area or 
work area. 

H. Compaction of lifts shall be performed with an appropriately heavy, properly 
ballasted, penetrating-foot compactor subject to the approval of the CQA 
Engineer. 

I. The Contractor shall not place frozen fill, nor shall he place fill on frozen 
ground. 

J. If fill freezes during construction, the Contractor shall remove the frozen fill, 
scarify the remaining unfrozen fill, and then place and compact new fill in 
accordance with these General Specifications. The frozen fill shall not be 
reused until it has thawed, and been thoroughly blended, and then reworked to 
an acceptable moisture content. 

3.05 SURVEY CONTROL 

A. The Surveyor shall survey the location and elevation of the excavation for the 
landfill or surface impoundment. He shall also survey the location and 
elevation of the top of subgrade shown on the Construction Drawings. 
Surveying shall be performed in general accordance with Section 01010 of these 
General Specifications. 

B. The Surveyor shall provide Record Drawings of the location and elevation of 
the excavation and the top of prepared subgrade (or top of interim cover for 
cover systems) for the landfill or surface impoundment, in accordance with the 
requirements of Section 01010 of these General Specifications. The Surveyor 
shall submit this drawing to the Owner prior to the start of GCL placement or 
cover GCL placement unless otherwise approved by Owner and CQA 
Engineer. The Surveyor may submit a partial Record Drawing to obtain 
approval for a portion of work. The Owner will define the minimum 
requirements for a partial submittal. 

3.06 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

3.07 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and all 
partially-completed and completed work of these General Specifications. 
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In the event of damage, the Owner will identify areas requiring repair, and the 
Contractor shall make all repairs and replacements necessary to the approval of 
the Owner at no additional cost to the Owner. 

At the end of each day, the Contractor shall verify that the entire work area 
was left in a state that promotes surface drainage off and away from the area 
and from finished work. If threatening weather conditions are forecast, 
compacted surfaces shall be seal-rolled or covered with plastic sheeting to 
protect finished work. 

3.08 REVEGETATION 

A. At the end of construction, all disturbed areas with exposed soil (including 
borrow areas, soil stockpiles, material storage areas, Contractor access roads, 
etc.) shall be graded and revegetated in accordance with the requirements for 
revegetation in Specification 02900. 

3.09 SEDIMENTATION AND EROSION CONTROL 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the installation of 
geotextiles for sedimentation and erosion control during construction. The 
work shall be carried out in accordance with the requirements of Section 603 of 
the New Mexico State Highway and Transportation Department Standard 
Specifications for Highway and Bridge Construction pertaining to erosion 
control and silt fences. Silt fences shall be placed as necessary downslope of all 
disturbed areas, and shall remain until such areas are successfully revegetated. 

3.10 PERFORATIONS 

A. Perforations in the subgrade or fill resulting from CQA activities will be filled. 
Such perforations may include, but are not limited to, the following: 

1. Shelby tube sample locations; and, 
2. Sand-cone or rubber balloon test locations. 

B. All perforations resulting from construction and/ or CQA act1v1t1es shall be 
filled by the Contractor. The CQA Engineer will provide the Contractor with 
the locations of any perforations made as part of CQA activities. 

C. Perforations from construction and/ or CQA sampling activities (except nuclear 
density tests) shall be backfilled by the Contractor with structural fill material. 
The structural fill material shall be placed and compacted in accordance with 
the requirements of this section. 

[ END OF SECTION ] 
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PREPARED SUBGRADE 

Triassic Park Hazardous Waste Facility 
Section 02119: Prepared Subgrade 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the construction of the 
prepared subgrade for the landfill or surface impoundment. The work shall be 
carried out in accordance with these General Specifications, the CQA Plan, and 
the Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02110- Site Preparation and Earthwork 
B. Section 02221- Clay Liner 
C. Section 02714- Geotextile filter of Cushion Layer 
D. Section 02780- Geosynthetic Clay Liner 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualifications and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all testing activities outlined in the CQA Plan 
and shall account for these activities in the construction schedule. No 
additional costs to the Owner shall be allowed by the Contractor as a result of 
the performance of the CQA activities. 

C. Soil testing (both field and laboratory testing) required by the CQA Plan will 
be the responsibility of the CQA Engineer. All Quality Control testing 
required by these General Specifications and/ or conducted at the discretion of 
the Contractor shall be the responsibility of the Contractor. The Contractor 
shall cooperate with the CQA Engineer during all testing activities. The 
Contractor shall provide equipment and labor to assist the CQA Engineer in 
sampling. The Contractor shall provide access to all areas requiring testing. 
The Contractor shall repair any damage to finished work caused by the CQA 
Engineer's sampling or testing activities. 
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The CQA Engineer will coordinate independent surveying. Surveying by the 
CQA Engineer does not relieve the Contractor of his responsibility to lay out, 
control, and document the work. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 MATERIAL FOR PREPARED SUBGRADE 

A. 

B. 

c. 

PART 3: 

Prepared subgrade material shall be obtained from the landfill or surface 
impoundment excavation subgrade, borrow areas, or stockpiles identified by 
the Owner. 

Prepared subgrade may require processing of in-situ materials, borrow areas, or 
stockpiles to achieve a maximum particle size of l-inch. 

The water used to increase the moisture content of the prepared subgrade shall 
be provided by the Owner. The Contractor shall maintain an accurate record 
of his water usage. 

EXECUTION 

3.01 PREPARED SUBGRADE COMPACTION CRITERIA 

A. The compaction moisture content of the prepared subgrade material shall be 
between 3 percent below and 3 percent above optimum moisture content 
determined in the modified Proctor compaction test (ASTM D1557). The 
minimum dry unit weight of the prepared subgrade shall be at least 90 percent 
of the maximum dry unit weight obtained from the modified Proctor 
compaction test (ASTM D1557). 

3.02 PREPARED SUBGRADE MATERIAL PLACEMENT 

A. Prepared subgrade shall be placed at the locations and to the thickness shown 
on the Construction Drawings. 

B. Prepared subgrade placement shall begin only after completion of all, or an 
approved portion of, excavation, structural fill, or cover soil placement in the 
landfill or surface impoundment. 

C. The Contractor shall not place prepared subgrade material on a surface or 
subgrade that contains debris, branches, vegetation, mud, ice, or frozen 
material. If frozen subgrade material is encountered, it shall be removed and 
replaced in accordance with these General Specifications. 
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Prepared subgrade material shall be placed and compacted in lifts parallel to the 
underlying surface. 

If normal handling does not reduce the maximum clod size in the prepared 
subgrade material to an acceptable size, the Contractor shall use a Caterpillar 
SS250 soil stabilizer, mechanical mixer, or approved equivalent equipment to 
break up the clods. The prepared subgrade material shall be pulverized until 
the maximum soil clod size is reduced to 1 inches or less in largest dimension. 

Moisture conditioning of the prepared subgrade material shall be accomplished 
in the processing area prior to prepared subgrade construction. The processing 
area location shall be approved by the Owner. Prepared sub grade material shall 
be moisture conditioned using a Caterpillar SS250 soil stabilizer or approved 
equivalent. If the prepared subgrade material is wetter than required, it shall be 
repeatedly mixed using a Caterpillar SS250 soil stabilizer, harrow, disc, grader, 
or equivalent to achieve drying. 

Prepared subgrade material shall not be placed or compacted during a sustained 
period of temperature below 32°F that results in frozen material either in place 
or in the borrow area. Prepared subgrade material may be placed and 
compacted during periods of early morning freezing temperatures if 
above-freezing temperatures are anticipated during the day. 

The Contractor shall not place frozen material nor shall the Contractor place 
material on frozen ground. 

If prepared subgrade material freezes after compaction, the Contractor shall 
either rework the material after it thaws or remove the frozen material. The 
Contractor shall then place and compact new prepared subgrade or rework the 
prepared subgrade accordance with the General Specifications. Frozen 
prepared subgrade shall not be reused until it has thawed and been reworked to 
an acceptable moisture content. The Contractor shall be responsible for 
protecting compacted lifts of prepared subgrade material from freezing. If 
extended freezing conditions are anticipated, the Contractor shall prepare a 
plan for approval of the Owner which outlines the measures he will take to 
protect finished work. 

Prepared subgrade material shall not be placed during periods of unfavorable 
weather conditions. 

3.03 PREPARED SUBGRADE COMPACTION 

A. The sequence of compaction of the prepared subgrade for the landfill or surface 
impoundment shall be as described in the General Specifications or as shown 
on the Construction Drawings. 
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Compaction of prepared subgrade on the landfill or surface impoundment shall 
be performed using a vibratory steel drum compactor. In areas where 
geomembranes will be installed on top of the prepared subgrade, Contractor 
shall prepare the surface in accordance with geomembrane surface preparation 
requirements identified in the geomembrane specifications. 

The daily work area shall extend a sufficient distance so as to maintain soil 
moisture conditions within an acceptable range to allow continuous operations. 
Desiccation and crusting of the lift surface shall be avoided as much as possible. 

The CQA Engineer will identify any areas of significant desiccation and 
crusting of a lift surface. The Contractor shall scarify the surface of such areas 
to a nominal depth of 1 to 2 inches or to the depth of desiccation identified by 
the CQA Engineer, and then water condition, disc or mix as necessary, and 
recompact the area. 

Corners and other areas inaccessible to driven compaction equipment shall be 
compacted using hand operated equipment (such as a walk-behind roller) 
approved by the Owner. 

3.04 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevations of the top of the 
prepared subgrade. Surveying shall be performed in accordance with Section 
01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing to the Owner of the final 
location and elevation of the top of the prepared subgrade. The Surveyor shall 
submit this drawing prior to liner construction unless otherwise approved by 
the Owner and the CQA engineer. The Contractor may submit a partial 
record to obtain approval for a portion of the work. The Owner will define 
the minimum requirements for a partial submittal. 

3.05 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.06 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and 
partially completed work of these General Specifications. 
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In the event of damage, the CQA Engineer will identify areas requiring repair, 
and the Contractor shall make repairs and replacements necessary to the 
approval of the Owner and at no additional cost to the Owner. 

The Contractor shall minimize, to the maximum extent feasible, desiccation 
cracking of prepared subgrade material. The Contractor shall sprinkle the 
prepared subgrade with water if cracking is observed or if directed by the 
Owner. The Contractor may seal roll the surface of the prepared subgrade to 
reduce drying and desiccation. The Contractor may protect exposed surfaces 
using light colored or translucent membranes, such as Visqueen, to inhibit 
drying of the prepared subgrade. The CQA Engineer will identify areas of 
significant cracking of the surface of the prepared subgrade and the Contractor 
shall repair the identified area to the satisfaction of the Owner and at no 
additional cost to the Owner. 

Desiccation cracks larger than 0.2 feet deep or 0.25 inches wide shall be 
excavated to the full depth of the crack and repaired. Desiccation cracks on the 
prepared subgrade surface less than 0.2 feet deep and 0.25 inches wide shall be 
moistened and compacted with a smooth drum roller until the surfaces meet 
the requirements of the CQA plan. 

3.07 PERFORATIONS 

A. Perforations in the prepared subgrade resulting from construction and CQA 
activities shall be filled. Such perforations may include, but are not limited to, 
the following: 

1. Nuclear density test probe locations; 
2. Shelby tube sample locations; 
3. Sand-cone or rubber-balloon test locations; and, 
4. Survey stake locations. 

B. Perforations in the prepared subgrade resulting from nuclear density tests will 
be filled by the CQA Engineer. All other perforations in the prepared 
subgrade resulting from construction and/ or CQA sampling activities shall be 
filled by the Contractor. The CQA Engineer will provide the Contractor with 
the locations of any tests made as part of CQA activities, except nuclear density 
tests. 

C. Perforations from construction and/ or CQA sampling activities (except nuclear 
density tests) shall be backfilled by the Contractor with prepared subgrade 
material. The prepared subgrade material shall be placed and compacted (hand 
tamped) in accordance with the requirements of this section. Perforations in 
the prepared subgrade from nuclear density tests will be backfilled by the CQA 
Engineer with prepared subgrade material and compacted by hand tamping. 

[ END OF SECTION ] 
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Triassic Park Hazardous Waste Facility 
Section 02221: Clay Liner 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the construction of the 
clay liner component of the liner system for the landfill or surface 
impoundment. The work shall be carried out in accordance with these General 
Specifications, the CQA Plan, and the Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02110- Site Preparation and Earthwork 
B. Section 02710- Geocomposite 
C. Section 02714- Filter or Cushion Geotextile 
D. Section 02775- Geomembrane Liners 
E. Section 02780 - Geosynthetic Clay Liners 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualifications and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all testing activities outlined in the CQA Plan 
and shall account for these activities in the construction schedule. No 
additional costs to the Owner shall be allowed by the Contractor as a result of 
the performance of the CQA activities. 

C. Soil testing (both field and laboratory testing) required by the CQA Plan will 
be the responsibility of the CQA Engineer. All Quality Control testing 
required by these General Specifications and/ or conducted at the discretion of 
the Contractor shall be the responsibility of the Contractor. The Contractor 
shall cooperate with the CQA Engineer during all testing activities. The 
Contractor shall provide equipment and labor to assist the CQA Engineer in 
sampling. The Contractor shall provide access to all areas requiring testing. 
The Contractor shall repair any damage to finished work caused by the CQA 
Engineer's sampling or testing activities. 
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The CQA Engineer will coordinate independent surveying. Surveying by the 
CQA Engineer does not relieve the Contractor of his responsibility to lay out, 
control, and document the work. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 MATERIALS 

Clay liner material may only be used for construction if it has been shown to be suitable in a 
test fill program. The test fill program will have been performed prior to construction of the 
landfill or surface impoundment, and it is not part of the work included in this General 
Specification. These General Specifications may be modified per the results of the test fill. 

A. Clay liner material shall be obtained from borrow areas or stockpiles identified 
by the Owner. 

B. Clay liner material for landfill or surface impoundment construction shall: 

c. 

PART 3: 

1. Be classified according to the Unified Soil Classification System (USCS) 
as CL or CH (ASTM D 2487) and exhibit a minimum liquid limit of 30 
and a minimum plasticity index of 11. 

2. Have a percentage of gravel (i.e., dry weight retained on a U.S. No. 4 
sieve) of less than 15 percent. 

3. Have particles no larger than 2 inches (in largest dimension) after 
processing but prior to placement and no larger than 1 inch (in largest 
dimension) after placement and compaction. 

4. Have a hydraulic conductivity of not more than 1 x 10·7 em/sec when 
compacted in accordance with these General Specifications and tested in 
the laboratory in accordance with ASTM D 5084 at an average effective 
confining pressure of 5 psi. 

The water used to increase the moisture content of the clay liner shall be 
provided by the Owner. The Contractor shall maintain an accurate record of 
his water usage. 

EXECUTION 

The requirements of Part 3 may be modified based on the results of the test fill. 
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3.01 CLAY LINER COMPACTION CRITERIA 

A. The compaction moisture content and the minimum dry unit weight of on-site 
clay, if used as clay liner material, shall plot within the placement window as 
shown on figure 02221-1. 

3.02 CLAY LINER PLACEMENT 

A. The clay liner shall be constructed to the elevations, grades, and thicknesses 
shown on the Construction Drawings. The thickness of the clay liner at any 
location shall be measured perpendicular to the plane of the slope at that 
location. 

B. Clay liner placement shall begin only after completion of all, or an approved 
portion of excavation, structural fill placement, geosynthetic installation in the 
landfill or surface impoundment. Placement shall not begin until the 
Contractor has verified that prepared elevations and grades conform to the 
Construction Drawings and the CQA Engineer has completed testing and 
surveying required by the CQA Plan. 

C. The Contractor shall not place clay liner material on a surface or subgrade that 
contains debris, branches, vegetation, mud, ice, or frozen material. If frozen 

. material is encountered, it shall be removed and replaced in accordance with 
these General Specifications. Immediately prior to clay liner placement, any 
wet or soft areas shall be proof-rolled as directed by the Owner. Any 
excessively wet or soft areas shall be excavated and replaced with properly 
compacted structural fill. 

D. The Contractor shall construct the clay liner in lifts. Each lift of the clay liner 
shall meet the minimum requirements of this General Specification. 

E. The average lift thickness after compaction shall be no more than 6 inches, and 
the maximum lift thickness shall be 7 inches after compaction. 

F. On slopes of 3:1 (horizontal:vertical) or flatter, clay liner material may either be 
placed and compacted in lifts that are parallel to the slope or in horizontal lifts. 
For steeper slopes, clay liner material shall be placed and compacted in 
horizontal lifts. 

G. Prior to placement of a lift of clay liner material, Contractor shall allow the 
CQA Engineer to complete field testing in accordance with the CQA Plan. 
The Contractor shall not place a new lift of clay liner material over a preceding 
lift until approval is given by the CQA Engineer. If the Contractor fails to 
comply with this requirement, he will be required by the Owner to remove and 
replace all unauthorized work at no additional cost to the Owner. 
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Prior to placement of a lift of clay liner material, the previous lift shall be 
thoroughly scarified to a nominal depth of about 1 to 2 inches to provide good 
bonding between lifts. Scarification shall be accomplished by discing, ripping 
with a grader, penetration by a sheepsfoot compactor or an alternative method 
approved by the Owner. 

The excessive trafficking of scarified surfaces by non-placement trucks or other 
equipment shall not be permitted during the period between scarification and 
placement of the following lift. 

If normal handling does not reduce the maximum clod size in on-site clay to an 
acceptable size, the Contractor shall use a Caterpillar SS250 soil stabilizer, 
mechanical mixer, or approved equivalent equipment to break up the clods. 
The on-site clay material shall be pulverized until the maximum soil clod size is 
reduced to 2 inches or less in largest dimension. 

Moisture conditioning of the clay liner material shall be accomplished in the 
processing area prior to clay liner construction. The processing area location 
shall be approved by the Owner. Clay liner material shall be moisture 
conditioned using a Caterpillar SS250 soil stabilizer or approved equivalent. If 
the clay liner material is wetter than required, it shall be repeatedly mixed using 
a Caterpillar SS250 soil stabilizer, harrow disc, grader, or equivalent to achieve 
drying. 

No more than 3 percent moisture shall be added to the clay liner material at the 
time of compaction. Clay liner material requiring more than 3 percent 
moisture shall be removed, returned to the processing area, and conditioned 
until the proper moisture content is achieved. If the in-place moisture content 
is too high, the clay may be dozed, windrowed, disced, and/ or otherwise mixed 
to facilitate drying. 

Clay liner material shall not be placed or compacted during a sustained period 
of temperature below 32°F that results in frozen clay, either in place or in the 
borrow area. Clay liner material may be placed and compacted during periods 
of early morning freezing temperatures if above-freezing temperatures are 
anticipated during the day. 

The Contractor shall not place frozen clay nor shall the Contractor place clay 
on frozen ground. 

If clay liner material freezes after compaction, the Contractor shall remove the 
frozen material, scarify the remaining unfrozen clay, and then place and 
compact new clay in accordance with the General Specifications. Frozen clay 
shall not be reused until it has thawed and been reworked to an acceptable 
moisture content. The Contractor shall be responsible for protecting 
compacted lifts of clay liner material from freezing. If extended freezing 
conditions are anticipated, the Contractor shall prepare a plan for approval of 
the Owner which outlines the measures he will take to protect finished work. 
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Clay liner material shall not be placed during periods of unfavorable weather 
conditions. 

The first lift of clay liner material above any geosynthetics be constructed using 
a 12-inch thick loose lift. The lift shall be placed and spread using a low-ground 
pressure dozer (e.g., Caterpillar D6H LGP or other equipment approved by the 
Owner). Extreme care shall be taken during placement and spreading 
operations to ensure that the earthwork equipment does not damage the 
underlying geosynthetics. 

3.03 CLAY LINER COMPACTION 

A. The sequence of compaction of the clay liner for a landfill or surface 
impoundment shall be as described in the General Specifications or as shown 
on the Construction Drawings. 

B. Compaction of the clay liner for the landfill or surface impoundment shall be 
performed using a Caterpillar 825 compactor or equal. 

C. The daily work area shall extend a sufficient distance so as to maintain soil 
moisture conditions within an acceptable range to allow continuous operations. 
Desiccation and crusting of the lift surface shall be avoided as much as possible. 

D. The CQA Engineer will identify any areas of significant desiccation and 
crusting of a lift surface. The Contractor shall scarify the surface of such areas 
to a nominal depth of 1 to 2 inches or to the depth of desiccation identified by 
the CQA Engineer, and then water condition, disc or mix as necessary, and 
recompact the area. 

E. The transition from an existing full-depth section of clay liner to the beginning 
of an adjacent section that is to be constructed subsequently shall be 
accomplished by sloping (cutting back) the end of the full-depth section at 3:1 
(horizontal:vertical) or flatter, scarifying the slope of the existing full-depth 
liner at the transition, and then immediately placing the adjacent lifts of clay 
liner. 

F. If a dual-drum compactor which has the drums laterally separated by the 
operator's cab and the differential (such as a CAT 825) is used, one trip up and a 
staggered trip back, to cover the uncompacted area between the drums, shall be 
considered one pass. The minimum number of compactor passes on each lift of 
the secondary clay liner shall be as follows: 

1. The clay liner shall be compacted with a minimum of 10 passes of the 
CAT 825 if the on-site clay is used or the number of passes determined 
during test fill construction. 

It should be noted that more than the minimum number of passes may be 
necessary to satisfy the compaction criteria. 
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Corners and other areas inaccessible to driven compaction equipment shall be 
compacted using hand operated equipment (such as a walk-behind roller) 
approved by the Owner. 

In areas where geomembranes will be installed on top of the clay liner, 
Contractor shall prepare the surface in accordance with geomembrane surface 
preparation requirements identified in the geomembrane specifications. 

3.04 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the clay 
liner. Surveying shall be performed in accordance with Section 01010 of these 
General Specifications. As part of this work, the Surveyor shall survey the 
location and elevation of the leak detection system sump. The survey will 
ensure: 

1. The specified thickness of the clay liner has been achieved. 

2. The top of the clay liner is at the grades and elevations specified on the 
contract drawings. 

B. The Surveyor shall provide a Record Drawing to the Owner of the final 
location and elevation of the top of the clay liner, in accordance with the 
requirements of Section 01010 of these General Specifications. The Surveyor 
shall submit this drawing prior to additional construction unless otherwise 
approved by the Owner and the CQA engineer. The Contractor may submit a 
partial record to obtain approval for a portion of the work. The Owner will 
define the minimum requirements for a partial submittal. 

3.05 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.06 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and 
partially-completed and completed work of these General Specifications. 
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In the event of damage, the CQA Engineer will identify areas requiring repair, 
and the Contractor shall make repairs and replacements necessary to the 
approval of the Owner and at no additional cost to the Owner. 

The Contractor shall minimize, to the maximum extent feasible, desiccation 
cracking of clay liner material. The Contractor shall sprinkle the clay with 
water if cracking is observed or if directed by the Owner. The Contractor may 
seal roll the surface of the clay to reduce drying and desiccation. The Contractor 
may protect exposed surfaces using light-colored or translucent membranes, such 
as Visqueen, to inhibit drying of the clay. The CQA Engineer will identify areas 
of significant cracking of the surface of the clay liner and the Contractor shall 
repair the identified area to the satisfaction of the Owner and at no additional 
cost to the Owner. 

The clay liner surface shall be seal rolled and made smooth and free from ruts 
or indentations at the end of every working day when precipitation is forecast 
and/ or at the completion of compaction operations in an area. 

The Contractor shall maintain the clay liner surface in a condition suitable for 
geomembrane installation as specified in the CQA plan until the surface is 
covered. Desiccation cracks larger than 0.2 feet deep or 0.25 inches wide shall 
be excavated to the full depth of the crack and repaired. Desiccation cracks on 
the liner surface less than 0.2 feet deep and 0.25 inches wide shall be moistened 
and compacted with a smooth drum roller until the surfaces meet the 
requirements of the CQA Plan. 

F. The layer of over-built material shall be removed prior to placement of 
overlying materials. The over-built material may be removed in sections to 
coordinate construction. Where the over-built material is removed, the finished 
surface shall be protected and maintained as required by the specifications. 

G. No synthetic sealants or other chemical treatments may be applied to the clay 
liner material. 

H. The CQA Engineer will issue an approval of the installation of the clay liner to 
the Owner prior to placement of material over the clay liner in accordance 
with the requirements of the CQA Plan. 

3.07 PERFORATIONS 

A. Perforations in the clay liner resulting from construction and CQA activities 
shall be filled. Such perforations may include, but are not limited to, the 
following: 

1. Nuclear density test probe locations; 
2. Shelby tube sample locations; 
3. Sand-cone or rubber-balloon test locations; and, 
4. Survey stake locations. 
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Perforations in the clay liner resulting from nuclear density tests will be filled 
by the CQA Engineer. All other perforations in the clay liner resulting from 
construction and/ or CQA sampling activities shall be filled by the Contractor. 
The CQA Engineer will provide the Contractor with the locations of any tests 

made as part of CQA activities, except nuclear density tests. 

Perforations from construction and/ or CQA sampling activities (except nuclear 
density tests) shall be backfilled by the Contractor with clay liner material. 
The clay liner material shall be placed and compacted (hand tamped) in 
accordance with the requirements of this section. Perforations in the clay liner 
from nuclear density tests will be backfilled by the CQA Engineer with clay 
liner material and compacted by hand tamping. 

[ END OF SECTION ] 
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Triassic Park Hazardous Waste Facility 
Section 02224: Drainage Gravel 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the placement of drainage 
gravel associated with the landfill and surface impoundment. The work shall be 
carried out in accordance with these General Specifications, the CQA Plan, and 
the Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02710- Geocomposite Detection or Collection Layer 
B. Section 02714- Geotextile Filter or Cushion Layer 
C. Section 02718 -Polyethylene Pipe and Fittings 
D. Section 02775- Geomembrane Liners 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 

C. On-site testing as specified in the CQA Plan for the drainage gravel (which does 
not include quality control testing at the source) will be the responsibility of 
the CQA Engineer. The Contractor shall cooperate with the CQA Engineer 
during all sampling and testing activities. The Contractor shall provide 
equipment and labor to assist the CQA Engineer in sampling. The Contractor 
shall provide access to all areas requiring testing. The Contractor will repair 
any damage to finished work caused by the CQA Engineer's sampling and 
testing activities. 

D. Quality control testing (in accordance with Part 2.02 of this section) of the 
drainage gravel at the source shall be the responsibility of the Contractor. 
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PART 2: PRODUCTS 

2.01 MATERIAL FOR DRAINAGE GRAVEL 

A. Drainage gravel for the work shall consist of clean, hard, durable, 
non-carbonate, rounded, sub-rounded to sub-angular particles which are free of 
metals, roots, trees, stumps, concrete, construction debris, other organic matter, 
and deleterious materials and coatings. 

B. The gravel shall be screened and washed to have a gradation (when tested in 
accordance with ASTM D 422) after placement equivalent to the following: 

Sieve Percent Passing 

1" 100% 
3f.!" 85-100% 
3/8" 12-30% 
4" 1-4% 
40" 0-1% 

C. Drainage gravel shall have a hydraulic conductivity of at least 1 em/ sec when 
hand compacted in the laboratory in 3 lifts and tested in accordance with 
ASTMD 2434. 

D. Drainage gravel shall have less than 30% loss when tested in accordance with 
ASTM C 131 for abrasion and less than 12% loss when tested in accordance 
with ASTM C 88. 

E. Drainage gravel shall have less than 5 percent loss of weight, when tested for 
calcium carbonate content in accordance with ASTM D 4373. This 
requirement may be waived by the Owner if it can be otherwise demonstrated 
that the material contains no significant carbonate content. 

2.02 DRAINAGE GRAVEL SUPPLIER QUALITY CONTROL 

A. The Contractor shall require that the drainage gravel Supplier sample and test 
the gravel to demonstrate that the material conforms to the requirements of 
Part 2.01 of this section. The Contractor shall require the gravel Supplier 
provide to the Owner written certification along with test results, that tests 
have been performed on representative samples of the gravel material that will 
be delivered to the Owner's site. The analysis shall demonstrate that tests {i.e., 
ASTM D 422, ASTM D 2434, ASTM D 4373, AASHTO T96, and AASHTO 
T104) have been performed and that acceptable results were obtained. 

B. If a gravel sample fails to meet the quality control requirements of this General 
Specification, the Contractor shall require the gravel Supplier to perform 
sufficient sampling and testing to identify the extent of the nonconforming 
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material to the satisfaction of the CQA Engineer. The Contractor shall not use 
nonconforming material. 

C. The Contractor shall require that the gravel Supplier comply with the 
certification and submittal requirements of the CQA Plan. 

D. All Quality Control testing required by these General Specifications and/or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

2.03 TRANSPORTATION 

A. Transportation of gravel shall be the responsibility of the Contractor. 

2.04 HANDLING AND STORAGE 

A. Handling, stockpiling, and protection of the gravel prior to and following 
incorporation into the work is the responsibility of the Contractor. The 
Contractor shall be liable for contamination of the material incurred prior to 
final acceptance. 

B. 

PART 3: 

The Contractor shall be responsible for storage of the gravel at the site. The 
Contractor shall store the gravel at a location approved by the Owner and in 
such a manner so that it is not contaminated by dirt, mud, vegetation, or 
excessive dust. During stockpiling, the Contractor may elect to place the gravel 
on a protective sheet and/ or to cover it to prevent contamination. The CQA 
Engineer will identify contaminated material which will be rejected by the 
Owner. 

EXECUTION 

3.01 PLACEMENT AND COMPACTION 

A. Gravel shall be placed at the locations and to the thicknesses shown on the 
Construction Drawings. 

B. Gravel shall not be placed directly on the geomembrane liner. Gravel may be 
placed on top of a geotextile cushion layer, geonet, geocomposite drainage 
layer, or geomembrane rub sheet, as shown on the Construction Drawings. 
Gravel may be placed using a backhoe, front-end loader, belt conveyor, 
spreader box, or other method approved by the Owner, as long as the 
ground-pressure requirements of this Section are not exceeded. The maximum 
acceptable gravel drop height is 3 feet. 

C. Final spreading of the gravel may be performed using a low ground-pressure 
dozer (Caterpillar D6H-LGP or other similar equipment approved by the CQA 
Engineer), low-ground pressure front-end loader, or by hand. The tracked 
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equipment shall operate only over previously-placed gravel or other soil. The 
Contractor shall not operate equipment directly on geosynthetics. 

D. Unless otherwise specified by the Owner, the equipment used to spread gravel 
shall not exert ground pressures exceeding the following: 

Allowable Equipment 
Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Thickness of Gravel 
Above Geosynthetic {inches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

E. The Contractor shall operate equipment in a manner that is protective of 
polyethylene pipes and underlying geosynthetics. If it is suspected that damage 
to polyethylene pipes or underlying geosynthetics may have occurred, the 
Owner will instruct the Contractor to remove the overlying material to expose 
the potentially-damaged materials. The Contractor shall repair, at his own 
expense, any observed damage, in accordance with the requirements of these 
General Specifications. 

F. Within 1 foot of the toe of a slope, gravel shall be spread by hand. Extreme 
care shall be taken when placing gravel to protect the installed components of 
the liner system. 

G. Geotextile filter or cushion layers shall be placed as shown on the Construction 
Drawings. Geotextile filter and cushion layer placement shall be in accordance 
with Section 02714 of these General Specifications. 

3.02 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 
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3.03 PROTECTION OF WORK 

A. After the gravel has been incorporated into the work, the Contractor shall 
maintain it free of ruts, depressions, and damage resulting from the hauling and 
handling of any material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all prior work, 
materials and completed and partially completed work of other Sections of 
these General Specifications. 

C. In the event of damage, the CQA Engineer will identify areas requiring repair, 
and the Contractor shall make repairs and replacements necessary, to the 
approval of the Owner at no additional cost to the Owner. 

3.04 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the 
drainage gravel. Surveying shall be performed in accordance with of Section 
01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing to the Owner of the final 
location and elevation of the final surface of the drainage gravel, in accordance 
with the requirements of Section 01010 of these General Specifications. 

[ END OF SECTION ] 
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Triassic Park Hazardous Waste Facility 
Section 02225: Road Base 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, testing, and installation services necessary for the installation of 
road base where shown on the Construction Drawings. The work shall be 
carried out in accordance with the Construction Drawings and the 
requirements of Section 304 of the New Mexico State Highway and 
Transportation Department Standard Specification for Road and Bridge . 
Construction. 

1.02 RELATED SECTIONS 

A. Section 02230 - Subbase 
B. Section 02714- Filter or Cushion Geotextile 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1 .04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 

C. On-site testing as specified in the CQA Plan for the road base (which does not 
include quality control testing at the source) will be the responsibility of the 
CQA Engineer. The Contractor shall cooperate with the CQA Engineer 
during all sampling and testing activities. The Contractor shall provide 
equipment and labor to assist the CQA Engineer in sampling. The Contractor 
shall provide access to all areas requiring testing. The Contractor will repair 
any damage to finished work caused by the CQA Engineer's sampling and 
testing activities. 

D. Quality control testing (in accordance with Part 2.02 of this section) of the road 
base at the source shall be the responsibility of the Contractor. 
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PART 2: PRODUCTS 

2.01 MATERIAL FOR ROAD BASE AGGREGATE 

A. Road base for the work shall consist of clean, hard, durable, non-carbonate, 
rounded, sub-rounded to sub-angular particles which are free of metals, roots, 
trees, stumps, concrete, construction debris, other organic matter, and 
deleterious materials and coatings. 

B. The road base shall have a gradation (when tested in accordance with ASTM D 
422) of Type li-B aggregate as defined in Section 304 of the New Mexico State 
Highway and Transportation Department Standard Specification for Road and 
Bridge Construction. 

C. Road base shall have less than 5 percent loss of weight, when tested for calcium 
carbonate content in accordance with ASTM D 4373. This requirement may 
be waived by the owner if it can be otherwise demonstrated that the material 
contains no significant carbonate content. 

2.02 ROAD BASE SUPPLIER QUALITY CONTROL 

A. The Contractor shall require that the road base Supplier sample and test the 
road base to demonstrate that the material conforms to the requirements of 
Part 2.01 of this section. The Contractor shall require the road base Supplier 
provide to the Owner written certification along with test results, that tests 
have been performed on representative samples of the road base material that 
will be delivered to the Owner's site. The analysis shall demonstrate that tests 
(i.e., ASTM D 422, ASTM D 2434, ASTM D 4373, ASTM C 131, and ASTM C 
88) have been performed and that acceptable results were obtained. 

B. If a road base sample fails to meet the quality control requirements of this 
General Specification, the Contractor shall require the road base Supplier to 
perform sufficient sampling and testing to identify the extent of the 
nonconforming material to the satisfaction of the CQA Engineer. The 
Contractor shall not use nonconforming material. 

C. The Contractor shall require that the road base Supplier comply with the 
certification and submittal requirements of the CQA Plan. 

D. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

2.03 TRANSPORTATION 

A. Transportation of road base shall be the responsibility of the Contractor. 
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2.04 HANDLING AND STORAGE 

A. 

B. 

PART 3: 

Handling, stockpiling, and protection of the road base prior to and following 
incorporation into the work is the responsibility of the Contractor. The 
Contractor shall be liable for contamination of the material incurred prior to 
final acceptance. 

The Contractor shall be responsible for storage of the road base at the site. The 
Contractor shall store the road base at a location approved by the Owner and 
in such a manner so that it is not contaminated by dirt, mud, vegetation, or 
excessive dust. During stockpiling, the Contractor may elect to place the road 
base on a protective sheet and/ or to cover it to prevent contamination. The 
CQA Engineer will identify contaminated material which will be rejected by 
the Owner. 

EXECUTION 

3.01 GRAVEL COMPACTION CRITERIA 

A. The compaction moisture content of the road base shall be between 3 percent 
below and 3 percent above optimum moisture content determined in the 
modified Proctor compaction test (ASTM D1557). The minimum dry unit 
weight of the road base aggregate shall be at least 95 percent of the maximum 
dry unit weight obtained from the modified Proctor compaction test (ASTM 
D1557). 

3.02 PLACEMENT AND COMPACTION 

A. Road base shall be placed at the locations and to the thicknesses shown on the 
Construction Drawings 

B. Road base shall not be placed directly on geosynthetics unless required by the 
General Specifications or the Construction Drawings. Road base may be placed 
using a backhoe, front-end loader, belt conveyor, spreader box, or other 
method approved by the Owner in maximum 12-inch loose lifts. 

C. Final spreading of the road base may be performed using a dozer or grader. 
Equipment shall operate only over previously-placed road base or other soil. 
The Contractor shall not operate equipment directly on geosynthetics. 

D. Road base placed on top of geotextile shall have a first lift minimum thickness 
of 12 inches 

E. The Contractor shall operate equipment in a manner that is protective of 
polyethylene pipes and underlying geosynthetics. If it is suspected that damage 
to polyethylene pipes or underlying geosynthetics may have occurred, the 
Owner will instruct the Contractor to remove the overlying material to expose 
the potentially-damaged materials. The Contractor shall repair, at his own 
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expense, any observed damage, in accordance with the requirements of these 
General Specifications. 

F. Geotextile filter or cushion layers shall be placed as shown on the Construction 
Drawings. Geotextile filter and cushion layer placement shall be in accordance 
with Section 02714 of these General Specifications. 

3.03 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.04 PROTECTION OF WORK 

A. After the road base has been incorporated into the work, the Contractor shall 
maintain it free of ruts, depressions, and damage resulting from the hauling and 
handling of any material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all prior work, 
materials and completed and partially completed work of other Sections of 
these General Specifications. 

C. In the event of damage, the CQA Engineer will identify areas requiring repair, 
and the Contractor shall make repairs and replacements necessary, to the 
approval of the Owner at no additional cost to the Owner. 

3.05 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the road 
base. Surveying shall be performed in accordance with of Section 01010 of 
these General Specifications. 

B. The Surveyor shall provide a Record Drawing to the Owner of the final 
location and elevation of the final surface of the road base, in accordance with 
the requirements of Section 01010 of these General Specifications. 

[ END OF SECTION ] 
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Triassic Park Hazardous Waste Facility 
Section 02226: Cover Soil 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the construction of the 
cover soil component of the landfill. The work shall be carried out in 
accordance with these General Specifications, the CQA Plan, and the 
Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02119- Prepared Subgrade 
B. Section 02710- Geocomposite Detection or Collection Layer 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all testing activities outlined in the CQA 
Plan, and the Contractor shall account for these activities in the construction 
schedule. No additional costs to the Owner shall be allowed by the Contractor 
as a result of the performance of the CQA activities. 

C. Soil testing (both field and laboratory testing) required by the CQA Plan will 
be the responsibility of the CQA Engineer. All Quality Control testing 
required by these General Specifications and/ or conducted at the discretion of 
the Contractor shall be the responsibility of the Contractor. The Contractor 
shall cooperate with the CQA Engineer during all testing activities. The 
Contractor shall provide equipment and labor to assist the CQA Engineer in 
sampling. The Contractor shall provide access to all areas requiring testing. 
The Contractor shall repair any damage to finished work caused by the CQA 
Engineer sampling or testing activities. 

D. The CQA Engineer will coordinate independent surveying required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor 
of his responsibility to lay out, control, and document the work. 
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If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 MATERIALS 

A. 

B. 

PART 3: 

Cover soil material shall be obtained from the landfill or surface impoundment 
excavation or from on-site or off-site borrow sources. 

Cover soil layer material shall classify as CL, ML, SC, GC, SM, or GM 
according to the Unified Soil Classification System (ASTM D 2487) and shall 
have a maximum particle size not exceeding 3 inches. 

EXECUTION 

3.01 COVER SOIL LAYER COMPACTION CRITERIA 

A. The Contractor shall place and compact the soil as described in this Section. 

3.02 PLACEMENT AND COMPACTION 

A. Cover soil material shall be placed above the waste material at the locations and 
to the thicknesses shown on the Construction Drawings. 

B. The Contractor shall not place the cover soil layer until the CQA Engineer 
confirms that the constructed grades and elevations of the waste meet the 
requirements of the Construction Drawings, all field testing is complete, and 
approved in accordance with the requirements of the CQA Plan. 

C. The final in-place thickness of the cover soil layer shall be not less than 18 
inches. 

D. The cover soil material shall be spread in 2 lifts. The Contractor shall not 
operate equipment directly on geomembranes, geotextiles, GCL's, or 
geocomposites. 

E. Unless otherwise specified by the Owner, the equipment used to haul and 
spread the cover soil layer in areas within 5 feet of geosynthetics shall not exert 
ground pressures exceeding the following: 
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Allowable Equipment 
Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Triassic Park Hazardous Waste Facility 
Section 02226: Cover Soil 

Minimum Thickness 
of Cover Soil Layer 
Above the Geosynthetic (inches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 ps1 
will be evaluated by the Owner at the Contractor's expense. 

F. Cover soil shall be compacted at a moisture content between 3 percent below 
to 3 percent above optimum moisture content and to a minimum dry unit 
weight of 90 percent of the maximum dry unit weight determined in the 
modified Proctor compaction test (ASTM D 1557). 

G. In areas of heavy traffic, the thickness of the cover soil layer shall be increased 
at the direction of the Owner to satisfy the requirements of this Section. 
Heavy traffic areas shall be compacted with a smooth drum roller or other 
equipment approved by the Owner. 

H. The Contractor shall operate equipment in a manner that is protective of 
underlying geosynthetics. If it is suspected that any damage to the underlying 
geosynthetics may have occurred, the Owner will instruct the Contractor to 
remove overlying cover soil layer material to expose the geosynthetics. The 
Contractor shall repair, at his own expense, any damage of the underlying 
geosynthetics in accordance with these General Specifications. 

I. The Contractor shall minimize to the extent possible the generation of dust 
during placement of the cover soil layer. Water may be used for dust control if 
approved by the Owner. Chemical dust suppressants shall not be used. 

J. No cover soil material shall be placed or compacted during a sustained period of 
temperature below 32°F that results in frozen material, either in-place or in the 
borrow area. With the approval of the Owner, cover soil material may be 
placed and compacted during periods of early morning freezing temperatures if 
above-freezing temperatures are anticipated during the day. 

K. The Contractor shall not place frozen cover soil material nor shall he place 
cover soil material on frozen ground. 

L. Cover soil material shall not be placed during periods of precipitation or 
unfavorable weather conditions. 
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3.03 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the 
cover soil layer installed by the Contractor. Surveying shall be performed in 
accordance with Section 01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location and elevation of 
the top of the cover soil layer to the Owner in accordance with the 
requirements of Section 01010 of these General Specifications. 

3.04 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.05 PROTECTION OF WORK 

A. After the cover soil layer has been placed, the Contractor shall maintain it free 
of ruts, depressions, and damage resulting from the hauling and handling of any 
material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all materials and 
partially-completed and completed work of these General Specifications. 

C. In the event of damage, the CQA Engineer will identify any areas requiring 
repair, and the Contractor shall make repairs and replacements necessary, to 
the approval of the Owner and at no additional cost to the Owner. 

[ END OF SECTION ] 
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SECTION 02227 
VEGETATIVE COVER 

Triassic Park Hazardous Waste Facility 
Section 02227: Vegetative Cover 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the construction of the 
vegetative cover component of the landfill. The work shall be carried out in 
accordance with these General Specifications, the CQA Plan, and the 
Construction Drawings. 

1 .02 RELATED SECTIONS 

A. Section 02710- Geocomposite 
B. Section 02714- Filter or Cushion Geotextile 

1 .03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1 .04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all testing activities outlined in the CQA 
Plan, and the Contractor shall account for these activities in the construction 
schedule. No additional costs to the Owner shall be allowed by the Contractor 
as a result of the performance of the CQA activities. 

C. Soil testing (both field and laboratory testing) required by the CQA Plan will 
be the responsibility of the CQA Engineer. All Quality Control testing 
required by these General Specifications and/ or conducted at the discretion of 
the Contractor shall be the responsibility of the Contractor. The Contractor 
shall cooperate with the CQA Engineer during all testing activities. The 
Contractor shall provide equipment and labor to assist the CQA Engineer in 
sampling. The Contractor shall provide access to all areas requiring testing. 
The Contractor shall repair any damage to finished work caused by the CQA 
Engineer sampling or testing activities. 

D. The CQA Engineer will coordinate independent surveying required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor of 
his responsibility to lay out, control, and document the work. 
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If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 MATERIALS 

A. 

B. 

PART 3: 

Vegetative cover material shall be obtained from the landfill or surface 
impoundment excavation or from on-site or off-site borrow sources. 

Vegetative cover material shall classify as CL, ML, SC, GC, SM, or GM 
according to the Unified Soil Classification System (ASTM D 2487) and shall 
have a maximum particle size not exceeding 3 inches. 

EXECUTION 

3.01 VEGETATIVE COVER LAYER COMPACTION CRITERIA 

A. The Contractor shall place and compact the soil as described in of this Section. 

3.02 PLACEMENT AND COMPACTION 

A. Vegetative cover material shall be placed above the cover system geocomposite 
at the locations and to the thicknesses shown on the Construction Drawings. 

B. The Contractor shall not place the vegetative soil layer until the CQA Engineer 
confirms that the constructed grades and elevations of the cover prepared 
subgrade meet the requirements of the Construction Drawings, all field testing 
is complete, and the geocomposite has been installed, tested, and approved in 
accordance with the requirements of the CQA Plan. 

C. Prior to placing the vegetative cover layer, the CQA Engineer will verify that 
the underlying geosynthetic components are free of holes, tears, excessive 
wrinkles, or foreign objects. As instructed by the Owner, the Contractor shall 
"work out" or repair all excessive wrinkles to the satisfaction of the CQA 
Engineer prior to placement of the vegetative cover. In all cases, wrinkles in 
the geomembrane cover shall not be of a size that they could fold back on 
themselves. 

D. The final in-place thickness of the vegetative cover layer shall be not less than 
30 inches. 

E. The vegetative cover material shall be spread in one lift using a low 
ground-pressure dozer (Caterpillar D6H-LGP, or other equipment approved by 
the Owner), low-ground pressure tracked front-end loader, or belt conveyor. 
Equipment shall operate only over previously-placed vegetative cover layer 
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material. The Contractor shall not operate equipment directly on 
geomembranes, geotextiles, gels, or geocomposites. 

F. Unless otherwise specified by the Owner, the equipment used to haul and 
spread the vegetative cover layer shall not exert ground pressures exceeding the 
following: 

Allowable Equipment 
Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Minimum Thickness 
of Protective Soil Layer 
Above the Geosynthetic {inches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 ps1 
will be evaluated by the Owner at the Contractor's expense. 

G. Vegetative cover material shall be compacted by two passes of tracked 
equipment such as a Caterpillar D6H-LGP or other equipment approved by the 
Owner. 

H. In areas of heavy traffic, the thickness of the vegetative cover layer shall be 
increased at the direction of the Owner to satisfy the requirements of this 
Section. Heavy traffic areas shall be compacted with a smooth drum roller or 
other equipment approved by the Owner. 

I. The Contractor shall operate equipment in a manner that is protective of 
underlying geosynthetics. If it is suspected that any damage to the underlying 
geosynthetics may have occurred, the Owner will instruct the Contractor to 
remove overlying vegetative cover material to expose the geosynthetics. The 
Contractor shall repair, at his own expense, any damage of the underlying 
geosynthetics in accordance with these General Specifications. 

J. The Contractor shall minimize to the extent possible the generation of dust 
during placement of the vegetative cover layer. Water may be used for dust 
control if approved by the Owner. Chemical dust suppressants shall not be 
used. 

K. No vegetative cover material shall be placed or compacted during a sustained 
period of temperature below 32°F that results in frozen material, either in-place 
or in the borrow area. With the approval of the Owner, vegetative cover 
material may be placed and compacted during periods of early morning freezing 
temperatures if above-freezing temperatures are anticipated during the day. 
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Triassic Park Hazardous Waste Facility 
Section 02227: Vegetative Cover 

The Contractor shall not place frozen vegetative cover material nor shall he 
place vegetative cover material on frozen ground. 

Vegetative cover material shall not be placed during periods of precipitation or 
unfavorable weather conditions. 

3.03 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the 
vegetative cover layer installed by the Contractor. Surveying shall be 
performed in accordance with Section 01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location and elevation of 
the top of the vegetative cover layer to the Owner in accordance with the 
requirements of Section 01010 of these General Specifications. 

3.04 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.05 PROTECTION OF WORK 

A. After the vegetative cover layer has been placed, the Contractor shall maintain 
it free of ruts, depressions, and damage resulting from the hauling and handling 
of any material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all materials and 
partially-completed and completed work of these General Specifications. 

C. In the event of damage, the CQA Engineer will identify any areas requiring 
repair, and· the Contractor shall make repairs and replacements necessary, to 
the approval of the Owner and at no additional cost to the Owner. 

[ END OF SECTION ] 
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SECTION 02228 
PIPE BEDDING 

Triassic Park Hazardous Waste Facility 
Section 02228: Pipe Bedding 

PART 1 : GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the construction of pipe 
bedding material. The work shall be carried out in accordance with these 
General Specifications, the CQA Plan, and the Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02714- Filter or Cushion Geotextile 
B. Section 02718 - Polyethylene Pipe and Fittings 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all testing activities outlined in the CQA 
Plan, and the Contractor shall account for these activities in the construction 
schedule. No additional costs to the Owner shall be allowed by the Contractor 
as a result of the performance of the CQA activities. 

C. Soil testing (both field and laboratory testing) required by the CQA Plan will 
be the responsibility of the CQA Engineer. All Quality Control testing 
required by these General Specifications and/ or conducted at the discretion of 
the Contractor shall be the responsibility of the Contractor. The Contractor 
shall cooperate with the CQA Engineer during all testing activities. The 
Contractor shall provide equipment and labor to assist the CQA Engineer in 
sampling. The Contractor shall provide access to all areas requiring testing. 
The Contractor shall repair any damage to finished work caused by the CQA 
Engineer sampling or testing activities. 

D. The CQA Engineer will coordinate independent surveying required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor of 
his responsibility to lay out, control, and document the work. 
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Triassic Park Hazardous Waste Facility 
Section 02228: Pipe Bedding 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 MATERIALS 

A. 

B. 

PART 3: 

Pipe bedding material shall be obtained from the landfill or surface 
impoundment excavation or from on-site or off-site borrow sources. 

Pipe bedding material shall classify as ML, SM, SP, SW, or GM according to the 
Unified Soil Classification System (ASTM D 2487) and shall have a maximum 
particle size not exceeding 1 inches. 

EXECUTION 

3.01 PIPE BEDDING COMPACTION CRITERIA 

A. The Contractor shall place and compact the soil as described in of this Section. 

3.02 PLACEMENT AND COMPACTION 

A. Pipe bedding shall be placed at the locations and to the thicknesses shown on 
the Construction Drawings. 

B. The Contractor shall not place the pipe bedding material until the CQA 
Engineer confirms that the constructed grades and elevations of the underlying 
materials meet the requirements of the Construction Drawings, all field testing 
is complete, and the underlying materials have been installed, tested, and 
approved in accordance with the requirements of the CQA Plan. 

C. Prior to placing the pipe bedding material, the CQA Engineer will verify that 
the underlying geosynthetic components are free of holes, tears, excessive 
wrinkles, or foreign objects. As instructed by the Owner, the Contractor shall 
"work out" or repair all excessive wrinkles to the satisfaction of the CQA 
Engineer prior to placement of the pipe bedding. In all cases, wrinkles in the 
geomembrane shall not be of a size that they could fold back on themselves. 

D. Pipe bedding may be placed using a backhoe, front-end loader, belt conveyor, 
spreader box, or other method approved by the Owner. The maximum drop 
height is 3 feet. 

E. The pipe bedding material shall be shovel sliced into the haunches of the pipe. 
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F. 

G. 

H. 

I. 

J. 

K. 

Triassic Park Hazardous Waste Facility 
Section 02228: Pipe Bedding 

Contractor shall not operate equipment directly on geosynthetics when placing 
pipe bedding material. 

The Contractor shall operate equipment in a manner that is protective of 
underlying polyethylene pipes and geosynthetics. If it is suspected that any 
damage to the underlying polyethylene pipes or geosynthetics may have 
occurred, the Owner will instruct the Contractor to remove overlying pipe 
bedding material to expose the potentially damaged materials. The Contractor 
shall repair, at his own expense, any damage of the underlying materials in 
accordance with these General Specifications. 

No pipe bedding material shall be placed or compacted during a sustained 
period of temperature below 32°F that results in frozen material, either in-place 
or in the borrow area. With the approval of the Owner, pipe bedding material 
may be placed and compacted during periods of early morning freezing 
temperatures if above-freezing temperatures are anticipated during the day. 

The Contractor shall not place frozen pipe bedding material. 

Pipe bedding material shall not be placed during periods of precipitation or 
unfavorable weather conditions. 

Pipe bedding material shall be compacted with two passes of a hand operated 
vibrating compactor such as a hand tamper or walk-behind vibrating compactor 
or other method approved by the Owner. 

3.03 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the pipe 
bedding material installed by the Contractor. Surveying shall be performed in 
accordance with Section 01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location and elevation of 
the top of the pipe bedding material to the Owner in accordance with the 
requirements of Section 01010 of these General Specifications. 

3.04 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 
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Section 02228: Pipe Bedding 

3.05 PROTECTION OF WORK 

A. After the pipe bedding material has been placed, the Contractor shall maintain 
it free of ruts, depressions, and damage resulting from the hauling and handling 
of any material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all materials and 
partially-completed and completed work of these General Specifications. 

C. In the event of damage, the CQA Engineer will identify any areas requiring 
repair, and the Contractor shall make repairs and replacements necessary, to 
the approval of the Owner and at no additional cost to the Owner. 

[ END OF SECTION ] 
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SECTION 02229 
SELECT SUBBASE 

Triassic Park Hazardous Waste Facility 
Section 02229: Select Subbase 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, testing, and installation services necessary for the installation of 
select subbase where shown on the Construction Drawings. The work shall be 
carried out in accordance with these General Specifications, the CQA Plan, and 
the Construction Drawin~s. 

1.02 RELATED SECTIONS 

A. Section 02710- Geocomposite Detection or Collection Layer 
B. Section 02714- Filter or Cushion Geotextile 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 

C. On-site testing as specified in the CQA Plan for the select subbase (which does 
not include quality control testing at the source) will be the responsibility of 
the CQA Engineer. The Contractor shall cooperate with the CQA Engineer 
during all sampling and testing activities. The Contractor shall provide 
equipment and labor to assist the CQA Engineer in sampling. The Contractor 
shall provide access to all areas requiring testing. The Contractor will repair 
any damage to finished work caused by the CQA Engineer's sampling and 
testing activities. 

D. Quality control testing (in accordance with Part 2.02 of this section) of the 
select subbase at the source shall be the responsibility of the Contractor. 
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PART 2: PRODUCTS 

2.01 MATERIAL FOR SELECT SUBBASE 

A. Select subbase for the work shall consist of clean, hard, durable, non-carbonate, 
rounded, sub-rounded to sub-angular particles which are free of metals, roots, 
trees, stumps, concrete, construction debris, other organic matter, and 
deleterious materials and coatings. 

B. The select subbase shall be screened and washed to have a gradation (when 
tested in accordance with ASTM D 422) after placement equivalent to the 
following: 

Sieve Percent Passing 

~" 100 
#10 50-80 
#20 30-60 
#40 10-40 
#60 0-30 
#100 0-10 
#200 0-2 

C. Select subbase shall have less than 5 percent loss of weight, when tested for 
calcium carbonate content in accordance with ASTM D 4373. This 
requirement may be waived by the owner if it can be otherwise demonstrated 
that the material contains no significant carbonate content. 

2.02 SELECT SUBBASE SUPPLIER QUALITY CONTROL 

A. The Contractor shall require that the select subbase Supplier sample and test 
the select subbase to demonstrate that the material conforms to the 
requirements of Part 2.01 of this section. The Contractor shall require the select 
subbase Supplier provide to the Owner written certification along with test 
results, that tests have been performed on representative samples of the material 
that will be delivered to the Owner's site. The analysis shall demonstrate that 
tests (i.e., ASTM D 422, ASTM D 2434, ASTM D 4373, ASTM C 131, and 
ASTM C 88) have been performed and that acceptable results were obtained. 

B. If a select subbase sample fails to meet the quality control requirements of this 
General Specification, the Contractor shall require the Supplier to perform 
sufficient sampling and testing to identify the extent of the nonconforming 
material to the satisfaction of the CQA Engineer. The Contractor shall not use 
nonconforming material. 

C. The Contractor shall require that the gravel Supplier comply with the 
certification and submittal requirements of the CQA Plan. 
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D. 

Triassic Park Hazardous Waste Facility 
Section 02229: Select Subbase 

All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

2.03 TRANSPORTATION 

A. Transportation of select subbase shall be the responsibility of the Contractor. 

2.04 HANDLING AND STORAGE 

A. 

B. 

PART 3: 

Handling, stockpiling, and protection of the select subbase prior to and 
following incorporation into the work is the responsibility of the Contractor. 
The Contractor shall be liable for contamination of the material incurred prior 
to final acceptance. 

The Contractor shall be responsible for storage of the select subbase at the site. 
The Contractor shall store the select subbase at a location approved by the 
Owner and in such a manner so that it is not contaminated by dirt, mud, 
vegetation, or excessive dust. During stockpiling, the Contractor may elect to 
place the select subbase on a protective sheet and/ or to cover it to prevent 
contamination. The CQA Engineer will identify contaminated material which 
will be rejected by the Owner. 

EXECUTION 

3.01 SELECT SUBBASE COMPACTION CRITERIA 

A. The compaction moisture content of the select subbase shall be between 3 
percent and 3 percent above optimum moisture content determined in the 
modified Proctor compaction test (ASTM D 1557). The minimum dry unit 
weight of the select subbase shall be at least 95 percent of the maximum dry 
unit weight obtained from the modified Proctor compaction test (ASTM D 
1557). 

3.02 PLACEMENT AND COMPACTION 

A. Select subbase shall be placed at the locations and to the thicknesses shown on 
the Construction Drawings 

B. Select subbase shall not be placed directly on geosynthetics unless required by 
the General Specifications or Construction Drawings. Select subbase may be 
placed using a backhoe, front-end loader, belt conveyor, spreader box, or other 
method approved by the Owner in maximum 12-inch loose lifts. 

c. Final spreading of the select subbase may be performed using a low 
ground-pressure dozer (Caterpillar D6H-LGP or other similar equipment 
approved by the CQA Engineer), low-ground pressure front-end loader, or by 
hand. The tracked equipment shall operate only over previously-placed select 
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subbase or other soil. The Contractor shall not operate equipment directly on 
geosynthetics. 

D. Unless otherwise specified by the Owner, the equipment used to spread select 
subbase shall not exert ground pressures exceeding the following: 

Allowable Equipment 
Ground Pressure (psi} 

<5 
< 10 
<20 
>20 

Thickness of Gravel 
Above Geosynthetic (inches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

E. The Contractor shall operate equipment in a manner that is protective of 
polyethylene pipes and underlying geosynthetics. If it is suspected that damage 
to polyethylene pipes or underlying geosynthetics may have occurred, the 
Owner will instruct the Contractor to remove the overlying material to expose 
the potentially-damaged materials. The Contractor shall repair, at his own 
expense, any observed damage, in accordance with the requirements of these 
General Specifications. 

3.03 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.04 PROTECTION OF WORK 

A. After the select subbase has been incorporated into the work, the Contractor 
shall maintain it free of ruts, depressions, and damage resulting from the 
hauling and handling of any material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all prior work, 
materials and completed and partially completed work of other Sections of 
these General Specifications. 
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Triassic Park Hazardous Waste Facility 
Section 02229: Select Subbase 

In the event of damage, the CQA Engineer will identify areas requiring repair, 
and the Contractor shall make repairs and replacements necessary, to the 
approval of the Owner at no additional cost to the Owner. 

3.05 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the 
select subbase. Surveying shall be performed in accordance with of Section 
01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing to the Owner of the final 
location and elevation of the final surface of the road base, in accordance with 
the requirements of Section 01010 of these General Specifications. 

[ END OF SECTION ] 
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SECTION 02230 
SUBBASE 

Triassic Park Hazardous Waste Facility 
Section 02230: Subbase 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, testing, and installation services necessary for the installation of 
subbase where shown on the Construction Drawings. The work shall be 
carried out in accordance with these General Specifications, the CQA Plan, and 
the Construction Drawings. 

1 .02 RELATED SECTIONS 

A. Section 02110- Site Preparation and Earthwork 
B. Section 02225 - Road Base 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. On-site testing as specified in the CQA Plan for the subbase (which does not 
include quality control testing at the source) will be the responsibility of the 
CQA Engineer. The Contractor shall cooperate with the CQA Engineer 
during all sampling and testing activities. The Contractor shall provide 
equipment and labor to assist the CQA Engineer in sampling. The Contractor 
shall provide access to all areas requiring testing. The Contractor will repair 
any damage to finished work caused by the CQA Engineer's sampling and 
testing activities. 

D. Quality control testing of the subbase at the source shall be the responsibility 
of the Contractor. 
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E. 

F. 

Triassic Park Hazardous Waste Facility 
Section 02230: Subbase 

The CQA Engineer will coordinate independent surveying required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor 
of his responsibility to lay out, control, and document the work. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specification, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results area obtained. 

PART 2: PRODUCTS 

2.01 MATERIAL FOR SUBBASE 

A. Subbase for the work shall obtained from the landfill or surface impoundment 
excavation or from on-site or off-site borrow sources. Subbase material shall be 
free of metals, roots, trees, stumps, concrete, construction debris, other organic 
matter, and deleterious materials and coatings. 

B. 

PART 3: 

The subbase shall classify as SM, SW, GM, or GW according to the Unified Soil 
Classification System (ASTM D2487) and shall have a maximum particle size of 
3 inches. 

EXECUTION 

3.01 SUBBASE COMPACTION CRITERIA 

A. The compaction moisture content of the subbase shall be between 3 percent 
and 3 percent above optimum moisture content determined in the modified 
Proctor compaction test (ASTM D 1557). The minimum dry unit weight of 
the subbase shall be at least 95 percent of the maximum dry unit weight 
obtained from the modified Proctor compaction test (ASTM D 1557). 

3.02 PLACEMENT AND COMPACTION 

A. Subbase shall be placed at the locations and to the thicknesses shown on the 
Construction Drawings 

B. Subbase shall not be placed directly on geosynthetics unless required by the 
General Specifications or Construction Drawings. Subbase may be placed using 
a backhoe, front-end loader, belt conveyor, spreader box, or other method 
approved by the Owner in maximum 12-inch loose lifts. 

C. Final spreading of the subbase may be performed using a low ground-pressure 
dozer (Caterpillar D6H-LGP or other similar equipment approved by the CQA 
Engineer), low-ground pressure front-end loader, or by hand. The tracked 
equipment shall operate only over previously-placed subbase or other soil. The 
Contractor shall not operate equipment directly on geosynthetics. 
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Triassic Park Hazardous Waste Facility 
Section 02230: Subbase 

Unless otherwise specified by the Owner, the equipment used to spread subbase 
shall not exert ground pressures exceeding the following: 

Allowable Equipment 
Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Thickness of Gravel 
Above Geosynthetic (inches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

E. The Contractor shall operate equipment in a manner that is protective of 
polyethylene pipes and underlying geosynthetics. If it is suspected that damage 
to polyethylene pipes or underlying geosynthetics may have occurred, the 
Owner will instruct the Contractor to remove the overlying material to expose 
the potentially-damaged materials. The Contractor shall repair, at his own 
expense, any observed damage, in accordance with the requirements of these 
General Specifications. 

3.03 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and! or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.04 PROTECTION OF WORK 

A. After the subbase has been incorporated into the work, the Contractor shall 
maintain it free of ruts, depressions, and damage resulting from the hauling and 
handling of any material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all prior work, 
materials and completed and partially completed work of other Sections of 
these General Specifications. 

C. In the event of damage, the CQA Engineer will identify areas requiring repair, 
and the Contractor shall make repairs and replacements necessary, to the 
approval of the Owner at no additional cost to the Owner. 
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3.05 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the road 
base. Surveying shall be performed in accordance with of Section 01010 of 
these General Specifications. 

B. The Surveyor shall provide a Record Drawing to the Owner of the final 
location and elevation of the final surface of the road base, in accordance with 
the requirements of Section 01010 of these General Specifications. 

[ END OF SECTION] 
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SECTION 02231 
FOUNDATION SAND 

Triassic Park Hazardous Waste Facility 
Section 02231: Foundation Sand 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, testing, and installation services necessary for the installation of 
foundation sand where shown on the Construction Drawings. The work shall 
be carried out in accordance with these General Specifications, the CQA Plan, 
and the Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02110- Site Preparation and Earthwork 
B. Section 02718 -Polyethylene Pipe and Fittings 
C. Section 02775 - Geomembrane Liners 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. On-site testing as specified in the CQA Plan for the foundation sand will be the 
responsibility of the CQA Engineer. The Contractor shall cooperate with the 
CQA Engineer during all sampling and testing activities. The Contractor shall 
provide equipment and labor to assist the CQA Engineer in sampling. The 
Contractor shall provide access to all areas requiring testing. The Contractor 
will repair any damage to finished work caused by the CQA Engineer's 
sampling and testing activities. 

D. Quality control testing of the foundation sand at the source shall be the 
responsibility of the Contractor. 
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E. 

F. 

Triassic Park Hazardous Waste Facility 
Section 02231: Foundation Sand 

The CQA Engineer will coordinate independent surveying required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor 
of his responsibility to lay out, control, and document the work. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specification, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results area obtained. 

PART 2: PRODUCTS 

2.01 MATERIAL FOR FOUNDATION SAND 

A. Foundation sand for the work shall obtained from the landfill or surface 
impoundment excavation or from on-site or off-site borrow sources. 
Foundation sand material shall be free of metals, roots, trees, stumps, concrete, 
constructwn debris, other organic matter, and deleterious materials and 
coatings. 

B. 

PART 3: 

The foundation sand shall classify as SM or SW according to the Unified Soil 
Classification System (ASTM D2487) and shall have a maximum particle size of 
1/4 inches. 

EXECUTION 

3.01 FOUNDATION SAND COMPACTION CRITERIA 

A. The compaction moisture content of the foundation sand shall be between 3 
percent and 3 percent above optimum moisture content determined in the 
modified Proctor compaction test (ASTM D 1557). The minimum dry unit 
weight of the foundation shall be at least 95 percent of the maximum dry unit 
weight obtained from the modified Proctor compaction test (ASTM D 1557). 

3.02 PLACEMENT AND COMPACTION 

A. Foundation sand shall be placed at the locations and to the thicknesses shown 
on the Construction Drawings 

B. Foundation sand shall not be placed directly on geosynthetics unless required 
by the General Specifications or Construction Drawings. Foundation sand 
may be placed using a backhoe, front-end loader, belt conveyor, spreader box, 
or other method approved by the Owner in maximum 12-inch loose lifts. 

C. Final spreading of the foundation sand may be performed using a low 
ground-pressure dozer (Caterpillar D6H-LGP or other similar equipment 
approved by the CQA Engineer), low-ground pressure front-end loader, or by 
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hand. The tracked equipment shall operate only over previously-placed 
foundation sand or other soil. The Contractor shall not operate equipment 
directly on geosynthetics. 

D. Unless otherwise specified by the Owner, the equipment used to spread subbase 
shall not exert ground pressures exceeding the following: 

Allowable Equipment 
Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Thickness of Gravel 
Above Geosynthetic (inches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

E. The Contractor shall operate equipment in a manner that is protective of 
polyethylene pipes and underlying geosynthetics. If it is suspected that damage 
to polyethylene pipes or underlying geosynthetics may have occurred, the 
Owner will instruct the Contractor to remove the overlying material to expose 
the potentially-damaged materials. The Contractor shall repair, at his own 
expense, any observed damage, in accordance with the requirements of these 
General Specifications. 

3.03 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.04 PROTECTION OF WORK 

A. After the foundation sand has been incorporated into the work, the Contractor 
shall maintain it free of ruts, depressions, and damage resulting from the 
hauling and handling of any material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all prior work, 
materials and completed and partially completed work of other Sections of 
these General Specifications. 
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In the event of damage, the CQA Engineer will identify areas requiring repair, 
and the Contractor shall make repairs and replacements necessary, to the 
approval of the Owner at no additional cost to the Owner. 

3.05 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the road 
base. Surveying shall be performed in accordance with of Section 01010 of 
these General Specifications. 

B. The Surveyor shall provide a Record Drawing to the Owner of the final 
location and elevation of the final surface of the road base, in accordance with 
the requirements of Section 01010 of these General Specifications. 

[ END OF SECTION] 
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PART 1 GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the construction of the 
protective soil layer component of the landfill. The work shall be carried out 
in accordance with these General Specifications, the CQA Plan, and the 
Construction Drawings. 

B. This specification shall also apply to polyethylene pipe and fitting installation 
in the truck roll off area, the drum handling facility, the truck wash facility, 
and the liquid waste storage area, unless otherwise indicated on the drawings. 

1.02 RELATED SECTIONS 

A. Section 02710 - Geocomposite 
B. Section 02714- Filter or Cushion Geotextile 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQ A Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all testing activities outlined in the CQA 
Plan, and the Contractor shall account for these activities in the construction 
schedule. No additional costs to the Owner shall be allowed by the Contractor 
as a result of the performance of the CQA activities. 

C. Soil testing (both field and laboratory testing) required by the CQA Plan will 
be the responsibility of the CQA Engineer. All Quality Control testing 
required by these General Specifications and/ or conducted at the discretion of 
the Contractor shall be the responsibility of the Contractor. The Contractor 
shall cooperate with the CQA Engineer during all testing activities. The 
Contractor shall provide equipment and labor to assist the CQA Engineer in 
sampling. The Contractor shall provide access to all areas requiring testing. 
The Contractor shall repair any damage to finished work caused by the CQA 
Engineer sampling or testing activities. 
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The CQA Engineer will coordinate independent surveying required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor of 
his responsibility to lay out, control, and document the work. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 MATERIALS 

A. 

B. 

PART 3: 

Protective soil layer material shall be obtained from the landfill or surface 
impoundment excavation or from on-site or off-site borrow sources identified 
by the Owner. 

Protective soil layer material shall classify as CL, ML, SC, GC, SM, or GM 
according to the Unified Soil Classification System (ASTM D 2487) and shall 
have a maximum particle size not exceeding 2 inches. 

EXECUTION 

3.01 PROTECTIVE SOIL LAYER COMPACTION CRITERIA 

A. The Contractor shall place and compact the soil as described in of this Section. 

3.02 PLACEMENT AND COMPACTION 

A. Protective soil layer material shall be placed at the locations and to the 
thicknesses shown on the Construction Drawings. 

B. The Contractor shall not place the protective soil layer until the CQA 
Engineer confirms that the constructed grades and elevations of the underlying 
materials meet the requirements of the Construction Drawings, all field testing 
is complete, the underlying materials have been installed, tested, and approved 
in accordance with the requirements of the CQA Plan. 

C. Prior to placing the protective soil layer, the CQA Engineer will verify that the 
underlying geosynthetic components are free of holes, tears, excessive wrinkles, 
or foreign objects. As instructed by the Owner, the Contractor shall "work 
out" or repair all excessive wrinkles to the satisfaction of the CQA Engineer 
prior to placement of the protective soil layer. 

D. The final in-place thickness of the protective soil layer shall be not less than 24 
inches or as shown on the drawings. 
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The protective soil material shall be spread in one lift using a low ground 
pressure dozer (Caterpillar D6H-LGP, or other equipment approved by the 
Owner), low ground pressure tracked front-end loader, or belt conveyor. 
Equipment shall operate only over previously placed protective soil layer 
material. The Contractor shall not operate equipment directly on 
geosynthetics. 

F. Unless otherwise specified by the Owner, the equipment used to haul and 
spread the protective soil layer shall not exert ground pressures exceeding the 
following: 

Allowable Equipment 
Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Minimum Thickness 
of Protective Soil Layer 
Above the Geosynthetic Liner Onches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

G. Protective soil layer material shall be compacted by two. passes of tracked 
equipment such as a Caterpillar D6H-LGP or other equipment approved by the 
Owner. 

H. In areas of heavy traffic, the thickness of the protective soil layer shall be 
increased at the direction of the Owner to satisfy the requirements of this 
Section. Heavy traffic areas shall be compacted with a smooth drum roller or 
other equipment approved by the Owner. 

I. The Contractor shall operate equipment in a manner that is protective of 
underlying geosynthetics. If it is suspected that any damage to the underlying 
geosynthetics may have occurred, the Owner will instruct the Contractor to 
remove overlying protective soil layer material to expose the geosynthetics. 
The Contractor shall repair, at his own expense, any damage of the underlying 
geosynthetics in accordance with these General Specifications. 

J. The Contractor shall minimize to the extent possible the generation of dust 
during placement of the protective soil layer. Water may be used for dust 
control if approved by the Owner. Chemical dust suppressants shall not be 
used. 

K. No protective soil layer material shall be placed or compacted during a 
sustained period of temperature below 32°F that results in frozen material, 
either in-place or in the borrow area. With the approval of the Owner, 
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protective soil layer material may be placed and compacted during periods of 
early morning freezing temperatures if above freezing temperatures are 
anticipated during the day. 

The Contractor shall not place frozen protective soil layer material nor shall he 
place protective soil layer material on frozen ground. 

Protective soil layer material shall not be placed during periods of precipitation 
or unfavorable weather conditions. 

3.03 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the 
protective soil layer installed by the Contractor. Surveying shall be performed 
in accordance with Section 01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location and elevation of 
the top of the protective soil layer to the Owner in accordance with the 
requirements of Section 01010 of these General Specifications. 

3.04 FIELD QUALITY CONTROL 

A. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

B. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at his own expense until acceptable test results are obtained. 

3.05 PROTECTION OF WORK 

A. After the protective soil layer has been placed, the Contractor shall maintain it 
free of ruts, depressions, and damage resulting from the hauling and handling of 
any material, equipment, tools, etc. 

B. The Contractor shall use all means necessary to protect all materials and 
partially-completed and completed work of these General Specifications. 

C. In the event of damage, the CQA Engineer will identify any areas requiring 
repair, and the Contractor shall make repairs and replacements necessary, to 
the approval of the Owner and at no additional cost to the Owner. 

[ END OF SECTION ] 
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PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the installation of the 
geocomposite layer of the landfill or surface impoundment. The work shall be 
carried out in accordance with these General Specifications, Supplemental 
Specifications, the CQA Plan, and the Construction Drawings. 

B. This specification shall also apply to geocomposite installation in the truck roll 
off area and truck wash facility, unless otherwise indicated on the drawings. 

1.02 RELATED SECTIONS 

A. Section 02221- Clay Liner 
B. Section 02229 - Select Subbase 
C. Section 02714- Filter or Cushion Geotextile 
D. Section 02232- Protective Soil Layer 
E. Section 02775 - Geomembrane Liners 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. If testing is not completed prior to delivery to the site, the Contractor shall 
deliver geocomposite to the site at least 14 calendar days prior to installation to 
allow sufficient time for testing required by the CQA Plan. 

D. Any geocomposite rolls that do not meet the requirements of these General 
Specifications will be rejected. The Contractor shall replace the rejected 
material with new material that conforms to the specification requirements, at 
no additional cost to the Owner. 

02710-1 Revision No. 0 
12/9/97 



W·\602\Sf"<' 
I2/05/97ypi 

FINAL 

E. 

Triassic Park Hazardous Waste Facility 
Section 02710: Geocomposite 

If the CQA Engineer's test indicate work does not meet the requirements of the 
specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 GEOCOMPOSITE PROPERTIES 

A. The Contractor shall require that the geocomposite Manufacturer furnish 
material with minimum average roll values, as defined by the Federal Highway 
Administration (FHW A), meeting or exceeding the criteria specified in Table 
02710-1. The Contractor shall require that the Manufacturer provide results for 
tests performed using the procedures listed in Table 02710-1, as well as a 
certification that the material delivered to the site meets or exceeds the specified 
values. 

B. In addition to the property values listed in Table 02710-1, the geocomposite 
shall: 

1. Retain its structure during handling, placement, and long-term service. 

2. Be capable of withstanding outdoor (i.e., ultra-violet light) exposure for 
a minimum of 30 days with no measurable degradation in the specified 
physical properties. 

3. Meet any additional requirements of the Construction Drawings. 

4. Be manufactured with a geonet that does not contain any reclaimed 
polymer, nor any foaming or blowing agents. 

5. Consist of a geonet with a geotextile bonded to both sides of geonet. 

2.02 MANUFACTURING QUALITY CONTROL 

A. The Contractor shall require that the geocomposite Manufacturer sample and 
test the geocomposite to demonstrate that the material conforms to the 
requirements of these General Specifications. All Quality Control testing 
required by these General Specifications and/ or conducted at the discretion of 
the Contractor shall be the responsibility of the Contractor. Test results shall 
be provided to the Owner. Sampling shall, in general, be performed on 
sacrificial portions of the geocomposite material such that repair is not required. 
The Contractor shall require that the geocomposite Manufacturer sample and 
test the geocomposite at a minimum of once every 50,000 ft2 and perform 
manufacturing quality control tests as indicated in Table 02710-1. 
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Any geocomposite sample that does not comply with these General 
Specifications shall result in rejection of the roll from which the sample was 
obtained. The Contractor shall replace any rejected rolls at no additional cost 
to the Owner. 

If a geocomposite sample fails to meet the quality control requirements of this 
General Specification the Contractor shall require that the geocomposite 
Manufacturer sample and test each roll manufactured in the same lot, or at the 
same time, as the failing roll. Sampling and testing of rolls shall continue until a 
pattern of acceptable test results as determined by the CQA Engineer is 
established. 

Additional sample testing may be performed, at the geocomposite 
Manufacturer's discretion and expense, to more closely identify any non
complying rolls and/ or to qualify individual rolls. 

If required by the Owner, the Contractor shall require the geocomposite 
Manufacturer to retain a coupon of geocomposite (10 feet by 2 feet) provided 
for the project for every 20,000 ft2 of geocomposite produced for the project 
until the work is accepted by the Owner. 

The Contractor shall require that the geocomposite Manufacturer comply with 
the certification and submittal requirements of the CQA Plan. 

2.03 LABELING 

A. Geocomposite rolls shall be labeled with the following information. 

1. Name of Manufacturer; 
2. Product identification; 
3. Lot number; 
4. Roll number; and, 
5. Roll dimensions. 

B. If any special handling is required, it shall be so marked on the geocomposite 
itself, e.g., "This Side Up" or "This Side Against Soil To Be Retained". 

2.04 TRANSPORTATION 

A. Transportation of the geocomposite shall be the responsibility of the 
Contractor. The Contractor shall be liable for damage to the geocomposite 
incurred prior to and during transportation to the site. The Contractor shall 
replace damaged rolls at no additional cost to the Owner. 

02710-3 Revision No. 0 
12/9/97 



W·\602\Spcc.s 
ll/05/97ypl 

FINAL Triassic Park Hazardous Waste Facility 
Section 02710: Geocomposite 

2.05 HANDLING AND STORAGE 

A. Geocomposite shall be shipped and stored in watertight and opaque protective 
covers. 

B. 

c. 

PART 3: 

Handling, storage, and care of the geocomposite prior to and following 
incorporation into the work is the responsibility of the Contractor. The 
Contractor shall be liable for damage to the material incurred prior to final 
acceptance by the Owner. The Contractor shall repair damage in accordance 
with Part 3.03 of this section and at no additional cost the Owner. 

The Contractor shall be responsible for storage of the geocomposite at the site. 
The geocomposite shall be stored off the ground and out of direct sunlight and 

shall be protected from puncture, cutting, and excessive heat, cold, moisture, 
mud, dirt, dust or any other damaging or deleterious condition. The 
geocomposite shall be stored in accordance with any additional requirements of 
the geocomposite Manufacturer. 

EXECUTION 

3.01 HANDLING AND PLACEMENT 

A. Geocomposite shall be installed at all locations shown on the Construction 
Drawings. 

B. The Contractor shall handle the geocomposite in such a manner as to ensure 
the geocomposite is not damaged in any way. 

C. When placing geocomposite on geomembrane, the geomembrane liner that will 
underlie the geocomposite shall be clean and free of excessive dust and dirt, 
stones, rocks, or other obstructions that could potentially damage the 
geomembrane. The geomembrane shall be swept clean prior to geocomposite 
placement. At the direction of the Owner, the Contractor shall clean the 
geomembrane with water. 

D. The Contractor shall take all necessary precautions to prevent damage to 
underlying layers during placement of the geocomposite. 

E. In the presence of excessive wind, the Contractor shall weight the geocomposite 
with sandbags or equivalent weight approved by the Owner. 

F. On side slopes, the geocomposite shall be secured, by the Contractor, at the top 
of the slope and then rolled down the slope. 

G. If necessary, the Contractor shall position the geocomposite by hand after it is 
unrolled to minimize wrinkles. 
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Geocomposite shall be clean when installed. During installation, care shall be 
taken by the Contractor not to entrap stones, excessive dirt, or moisture that 
could damage the underlying geomembrane, clog drains or filters, or hamper 
subsequent seaming. 

Geocomposite shall not be welded to the geomembrane liners. Geocomposite 
shall only be cut using a cutter approved by the geocomposite Manufacturer 
and the Owner. 

Tools shall not be left on or in the geocomposite. 

After placing the geocomposite, the geocomposite shall not be left exposed for a 
period in excess of 30 days unless a longer exposure period is approved by the 
Owner based on a formal demonstration from the Contractor (e.g., a 
certification from the geocomposite Manufacturer) that the geotextile 
component of the geocomposite is stabilized against ultra-violet (UV) light 
degradation for a period in excess of 30 days. 

If white colored geotextile is used in the geocomposite, precautions shall be 
taken against "snow blindness" of personnel. 

3.02 SEAMS AND OVERLAPS 

A. The components of the geocomposite (e.g., geotextile-geonet-geotextile) are not 
bonded together at the ends and edges of the rolls. Each component shall be 
secured or seamed to the like component at overlaps. 

B. No horizontal seams shall be allowed on slopes steeper than 5:1 
(horizontal:vertical), unless approved by the Owner. 

C. Geonet Components 

1. The geonet components shall be overlapped by at least 4 inches. These 
overlaps shall be secured by tying. 

2. Tying shall be achieved by nylon strings, plastic fasteners, or polymer 
braid. Metallic devices shall not be used. Tying devices shall be 
provided in a color different than the geonet to allow easy inspection. 

3. For slopes steeper than 5:1 (horizontal:vertical), tying shall be every 5 
feet along the slope, every 2 feet across the slope, and every 6 inches in 
the anchor trench. For slopes flatter than 5:1 (horizontal:vertical), 
tying shall be every 10 feet in both directions and every 6 inches in the 
anchor trench. 

4. In all cases, at least 2 ties per panel dimension shall be installed. 
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When more than one layer of geocomposite is installed, joints shall be 
staggered at least 1 foot. 

6. The joints on adjacent geocomposite panels shall be staggered at least 1 
foot. 

D. Geotextile Components 

1. The bottom layers of the geotextile shall be overlapped. 

2. The top layers of geotextiles shall be continuously sewn (i.e., spot 
sewing is not allowed). Geotextiles shall be overlapped a minimum of 3 
inches prior to sewing. 

3. Polymeric thread shall be used for all sewing. The seam type shall be 
Federal Standard (No. 751.a) Type SSa. The seams shall be sewn using 
Stitch Type 401. 

E. Geocomposite Components 

1. The geocomposite shall be overlapped by at least 4 inches. These 
overlaps shall be secured by tying. 

2. Cut geocomposite using scissors or other cutting tools, approved by the 
Owner. Do not damage underlying geosynthetics. 

3. Tying shall be achieved by nylon strings, plastic fasteners, or polymer 
braid. Metallic devices shall not be used. Tying devices shall be 
provided in a color different than the geocomposite to allow easy 
inspection. 

4. For slopes steeper than 5:1 (horizontal:vertical), tying shall be every 5 
feet along the slope, every 2 feet across the slope, and every 6 inches in 
the anchor trench. For slopes flatter that 5:1 (horizontal:vertical), tying 
shall be every 10 feet in both directions and every 6 inches in the 
anchor trench. 

5. In all cases, at least 2 ties per panel dimension shall be installed. 

6. When more than one layer of geocomposite is installed, joints shall be 
staggered at least 1 foot. 

7. The joints on adjacent geocomposite panels shall be staggered at least 1 
foot. 

8. In areas where this installation method is used, place geotextile over 
seams which overlap ties 1 foot on each side. This geotextile shall be 
heat sealed to the top of the geotextile component of the geocomposite. 

02710-6 Revision No. 0 
12/9/97 



W:\602\Sp("u 

12/05/97ypl 

FINAL Triassic Park Hazardous Waste Facility 
Section 02710: Geocomposite 

3.03 REPAIR 

A. Any holes or tears in the geocomposite shall be repaired by placing a patch 
extending 1 foot beyond the edges of the hole or tear. The patch shall be 
secured over the hole or tear by tying fasteners through the geocomposite 
patch, and through the top geotextile and geonet beneath the patch. The patch 
shall be secured every 6 inches with approved tying devices. A larger geotextile 
patch shall be placed over the geocomposite patch and shall be heat sealed to 
the top geotextile of the geocomposite needing repair. If the hole or tear width 
across the roll is more than 50 percent of the width of the roll, the damaged 
area shall be cut out and the two portions of the geocomposite shall be joined in 
accordance with Part 3.02 of this section. 

3.04 PLACEMENT OF OVERLYING MATERIALS 

A. Overlying materials as required by the Construction Drawings, shall be placed 
as soon as possible after placement and approval of the geocomposite. 
Placement of each overlying material shall be in accordance with the 
appropriate sections of these General Specifications. 

B. The Contractor shall place overlying soil materials in such a manner as to 
ensure that: 

1. The geocomposite and underlying geosynthetic materials are not 
damaged; 

2. Minimal slippage occurs between the geocomposite and underlying 
layers; and, 

3. Excessive stresses are not produced in the geocomposite. 

C. Unless otherwise specified by the Owner, the equipment operating on soil 
material overlying a geocomposite shall comply with the following: 

Maximum Allowable 
Equipment Ground Pressure (psi} 

<5 
< 10 
<20 
>20 

Thickness of Soil 
Above Geocomposite (inches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

02710-7 Revision No. 0 
12/9/97 



W.·\602\Spec.s 
12/05/97ypl 

FINAL Triassic Park Hazardous Waste Facility 
Section 02710: Geocomposite 

The requirements do not apply to equipment used to construct the sump 
secondary or primary clay liners; however, the Owner can restrict the use of 
equipment that, in the Owner's opinion, may be potentially damaging to the 
geocomposite. 

D. The CQA Engineer will provide monitoring of the spreading of soils over the 
geocomposite in accordance with the CQA Plan. 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and 
partially completed and completed work of these General Specifications. 

B. The CQA Engineer will identify any areas requiring repair. The Contractor 
shall immediately make repairs and replacements necessary, to the approval of 
the Owner and at no additional cost to Owner. 

C. The CQA Engineer will issue an approval of the geocomposite installation to 
the Owner prior to placement of material over the geocomposite in accordance 
with the CQA Plan. 
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REQUIRED GEOCOMPOSITE PROPERTIES 

Units Specified Values'4 ' I Test Method 

Geonet Component: 

Polymer composition % 95 polyethylene by weight 

Polymer specific 0.92 ASTM D 1505 
!gravity 

Polymer melt index g/1 0 min. 0.1 - 0.5 ASTM D 1238 

Carbon black content % 2- 3 ASTM D 1603 

Nominal thickness mm 5 ASTM D 374C 
or 01777 

Geotextile Component (both sides of _g_eonetl: 

Polymer composition % 95 polyester polypropylene, or polyethylene 
by weight 

Mass per unit area oz/yd 2 7.1 ASTM D 3776 

~pparent opening size mm 095 < 0.210 mm ASTM D 4751 

Permitivity 

Grab strength 

Tear strength 

Puncture strength 

Geocomposite: 

Transmissivity 

Peel Strength 

NOTES: 
( 1) 

(2) 
(3) 

(4) 

(5) 

sec-1 1.47 ASTM D 4491 

lb 210 ASTM D 4632< 11 

lb 75 ASTM D 4533121 

lb 95 ASTM D 4833131 

m2/s 2 X 10-4 ASTM D 4716151 

lb/in. 2 ASTM D 413 

Minimum of values measured in machine and cross machine directions with 1 inch 
clamp on constant rate of extension (CRE) machine. 
Minimum value measured in machine and cross machine direction. 
Tension testing machine with a 1. 75-inch diameter ring clamp, the steel ball being 
replaced with a 0.31-inch diameter solid steel cylinder with flat tip centered within 
the ring clamp. 
Values represent minimum average roll values (i.e., any roll in a lot should meet or 
exceed the values in this table). Where ranges of values are specified, the average 
roll value must be within the specified range. The apparent opening size specified 
is a maximum average roll value. 
The design transmissivity is the hydraulic transmissivity of the geocomposite 
measured using water at 68°F ± 3°F with a hydraulic gradient of 0. 1, under a 
compressive stress of not less than 1 0, 000 psf. For the test, the geocomposite 
shall be sandwiched between a layer of protective soil material representative of 
the material that will be used in the landfill and a 60-mil thick HOPE geomembrane. 
The minimum test duration shall be 24 hours and the report of results shall include 
measurements at intervals over the entire test duration. 

[END OF SECTION] 
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SECTION 02712 
GEONET 

Triassic Park Hazardous Waste Facility 
Section 02712: Geonet 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the installation of the 
geonet for the landfill or surface impoundment. The work shall be carried out 
in accordance with this General Specification, the CQA Plan, and the 
Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02221 - Clay Liner 
B. Section 02775 - Geomembrane Liners 

1 .03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. All work will be monitored and tested in accordance with the requirements of 
the CQA Plan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. If CQA testing is not completed prior to delivery at the site, the Contractor 
shall deliver geonet to the site at least 14 calendar days prior to installation to 
allow sufficient time for testing required by the CQA Plan. 

D. Any geonet rolls that do not meet the requirements of these General 
Specifications will be rejected. The Contractor shall replace the rejected 
material with new material that conforms to the specification requirements, at 
no additional cost to the Owner. 

E. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

02712-1 Revision No. 0 
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Section 02712: Geonet 

PART 2: PRODUCTS 

2.01 GEONET PROPERTIES 

A. The Contractor shall require that the geonet Manufacturer furnish material 
with minimum average roll values, as defined by the Federal Highway 
Administration (FHWA), meeting or exceeding the criteria specified in Table 
02712-1. The Contractor shall require that the geonet Manufacturer provide 
results for tests performed using the procedures listed in Table 02712-1, as well 
as a certification that the material properties for the material delivered to the 
site will meet or exceed the specified values. 

B. In addition to the property values listed in Table 02712-1, the geonet shall: 

1. Retain its structure during handling, placement, and long-term service. 

2. Meet any additional requirements of the Construction Drawings. 

3. Not be manufactured from any reclaimed polymer, nor any foaming or 
blowing agents. 

2.02 MANUFACTURING QUALITY CONTROL 

A. The Contractor shall require that the geonet Manufacturer sample and test the 
geonet to demonstrate that the material conforms to the requirements of these 
General Specifications. All Quality Control testing required by the General 
Specifications and/ or conducted at the discretion of the Contractor shall be the 
responsibility of the Contractor. Test results shall be provided to the Owner. 
Sampling shall, in general, be performed on sacrificial portions of the geonet 
material such that repair is not required. The Contractor shall require that the 
geonet Manufacturer sample and test the geonet, at a minimum, once every 
50,000 ft2 and perform the manufacturing quality control tests indicated in 
Table 02712-1. 

B. Any geonet sample that does not comply with these General Specifications 
shall result in rejection of the roll from which the sample was obtained. The 
Contractor shall replace any rejected rolls at no additional cost to the Owner. 

C. If a geonet sample fails to meet the quality control requirements of these 
General Specifications, the Contractor shall require that the geonet 
Manufacturer sample and test each roll manufactured, in the same lot, or at the 
same time, as the failing roll. Sampling and testing of rolls shall continue until a 
pattern of acceptable test results is established as specified within the CQA 
Plan. 

D. Additional sample testing may be performed, at the geonet Manufacturer's 
discretion and expense, to more closely identify any non-complying rolls 
and/ or to qualify individual rolls. 
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E. 

F. 

Triassic Park Hazardous Waste Facility 
Section 02712: Geonet 

If requested by Owner, the Contractor shall require the geonet Manufacturer to 
retain a coupon of geonet (10 feet by 2 feet) provided for the project for every 
20,000 ft2 of geonet produced for the project until the work is accepted by the 
Owner. 

The Contractor shall require that the geonet Manufacturer comply with the 
certification and submittal requirements of the CQA Plan. 

2.03 LABELING 

A. Geonet rolls shall be labeled with the following information. 

1. Name of Manufacturer; 
2. Product identification; 
3. Lot number; 
4. Roll number; and, 
5. Roll dimensions. 

2.04 TRANSPORTATION 

A. Transportation of geonet shall be the responsibility of the Contractor. The 
Contractor shall be liable for damage to the geonet incurred prior to and during 
transportation to the site. The Contractor shall repair or replace damaged rolls 
at no additional cost to the Owner. 

2.05 HANDLING AND STORAGE 

A. 

B. 

c. 

PART 3: 

Geonet shall be protected from damage during shipping and storage. 

Handling, storage, and care of the geonet prior to and following incorporation 
into the work is the responsibility of the Contractor. The Contractor shall be 
liable for damage to the material incurred prior to final acceptance by the 
Owner. The Contractor shall repair damage in accordance with Part 3.03 of 
this Section and at no additional cost to the Owner. 

The Contractor shall be responsible for storage of the geonet at the site. The 
geonet shall be stored off the ground and shall be protected from excessive heat 
or cold, moisture mud, dirt, dust, or any other damaging or deleterious 
condition. The geonet shall be stored in accordance with any additional 
requirements of the geonet Manufacturer. 

EXECUTION 

3.01 HANDLING AND PLACEMENT 

A. Geonet shall be installed at all locations shown on the Construction Drawings. 

02712-3 Revision No. 0 
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B. 

Triassic Park Hazardous Waste Facility 
Section 02712: Geonet 

The Contractor shall handle the geonet m such a manner as to ensure the 
geonet is not damaged in any way. 

C. Just prior to geonet placement, the geomembrane liner that will underlie the 
geonet shall be clean and free of dust, dirt, stones, rocks, or other obstructions 
that could potentially damage the geomembrane. The geomembrane shall be 
swept clean prior to geonet placement. At the direction of the Owner, the 
Contractor shall clean the geomembrane with water. 

D. The Contractor shall take all necessary precautions to prevent damage to 
underlying layers during placement of the geonet. 

E. In the presence of excessive wind, the geonet shall be weighted by the 
Contractor with sandbags or equivalent weight approved by the Owner. 

F. On side slopes, the geonet shall be secured by the Contractor at the top of slope 
and then rolled down the slope. 

G. If necessary, the Contractor shall position the geonet by hand after it 1s 
unrolled to minimize wrinkles. 

H. Geonet shall be clean when installed. During installation, care shall be taken 
by the Contractor not to entrap stones and excessive dirt or moisture that could 
damage the underlying geomembrane or clog drains or filters. 

I. Geonet shall not be welded to geomembrane liners. Geonet shall only be cut 
using a cutter approved by the geonet Manufacturer and the Owner. 

J. Tools shall not be left on or in the geonet. 

K. Geonet shall not be placed in direct contact with textured geomembrane liner 
unless specifically called for on the Construction Drawings. 

3.02 STACKING AND JOINING 

A. When two or more layers of geonets are stacked, care shall be taken to prevent 
the strands of one layer of geonet from penetrating the channels of an overlying 
or underlying layer. 

B. A layer of geonet shall not be installed in a direction perpendicular to an 
underlying layer of geonet unless approved by the Owner. 

C. In the corners of the side slopes, where overlaps between perpendicular geonet 
strips are required, an extra layer of geonet shall be provided on top of the 
previously installed geonets, from top to bottom of the slope, as shown on the 
Construction Drawings. 
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D. 

Triassic Park Hazardous Waste Facility 
Section 02712: Geonet 

Adjacent rolls of geonet shall be overlapped by at least 4 inches. The overlaps 
shall be secured by tying. 

E. Tying shall be achieved by nylon strings, plastic fasteners, or polymer braid. 
Metallic devices shall not be used. Tying devices shall be provided in a color 
different than the geonet to allow for easy inspection. 

F. For slopes steeper than 5:1 (horizontal:vertical), tying shall be every 5 feet along 
the slope, every 2 feet across the slope, and every 6 inches in the anchor trench. 
For slopes flatter than 5:1 (horizontal:vertical), tying shall be every 10 feet in 
both directions, and every 6 inches in the anchor trench. 

G. In all cases, at lease 2 ties per panel dimension shall be installed. 

H. When more than one layer of geonet is installed, joints shall be staggered at 
least 1 foot. 

I. The joints on adjacent geonet panels shall be staggered at least 1 foot. 

J. No horizontal seams shall be allowed on slopes steeper than 5:1 
(horizontal:vertical), unless approved by the Owner. 

3.03 REPAIR 

A. Any holes or tears in the geonet shall be repaired by placing a patch over the 
hole or tear extending 1 foot beyond the edges of the hole or tear. The patch 
shall be secured to the original geonet by tying every 6 inches with approved 
tying devices. If the hole or tear width across the roll is more than 50 percent 
of the width of the roll, the damaged area shall be cut out and the two portions 
of the geonet shall be joined in accordance with Part 3.02 of this section. 

3.04 PLACEMENT OF OVERLYING MATERIALS 

A. An installed layer of geonet shall be covered with an overlying layer (geotextile 
or geomembrane), as required by the Construction Drawings, as soon as 
possible after installation and approval to minimize the accumulation of dirt or 
dust in the geonet and the potential for damage to the geonet or the underlying 
geomembrane. If dust or dirt accumulates in the geonet layer prior to 
placement of the overlying layer, the Contractor shall clean the geonet by 
sweeping or washing with water. Placement of each overlying material shall be 
in accordance with these General Specifications. 

B. Soil shall not be placed in direct contact with geonets. Geonets shall be 
separated from soil materials by a geotextile filter or other material, as indicated 
on the Construction Drawings. The only exception to this shall be at those 
locations shown on the Construction Drawings where sump or pipe bedding 
gravel directly overlies one or more layers of geonet. 
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c. 

Triassic Park Hazardous Waste Facility 
Section 02712: Geonet 

The Contractor shall place soil above geonet layers (e.g., above a geotextile 
filter which overlies the geonet) in such a manner as to ensure that: 

1. The geonet and underlying geomembrane are not damaged; 

2. Minimal slippage occurs between the geonet and the underlying 
geomembrane; and, 

3. Excessive stresses are not produced in the geonet. 

D. Unless otherwise specified by the Owner, all equipment operating on soil 
material overlying a geonet shall comply with the following: 

E. 

Maximum Allowable 
Equipment Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Thickness of Soil 
Above Geonet (inches} 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 ps1 
will be evaluated by the Owner at the Contractor's expense. 

The equipment pressure requirements do not apply to equipment used to 
construct the secondary or primary clay liners; however, the Owner may 
restrict the use of equipment that, in the Owner's opinion, may be potentially 
damaging to the geonet. 

The CQA Engineer will provide monitoring of the placement of soil materials 
over the geonet or overlying layer in accordance with the CQA Plan. 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and 
partially completed and completed work of these General Specifications. 

B. The CQA Engineer will identify, any areas requiring repair. The Contractor 
shall make repairs and replacements as necessary, to the approval of the Owner 
and at no additional cost to the Owner. 

C. The CQA Engineer will issue an approval of the geonet detection or collection 
layer installation to the Owner prior to placement of material over the geonet 
in accordance with the CQA Plan. 
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TABLE 02712-1 
REQUIRED GEONET PROPERTIES 

Triassic Park Hazardous Waste Facility 
Section 02712: Geonet 

PROPERTIES UNITS SPECIFIED VALUESI2l TEST METHOD 

Polymer composition % 95 polyethylene by weiaht 

Polymer specific gravity 0.92 ASTM D 1 50511l 

Polymer melt index g/1 0 min. 0.1 - 0.5 ASTM D 1238 

Carbon black content % 2-3 ASTM D 1603 

Nominal thickness 

!Transmissivity 

NOTES: 
( 1 ) 

(2) 

(3) 

mm 5 ASTM D 374C 
or D1777 

m2/s 5 X 10·3 ASTM D 4716131 

The specific gravity of the geonet polymer shall not exceed that of the 
geomembrane. 
Values represent minimum average roll values (i.e., any roll in a lot should meet or 
exceed the values in this table). Where ranges of values are specified, the average 
roll values must be within the specified range. 
The design transmissivity is the hydraulic transmissivity of the geonet measured 
using water at 68°F ± 3°F with a hydraulic gradient of not less than 0.1, nor more 
than 0.5, under a compressive stress of not less than 1000 psf. For the test, the 
geonet shall be sandwiched between a 60-mil thick HDPE geomembrane on bottom, 
and on top, and backed with soil representative of clay liner on one side. The 
minimum test duration shall be 24 hours and the report for the test results shall 
include measurements at intervals over the entire test duration. 

[ END OF SECTION ] 
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SECTION 02714 

Triassic Park Hazardous Waste Facility 
Section 02714: Filter or Cushion Geotextile 

FILTER AND CUSHION GEOTEXTILE 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the installation of the 
filter and cushion geotextile in the landfill or surface impoundment. The work 
shall be carried out in accordance with these General Specifications, the CQA 
Plan, and the Construction Drawings. 

B. This specification shall also apply to geotextile installation in the truck roll off 
area, the drum handling facility, and the truck wash facility unless otherwise 
indicated on the drawings. 

1.02 RELATED SECTIONS 

A. Section 02221- Clay Liner 
B. Section 02224 - Drainage Gravel 
C. Section 02225 - Road Base 
D. Section 02228 - Pipe Bedding 
E. Section 02710- Geocomposite 
F. Section 02232- Protective Soil Layer 
G. Section 02775- Geomembrane Liners 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1 .04 CONSTRUCTION QUALITY ASSURANCE 

A. W ark will be monitored and tested in accordance with requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. If CQA testing is not completed prior to delivery, the Contractor shall deliver 
geotextile to the site at least 14 calendar days prior to installation to allow 
sufficient time for testing required by the CQA Plan. 
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D. 

E. 

Triassic Park Hazardous Waste Facility 
Section 02714: Filter or Cushion Geotextile 

Any geotextile rolls that do not meet the requirements of these General 
Specifications will be rejected. The Contractor shall replace the rejected 
material with new material that conforms to the specification requirements, at 
no additional cost to the Owner. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 GEOTEXTILE PROPERTIES 

A. The Contractor shall require that the geotextile Manufacturer furnish geotextile 
with minimum average roll values, as defined by the Federal Highway 
Administration (FHW A), meeting or exceeding the criteria specified in Tables 
02714-1 (for filter layers), or Table 02174-2 (for cushion layers). The 
Contractor shall require that the geotextile Manufacturer provide results for 
tests performed using the procedures in Table 02714-1, or 02714-2, as well as a 
certification that the material delivered to the site meets or exceeds the specified 
values. 

B. Geotextile products shall be needle-punched, non-woven materials 
manufactured from continuous filaments or stapled fibers. 

C. In addition to the property values listed in Table 02714-1 or 02714-2, the 
geotextile filter or cushion layer shall: 

1. Retain its structure during handling, placement, and long-term service. 

2. Be capable of withstanding outdoor (i.e., ultra-violet) light for a 
minimum of 30 days with no measurable degradation in the specified 
physical properties. 

3. Meet any additional requirements of the Construction Drawings. 

2.02 MANUFACTURING QUALITY CONTROL 

A. The Contractor shall require that the geotextile Manufacturer sample and test 
the geotextile to demonstrate that the material conforms to the requirements of 
this General Specification. All Quality Control testing required by these 
General Specifications and/ or conducted at the discretion of the Contractor 
shall be the responsibility of the Contractor. Test results shall be provided to 
the Owner. Sampling shall, in general, be performed on sacrificial portions of 
the geotextile material such that repair is not required. The Contractor shall 
require that the geotextile Manufacturer sample and test the geotextile, at a 
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Section 02714: Filter or Cushion Geotextile 

m1mmum, once every 50,000 ft2 and perform the manufacturing quality 
control tests as indicated in Table 02714-1 and 02714-2. 

B. Any geotextile sample that does not comply with this General Specification 
shall result in rejection of the roll from which the sample was obtained. The 
Contractor shall replace any rejected roll at no additional cost to the Owner. 

C. If a geotextile sample fails to meet the quality control requirements of this 
General Specification, the Contractor shall require that geotextile Manufacturer 
sample and test each roll manufactured in the same lot, or at the same time, as 
the failing roll. Sampling and testing of rolls shall continue until a pattern of 
acceptable test results is established in accordance with the CQA Plan. 

D. Additional sample testing may be performed, at the geotextile Manufacturer's 
discretion and expense, to more closely identify any non-complying rolls 
and/ or to qualify individual rolls. 

E. If requested by the Owner, the Contractor shall require the geotextile 
Manufacturer to retain a coupon of geotextile (10 feet by 2 feet) provided for 
the project for every 20,000 ft2 of geotextile produced for the project until the 
work is accepted by the Owner. 

F. The Contractor shall require that the geotextile Manufacturer comply with the 
certification and submittal requirements of the CQA Plan. 

2.03 LABELING 

A. Geotextile rolls shall be marked or tagged with the following information: 

1. N arne of Manufacturer; 
2. Product identification; 
3. Lot number; 
4. Roll number; and, 
5. Roll dimensions. 

B. If any special handling is required, it shall be so marked on the geotextile itself, 
e.g., "This Side Up" or "This Side Against Soil to be Retained". 

2.04 TRANSPORTATION 

A. Transportation of the geotextile is the responsibility of the Contractor. The 
Contractor shall be liable for damage to the geotextile incurred prior to and 
during transportation to the site. The Contractor shall repair or replace 
damaged rolls at no additional cost to the Owner. 
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Section 02714: Filter or Cushion Geotex:tile 

2.05 HANDLING AND STORAGE 

A. Geotextile shall be shipped and stored in watertight and opaque protective 
covers. 

B. 

c. 

PART 3: 

Handling, storage, and care of the geotextile pnor to and following 
incorporation into the work is the responsibility of the Contractor. The 
Contractor shall be liable for damage to the geotextile incurred prior to final 
acceptance by the Owner. The Contractor shall repair damage in accordance 
with Part 3.03 of this section and at no additional cost to the Owner. 

The Contractor shall be responsible for storage of the geotextile at the site. 
The geotextile shall be stored off the ground and out of direct sunlight and 
precipitation, and shall be protected from puncture, cutting, excessive heat, 
cold, moisture, mud, dirt, dust, or any other damaging or deleterious condition. 
The geotextile shall be stored in accordance with any additional requirements 
of the geotextile Manufacturer. 

EXECUTION 

3.01 HANDLING AND PLACEMENT 

A. Geotextile shall be installed at the locations shown on the Construction 
Drawings. 

B. The Contractor shall handle the geotextile in such a manner as to ensure the 
geotextile is not damaged in any way. 

C. The Contractor shall take all necessary precautions to prevent damage to 
underlying layers during placement of the geotextile. 

D. After placing the geotextile, the geotextile shall not be left exposed for a period 
in excess of 30 days unless a longer exposure period is approved by the Owner, 
based on a demonstration from the Manufacturer (e.g., a certification from the 
geotextile Manufacturer) that the geotextile is stabilized against ultra-violet light 
(UV) degradation for a period in excess of 30 days. This requirement does not 
apply to material used as sacrificial geotextile. 

E. If white colored geotextile is used, precautions shall be taken against "snow 
blindness" of personnel. 

F. Just prior to geotextile placement, the layer that will underlie the geotextile, if 
it is a geosynthetic, shall be clean and free of dust, dirt, stones, rocks, or other 
obstructions that could potentially damage the liner system. At the direction of 
the Owner, the Contractor shall clean the underlying layer with water. 

G. In the presence of excessive wind, the geotextile shall be weighted with 
sandbags or equivalent weight approved by the Owner. 
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H. 

Triassic Park Hazardous Waste Facility 
Section 02714: Filter or Cushion Geotextile 

On side slopes, the geotextile shall be secured at the top of the slope and then 
rolled down the slope. 

I. If necessary, the Contractor shall position the geotextile by hand after it is 
unrolled to minimize wrinkles. 

J. Geotextile shall be clean when installed. During installation, care shall be taken 
not to entrap stones, and excessive dirt or moisture that could damage the 
underlying layers, clog drains or filters, or hamper subsequent seaming. 

K. Tools shall not be left in or on the geotextile. 

L. The Contractor shall examine the entire geotextile surface after installation to 
ensure that no potentially harmful foreign objects (including broken sewing 
needles) are present. The Contractor shall remove any such foreign objects and 
shall replace any damaged geotextile Broken sewing needles may need to be 
located using a metal detector or other method approved by the Owner. 

M. Geotextile shall only be cut using a cutter approved by the geotextile 
Manufacturer and the Owner. 

3.02 SEAMS AND OVERLAPS 

A. All geotextile overlaps shall be continuously sewn (i.e., spot sewing and thermal 
bonding are not allowed). Geotextiles shall be overlapped a minimum 3 inches 
prior to sewing. No horizontal seams shall be allowed on slopes steeper than 
5:1 (horizontal:vertical) (i.e., seams shall be along, not across, the slopes), except 
as part of a patch, unless approved by the Owner. 

B. Polymeric thread shall be used for all sewing. The seam type shall be Federal 
Standard Type (No. 75l.a) SSa. The seams shall be sewn using Stitch Type 401. 

3.03 REPAIR 

A. Any holes or tears in the geotextile shall be repaired as follows: 

1. On slopes steeper than 5:1 (horizontal:vertical), a patch made from the 
same geotextile shall be overlapped a minimum three inches and double 
seamed into place (with each seam approximately 0.5 inches apart and 
no closer than 1 inch from any edge). Should a tear exceed 10 percent 
of the width of the roll, that roll shall be removed from the work and 
replaced with new material, at no additional cost to the Owner. 

2. On slopes equal to or flatter than 5:1 (horizontal:vertical), a patch made 
from the same geotextile shall be overlapped a minimum of 3 inches 
and stitched into place with a single seam. 
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B. 

Triassic Park Hazardous Waste Facility 
Section 02714: Filter or Cushion Geotextile 

Care shall be taken to remove soil or other material which may have penetrated 
the torn geotextile. 

3.04 PLACEMENT OF OVERLYING MATERIALS 

A. The Contractor shall place all overlying soil materials in such manner as to 
ensure that: 

1. The geotextile and underlying geosynthetic materials are not damaged; 

2. Minimum slippage occurs between the geotextile and underlying layers; 
and, 

3. Excessive stresses are not produced in the geotextile. 

B. The CQA Engineer will monitoring the spreading of soil materials over the 
geotextile in accordance with the CQA Plan. 

C. Unless otherwise specified by the Owner, all equipment operating on soil 
material overlying the geotextile shall comply with the following (Note: a 
greater thickness shall be required as per Sections 02710, 02712, and 02775 if the 
geotextile is directly underlain by a geocomposite, geonet, or geomembrane): 

Maximum.Allowable 
Equipment Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Thickness of Soil 
Above Geotextile {inches) 

6 
12 
18 
24 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

The equipment ground pressure requirements do not apply to separator 
geotextiles used below road base nor to equipment used to construct the clay 
liners; however, the Owner may restrict the use of equipment that, in the 
Owner's opinion, may potentially damage the underlying geotextiles. 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all prior work, 
materials and partially-completed and completed work of these General 
Specifications. 
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B. 

C. 

Triassic Park Hazardous Waste Facility 
Section 02714: Filter or Cushion Geotextile 

The CQA Engineer will identify any areas requiring repair. The Contractor 
shall make repairs and replacements as necessary, to the approval of the Owner, 
and at no additional cost to Owner. 

The CQA Engineer will issue an approval of geotextile filter, cushion, 
separator, or sacrificial layer installation in accordance with the CQA Plan 
prior to placement of material over the geotextile. 

TABLE 027.14':"'1' 
REQUIRED FILTERGEOTExTJLE PRORERTIES:: 

Properties Units Specified Values 141 Test Method 

Polymer composition % 95 [polypropylene, polyester, 
or polyethylene by weight) 

Mass per unit area oz/yd2 7 ASTM D 3776 

!Apparent opening size mm 0 95 < 0.210 mm ASTM D 4751 

Permitivity sec·1 1.47 ASTM D 4491 

Grab strength lb 210 ASTM D 4632111 

Tear strength lb 75 ASTM D 4533121 

Puncture strength lb 95 ASTM D 4833 131 

Notes: 

( 1) Minimum values for both machine and cross machine direction with 1 inch clamp on 
constant rate of extension (CRE) machine. 

(2) Minimum value measured in machine and cross machine direction. 
(3) Tension testing machine with a 1. 75-inch diameter ring clamp, the steel ball being 

(4) 

replaced with a 0.31-inch diameter solid steel cylinder with flat tip centered within the 
ring clamp. 
Values represent minimum average roll values (i.e., any roll in a lot should meet or 
exceed the values in this table). 
average roll value. 

The specified apparent opening size is a maximum 
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Properties 

TABLE 02714-2 

Triassic Park Hazardous Waste Facility 
Section 02714: Filter or Cushion Geotextile 

REQUIRED CUSHION GEOTEXTILE PROPERTIES 

Qualifier Units Specified Values 141 Test Method 

Polymer composition minimum % 95 [polypropylene, 
polyester, or polyethylene by 

weight] 

Mass per unit area minimum oz/yd 2 12 ASTM D 3776 

Grab strength minimum lb 300 ASTM D 4632111 

[Tear strength minimum lb 110 ASTM D 4533121 

Puncture strength minimum lb 135 ASTM D 4833 131 

Notes: 

( 1) Minimum values for both machine and cross machine direction with 1 inch clamp on constant 
rate of extension (CRE) machine. 

(2) Minimum value measured in machine and cross machine direction. 
(3) Tension testing machine with a 1. 75-inch diameter ring clamp, the steel ball being replaced 

(4) 
with a 0.31-inch diameter solid steel cylinder with flat tip centered within the ring clamp. 
All values represent minimum average roll values (i.e., any roll in a lot should meet or exceed 
the values in this table). 

[ END OF SECTION ] 
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Section 02718: Polyethylene Pipe and Fittings 

SECTION 02718 
POLYETHYLENE PIPE AND FITTINGS 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the installation of all high 
density polyethylene (HDPE) pipes, pipe fittings, and appurtenances required 
for landfill or surface impoundment construction. The work shall be carried 
out in accordance with these General Specifications, the CQA Plan, and the 
Construction Drawings. 

1 .02 RELATED SECTIONS 

A. Section 02221- Clay Liner 
B. Section 02224 - Pipe Bedding 
C. Section 02710 - Geocomposite Detection or Collection Layer 
D. Section 02714- Filter or Cushion Geotextile 
E. Section 02775- Geomembrane Liners 

1 .03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. All work will be monitored and tested in accordance with the requirements of 
the CQA Plan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. The CQA Engineer will coordinate independent surveying as required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor 
of his responsibility to lay out, control, and document the work. 

D. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming materials. The nonconforming area shall be replaced by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 
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FINAL Triassic Park Hazardous Waste Facility 
Section 02718: Polyethylene Pipe and Fittings 

PART 2: PRODUCTS 

2.01 HOPE RESIN PROPERTIES 

A. The HDPE pipe and fittings shall be manufactured from new, high molecular 
weight, HDPE resin conforming to ASTM D 1248 (Type III, Class C Category 
5, Grade P 34), ASTM D 3350 (Cell Classification PE 345434C), and having a 
Plastic Pipe Institute (PPI) Rating of PE 3408. The resin shall be pre
compounded. In plant blending of non-compounded resins shall not be 
permitted. Pipe and fittings shall be manufactured from the same resin and by 
the same manufacturer. 

B. The polyethylene compound shall contain a minimum of 2 percent carbon 
black to withstand outdoor exposure without loss of properties. 

C. The polyethylene compound shall have minimum resistance of 5,000 hours 
when tested for environmental stress crack in accordance with requirements of 
GRI-GMS. 

2.02 HOPE PIPE AND FITTINGS PROPERTIES 

A. The Contractor shall provide pipe having the nominal diameters shown on the 
Construction Drawings. 

B. All HDPE pipe and fittings shall have a minimum Standard Diameter Ratio 
(SDR) of 11 unless otherwise indicated on the Construction Drawings. 

C. All HDPE pipe and fittings shall have a minimum hydrostatic design basis 
(HDB) of 1,600 pounds per square inch when determined in accordance with 
ASTM D 2837 unless otherwise indicated on the Construction Drawings. 

D. All HDPE pipe and fittings shall comply with ASTM F 714. 

E. HDPE pipe shall be supplied in standard laying lengths not exceeding 50 feet. 

F. HDPE pipe shall be furnished non-perforated or perforated to meet the 
requirements of the Construction Drawings. Perforations, if required, shall be 
drilled into the pipe after manufacture. If approved by OWNER, perforations 
to pipe can be made after delivery to the project site. 

G. HDPE pipes and fittings shall be homogeneous throughout and free of visible 
cracks, holes (other than intentional manufactured perforations), foreign 
inclusions, or other deleterious effects, and shall be uniform in color, density, 
melt index, and other physical properties. 

H. Fittings at the ends of pipes shall be HDPE end caps unless otherwise indicated 
on the Construction Drawings. 
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I. 

Triassic Park Hazardous Waste Facility 
Section 02718: Polyethylene Pipe and Fittings 

Geomembrane boots shall be either field or shop-fabricated to the dimensions 
shown on the Construction Drawings. Pipe b, ts shall be fabricated from the 
same resin as the polyethylene geomembrane , which they are welded. Pipe 
boots shall be installed as indicated on the Construction Drawings. 

2.03 MANUFACTURING QUALITY CONTROL 

A. The Contractor shall submit to the Owner for approval within 14 days prior to 
the start of pipe work a complete list of materials to be furnished and the name 
of the pipe Manufacturer. 

B. The Contractor shall submit to the Owner the pipe Manufacturer's 
certification of compliance with the product requirements of Part 2 of this 
section, including certification that stress regression testing has been performed 
in accordance with ASTM D 2837 on the pipe products representative of that 
delivered to the site. The Manufacturer's Certification must be based on a QC 
testing frequency of one sample per lot. 

C. The Contractor shall submit to the Owner in wntmg the following 
documentation from the pipe Manufacturer on the raw materials used to 
manufacture the pipe and fittings: 

1. Certificate identifying the specific resin used, its source, and the 
information required by ASTM D 1248. 

2. Certificate stating that no recycled resin was used in manufacturing the 
pipe except for a small percentage (15 percent or less) of resin generated 
in the pipe Manufacturer's own plant from production using the same 
resin as the recycled material. 

D. If requested by the Owner, the Contractor shall require the pipe manufacturer 
to retain one section of pipe (at least 5 feet in length) provided for the project 
for every 1,500 lineal feet of pipe produced for the project until the work is 
accepted by the Owner. 

E. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

2.04 LABELING 

A. The following shall be continuously indent-printed on the polyethylene pipe, 
or spaced at intervals not exceeding 10 feet: 

1. Name and/ or trademark of the pipe Manufacturer. 
2. Nominal pipe size. 
3. Standard dimension ratio (SDR). 
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5. 
6. 

Triassic Park Hazardous Waste Facility 
Section 02718: Polyethylene Pipe and Fittings 

The letters PE followed by the polyethylene grade per ASTM D 1248, 
followed by the hydrostatic design stress in 100's of psi (i.e., PE 3408). 
Manufacturing Standard Reference (e.g., ASTM F 714-1). 
A production code from which the date and place of manufacture can 
be determined. 

2.05 TRANSPORTATION 

A. Transportation of polyethylene pipe and fittings shall be the responsibility of 
the Contractor. The Contractor shall be liable for all damage to the 
polyethylene pipe and fittings incurred prior to and during transportation to 
the site. 

2.06 HANDLING AND STORAGE 

A. Handling, storage, and care of the polyethylene pipe and fittings, prior to and 
following installation at the site, is the responsibility of the Contractor. The 
Contractor shall be liable for all damage to the material incurred prior to final 
acceptance by the Owner. 

B. The Contractor shall be responsible for storage of polyethylene pipe and 
fittings at the site. Pipe and fittings shall be stored on clean level ground, 
preferably turf or sand, free of sharp objects which could damage the pipe. 
Stacking shall be limited to a height that will not cause excessive deformation of 
the bottom layers of pipe under anticipated temperature conditions. Where 
necessary due to ground conditions, the pipe shall be stored on wooden sleepers 
that are spaced suitably a.nd of such width as not to allow deformation of the 
pipe. The pipe shall be stored to minimize bowing. 

2.07 PIPE BEDDING MATERIAL 

A. Pipe bedding material shall meet the requirements of Section 02228 of this 
General Specification as well as any other requirements of the Construction 
Drawings. 

2.08 HOPE FLAT STOCK 

A. 

PART 3: 

HDPE flat stock installed below polyethylene pipe shall consist of layers of 
HDPE furnished at the dimensions shown on the Construction Drawings. Flat 
stock shall be provided from the same resin as the pipe. 

EXECUTION 

3.01 HANDLING AND PLACEMENT 

A. Pipe, fittings, and HDPE flat stock shall be installed as indicated on the 
Construction Drawings. 
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B. 

c. 

D. 

E. 

F. 

G. 

H. 

Triassic Park Hazardous Waste Facility 
Section 02718: Polyethylene Pipe and Fittings 

The Contractor shall exercise care when transporting, handling and placing 
pipe and fittings, such that they will not be cut, kinked, twisted, or otherwise 
damaged. 

The Contractor shall comply with the pipe Manufacturer's recommendations 
for handling, storage, and installation of all polyethylene pipe fittings. 

Ropes, fabric, or rubber-protected slings and straps shall be used when handling 
pipe. Slings, straps, etc. shall not be positioned at butt-fused joints. Chains, 
cables or hooks shall not be inserted into the pipe ends as a means of handling 
ptpe. 

Pipe or fittings shall not be dropped onto rocky or unprepared ground. The 
pipe and fittings shall not be dropped into trenches or dragged over sharp 
objects. 

The maximum allowable depth of cuts, gouges, or scratches on the exterior 
surface of pipe or fittings is 10 percent of the wall thickness. The interior of 
the pipe and fittings shall be free of cuts, gouges and scratches. The CQA 
Engineer will inspect the pipes in accordance with the CQA Plan. Sections of 
pipe with excessive cuts, gouges, or scratches will be rejected and the 
Contractor will be required to remove and replace the rejected pipe, at no 
additional cost to the Owner. 

Whenever pipe laying is not actively in progress, the open end of pipe that has 
been placed shall be closed using a watertight plug. 

Where pipes penetrate through geomembranes, an effective seal shall be 
established in accordance with these General Specifications as well as the details 
shown on the Construction Drawings. 

3.02 INSTALLATION 

A. All pipe and fittings shall be installed in accordance with these General 
Specifications and the pipe Manufacturer's instructions. 

B. The Contractor shall carefully examine all pipe and fittings for cracks, damage 
or defect before installation. Defective materials shall be removed from the site 
and replaced with non-defective material at no additional cost to the Owner. 

C. The interior of all pipe and fittings shall be inspected, and any foreign material 
shall be completely removed from the pipe interior before it is moved into final 
position. 

D. Field cutting of pipe shall be carefully made, without damage to pipe or lining 
system components, so as to leave a smooth end at right angles to the axis of 
pipe. The method and device used to cut the pipes shall be approved of by the 
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FINAL Triassic Park Hazardous Waste Facility 
Section 02718: Polyethylene Pipe and Fittings 

Owner. Sharp edges of cut ends shall be filed off smooth. Flame cutting will 
not be allowed. 

E. All pipe and fittings shall be laid or placed to the grades and elevations shown 
on the Construction Drawings with bedding and backfill as shown on the 
Construction Drawings. 

F. Placement of overlying materials shall be carried out in accordance with these 
General Specifications. 

G. No pipe shall be laid until the CQA Engineer has observed the condition of the 
p1pe. 

H. Blocking under piping shall not be permitting unless specifically accepted by 
the Owner. 

I. The Contractor shall provide all necessary adapters and/ or connection pieces 
required when connecting different types and sizes of pipe or when connecting 
pipe made by different manufacturers. 

3.03 JOINTS AND CONNECTIONS 

A. HDPE pipe shall be joined with thermal butt-fusion joints. All joints shall be 
made in accordance with ASTM D 2657 and the pipe Manufacturer's 
recommendations, and shall be made by trained personnel authorized by the 
pipe Manufacturer. 

B. Mechanical connections of HDPE pipe to auxiliary equipment such as valves, 
flow meters, pumps and tanks shall consists of the following unless indicated 
otherwise on the Construction Drawings: 

1. An HDPE flange connection, called a stub end, shall be butt-fused to 
the HDPE pipe. Outside diameter and drilling shall comply with the 
requirements indicated on the Construction Drawings. 

2. A Type 316 stainless steel back-up flange. Outside diameter and 
drillings shall comply with the requirements indicated on the 
Construction Drawings. 

3. Other mechanical couplings, such as 360 degree full circle clamps, shall 
only be used if approved by the Owner. 

4. The stub ends shall be connected with corrosion-resistant bolts and nuts 
of Type 316 stainless steel, as specified in ASTM A 726 and ASTM A 
307. 
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c. 

D. 

E. 

Triassic Park Hazardous Waste Facility 
Section 02718: Polyethylene Pipe and Fittings 

Polyethylene stub ends and flanges shall be at the ambient temperature of the 
surrounding soil at the time they are bolted tight to prevent relaxation of the 
flange bolts and loosening of the joint due to thermal contraction or expansion 
of the polyethylene pipe. Bolts shall be drawn up evenly and in line. 

Pipe adjacent to joints and joints themselves shall be rigidly supported for a 
distance of at least one pipe diameter beyond the backup flanges. 

Pipe boot connections shall be made in the field using viton rings and stainless 
steel clamps, or welded directly to pipe as shown on the Construction 
Drawings. The viton ring material shall have a thickness of 3/16 inch and shall 
have an inner diameter equal to the outer diameter of the pipe on which the 
viton ring is to be placed. The stainless steel clamps shall be made of 3/16 inch 
thick, 1/2 inch wide, Type 316 stainless steel. The clamps shall be joined 
around the pipe boot using a Type 316 stainless steel clasp, not thicker than 3/8 
inch. These materials shall be chosen by the Contractor and approved by the 
Owner. 

3.04 SURVEY CONTROL 

A. The Surveyor shall survey the location and final elevation of the invert of all 
polyethylene leachate collection pipes (excluding laterals). The pipe shall be 
surveyed at its ends and at approximate 50-foot intervals between the ends. In 
addition, all joints, etc. shall be located horizontally and vertically and overall 
length measured. Surveying shall be performed in accordance with Section 
01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location and final 
elevation of all pipes. 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and all 
partially-complete and completed work of these General Specifications. 

B. In the event of damage, the Contractor shall make all repairs and replacements 
necessary, to the approval of the Owner and at no additional cost to the 
Owner. 

C. The CQA Engineer will issue an approval of pipe installation and inspection to 
the Owner prior to completely covering the pipe in accordance with the CQA 
Plan. 

[ END OF SECTION ] 
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SECTION 02720 
ADS N-12 PIPE 

Triassic Park Hazardous Waste Facility 
Section 02720: ADS N-12 Pipe 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the installation of all ADS 
N-12 pipe required for the landfill construction. The work shall be carried out 
in accordance with these General Specifications, the CQA Plan, and the 
Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02224 - Drainage Gravel 
B. Section 02714- Geotextile Filter or Cushion Layer 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. If "or equal" product is proposed, submit samples, technical data, test data, and 
specifications sufficient to allow evaluation by the Engineer. 

1 .04 CONSTRUCTION QUALITY ASSURANCE 

A. All work will be monitored and tested in accordance with the requirements of 
the CQA Plan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. The CQA Engineer will coordinate independent surveying as required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor 
of his responsibility to lay out, control, and document the work. 

D. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming materials. The nonconforming materials shall be removed by 
the Contractor at no cost to the Owner until acceptable materials are installed. 
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FINAL Triassic Park Hazardous Waste Facility 
Section 02720: ADS N-12 Pipe 

PART 2: PRODUCTS 

2.01 ADS N-12 PIPE PROPERTIES 

A. Smooth interior corrugated polyethylene pipe (ADS N-12) shall be high density 
polyethylene with a corrugated exterior and smooth interior. Pipe and fittings 
shall be made of polyethylene compounds. 

2.03 MANUFACTURING QUALITY CONTROL 

A. The Contractor shall submit to the Owner for approval within 14 days prior to 
the start of ADS N-12 pipe work a complete list of materials to be furnished 
and the name of the pipe Manufacturer. 

B. The Contractor shall submit to the Owner the Manufacturer's certification of 
compliance with the product requirements of Part 2. 

2.04 TRANSPORTATION 

A. Transportation of ADS N-12 pipe shall be the responsibility of the Contractor. 
The Contractor shall be liable for all damage to the ADS N-12 pipe incurred 

prior to and during transportation to the site. 

2.05 HANDLING AND STORAGE 

A. Handling, storage, and care of the ADS N-12 pipe prior to and following 
installation at the site, is the responsibility of the Contractor. The Contractor 
shall be liable for all damage to the material incurred prior to final acceptance 
by the Owner. 

B. The Contractor shall be responsible for storage of the ADS N-12 pipe at the 
site. 

PART 3: EXECUTION 

3.01 HANDLING AND PLACEMENT 

A. Pipe shall be installed as indicated on the Construction Drawings. 

B. The Contractor shall exercise care when transporting, handling and placing 
pipe and fittings, such that they will not be cut, kinked, twisted, or otherwise 
damaged. 

C. The Contractor shall comply with the pipe Manufacturer's recommendations 
for handling, storage, and installation of all polyethylene pipe fittings. 
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Triassic Park Hazardous Waste Facility 
Section 02720: ADS N-12 Pipe 

Ropes, fabric, or rubber-protected slings and straps shall be used when handling 
pipe. Slings, straps, etc. shall not be positioned at butt-fused joints. Chains, 
c~bles or hooks shall not be inserted into the pipe ends as a means of handling 
p1pe. 

E. Pipe or fittings shall not be dropped onto rocky or unprepared ground. The 
pipe and fittings shall not be dropped into trenches or dragged over sharp 
objects. 

F. The maximum allowable depth of cuts, gouges, or scratches on the exterior 
surface of pipe or fittings is 10 percent of the wall thickness. The interior of 
the pipe and fittings shall be free of cuts, gouges and scratches. The CQA 
Engineer will inspect the pipes in accordance with the CQA Plan. Sections of 
pipe with excessive cuts, gouges, or scratches will be rejected and the 
Contractor will be required to remove and replace the rejected pipe, at no 
additional cost to the Owner. 

G. Whenever pipe laying is not actively in progress, the open end of pipe that has 
been placed shall be closed using a watertight plug. 

H. Where pipes penetrate through geomembranes, an effective seal shall be 
established in accordance with these General Specifications as well as the details 
shown on the Construction Drawings. 

3.02 INSTALLATION 

A. All pipe and fittings shall be installed in accordance with these General 
Specifications and the pipe Manufacturer's instructions. 

B. The Contractor shall carefully examine all pipe and fittings for cracks, damage 
or defect before installation. Defective materials shall be removed from the site 
and replaced with non-defective material at no additional cost to the Owner. 

C. The interior of all pipe and fittings shall be inspected, and any foreign material 
shall be completely removed from the pipe interior before it is moved into final 
position. 

D. Field cutting of pipe shall be carefully made, without damage to pipe or lining 
system components, so as to leave a smooth end at right angles to the axis of 
pipe. The method and device used to cut the pipes shall be approved of by the 
Owner. Sharp edges of cut ends shall be filed off smooth. Flame cutting will 
not be allowed. 

E. All pipe and fittings shall be laid or placed to the grades and elevations shown 
on the Construction Drawings with bedding and backfill as shown on the 
Construction Drawings. 

F. Placement of overlying materials shall be carried out in accordance with these 
General Specifications. 
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Triassic Park Hazardous Waste Facility 
Section 02720: ADS N-12 Pipe 

No pipe shall be laid until the CQA Engineer has observed the condition of the 
p1pe. 

H. Blocking under piping shall not be permitting unless specifically accepted by 
the Owner. 

I. The Contractor shall provide all necessary adapters and/ or connection pieces 
required when connecting different types and sizes of pipe or when connecting 
pipe made by different manufacturers. 

3.04 JOINTS AND CONNECTIONS 

A. HDPE pipe shall be joined with split couplers. All joints shall be made in 
accordance with the pipe Manufacturer's recommendations, and shall be made 
by trained personnel authorized by the pipe Manufacturer. 

3.05 SURVEY CONTROL 

A. The Surveyor shall survey the location and final elevation of the invert of all 
ADS N-12 pipe. The pipe shall be surveyed at its ends and at approximate 50-
foot intervals between the ends. In addition, all joints, etc. shall be located 
horizontally and vertically and overall length measured. Surveying shall be 
performed in accordance with Section 01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location and final 
elevation of all pipes. 

3.06 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and all 
partially-complete and completed work of these General Specifications. 

B. In the event of damage, the Contractor shall make all repairs and replacements 
necessary, to the approval of the Owner and at no additional cost to the 
Owner. 

C. The CQA Engineer will issue an approval of pipe installation and inspection to 
the Owner prior to completely covering the pipe in accordance with the CQA 
Plan. 

[ END OF SECTION ] 
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SECTION 02730 
ADS SLOTTED CPT 

Triassic Park Hazardous Waste Facility 
Section 02730: ADS Slotted CPT 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services necessary for the installation of all ADS 
corrugated polyethylene tubing (CPT) required for the landfill construction. 
The work shall be carried out in accordance with these General Specifications, 
the CQA Plan, and the Construction Drawings. 

1 .02 RELATED SECTIONS 

A. Section 02224 - Drainage Gravel 
B. Section 02714- Geotextile Filter or Cushion Layer 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. If "or equal" product is proposed, submit samples, technical data, test data, and 
specifications sufficient to allow evaluation by the Engineer. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. All work will be monitored and tested in accordance with the requirements of 
the CQA Plan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. The CQA Engineer will coordinate independent surveying as required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor 
of his responsibility to lay out, control, and document the work. 

D. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming materials. The nonconforming materials shall be removed by 
the Contractor at no cost to the Owner until acceptable materials are installed. 
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Section 02730: ADS Slotted CPT 

PART 2: PRODUCTS 

2.01 SLOTTED CPT PROPERTIES 

A. Slotted CPT shall conform to ASTM F405 and ASTM F667. Slot dimensions 
and locations shall be Manufacturer standard for the diameter pipe specified. 

2.03 MANUFACTURING QUALITY CONTROL 

A. The Contractor shall submit to the Owner for approval within 14 days prior to 
the start of ADS CPT work a complete list of materials to be furnished and the 
name of the pipe Manufacturer. 

B. The Contractor shall submit to the Owner the Manufacturer's certification of 
compliance with the product requirements of Part 2. 

2.04 TRANSPORTATION 

A. Transportation of ADS CPT shall be the responsibility of the Contractor. The 
Contractor shall be liable for all damage to the ADS CPT incurred prior to and 
during transportation to the site. 

2.05 HANDLING AND STORAGE 

A. 

B. 

PART 3: 

Handling, storage, and care of the ADS CPT prior to and following installation 
at the site, is the responsibility of the Contractor. The Contractor shall be 
liable for all damage to the material incurred prior to final acceptance by the 
Owner. 

The Contractor shall be responsible for storage of the ADS CPT at the site. 

EXECUTION 

3.01 HANDLING AND PLACEMENT 

A. Pipe shall be installed as indicated on the Construction Drawings. 

B. The Contractor shall exercise care when transporting, handling and placing 
pipe and fittings, such that they will not be cut, kinked, twisted, or otherwise 
damaged. 

C. The Contractor shall comply with the pipe Manufacturer's recommendations 
for handling, storage, and installation of all polyethylene pipe fittings. 

D. Ropes, fabric, or rubber-protected slings and straps shall be used when handling 
pipe. Slings, straps, etc. shall not be positioned at butt-fused joints. Chains, 
cables or hooks shall not be inserted into the pipe ends as a means of handling 
p1pe. 
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Pipe or fittings shall not be dropped onto rocky or unprepared ground. The 
pipe and fittings shall not be dropped into trenches or dragged over sharp 
objects. 

The maximum allowable depth of cuts, gouges, or scratches on the exterior 
surface of pipe or fittings is 10 percent of the wall thickness. The interior of 
the pipe and fittings shall be free of cuts, gouges and scratches. The CQA 
Engineer will inspect the pipes in accordance with the CQA Plan. Sections of 
pipe with excessive cuts, gouges, or scratches will be rejected and the 
Contractor will be required to remove and replace the rejected pipe, at no 
additional cost to the Owner. 

Whenever pipe laying is not actively in progress, the open end of pipe that has 
been placed shall be closed using a watertight plug. 

Where pipes penetrate through geomembranes, an effective seal shall be 
established in accordance with these General Specifications as well as the details 
shown on the Construction Drawings. 

3.02 INSTALLATION 

A. All pipe and fittings shall be installed in accordance with these General 
Specifications and the pipe Manufacturer's instructions. 

B. The Contractor shall carefully examine all pipe and fittings for cracks, damage 
or defect before installation. Defective materials shall be removed from the site 
and replaced with non-defective material at no additional cost to the Owner. 

C. The interior of all pipe and fittings shall be inspected, and any foreign material 
shall be completely removed from the pipe interior before it is moved into final 
position. 

D. Field cutting of pipe shall be carefully made, without damage to pipe or lining 
system components, so as to leave a smooth end at right angles to the axis of 
pipe. The method and device used to cut the pipes shall be approved of by the 
Owner. Sharp edges of cut ends shall be filed off smooth. Flame cutting will 
not be allowed. 

E. All pipe and fittings shall be laid or placed to the grades and elevations shown 
on the Construction Drawings with bedding and backfill as shown on the 
Construction Drawings. 

F. Placement of overlying materials shall be carried out in accordance with these 
General Specifications. 

G. No pipe shall be laid until the CQA Engineer has observed the condition of the 
p1pe. 
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Blocking under piping shall not be permitting unless specifically accepted by 
the Owner. 

The Contractor shall provide all necessary adapters and/ or connection pieces 
required when connecting different types and sizes of pipe or when connecting 
pipe made by different manufacturers. 

3.04 JOINTS AND CONNECTIONS 

A. CPT shall be joined with split couplers. All joints shall be made in accordance 
with the pipe Manufacturer's recommendations, and shall be made by trained 
personnel authorized by the pipe Manufacturer. 

3.05 SURVEY CONTROL 

A. The Surveyor shall survey the location and final elevation of the invert of all 
ADS CPT. The pipe shall be surveyed at its ends and at approximate 50-foot 
intervals between the ends. In addition, all joints, etc. shall be located 
horizontally and vertically and overall length measured. Surveying shall be 
performed in accordance with Section 01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location and final 
elevation of all pipes. 

3.06 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and all 
partially-complete and completed work of these General Specifications. 

B. In the event of damage, the Contractor shall make all repairs and replacements 
necessary, to the approval of the Owner and at no additional cost to the 
Owner. 

C. The CQA Engineer will issue an approval of pipe installation and inspection to 
the Owner prior to completely covering the pipe in accordance with the CQA 
Plan. 

[ END OF SECTION ] 
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SECTION 02740 
CORRUGATED METAL PIPE 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation service necessary for the installation of all 
corrugated metal pipe (CMP) for construction. The work shall be carried out in 
accordance with these General Specifications, the CQA Plan, and the 
Construction Drawings. 

1.02 RELATED SECTIONS 

A. 02228 - Pipe Bedding 

1.03 REFERENCES 

A. American Association of State Highway and Transportation Officials 
(AASHTO) most current version: 

1. AASHTO M36 - Specification for Corrugated Steel Pipe, Metallic
Coated, for Sewers and Drains 

B. American Society for Testing and Materials (ASTM) most current version: 

1. ASTM A27 - Specification for Steel Castings, Carbon, for General 
Application. 

2. ASTM A36- Specification for Structural Steel. 

3. ASTM A123 -Specification for Zinc (Hot-Dip Galvanized) Coatings on 
Iron and Steel Products. 

4. ASTM A536- Specification for Ductile Iron Castings. 

5. ASTM C478 - Specification for Precast Reinforced Concrete Manhole 
Sections. 

6. ASTM D1557- Test Methods for Moisture Density Relations of Soils and 
Soil Aggregate Mixtures Using 10-lb (4.54 kg) Hammer and 18-in. {457 
mm) Drop. 

7. ASTM D3776- Test Methods for Mass per Unit Area (Weight) of Woven 
Fabric. 
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ASTM D3786- Test Method for Hydraulic Bursting Strength of Knitted 
Goods and Nonwoven Fabrics: Diaphragm Bursting Strength Tester 
Method. 

ASTM D4355 - Test Method for Deterioration of Geotextiles from 
Exposure to Ultraviolet Light and Water (Zenon-Arc Type Apparatus). 

ASTM D4533 - Test Method for Trapezoid Testing Strength of 
Geotextiles. 

11. ASTM D4632 - Test Method for Breaking Load and Elongation of 
Geotextiles (Grab Method). 

12. ASTM D4751 - Test Method for Determining Apparent Opening Size of 
a Geotextile. 

13. ASTM D4833 - Test Method for Index Puncture Resistance of 
Geotextiles, Geomembranes, and Related Products. 

C. State of California Department of Transportation (CAL TRANS), Standard 
Specifications, most current version. 

1 .04 SUBMITTALS 

A. Submit manufacturer's and supplier's specifications and test data as required to 
demonstrate that materials conform to the requirements of this specification. 

PART 2: PRODUCTS 

2.01 CORRUGATED METAL PIPE (CMP) 

A. CMP shall be galvanized steel conforming to AASHTO M36 Type I, with a 
nominal sheet thickness of 0.079 inches or greater. Diameters shall be as shown 
on the Construction Drawings. 

B. Coupling bands shall be galvanized steel conforming to AASHTO M36 and shall 
be compatible with the type of CMP provided. 

2.02 TRENCH BACKFILL 

A. Trench backfill shall conform to the specifications for pipe bedding described in 
Section 02228. 
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PART 3: EXECUTION 

3.01 CMP CULVERT INSTALLATION 

A. Excavate trenches to the lines and grades shown on the Drawings. Overexcavate 
trenches so that at least 6 inches of pipe bedding material can be placed below the 
invert of the culvert. Conduct trenching operations in accordance with the 
applicable provisions of Section 02110. 

B. Place a minimum 6-inch-thick layer of pipe bedding material in the trench prior 
to laying the culvert. Compact pipe bedding material with power tamper or 
equivalent means. The bottom of the trench shall support the culvert uniformly 
along its entire length. 

C. Handle culvert using methods as recommended by the manufacturer. Join 
culvert sections using manufacturer's recommended equipment and procedures. 

D. Place backfill around culvert in lifts no greater than 1 foot thick prior to 
compaction. Place soil around haunches of culvert manually or by other 
approved means so that no voids are present. Compact each lift with power 
tamper or equivalent means. 

[END OF SECTION] 
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SECTION 02775 
GEOMEMBRANE LINERS 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment supervision, 
transportation, and installation services necessary for the installation of the 
geomembrane liners for the landfill or surface impoundment. The work shall 
be carried out in accordance with these General Specifications, the CQA Plan, 
and the Construction Drawings. 

B. This specification shall also apply to geomembrane installation in the truck roll 
off area, the drum handling facility, and the truck wash facility unless otherwise 
indicated on the drawings. 

1.02 RELATED SECTIONS 

A. Section 02221 - Clay Liner 
B. section 02231 -Foundation Sand 
C. Section 02710- Geocomposite 
D. Section 02712- Geonet 
E. Section 02714- Geotextile Filter, or Cushion, Layer 
F. Section 02232 - Protective Soil Layer 
G. Section 02718- Polyethylene Pipe and Fittings 
H. Section 02780 - Geosynthetic Clay Liners 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. The Contractor shall require the geomembrane manufacturer 
to comply with the submittal requirements of the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. All work will be constructed, monitored, and tested in accordance with the 
requirements of the CQA Plan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. The Contractor shall deliver geomembrane to the site at least 14 calendar days 
prior to installation to allow sufficient time for testing required by the CQA 
Plan. 
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Geomembrane rolls that do not meet the requirements of this General 
Specification will be rejected. The Contractor shall replace rejected material 
with new material that conforms to the specification requirements, at no 
additional cost to the Owner. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 
nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 RESIN 

A. Reclaimed polymer shall not be added to the resin; however, the use of 
polymer recycled during the manufacturing process will be permitted if the 
recycled polymer does not exceed 2 percent by weight of the total polymer 
weight. The product shall be manufactured specifically for use in 
geomembranes, using new, first-quality polyethylene resin. 

B. The resin shall comply with the following properties for high density 
polyethylene (HDPE): 

1. Specific Gravity: 0.94 to 0.96 {ASTM D 792 Method A or ASTM D 
1505) 

2. Melt Index: 0.1 - 0.3 g/10 min. {ASTM D 1238 Condition E 190/C, 
2.16 kg) 

3. Water absorption: 0.1% max {ASTM D 570) 

2.02 GEOMEMBRANE PROPERTIES 

A. Smooth or textured HDPE geomembrane shall be used based on the following 
schedule: 

Facility 

Landfill Qiner/ cover) 
Ditch liners 
Evaporation Pond and Collection Basin 
Truck Roll Off 
Drum Storage 
Liquid Waste Storage 
Stabilization 
Truck Wash 

02775-2 

Textured/Smooth 

Textured 
Smooth 
Smooth 
Textured 
Smooth 
Smooth 
NA 
Textured 
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The Contractor shall require that the geomembranes Manufacture furnish 
geomembrane with minimum average roll values, as defined by the Federal 
Highway Administration (FHWA), meeting or exceeding the criteria specified 
in Table 02775-1 and that meet the manufacturing quality control requirements 
of this section. The Contractor shall require the geomembrane Manufacturer 
to certify in writing as well as provide test results that demonstrate that the 
geomembrane delivered to the site complies with the properties listed in Table 
02775-1. 

In addition to the property values listed in Table 02775-1, the geomembrane 
material shall: 

1. Contain a maximum of 1 percent by weight of additives, fillers, or 
extenders (not including carbon black). 

2. Not have striations, roughness (except in the case of textured HDPE 
geomembranes where a roughened surface is characteristic), pinholes, or 
bubbles on the surface. 

3. Be produced so as to be free of holes, blisters, undispersed raw 
materials, or any sign of contamination by foreign matter. 

4. Be manufactured in a single layer or coextruded. 

2.03 MANUFACTURING QUALITY CONTROL 

A. Resin: 

1. The Contractor shall require the geomembrane Manufacturer to certify 
in writing that the resin used to manufacture the geomembrane 
delivered to the project site complies with the product specifications of 
this section. All Quality Control testing required by these General 
Specifications and/ or conducted at the discretion of the Contractor 
shall be the responsibility of the Contractor Any geomembrane 
manufactured from non-complying resin will be rejected. 

2. The Contractor shall require the Manufacturer to supply quality 
control certificates from the resin Supplier that includes the origin 
(resin production plant), identification (brand name, number) the 
production date of the resin used in the manufacturer of the 
geomembrane shipped to the site, and the results of test conducted to 
verify that the resin used to manufacturer the geomembrane rolls 
assigned to the project meets the specifications of Part 2.01 of this 
section. 
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1. The Contractor shall require that the geomembrane Manufacturer 
continuously monitor the geomembrane during the manufacturing 
process for inclusions, bubbles, or other defects. Geomembrane that 
exhibits defects will not be accepted. 

2. The Contractor shall require that the geomembrane Manufacturer 
monitor the geomembrane thickness during the manufacturing process. 
Geomembrane that fails to meet the specified minimum thickness will 

not be accepted. 

3. The Contractor shall require that the geomembrane Manufacturer 
sample and test the geomembrane, at a minimum, once every 50,000 ft2 

and perform the tests indicated in Table 02775-1 to demonstrate that 
the geomembrane properties conform to the values specified in this 
section. All Quality Control testing required by these General 
Specifications and/ or conducted at the discretion of the Contractor 
shall be the responsibility of the Contractor. Samples shall be taken 
across the entire width of the roll and shall not include the first 
wrapping or outer layer of the roll (about 3.3 feet). 

4. Geomembrane rolls that do not have acceptable manufacturing quality 
control test results shall be rejected by the Owner. 

5. In the case of the rejection of a roll of geomembrane, the Contractor 
shall require that the geomembrane Manufacturer sample and test each 
roll manufactured in the same lot, or at the same time, as the failing 
roll. Sampling and testing of rolls shall continue until a pattern of 
acceptable test results is established in accordance with the CQA Plan. 

6. Additional testing may be performed at the geomembrane 
Manufacturer's discretion and expense, to more closely identify the 
non-complying rolls and/ or to qualify individual rolls. 

7. If requested by Owner, one coupon of geomembrane (at least 10 feet by 
2 feet) for every 40,000 ft2 of membrane produced shall be retained 
intact by the geomembrane Manufacturer until construction of landfill 
or surface impoundment components, for which the geomembrane is 
used, is complete and the Owner has accepted the completed work. 

C. Manufacturing Plant Visit: 

1. The Manufacturer shall permit the Owner or Owner's representative(s) 
to visit the manufacturing plant. Visits may be during the 
manufacturing of the geomembrane rolls for the specific project. 

2. During the visit, the Owner or Owner's representative(s) may: 
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Review the manufacturing process, quality control procedures, 
laboratory facilities, and testing procedures; 

Verify that properties guaranteed by the Manufacturer comply 
with the specifications; 

Verify that the measurements of properties by the 
Manufacturer are properly documented and the test methods 
used are acceptable; 

Inspect select geomembrane rolls for evidence of holes, blisters, 
or any sign of contamination by foreign matter; 

Review packaging and transportation procedures; 

Verify that roll packages are labeled in compliance with this 
Section; and 

Take conformance samples from geomembrane rolls that are 
assigned to the project. 

2.04 LABELING 

A. The geomembrane shall be labeled with the following information: 

1. Thickness of the material; 
2. Length and width of the roll or factory panel; 
3. Name of Manufacturer; 
4. Product identification; 
5. Lot number; and, 
6. Roll or factory panel number. 

2.05 TRANSPORTATION 

A. Transportation of the geomembrane is the responsibility of the Contractor. 
The Contractor shall be liable for all damage to materials prior to and during 
transportation to the site. The Contractor shall replace any damaged rolls at no 
additional cost to the Owner. 

2.06 HANDLING AND STORAGE 

A. Handling, storage, and care of the geomembrane prior to and following 
incorporation in the work is the responsibility of the Contractor. The 
Contractor shall be liable for all damage to the material incurred prior to final 
acceptance of the installation by the Owner. The Contractor shall repair any 
damage in accordance with this Section and at no additional cost to the Owner. 
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The Contractor shall be responsible for storage of the geomembrane at the site. 
The geomembrane shall be protected from dirt, excessive heat or cold, 
puncture, cutting, or other damaging or deleterious conditions. The 
geomembrane shall also be stored in accordance with any additional 
requirements of the geomembrane Manufacturer. 

EXECUTION 

3.01 EARTHWORK 

A. Surface Preparation 

1. Geomembrane liner shall be installed at all locations shown on the 
Construction Drawings. 

2. The geomembrane liners and the cover geomembrane shall be installed 
as soon as practical after construction and CQA testing of the 
underlying materials. Prior to geomembrane liner installation, the 
Contractor shall verify, by surveying, that the elevations, thicknesses, 
and grades of the underlying materials conform to the requirements of 
the Construction Drawings. Installation of the geomembranes shall not 
begin until the CQA Engineer completes conformance testing and 
surveying of the appropriate portions of the underlying materials in 
accordance with the CQA Plan. 

3. Areas to receive geomembrane liner shall be smooth and even, and free 
of ruts, voids, and protrusions or wrinkles. Any surface features, as 
determined by the CQA Engineer or Owner, which could damage the 
geomembrane shall be removed by the Contractor. For earth slopes of 
3: 1 (horizontal:vertical) or flatter, the final surface prior to receiving 
geomembrane shall be rolled smooth using a smooth drum roller. For 
slopes steeper than 3H:1V, dressing of the slopes shall be accomplished 
by back-dragging the surface with a dozer blade or by other methods 
approved by the Owner (such as raking the surface by hand) until the 
Owner is satisfied that the surface is smooth and even, and free of ruts, 
voids, obstructions, etc.. No vehicles shall be allowed on the final 
dressed surface without the approval of the Owner. 

4. The Contractor shall provide written certification that the surface on 
which the geomembrane will be installed is acceptable. The certificate 
of acceptance for each area under consideration shall be given to the 
Owner as part of geomembrane installation in that area. 

5. Special care shall be taken to maintain the prepared surface on which 
the geomembrane will be installed. 

6. No geomembrane shall be placed in an area which has been softened by 
precipitation or which has excessively cracked due to desiccation. 
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Any damage to the surface caused by weather, installation activities, or 
other activities shall be repaired by the Contractor at no expense to the 
Owner. 

B. Anchor Trenches: 

1. The anchor trench shall be excavated prior to geomembrane placement 
to the elevations, grades, and width shown on the Construction 
Drawings. 

2. No loose soil shall be allowed beneath the geomembrane in the anchor 
trench. 

3. The anchor trench shall be backfilled as shown on the Construction 
Drawings. Care shall be taken when backfilling the anchor trench to 
prevent any damage to the geomembrane or other geosynthetics. 

4. Clay liner material shall be placed in the anchor trench to the limits 
shown on the Construction Drawings. The clay liner material shall be 
compacted using suitable hand-operated compaction equipment. Clay 
shall be compacted to the requirements in the General Specifications. 

5. Slightly rounded corners shall be provided at the top in-board side of 
the anchor trench to avoid sharp bends in the geomembrane. 

3.02 GEOMEMBRANE DEPLOYMENT 

A. Layout Drawings: 

1. The Contractor shall provide at least 2 sets of geomembrane panel 
layout drawings to the Owner at least 14 days prior to geomembrane 
deployment. Drawings shall indicate the geomembrane panel 
configuration, dimensions, details, seam locations, etc. Field seams shall 
be differentiated from factory seams (if any). The layout drawings must 
be approved by the Owner prior to the installation of any 
geomembranes. These drawings shall not be modified without the prior 
approval of the Owner. 

B. Field Panel Identification: 

1. A geomembrane field panel is defined as a roll or a portion of a roll cut 
in the field. 

2. Each field panel must be given an identification code (number or letter
number) consistent with the layout plan. This identification code shall 
be agreed upon by the Owner, and Contractor. The field panel 
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identification code shall be related, through a table or chart, to the 
original resin, and the constituent rolls and factory panels. 

C. Field Panel Placement: 

1. Field panels shall be installed at the location and positions indicated in 
the layout drawings. 

2. Field panels shall be placed one at a time, and each field panel shall be 
seamed shortly after its placement. 

3. Geomembrane shall not be placed when the ambient temperature is 
below 40°F unless the Contractor has previously submitted a 
geomembrane cold weather placement and seaming plan and such plan 
has been approved by the Owner. 

4. Geomembranes shall not be placed during a precipitation event, in the 
presence of excessive moisture (e.g., fog, dew), in an area of ponded 
water, or in the presence of excessive winds. 

5. The Contractor shall employ placement methods which ensure that: 

a. No vehicular traffic shall be allowed on the geomembrane. 

b. Equipment used shall not damage the geomembrane by 
handling, trafficking, excessive heat, leakage of hydrocarbons, 
or other means. 

c. Personnel working on the geomembrane shall not smoke, 
consume food or beverages (except for body fluid 
replenishment), wear damaging shoes, have cans, glass 
containers, or tools not required for liner placement on the 
geomembrane, or engage in other activities which could damage 
the geomembrane. 

d. The method used to unroll the panels shall not scratch or crimp 
the geomembrane and shall not damage the supporting soil. 

e. The method used to place the panels shall minimize wrinkles 
(especially differential wrinkles between adjacent panels). 

f. Temporary loads and/or anchors (e.g., sand bags), not likely to 
damage the geomembrane, shall be placed on the geomembrane 
to prevent uplift by wind. 

6. On slopes, geomembranes shall be installed from the top of the slope to 

the bottom. The geomembrane shall be temporarily anchored at the 
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top of the slope prior to deployment. Unrestrained release of the 
geomembrane from the top of the slope is not acceptable. 

7. Any field panel or portion thereof which becomes seriously damaged 
(torn, twisted, or crimped) shall be replaced with new material at no 
expense to the Owner. Less serious damage may be repaired with the 
approval of the Owner. Damaged panels or portions of damaged panels 
which have been rejected shall be removed from the work area at no 
expense to the Owner. 

8. Adjacent geomembrane panels shall be overlapped as described in this 
Section. Larger overlaps shall be used if thermal contraction of the 
geomembrane is anticipated prior to seaming. Adjacent panels shall be 
placed under similar temperature conditions, preferably early in the day 
when temperatures are cooler, to minimize the potential for differential 
contraction. 

9. If a textured geomembrane is placed over GCL, geotextile, or 
geocomposite a slip sheet (such as 20-mil smooth HDPE) shall first be 
placed over it in order to allow the geomembrane to slide into its 
proper pos1t10n. Once the overlying geomembrane is properly 
positioned, the slip-sheet shall be carefully removed paying close 
attention to avoiding any movement to the geomembrane. 

3.03 FIELD SEAMING 

A. Seam Layout: 

1. In general, seams shall be oriented parallel to the line of maximum 
slope, i.e., oriented down, not across, the slope. In corners and at 
odd-shaped geometric locations, the number of field seams shall be 
minimized. No horizontal seam shall be permitted less than 10 feet 
from the toe of the slope, except where approved by the Owner. No 
panels shall be seamed in the field without the Owner's approval. 

B. Personnel: 

1. All personnel performing seaming operations shall be qualified as 
required by the CQA Plan. At least one seamer shall have a minimum 
of 1,000,000 ft2 of HDPE geomembrane experience. Seamers who 
don't have a minimum of 1 million ft2 HDPE geomembrane experience 
will be considered inexperienced. Qualifications of the seamers shall be 
provided to the CQA Engineer prior to the start of construction. All 
personnel performing field seaming shall be qualified by experience or 
by passing seaming tests. The seaming tests shall require all 
inexperienced seamers to make 5 trial seams on-site prior to any actual 
field seams. The trial seams shall be tested according to this section and 
shall be performed under the supervision of an experienced seamer. 
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The CQA Engineer, or a designated representative, will observe and 
record the results of the tests. No seaming shall be performed unless a 
"master seamer" is present. 

C. Weather Conditions {or Seaming: 

1. Seaming shall not be attempted at ambient temperatures below 40°F. 
At ambient temperatures between 40°F and 50°F, seaming will be 
allowed if the geomembrane is preheated either by the sun or a hot air 
device, and if there is no excessive cooling from wind. At ambient 
temperatures above 50°F, no preheating will be required. In all cases, 
the geomembrane shall be dry and protected from excessive wind. 

2. If the Contractor wishes to perform seaming at ambient temperatures 
below 40°F, he shall demonstrate that the seam so produced is 
equivalent to those produced under normally approved conditions, and 
that the overall quality of the geomembrane is not adversely affected. 
The Contractor shall submit to the Owner for approval a 
geomembrane cold weather placement and seaming plan that details all 
aspects of the cold weather seaming operation. 

3. To minimize geomembrane contraction stresses, seaming should ideally 
be carried out in the morning and late evening when the geomembrane 
is relatively contracted, and during the middle of the day if overcast 
conditions prevail. If the geomembrane is to be seamed in the middle 
of a sunny day, the Contractor shall ensure that there is sufficient slack 
in the geomembrane to prevent excessive stresses or trampolining when 
the geomembrane contracts as cooler temperatures prevail. The 
required amount of slack shall be determined by the Contractor and it 
should not be so much so as to cause excessive wrinkling of the 
geomembrane. If excessive trampolining or wrinkling of the 
geomembrane is observed, the Contractor will be required to make 
repairs to eliminate the problem at no additional cost to the Owner. 

4. Ambient temperatures shall be measured near the crest of the landfill or 
surface impoundment. 

D. Overlapping and Temporary Bonding: 

1. Geomembrane panels shall be overlapped a minimum of 3 inches for 
extrusion welding and 4 inches for fusion welding or a greater amount 
if recommended by the geomembrane Manufacturer, but in any event, 
sufficient overlap shall be provided to allow peel tests to be performed 
on the seam. 

2. The procedure used to temporarily bond adjacent panels together shall 
not damage the geomembrane. The temperature of the air at the nozzle 
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of a spot welding apparatus shall be controlled such that the 
geomembrane is not damaged. 

3. No solvent or adhesive shall be used for cleaning or bonding of the 
geomembrane liner material. 

E. Seam Preparation: 

1. Prior to seaming, the seam area shall be cleaned so that it is free of 
moisture, dust, dirt, debris of any kind, and foreign material. 

2. If seam overlap grinding is required, the process shall be completed 
according to the geomembrane Manufacturer's instructions and in a 
manner that does not damage the geomembrane. 

3. Seams shall be aligned with the fewest possible number of wrinkles and 
"fishmouths". 

F. General Seaming Requirements: 

1. All geomembrane overlaps shall be continuously seamed usmg 
approved procedures. 

2. Seaming shall extend to the outside edge of panels to be placed in the 
anchor trench. 

3. If required, a firm substrate shall be provided by using a flat board, a 
conveyor belt, or similar hard surface, directly under the seam overlap 
to achieve proper support. 

4. If seaming operations are carried out at night, adequate illumination 
shall be provided. 

5. Fishmouths or wrinkles at the seam overlaps shall be cut along the ridge 
of the wrinkle to achieve a flat overlap. The cut fishmouths or 
wrinkles shall be seamed and any portion where the overlap is 
inadequate shall be patched with an oval or round patch of the same 
geomembrane that extends a minimum of 6 inches beyond the cut in all 
directions. 

6. At the end of each day or installation segment, all exposed 
geomembrane edges shall be anchored by sandbags or other approved 
means. Sandbags securing the geomembrane on side slopes should be 
connected by a rope fastened at the top of the slope by a temporary 
anchor. If high winds are expected, boards with weighted sand bags on 
top may be used to keep wind from getting under the exposed edge of 
the geomembrane. 

02775-11 Revision No. 0 
tl/9/97 



W:·\602\Spro 

12/05/97ypl 

FINAL 

G. Seaming Process: 

Triassic Park Hazardous Waste Facility 
Section 02775: Geomembrane Liners 

1. Approved processes for field seaming are extrusion welding and fusion 
welding using equipment that the Owner has approved by make and 
model. Alternate processes shall not be used unless a plan for their use 
has been submitted by the Contractor and approved by the Owner. 
Seaming equipment shall not damage the geomembrane. 

2. Extrusion Equipment and Procedures: 

a. The Contractor shall maintain at least one spare operable 
seaming apparatus on site. 

b. The extrusion welding apparatus shall be equipped with gauges 
indicating the temperature in the apparatus and at the nozzle. 

c. Prior to beginning a seam, the extruder shall be purged until all 
heat-degraded extrudate has been removed from the barrel. 
Whenever the extruder is stopped, the barrel shall be purged of 
all heat-degraded extrudate. 

d. The Contractor shall provide documentation regarding the 
extrudate to the Owner and shall certify that the extrudate is 
compatible with the specifications, and consists of the same 
resin as the geomembrane. 

e. The electric generator for the extrusion welders shall be placed 
either outside the area to be lined or on a smooth base or other 
such manner that no damage occurs to the geomembrane. 

3. Fusion Equipment and Procedures: 

a. The Contractor shall maintain at least one spare operable 
seaming apparatus on site. 

b. The fusion welding apparatus shall be an automated vehicular 
mounted device equipped with gauges indicating the applicable 
temperatures and pressures 

c. The edges of cross seams shall be abraded to a smooth incline 
(top and bottom) prior to welding. 

d. A movable protective layer shall be used directly below each 
geomembrane overlap to be seamed if deemed necessary by the 
Owner. 

e. The electric generator for the fusion welders shall be placed 
either outside the area to be lined or on a smooth base or other 
such manner that no damage occurs to the geomembrane. 
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All fusion welded seam intersections shall be patched m 
accordance with this Section. 

H. Trial Seams: 

1. Trial seams shall be made on fragment pieces of geomembrane to verify 
that seaming conditions are adequate. Such trial seams shall be made at 
the beginning of each seaming period (morning and afternoon). Each 
seamer shall make at least one trial seam each day. Trials seams shall 
also be made in the event that the ambient temperature varies more 
than 20°F since the last passing trial seam. Trial seams shall be made 
under the same conditions as actual seams. The trial seam sample shall 
be at least 5 feet long by 1 foot wide (after seaming) with the seam 
centered lengthwise for fusion trial seams and at least 3 feet long by 1 
foot wide for extrusion trial seams. Seam overlap shall be as indicated 
in Part 3.03.D. of this Section. 

2. Five specimens, each 1 inch wide, shall be cut from the trial seam 
sample by the Contractor. Two specimens shall be tested for shear 
strength and three specimens shall be tested for peel strength using a 
field tensiometer. Both tracks of double fusion welds will be tested for 
peel strength on each of the three specimens unless otherwise approved 
by the Owner. The test specimens shall not fail in the seam and shall 
meet or exceed the strength requirements in Table 02775-2. If a 
specimen fails, the entire operation shall be repeated. If the second trial 
seam fails, the seaming apparatus or seamer shall not be accepted and 
shall not be used for seaming until the deficiencies are corrected and 
two consecutive successful trial seams are achieved. Trial seam failure is 
defined as failure of any one of the five specimens. 

3. The CQA Engineer will observe trial seam testing procedures. 
Successful trial seam samples will be assigned a number and marked 
accordingly by the CQA Engineer, who will also log the date, hour, 
ambient temperature, number of seaming unit, name of seamer, and 
pass or fail description. The sample itself will be retained only until the 
construction of the liner is complete, and the liner has been accepted by 
the Owner. 

I. Nondestructive Seam Continuity Testing: 

1. Except as noted below the Contractor shall nondestructively test for 
continuity all field seams over their full length, using the vacuum test 
(primarily for extrusion seams),or air pressure test (for do~ble fusion 
seams only) methods. All other test methods must be approved by the 
Owner. These tests shall be carried out as the seaming work progresses, 
not at the completion of all field seaming. The Contractor shall 
complete any required repairs in accordance with this Section at no 
additional cost to the Owner. 
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If the seam cannot be nondestructively tested after final installation, the 
following procedures shall apply: 

a. Prior to seaming, the seamer shall make a new trial seam. 

b. The seam shall be capped with the same type of geomembrane 
if the seams of the cap can be nondestructively tested. 

c. If the seam is accessible to nondestructive testing prior to final 
installation but not after final installation, the seam shall be 
nondestructively tested prior to final installation. 

d. At the discretion of the Owner, vacuum testing of fusion 
welded seams may be allowed in lieu of capping fusion welded 
seams which cannot be air pressure tested. 

e. If none of the above techniques are practical the CQA Engineer 
will closely observe and document the seaming process. 

3. Vacuum Testing 

a. The equipment for vacuum box testing shall compnse the 
following: 

1. A vacuum box assembly consisting of a rigid housing, a 
transparent viewing window, a soft neoprene gasket 
attached to the bottom, port hole or valve assembly, 
and a vacuum gauge. 

ii. A steel vacuum tank and pump assembly equipped with 
a pressure controller and pipe connections. 

m. A rubber pressure/vacuum hose with fittings and 
connections. 

1v. A bucket and applicator. 

v. A soapy solution. 

b. The following procedures shall be followed: 

1. Energize the vacuum pump and reduce the tank 
pressure to approximately 5 psi gauge. 

11. Wet a strip of geomembrane seam approximately 4 
inches by one and one half times the length (minimum) 
of the vacuum box with the soapy solution. 
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111. Place the box over the wetted area. 

1v. Close the bleed valve and open the vacuum valve. 

v. Ensure that a leak tight seal is created as evidenced by a 
negative box pressure of a minimum 5 psi gauge. 

v1. Examine the geomembrane through the viewing 
window for the presence of soap bubbles for not less 
than 10 seconds. 

v11. If no bubbles appear after 10 seconds, close the vacuum 
valve and open the bleed valve, move the box to the 
next adjoining area with a minimum 3 inches overlap, 
and repeat the process. 

vm. All areas where soap bubbles appear shall be marked 
with a marker that will not damage the geomembrane 
and repaired in accordance with Part 3.03.K. of this 
Section with no additional cost to the Owner. 

4. Air Pressure Testing (For Double-Fusion Seams Only): 

a. The following procedures are applicable to those processes 
which produce a double seam with an enclosed space. 

b. The equipment shall comprise the following: 

1. An air pump (manual or motor driven), equipped with 
a pressure gauge, capable of generating and sustaining a 
pressure between 25 and 30 psi, and mounted on a 
cushion to protect the geomembrane. 

11. A rubber hose with fittings and connections. 

111. A sharp hollow needle, or other approved pressure feed 
device. 

c. The following procedures shall be followed: 

1. Seal both ends of the seam to be tested. 

11. Insert needle, or other approved pressure feed device, 
into the tunnel created by the fusion weld. 

111. Insert a protective cushion between the air pump and 
the geomembrane. 
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J. Destructive Testing: 

Triassic Park Hazardous Waste Facility 
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Energize the air pump to a gauge pressure between 25 
and 30 psi, close valve, and sustain the pressure for not 
less than 5 minutes. 

If the loss of pressure exceeds 2 psi, or does not 
stabilize, locate faulty area and repair in accordance 
with Part 3.03.K. of this Section. 

At the end of the test, cut the air channel at the end of 
the seam opposite the needle and verify air flow to 
ensure that the entire seam length was tested. 

Remove the needle, or other approved pressure feed 
device, and repair all test penetrations in accordance 
with Part 3.03.K. of this Section. 

1. Destructive seam tests shall be performed on samples collected from 
selected locations to evaluate seam strength and integrity. Destructive 
testing shall be carried out as the seaming work progresses, not at the 
completion of all field seaming. 

2. Sampling: 

a. Destructive test samples shall be collected at a mm1mum 
average frequency of one test location per 500 feet of seam 
length. Test locations shall be determined during seaming, and 
may be prompted by suspicion of excess crystallinity, 
contamination, offset seams, or any other potential cause of 
imperfect seaming. The CQA Engineer will be responsible for 
choosing the locations of destructive seam samples. The 
Contractor shall not be informed in advance of the locations 
where the seam samples will be taken. The CQ A Engineer 
may increase the sampling frequency. 

b. Samples shall be cut by the Contractor at the locations 
designated by the CQA Engineer as the seaming progresses in 
order to obtain laboratory test results before the geomembrane 
is covered by another material. Each sample shall be numbered 
and the sample number and location identified on the panel 
layout drawing. All holes in the geomembrane resulting from 
the destructive seam sampling shall be immediately covered. 
The holes shall be repaired in accordance with Part 3.03.K. of 
this Section. The continuity of the new seams in the repaired 
areas shall be tested according to this Section. 
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Two test specimens, each 1 inch wide and 6 to 12 inches long 
with the seam centered parallel to the width, shall be taken. 
The test specimens shall be spaced a clear distance of 
approximately 42 inches apart. These specimens shall be tested 
in the field in accordance with Part 3.03.].3 of this Section. If 
these samples pass the field test, a laboratory sample shall be 
taken. The removed destructive sample shall be at least 12 
inches wide by 42 inches long with the seam centered 
lengthwise. The sample shall be cut into three parts and 
distributed as follows: 

1. One 12-inch long portion to the Contractor. 

11. One 18-inch long portion to the CQA Engineer for 
laboratory testing. 

m. One 12-inch long portion to the CQA Engineer for 
archive storage. 

3. Field Testing: 

a. The two 1 inch wide test specimens shall be tested in the field, 
using a tensiometer, for peel adhesion. Field testing shall be the 
responsibility of the Contractor and shall be observed by the 
CQA Engineer. The test specimens shall not fail in the weld 
more than 10 percent and shall meet the peel strength 
requirements of Table 02775-2. Both tracks of double fusion 
welded seams shall be tested in peel on each test specimen unless 
otherwise approved by the Owner. If any field test sample fails 
to pass, then the procedures outlined in Part 3.03.K. of this 
Section shall be followed. 

4. Laboratory Testing: 

a. Laboratory testing by the CQA Engineer, in accordance with 
the CQA Plan, shall include seam shear strength and shear 
strain at yield (ASTM D 3083) and peel adhesion (ASTM D 
413). The minimum acceptable values to be obtained in these 
tests are those indicated in Table 02775-2. At least 5 specimens 
shall be tested for each test method. Specimens shall be selected 
alternately by test from the samples (i.e., peel, shear, peel, 
shear). A sample passes the laboratory tests when at least 4 out 
of 5 of the test specimens meet or exceed all of the test criteria. 
Both tracks of double fusion welded seams shall be tested in 
peel. 
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a. The following procedures shall apply whenever a sample fails a 
destructive test, whether the test is conducted by the CQA 
Engineer's laboratory, the Contractor's laboratory, (if used) or 
by a field tensiometer. The Contractor shall have two options: 

1. The Contractor can reconstruct the seam(s) (e.g., 
remove the old seam(s) and reseam, or cap the seam(s)) 
between any two passed test locations. 

u. The Contractor can trace the welding path to an 
intermediate location, a minimum of 10 feet from the 
location of the failed test (in each direction) and take 
test specimens for an additional field destructive tests at 
each location. If these field destructive tests pass, then 
full laboratory samples shall be taken. If these 
laboratory samples pass the tests, then the seam(s) shall 
be reconstructed between these locations. If either 
sample fails, then the process shall be repeated to 
establish the zone in which the seam shall be 
reconstructed. This will be done by following the 
chronological order in which the seaming apparatus 
welded the seam(s) prior to and after it welded the 
failing test location. In any case, all acceptable seams 
must be bounded by two locations from which samples 
passing laboratory destructive tests have been obtained. 
In cases exceeding 150 feet of reconstructed seam(s), a 

sample taken from within the reconstructed zone must 
pass destructive testing. Whenever a sample fails, the 
CQA Engineer may require additional tests for seams 
that were formed by the same seamer and/ or seaming 
apparatus or seamed during the same time shift at no 
additional cost to the Owner. 

m. Should three consecutive failing destructives be 
performed on a single welding apparatus, the apparatus 
shall not be permitted to weld until the machine has 
been repaired and successfully passed three consecutive 
trial seams. 

K. Defects and Repairs: 

1. The geomembrane will be inspected before and after seaming for 
evidence of defects, holes, blisters, undispersed raw materials and any 
sign of contamination by foreign matter. The surface of the 
geomembrane shall be clean at the time of inspection. The 
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geomembrane surface shall be swept or washed by the Contractor if 
surface contamination inhibits inspection. 

2. Each suspect location, both in seam and non-seam areas shall, at the 
discretion of the CQA Engineer, be either repaired or nondestructively 
tested using the methods described Part 3.03.1. of this section, as 
appropriate. Each location which fails nondestructive testing shall be 
marked by the CQA Engineer and repaired by the Contractor. 

3. When geomembrane seaming is completed (or when seaming of a 
significant area of a geomembrane is completed) and prior to placing 
overlying materials, the CQA Engineer shall identify all excessive 
geomembrane wrinkles. The Contractor shall cut and reseam all 
wrinkles so identified. The seams thus produced shall be tested like any 
other seams. 

4. Repair Procedures: 

a. Any portion of the geomembrane exhibiting a flaw, or failing a 
destructive or nondestructive test, shall be repaired by the 
Contractor. Repairs to the geomembrane shall be completed to 
the base of the anchor trench but are not required across the 
base of the anchor trench. Several repair procedures exist. The 
final decision as to the appropriate repair procedure shall be 
agreed upon between the CQA Engineer and the Contractor. 
The procedures available include: 

1. Patching, used to repair holes, tears, intersections of 
fusion-welded seams, and undispersed raw materials; 

11. Abrading and spot extrusion welding, used to repair 
small sections of extruded seams and air pressure test 
needle holes; 

111. Spot seaming, used to repair areas where the 
geomembrane has been scratched, the geomembrane 
thickness has been reduced, or other minor, localized 
flaws exists; 

1v. Capping, used to repair failed seams; and, 

v1. Removing failing seams and replacing them with strips 
of new material seamed into place (used with long 
lengths of fusion seams). 

b. In addition, the following shall be satisfied: 
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Surfaces of the geomembrane which are to be repaired 
shall be abraded prior to the repair; 

All surfaces must be clean and dry at the time of repair; 

All seaming equipment used in repair procedures must 
be approved by the Owner; 

The repair procedures, materials, and techniques shall 
be approved in advance, for the specific repair, by the 
CQA Engineer; 

Patches or caps shall extend at least 6 inches beyond the 
edge of the defect, and all corners of patches shall be 
rounded with a radius of at least 3 inches; and, 

The geomembrane below large caps shall be 
appropriately cut to avoid water or gas collection 
between the two sheets. 

5. Repair Verification: 

a. Each repair shall be located, logged, and nondestructively tested 
using the methods described in Part 3.03.!. of this Section, as 
appropriate. Repairs which pass the nondestructive test shall be 
taken as an indication of an adequate repair. Failed tests will 
require the repair to be redone and retested until a passing test 
results. At the discretion of the CQA Engineer, destructive 
testing may be required on large repairs. 

3.04 MATERIALS IN CONTACT WITH THE LINER 

A. The Contractor shall not leave any tools or equipment on the geomembrane. 

B. The Contractor shall take all necessary precautions to ensure that the 
geomembrane is not damaged during its installation or during the installation of 
other components of the liner system or by other construction activities. 
Installation on rough surfaces shall be performed carefully. If approved by the 
Owner, additional loosely placed geotextile sections may be used by the 
Contractor to protect the geomembrane. 

C. The CQA Engineer will provide monitoring of the placement and spreading of 
soil materials over the geomembrane as required by the CQA Plan. 

D. Placement of sump and pipe bedding gravel on top of a geomembrane liner 
shall be carried out in accordance with Section 02224 and 02228 of these 
General Specifications. 
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Equipment shall not be driven directly on the geomembrane. Unless otherwise 
specified by the Owner, all equipment operating on materials overlying the 
geomembrane shall comply with the following: 

Maximum Allowable 
Equipment Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Thickness of Soil 
Above Geomembrane (inches} 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

These equipment ground pressure requirements do not apply to any equipment 
used to construct the secondary or primary clay liners. The Owner may 
restrict the use of equipment that may potentially damage the geomembrane. 

F. Appurtenances: 

1. Installation of the geomembrane in sump areas, and connection of the 
geomembrane to appurtenances shall be made according to the 
specifications. Extreme care shall be taken while seaming around sumps 
and appurtenances since neither nondestructive nor destructive testing 
may be feasible in these areas. 

2. All clamps, slips, bolts, nuts, or other fasteners used to secure the 
geomembrane to each appurtenance shall be at least as durable as the 
geomembrane. 

3. Geomembrane boots for pipe penetrations shall be factory fabricated 
and tested where practical. Geomembrane boots shall be installed as 
shown on the Construction Drawings and in accordance with any 
geomembrane Manufacturer recommendations. 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and 
partially completed and completed work. 

B. In the event of damage, the Contractor shall make repairs and replacements 
necessary to the approval of the Owner and at no additional cost to the Owner. 

C. The CQA Engineer will issue an approval of the geomembrane liner 
installation to the Owner in accordance with the CQA Plan prior to placement 
of any material over the geomembrane. 
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3.06 RECORD DRAWINGS 

A. Within 7 days of the completion of installation of any layer of geomembrane 
liner and unless otherwise approved by the Owner, the Contractor shall 
provide 2 copies of a complete "as-built" record drawing to the Owner. This 
record drawing shall be prepared by the Contractor and shall be at a scale of no 
less than 1 inch equals 30 feet. 

B. Record drawings shall include the following: 

1. The surveyed locations, dimensions, and elevations of anchor trenches. 

2. The identification, size, and surveyed location of all deployed field 
panels of geomembrane liner (with date of deployment). 

3. The identification, length, and surveyed location of all seams (both 
factory and field seams). 

4. The location, and type of all repairs to seams and field panels. 

5. The destructive test sample locations and pass/fail results. 

C. The Owner will review the record drawing and either approve it or return it to 
the Contractor for revision. If the drawing is returned to the Contractor, he 
shall revise the drawing as requested by the Owner. No additional construction 
that would cover the installed geomembrane may be performed until the record 
drawing is approved by the Owner. The Contractor may submit a partial 
record to obtain approval for a portion of work. 
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TABLE 02775·1 
cc REQUIRED GEOMEMBRANE 

Property Test Method 60 mil HOPE 1 1 

Thickness ASTM D1593 Para 60 mil 
8.1.3 (Smooth) 

ASTM D751 (Textured) 57 mil (min) 
Specific Gravity ASTM D1505 0.940 
Elongation @ Yield ASTM D638 13% 

Elongation @ Break ASTM D638 Speed C 500% Smooth 
1 00% Textured 

Tensile Strength @ Yield ASTM D638 Test 132 lb/in 
Specimen Type IV 

Tensile Strength @ Break ASTM D638 228 lb/in Smooth 
132 lb/in Textured 

Carbon Black Content ASTM D1603 2% to 3% 

Carbon Black Dispersion ASTM D3015 and A-1, A-2, B-1 
ASTM D2663 

Environmental Stress Crack ASTM D1693 1,500 hrs 

Low Temperature ASTM D746 -1 03°F 
Brittleness Procedure B 

Dimensional Stability ASTM D1204 <1.5% (max) 

Puncture Resistance FTMS 101C 781b Smooth 
78 lb Textured 

Note: 
<

11Values represent minimum average roll values (i.e., any roll in a lot 
should meet or exceed the values in this table). Where ranges of 
values are given, the average roll values must be within the specified 
range. The specified dimensional stability is a maximum average roll 
value. 

TABLE 0277$2 c 
REQUIRED GEOMEMBRANE SIAM cfit:«:)PERTIESI1t 

ASTM04437 I 60MI Hf:)PEC 
Fusion lbs/in 120 Smooth 113 Textured 

Shear 
Extrusion lbs/in 120 Smooth 113 Textured 

Fusion lbs/in 90 Smooth 90 Textured 
Peel 

Extrusion lbs/in 80 Smooth 80 Textured 

Note: ( 1) Specified properties are minimums. 

[ END OF SECTION] 
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SECTION 02780 
GEOSYNTHETIC CLAY LINERS 

PART 1: ENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment supervision, 
transportation, and installation services necessary for the installation of the 
geosynthetic clay liner (GCL) of the landfill or surface impoundment. The 
work shall be carried out in accordance with these General Specifications, the 
CQA Plan, and the Construction Drawings. 

1 .02 RELATED SECTIONS 

A. Section 02119- Prepared Subgrade 
B. Section 02221- Clay Liner 
C. Section 02710- Geocomposite 
D. Section 02775- Geomembrane Liners 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. The Contractor shall require the GCL manufacturer to comply 
with the submittal requirements of the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. All work will be constructed, monitored, and tested in accordance with the 
requirements of the CQA Plan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. The Contractor shall deliver GCL to the site at least 14 calendar days prior to 
installation to allow sufficient time for testing required by the CQA Plan. 

D. GCL rolls that do not meet the requirements of this General Specification will 
be rejected. The Contractor shall replace rejected material with new material 
that conforms to the specification requirements, at no additional cost to the 
Owner. 

E. If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extent of the 

02780-1 Rtvision No. 0 
12/6/97 



W· \602 \Specs 
ll/OJ/97ypl 

FINAL Triassic Park Hazardous Waste Facility 
Section 02780: Geosynthetic Clay Liners 

nonconforming area. The nonconforming area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PART 2: PRODUCTS 

2.01 GCL PROPERTIES 

The GCL material shall be in accordance with the test methods, test frequencies and material 
physical properties as listed in Table 02780-1. 

A. In addition to the property values listed in Table 02780-1, the GCL material 
shall: 

1. The GCL shall be manufactured by mechanically bonding the 
geotextiles using a needle punching or stitching process to create 
frictional and shear strength characteristics. 

2. In order to maintain these characteristics, no glues, adhesives or other 
non-mechanical bonding processes shall be used in lieu of the needle 
punch or stitching process. Their use to enhance the physical 
properties of the GCL is not permitted. 

3. Interface Shear Testing of Proposed Egual Materials 

Interface shear tests (ASTM D 5321) shall be performed by the 
Geosynthetic Laboratory under the direction of the Design Engineer. 
Interface shear testing will be performed on fully hydrated GCL 
samples using a 12 inch by 12 inch shear box under test conditions 
described by the Design Engineer. The number of tests to be 
performed is based on a ratio of one test per 100,000 ft2 of material. All 
costs related to testing and evaluation of proposed equal materials are 
the responsibility of the Contractor. 

4. Interface Shear Testing for QA Conformance Samples 

Interface shear tests (ASTM D 5321) shall be performed by the 
Geosynthetic Laboratory under the direction of the CQA Engineer 
using test procedures determined by the Design Engineer. Tests will be 
performed at a frequency of one test per 100,000 ft2 of material. All 
costs related to testing and evaluation of conformance samples is the 
responsibility of the CQA Engineer. 

2.02 MANUFACTURING QUALITY CONTROL 

A. The Contractor shall require that the GCL Manufacturer sample and test the 
GCL, at the frequencies outlined in Table 02780-1 the tests shall demonstrate 
that the GCL properties conform to the values specified in Table 02780-1. All 
Quality Control testing required by these General Specifications and/ or 
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conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. GCL rolls that do not have acceptable manufacturing quality 
control test results shall be rejected by the Owner. 

B. Quality Control certificates shall be issued by the GCL manufacturer to the 
project engineer, CQA inspector or other designated party for each delivery of 
material. The certifications shall be signed by the quality control manager of 
the GCL manufacturer or other responsible party and shall include the 
following information: 

1. Shipment Packing List - A list indicating the rolls shipped on a particular 
truckload. 

2. Bill of Lading - A list indicating the rolls shipped on a particular 
truckload. 

3. Letter of Certification - The letter indicating the material 1s m 
conformance with the physical properties specified. 

4. Physical Properties Sheet - The material specification for the GCL 
supplied in accordance with this specification. 

C. Quality Control submittals shall be issued by the GCL manufacturer to the 
project engineer, CQA inspector or other designated party for each lot of 
material if necessary. The submittals shall include the following information: 

1. Bentonite Manufacturer Certification - Bentonite manufacturer quality 
documentation for the particular lot of clay used in the production of 
the rolls delivered. 

2. Geotextile Manufacturer Certification - Geotextile manufacturer quality 
control documentation for the particular lots of geotextiles used in the 
production of the rolls delivered. 

3. CCL Manufacturer Tracking List- Cross referencing list delineating the 
corresponding geotextile and bentonite lots for the materials used in the 
production of the rolls delivered. 

4. Manufacturing Quality Control Data - The manufacturing quality 
control test data indicating the actual test values obtained when tested at 
the appropriate frequencies for the properties specified in Table 02780-
1. 

D. Manufacturing Plant Visit: 

1. The Manufacturer shall permit the Owner or Owner's representative(s) 
to visit the manufacturing plant. Visits may be during the 
manufacturing of the GCL rolls for the specific project. 
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During the visit, the Owner or Owner's representative(s) may: 

a. Review the manufacturing process, quality control procedures, 
laboratory facilities, and testing procedures; 

b. Verify that properties guaranteed by the Manufacturer comply 
with the specifications; 

c. Verify that the measurements of properties by the 
Manufacturer are properly documented and the test methods 
used are acceptable; 

d. Inspect select GCL rolls for evidence of holes, delamination, or 
any sign of contamination by foreign matter; 

e. Review packaging and transportation procedures; 

f. Verify that roll packages are labeled in compliance with this 
Section; and, 

g. Take conformance samples from GCL rolls that are assigned to 
the project. 

E. Any accessory bentonite used for sealing seams, penetrations, or repairs, shall 
be the same granular bentonite as used in the production of the GCL itself. 

2.03 LABELING 

A. The geomembrane shall be labeled with the following information: 

1. Length and width of the roll or factory panel; 
2. Name of Manufacturer; 
3. Product identification; 
4. Lot number; and, 
5. Roll or factory panel number. 

2.04 TRANSPORTATION 

A. Transportation of the GCL is the responsibility of the Contractor. The 
Contractor shall be liable for all damage to materials prior to and during 
transportation to the site. The Contractor shall replace any damaged rolls at no 
additional cost to the Owner. 

2.05 HANDLING AND STORAGE 

A. Handling, storage, and care of the GCL prior to and following incorporation in 
the work is the responsibility of the Contractor. The Contractor shall be liable 
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for all damage to the material incurred prior to final acceptance of the 
installation by the Owner. The Contractor shall repair any damage m 
accordance with this Section and at no additional cost to the Owner. 

B. The Contractor shall be responsible for storage of the GCL at the site. The 
GCL shall be protected from water, dirt, puncture, cutting, or other damaging 
or deleterious conditions. The GCL shall also be stored in accordance with any 
additional requirements of the GCL Manufacturer, Owner, or CQA Engineer. 

1. GCL should be stored no higher than three to four rolls high or limited 
to the height at which the handling apparatus may be safely handled by 
installation personnel. Stacks or tiers of rolls should be situated in a 
manner that prevents sliding or rolling by chocking the bottom layer of 
rolls. 

2. Rolls shall not be stacked on uneven or discontinuous surfaces as this 
may cause bending or deformation of the rolls and in turn damage the 
GCL or cause difficulty inserting the core pipe. 

3. An additional tarpaulin or plastic sheet shall be used over the stacked 
rolls to provide extra protection for GCL material stored outdoors. 

4. Bagged bentonite material shall be stored and tarped next to GCL rolls 
unless other more protective measures are available. Bags shall be 
stored on pallets or other suitably dry surface which will prevent undue 
prehydration. 

C. GCL must be supported during handling to ensure worker safety and prevent 
damage to the liner. Under no circumstances should the rolls be dragged, lifted 
from one end, lifted with only the forks of a lift truck or pushed to the ground 
from the delivery vehicle. 

The CQA inspector shall verify that suitable handling equipment exists which 
does not pose any danger to installation personnel or risk of damage or 
deformation to the GCL material itself. Typical handling equipment is 
described below: 

1. Spreader Bar Assembly - A spreader bar assembly shall include both a 
core pipe or bar and a spreader bar beam. The core pipe shall be used 
to uniformly support the roll when inserted through the GCL core 
while the spreader bar beam will prevent chains or straps from chafing 
the roll edges. 

2. Stinger- A stinger is a rigid pipe or rod with one end directly connected 
to a forklift or other handling equipment. If a stinger is used, it should 
be fully inserted to its full length into the roll to prevent excessive 
bending of the roll when lifted. 
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Roller Cradles - Roller cradles consist of two larger diameter rollers 
spaced approximately 3 inches apart which both support the GCL roll 
and allow it to be freely unrolled. The use of roller cradles shall be 
permitted if the rollers support the entire width of the GCL roll. 

Straps - Straps may be used to support the ends of the spreader bars but 
are not recommended as the primary support mechanism. As straps may 
damage the GCL where around the roll and generally do not provide 
sufficient uniform support to prevent roll bending or deformation, 
great care must be exercised when this option is used. 

PART 3: EXECUTION 

3.01 EARTHWORK 

The surface upon which the GCL material will be installed shall be inspected by the CQA 
inspector and certified by the Earthwork Contractor to be in accordance with the requirements 
of this specification. 

A. Site specific compaction requirements should be followed in accordance with 
the project drawings and specifications. At a minimum, the level of 
compaction should be such that no rutting is caused by installation equipment 
or other construction vehicles which traffic the area of deployment. 

B. The surfaces to be lined shall be smooth and free of any debris, vegetation, 
roots, sticks, sharp rocks, or other deleterious materials larger than two inches 
as well as free of any voids, large cracks or standing water or ice. 

C. Directly prior to deployment of the GCL, the subgrade shall be final graded to 
fill remaining voids or desiccation cracks, and smooth drum rolled to eliminate 
sharp irregularities or abrupt elevation changes. The surfaces to be lined shall 
be maintained in this smooth condition. 

3.02 GEOSYNTHETIC SUBGRADE 

Prior to GCL deployment on another geosynthetic surface shall be inspected and approved by 
the third party CQA inspector in accordance with the requirements of the project specification 
documents. 

3.03 ANCHOR TRENCH 

An anchor trench shall be excavated by the earthwork contractor or liner installer to the lines 
and grades shown on the project drawings. 

A. The anchor trench shall be constructed free of sharp edges or corners and 
maintained in a dry condition. No loose soil shall be permitted beneath the 
GCL within the trench. 
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The anchor trench shall be inspected as well as approved by the CQA inspector 
prior to the GCL placement, back-filling and compaction of the anchor key 
material. 

3.04 SUBGRADE INSPECTION 

The earthen or geosynthetic subgrade shall be continuously inspected, approved and certified 
by the CQA inspector prior to GCL placement. 

Upon approval by the CQA inspector, it shall be the installer's responsibility to indicate to the 
Engineer any change in the condition of the subgrade that could cause it to be out of 
compliance with any of the requirements of this section or the project specific specification. 

3.05 GCL DEPLOYMENT 

A. CCL Orientation - In the absence of specific guidelines, GCL panels should be 
placed with the non-woven side up on slopes to maximize the shear strength 
characteristics. 

B. CCL Panel Position - Where possible, all slope panels should be installed parallel 
to the maximum slope while panels installed in flat areas require no particular 
orientation. No horizontal GCL panel seams shall be allowed on slopes steeper 
than 5%. 

C. Panel Deployment - GCL materials shall be installed in general accordance with 
the procedures set forth in this section, subject to site specific conditions which 
would necessitate modifications. 

Reinforced GCL shall be used on both slopes as well as the flat areas to ensure 
the GCL withstands the rigors of the installation and subsequent low load 
hydration. 

1. Deployment should proceed from the highest elevation to the lowest to 
facilitate drainage in the event of precipitation. 

2. The GCL may be deployed on slopes by pulling the material from a 
suspended roll, or securing a roll end into an anchor trench and 
unrolling each panel as the handling equipment slowly moves 
backwards. 

3. Deployment on flat areas shall be conducted in the same manner as that 
for the slopes, however, care should be taken to minimize dragging the 
GCL. Slip-sheet may be used to facilitate positioning of the liner while 
ensuring the GCL is not damaged from underlying sources. 

4. Overlaps shall be a minimum of 6 inches and be free of wrinkles, folds 
or fishmouths . 
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The Contractor shall only install as much GCL that can be covered at 
the end of the day. No GCL shall be left exposed overnight. The 
exposed edge of the GCL shall be covered by a temporary tarpaulin or 
other such water resistant sheeting until the next working day. 

D. Anchoring- All GCL material installed on slopes greater than 7H:1V shall be 
anchored to prevent potential GCL panel movement. 

1. Standard Anchor - The GCL shall be placed into and across the base of 
the excavated trench, stopping at the back wall of the excavation as 
shown on the drawing. 

E. Seaming - A 6-inch lap line and a 9-inch match line shall be imprinted on both 
edges of the upper geotextile component of the GCL to assist in installation 
overlap quality control. Lines shall be printed as continuous dashes in easily 
observable non-toxic ink. 

F. 

1. Overlap seams shall be a minimum of six inches on panel edges and one 
foot on panel ends. 

2. Loose granular bentonite should be placed between panels at a rate of 
1/4 pound per linear foot of seam. 

Detailing - Detail work, defined as the sealing of the liner to pipe penetrations, 
foundation walls, drainage structures, spillways, and other appurtenances, shall 
be performed as recommended by the Design Engineer and the GCL 
Manufacturer. 

G. Damage Repair - Prior to geomembrane material placement, damage to the 
GCL shall be identified and repaired by the installer. Damage is defined as any 
rips or tears in the geotextiles, delamination of geotextiles or a displaced panel. 

1. Rip and Tear Repair (Flat Surfaces) - Rips or tears may be repaired by 
completely exposing the affected area, removing all foreign objects or 
soil and by then placing a patch cut from unused GCL over the damage 
(damaged material may be left in place), with a minimum of overlap of 
12 inches on all edges. 

2. Rip and Tear Repair (Slopes) - Damaged GCL material on slopes shall 
be repaired by the same procedures above. The minimum overlap of 12 
inches on all edges may be increased as recommended by the CQA 
Engineer. 

3. Displaced Panels - Displaced panels shall be adjusted to the correct 
position an orientation. The adjusted panel shall then be inspected for 
any geotextile damage or bentonite loss. Damage shall be repaired by 
the above procedure. 
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Premature Hydration - If the GCL is subjected to premature hydration, 
the GCL installer shall notify the CQA Engineer for a site specific 
determination as to whether the material is acceptable or if alternative 
measures must be taken to ensure the quality of the design-dependent 
upon the degree of damage. 

3.06 MATERIALS IN CONTACT WITH THE GCL 

A. The Contractor shall not leave any tools or equipment on the GCL. 

B. The Contractor shall take all necessary precautions to ensure that the GCL is 
not damaged during its installation or during the installation of other 
components of the landfill or by other construction activities. Installation on 
rough surfaces shall be performed carefully. 

C. The CQA Engineer will provide monitoring of the placement and spreading of 
soil materials over the GCL. Equipment shall not be driven directly on the 
GCL. Unless otherwise specified by the Owner, all equipment operating on 
materials overlying the GCL shall comply with the following: 

Maximum Allowable 
Equipment Ground Pressure (psi) 

<5 
< 10 
<20 
>20 

Thickness of Soil 
Above GCL (inches) 

12 
18 
24 
36 

The maximum allowable equipment ground pressure shall be 65 psi. The 
acceptability of equipment operating at ground pressures greater than 65 psi 
will be evaluated by the Owner at the Contractor's expense. 

D. Installation of the overlying geosynthetic component can be accomplished 
through the use of lightweight, rubber-tired equipment such as a 4-wheel all
terrain vehicle (ATV). This vehicle can be driven directly on the GCL, 
provided the A TV makes no sudden stops, starts, or turns. 

E. Smooth HDPE may be dragged across the GCL surface with equipment or by 
hand labor during positioning. Similarly, the HDPE may be unrolled with the 
use of low ground pressure equipment. 

F. If a textured geomembrane is placed over the GCL, a slip sheet (such as 20-mil 
smooth HDPE) shall first be placed over the GCL in order to allow the 
geomembrane to slide into its proper position. Once the overlying 
geomembrane is properly positioned, the slip-sheet shall be carefully removed 
paying close attention to avoiding any movement to the geomembrane. 
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3.07 PROTECTION OF THE WORK 

A. The Contractor shall use all means necessary to protect all materials and 
partially completed and completed work. 

B. In the event of damage, the Contractor shall make repairs and replacements 
necessary to the approval of the Owner and at no additional cost to the Owner. 

C. The CQA Engineer will issue an approval of the GCL liner installation to the 
Owner in accordance with the CQA Plan prior to placement of any material 
over the GCL. 
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TABLE 02780-1 
REQUIRED GCL PROPERTIES'41 

Geotextile Test Method Manufacturer's Value Value 
Properties QC Minimum -English- -SI-

Test 
Frequency 

Nonwoven ASTM D 5261 1 I 200,000 sq. ft 7.4 oz./yd 2 Typical 250 g/m 2 Typical 
Mass/Unit Area (1/20,000 sq. m) 6.0 oz./yd 2 MARV 200 g/m2 MARV 

Woven ASTM D 5261 1 I 200,000 sq. ft 3.4 oz./yd2 Typical 11 5 g/m2 Typical 
(1 /20,000 sq. m) 3.1 oz./yd2 MARV 105 g/m 2 MARV 

BENTONITE 

Swell Index ASTM D 5890 1/1 00,000 lbs. 24 ml/2g min. 24 ml/2g min. 
(50,000 kg) 

Moisture Content ASTM D 4643 1/100,000 lbs. 12% max. 12% max. 
(50,000 kg) 

Fluid Loss ASTM D 5891 1/100,000 lbs. 18 ml max. 18 ml max. 
(50,000 kg) 

FINISHED GCL 141 

Bentonite Mass Per ASTM D 5261 1 I 50,000 sq. ft 0.90 lb./sq. Ft 4.39 kg/m 2 

Unit Area 1 
(1/5,000 sq. m) MARV MARV 

Grab Strength2 ASTM D 4362 1 I 50,000 sq. ft 95 lbs MARV 422 N MARV 
(1/5,000 sq. m) 

Grab Elongation2 ASTM D 4632 1 I 50,000 sq. ft 75% Typical 75% Typical 
(1/5,000 sq. m) 

Peel Strength ASTM D 4632 1 I 50,000 sq. ft 15 lbs. min. 66 N min. 
(1 /5,000 sq. m) 

Permeability3 ASTM D 5084 1/100,000 sq. ft 5 X 1 0-9 em/sec 5 X 1 0-9 em/sec 
(1/10,000 sq. m) max max 

Interface Shear5 ASTM 5321 1/100,000 sq.ft. <1>=2°, C=440 psf <1>=2°, C=21.1 Kpa 
1/1 0,000 sq. m) 

Notes: 
1. Oven-dried measurement reflecting a moisture content of zero. 
2. Measured at maximum peak, in the weakest principal direction. 
3. De-Aired Tap Water @ 5 psi maximum effective confining stress and 2 psi head. 
4. 

5. 

Internal shear strength testing (ASTM D 5321) of QA conformance samples or proposed 
equal material will be performed by the CQA Engineer as described in this specification. 

Residual strength values tested under saturated undrained conditions at normal loads representative 
of design conditions. 

[ END OF SECTION ] 
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SECTION 02900 
VEGETATION AND SEEDING 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, and installation services for establishing vegetation on the 
surface of disturbed areas. 

1 .02 RELATED SECTIONS 

A. Section 02227 Vegetative Cover 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualifications and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION AND QUALITY ASSURANCE 

A. 

B. 

c. 

PART 2: 

Work will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

The CQA Engineer will coordinate independent surveying required by the 
CQA Plan. Surveying by the CQA Engineer does not relieve the Contractor 
of his responsibility to lay out, control and document the work. 

If the CQA Engineer's tests indicate work does not meet the requirements of 
the specifications, the CQA Engineer will establish the extend of the 
nonconforming area. The nonconformance area shall be reworked by the 
Contractor at no cost to the Owner until acceptable test results are obtained. 

PRODUCTS 

2.01 MATERIALS 

A. Seed mixture for planting shall be as specified by the New Mexico SCS. 

PART 3: EXECUTION 

3.01 SITE PREPARATION 

A. Remove all weeds from areas to be planted. Roughen seed bed to a depth of 2 
to 4 inches by scarifying, disking, harrowing, or equivalent methods. 
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3.02 PLANTING 

A. Plant seed using equipment and procedures appropnate for seed type at 
recommended by the seed supplier. 

[END SECTION] 
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SECTION 031 00 
CONCRETE FORMWORK 

PART 1: GENERAL 

1.01 THE REQUIREMENT 

A. The Contractor shall furnish all materials for concrete form work, bracing, 
shoring, and supports and shall design and construct all falsework, all in 
accordance with the provisions of the General Specifications, the CQA Plan, 
and the Construction Drawings. 

1.02 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. Codes: All codes, as referenced herein. 

B. Government Standards: 

PS 1 Construction and Industrial Plywood 

PS 20 American Softwood Lumber Standard 

C. Commercial Standards: 

ACI117 Standard Tolerances for Concrete Construction and Materials 

ACI 347 Guide to Formwork for Concrete 

1.03 CONTRACTOR SUBMITTALS 

A. The Contractor shall submit the following. 

1. Form ties and all related accessories, including taper tie plugs, if taper 
ties are used. 

2. Form gaskets. 

1.04 QUALITY ASSURANCE 

A. Tolerances: The variation from established grade or lines shall not exceed 114-
inch in 10 feet and there shall be no offsets or visible waviness in the finished 
surface. All other tolerances shall be within the tolerances of ACI 117. 
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PART 2: PRODUCTS 

2.01 GENERAL 

A. Except as otherwise expressly accepted by the Engineer, all lumber brought on 
the job site for use as forms, shoring, or bracing shall be new material. All 
forms shall be smooth surface forms and shall be of the following materials: 

Walls 
Columns 
Roof and floor -
All other work -

Steel or plywood panel 
Steel, plywood or fiber glass 
Plywood 
Steel panels, plywood or tongue and groove lumber 

B. Form materials which may remain or leave residues on or in the concrete shall 
be classified as acceptable for potable water use by the Environmental 
Protection Agency within 30 days of application or use. 

2.02 FORM AND FALSEWORK MATERIALS 

A. Materials for concrete forms, formwork, and falsework shall conform to the 
following requirements: 

1. Lumber shall be Douglas Fir or Southern Yellow Pine, construction 
grade or better, in conformance with U.S. Product Standard PS 20. 

2. Plywood for concrete formwork shall be new, waterproof, synthetic 
resin bonded, exterior type Douglas Fir or Southern Yellow Pine 
plywood manufactured especially for concrete formwork and shall 
conform to the requirements of PS 1 for Concrete Forms, Class I, and 
shall be edge sealed. 

3. Form materials shall be metal, wood, plywood, or other approved 
material that will not adversely affect the concrete and will facilitate 
placement of concrete to the shape, form, line, and grade shown. Metal 
forms shall be an approved type that will accomplish such results. 
Wood forms for surfaces to be painted shall be Medium Density 
Overlaid plywood, MDO Ext. Grade. 

B. Unless otherwise shown, exterior corners in concrete members shall be 
provided with 3/ 4-inch chamfers. Re-entrant corners in concrete members 
shall not have fillets unless otherwise shown. 

C. Forms and falsework to support the roof and floor slabs shall be designed for 
the total dead load, plus a live load of 50 psf (minimum). The minimum design 
load for combined dead and live loads shall be 100 psf. 
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2.03 FORM TIES 

A. 

B. 

PART 3: 

Form ties shall be provided with a plastic cone or other suitable means for 
forming a conical hole to insure that the form tie may be broken off back of 
the face of the concrete. The maximum diameter of removable cones for rod 
ties, or of other removable form-tie fasteners having a circular cross-section, 
shall not exceed 1-1/2 inches; and all such fasteners shall be such as to leave 
holes of regular shape for reaming. Form ties for water-retaining structures 
shall have integral waterstops. Integral waterstops shall tightly fit the form tie 
so that they cannot be moved from mid-point of the tie. Form ties shall be 
Burke Penta-Tie System by The Burke Company; Richmond Snap-Tys by the 
Richmond Screw Anchor Company; or equal. 

Removable taper ties may be used when approved by the Engineer. A 
preformed neoprene or polyurethane tapered plug sized to seat at the center of 
the wall shall be inserted in the hole left by the removal of the taper tie. Use 
Burke Taper-Tie System by The Burke Company; Taper-Ty by the Richmond 
Screw Anchor Company; or equal. 

EXECUTION 

3.01 GENERAL 

A. Forms to confine the concrete and shape it to the required lines shall be used 
wherever necessary. The Contractor shall assume full responsibility for the 
adequate design of all forms, and any forms which are unsafe or inadequate in 
any respect shall promptly be removed from the WORK and replaced at the 
Contractor's expense. Provide worker protection from protruding 
reinforcement bars in accordance with applicable safety codes. A sufficient 
number of forms of each kind shall be provided to permit the required rate of 
progress to be maintained. The design and inspection of concrete forms, 
falsework, and shoring shall comply with applicable local, state and Federal 
regulations. Plumb and string lines shall be installed before concrete placement 
and shall be maintained during placement. Such lines shall be used by 
Contractor's personnel and by the Engineer and shall be in sufficient number 
and properly installed. During concrete placement, the Contractor shall 
continually monitor plumb and string line form positions and immediately 
correct deficiencies. 

B. Concrete forms shall conform to the shape, lines, and dimensions of members 
as called for on the Drawings, and shall be substantial, free from surface defects, 
and sufficiently tight to prevent leakage. Forms shall be properly braced or tied 
together to maintain their position and shape under a load of freshly-placed 
concrete. If adequate foundation for shores cannot be secured, trussed supports 
shall be provided. 
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3.02 FORM DESIGN 

A. All forms shall be true in every respect to the required shape and size, shall 
conform to the established alignment and grade, and shall be of sufficient 
strength and rigidity to maintain their position and shape under the loads and 
operations incident to placing and vibrating the concrete. Suitable and effective 
means shall be provided on all forms for holding adjacent edges and ends of 
panels and sections tightly together and in accurate alignment so as to prevent 
the formation of ridges, fins, offsets, or similar surface defects in the finished 
concrete. Plywood, 5/8-inch and greater in thickness, may be fastened directly 
to studding if the studs are spaced close enough to prevent visible deflection 
marks in the concrete. The forms shall be tight so as to prevent the loss of 
water, cement and fines during placing and vibrating of the concrete. 
Specifically, the bottom of wall forms that rest on concrete footings or slabs 
shall be provided with a gasket to prevent loss of fines and paste during 
placement and vibration of concrete. Such gasket may be a 1- to 1-1/2-inch 
diameter polyethylene rod held in position to the underside of the wall form. 
Adequate clean-out holes shall be provided at the bottom of each lift of forms. 
The size, number, and location of such clean-outs shall be as acceptable to the 
Engineer. Whenever concrete cannot be placed from the top of a wall form in 
a manner that meets the requirements of the General Specifications, form 
windows shall be provided in the size and spacing needed to allow placement of 
concrete to the requirements of Section 03300, Cast-in-Place Concrete. The 
size, number, and location of such form windows shall be as acceptable to the 
Engineer. 

3.01 CONSTRUCTION 

A. Vertical Surfaces: All vertical surfaces of concrete members shall be formed, 
except where placement of the concrete against the ground is shown. Not less 
than l-inch of concrete shall be added to the thickness of the concrete member 
as shown where concrete is permitted to be placed against trimmed ground in 
lieu of forms. Such permission will be granted only for members of 
comparatively limited height and where the character of the ground is such that 
it can be trimmed to the required lines and will stand securely without caving 
or sloughing until the concrete has been placed. 

B. Construction Joints: Concrete construction joints will not be permitted at 
locations other than those shown or specified, except as may be acceptable to 
the Engineer. When a second lift is placed on hardened concrete, special 
precautions shall be taken in the way of the number, location, and tightening of 
ties at the top of the old lift and bottom of the new to prevent any 
unsatisfactory effect whatsoever on the concrete. Pipe stubs and anchor bolts 
shall be set in the forms where required. 
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1. Embedded Ties: Holes left by the removal of form tie cones shall be 
reamed with suitable toothed reamers so as to leave the surface of the 
holes clean and rough before being filled with mortar as specified for 
"Finish of Concrete Surfaces" in Section 03300 - Cast-in-Place Concrete. 
Wire ties for holding forms will not be permitted. No form-tying device 
or part thereof, other than metal, shall be left embedded in the concrete. 
Ties shall not be removed in such manner as to leave a hole extending 
through the interior of the concrete members. The use of snap-ties which 
cause spalling of the concrete upon form stripping or tie removal will not 
be permitted. If steel panel forms are used, rubber grommets shall be 
provided where the ties pass through the form in order to prevent loss of 
cement paste. Where metal rods extending through the concrete are used 
to support or to strengthen forms, the rods shall remain embedded and 
shall terminate not less than l-inch back from the formed face or faces of 
the concrete. 

2. Removable Ties: Where taper ties are approved for use, the larger end 
of the taper tie shall be on the wet side of walls in water retaining 
structures. After the taper tie is removed, the hole shall be thoroughly 
cleaned and roughened for bond. A precast neoprene or polyurethane 
tapered plug shall be located at the wall centerline. The hole shall be 
completely filled with non-shrink grout for water bearing and below
grade walls. The hole shall be completely filled with non-shrink or 
regular cement grout for above-grade walls which are dry on both sides. 
Exposed faces of walls shall have the outer 2 inches of the exposed face 

filled with a cement grout which shall match the color and texture of 
the surrounding wall surface. 

3.02 REUSE OF FORMS 

A. Forms may be reused only if in good condition and only if acceptable to the 
Engineer. Light sanding between uses will be required wherever necessary to 
obtain uniform surface texture on all exposed concrete surfaces. Exposed 
concrete surfaces are defined as surfaces which are permanently exposed to 
view. In the case of forms for the inside wall surfaces of hydraulic/water 
retaining structures, unused tie rod holes in forms shall be covered with metal 
caps or shall be filled by other methods acceptable to the Engineer. 

3.03 REMOVAL OF FORMS 

A. Careful procedures for the removal of forms shall be strictly followed, and this 
work shall be done with care so as to avoid injury to the concrete. No heavy 
loading on green concrete will be permitted. In the case of roof slabs and 
above-ground floor slabs, forms shall remain in place until test cylinders for the 
roof concrete attain a minimum compressive strength of 75 percent of the 28-
day strength specified in Section 03300 - Cast-in-Place Concrete; provided, that 
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no forms shall be disturbed or removed under an individual panel or unit 
before the concrete in the adjacent panel or unit has attained 75 percent of the 
specified 28-day strength and has been in place for a minimum of 7 days. The 
time required to establish said strength shall be as determined by the Engineer 
who will make several test cylinders for this purpose from concrete used in the 
first group of roof panels placed. If the time so determined is more than the 7-
day minimum, then that time shall be used as the minimum length of time. 
Forms for all vertical walls of waterholding structures shall remain in place at 
least 36 hours after the concrete has been placed. Forms for all parts of the 
work not specifically mentioned herein shall remain in place for periods of time 
as recommended in ACI 347. 

3.04 MAINTENANCE OF FORMS 

A. Forms shall be maintained at all times in good condition, particularly as to size, 
shape, strength, rigidity, tightness, and smoothness of surface. Forms, when in 
place, shall conform to the established alignment and grades. Before concrete is 
placed, the forms shall be thoroughly cleaned. The form surfaces shall be 
treated with a nonstaining mineral oil or other lubricant acceptable to the 
Engineer. Any excess lubricant shall be satisfactorily removed before placing 
the concrete. Where field oiling of forms is required, the Contractor shall 
perform the oiling at least two weeks in advance of their use. Care shall be 
exercised to keep oil off the surfaces of steel reinforcement and other metal 
items to be embedded in concrete. 

3.05 FALSEWORK 

A. All falsework shall be designed and constructed to provide the necessary 
rigidity and to support the loads. Falsework for the support of a superstructure 
shall be designed to support the loads that would be imposed if the entire 
superstructure were placed at one time. 

B. Falsework shall be placed upon a solid footing, safe against undermining, and 
protected from softening. When the falsework is supported on timber piles, the 
maximum calculated pile loading shall not exceed 20 tons. When falsework is 
supported on any portion of the structure which is already constructed, the 
load imposed by the falsework shall be spread, distributed, and braced in such a 
way as to avoid any possibility of damage to the structure. 

[END OF SECTION] 
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SECTION 03200 - REINFORCEMENT STEEL 

PART 1: GENERAL 

1.01 THE REQUIREMENT 

A. The Contractor shall furnish, fabricate, and place all concrete reinforcement 
steel, welded wire fabric, couplers, and concrete inserts for use in reinforced 
concrete and masonry construction and shall perform all appurtenant work, 
including all the wires, clips, supports, chairs, spacers, and other accessories, all 
in accordance with the General Specifications, the CQA Plan, and the 
Construction Drawings. 

1.02 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. Codes: All codes, as referenced herein. 

B. Commercial Standards 

ACI 315 Details and Detailing of Concrete Reinforcement 

ACI 318 Building Code Requirements for Reinforced Concrete 

CRSI MSP-1 Concrete Reinforcing Steel Institute Manual of Standard Practice 

WRI Manual of Standard Practice for Welded Wire Fabric 

AWS D1.4 Structural Welding Code- Reinforcing Steel 

ASTM A 82 Specification for Steel Wire, Plain, for Concrete Reinforcement 

ASTM A 185 Specification for Welded Steel Wire Fabric, Plain, for Concrete 
Reinforcement 

ASTM A 615 Specification for Deformed and Plain Billet-Steel Bars for 
Concrete Reinforcement 

ASTM A 775 Specification for Epoxy-Coated Reinforcing Steel Bars 

1.03 CONTRACTOR SUBMITTALS 

A. The Contractor shall furnish shop bending diagrams, placing lists, and drawings 
of all reinforcement steel prior to fabrication. 

B. Details of the concrete reinforcement steel and concrete inserts shall be 
submitted by the Contractor at the earliest possible date after receipt by the 
Contractor of the Notice to Proceed. Said details of reinforcement steel for 
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fabrication and erection shall conform to ACI 315 and the requirements 
specified and shown. The shop bending diagrams shall show the actual lengths 
of bars, to the nearest inch measured to the intersection of the extensions 
(tangents for bars of circular cross section) of the outside surface. The shop 
drawings shall include bar placement diagrams which clearly indicate the 
dimensions of each bar splice. 

Where mechanical couplers are required or permitted to be used to splice 
reinforcement steel, the Contractor shall submit manufacturer's literature 
which contains instructions and recommendations for installation for each type 
of coupler used; certified test reports which verify the load capacity of each 
type and size of coupler used; and shop drawings which show the location of 
each coupler with details of how they are to be installed in the formwork. 

If reinforcement steel is spliced by welding at any location, the Contractor shall 
submit mill test reports which shall contain the information necessary for the 
determination of the carbon equivalent as specified in AWS Dl.4. The 
Contractor shall submit a written welding procedure for each type of weld for 
each size of bar which is to be spliced by welding; merely a statement that A WS 
procedures will be followed is not acceptable. 

1.4 QUALITY ASSURANCE 

A. If requested by the Engineer, the Contractor shall provide samples from each 
heat of reinforcement steel delivered in a quantity adequate for testing. Costs 
of initial tests will be paid by the Owner. Costs of additional tests due to 
material failing initial tests shall be paid by the Contractor. 

B. If reinforcement steel is spliced by welding at any location, the Contractor shall 
submit certifications of procedure qualifications for each welding procedure 
used and certification of welder qualifications, for each welding procedure, and 
for each welder performing the work. Such qualifications shall be as specified 
in AWS Dl.4. 

C. If requested by the Engineer, the Contractor shall provide samples of each type 
of welded splice used in the work in a quantity and of dimensions adequate for 
testing. At the discretion of the Engineer, radiographic testing of direct butt 
welded splices will be performed. The Contractor shall provide assistance 
necessary to facilitate testing. The Contractor shall repair any weld which fails 
to meet the requirements of AWS Dl.4. The costs of testing will be paid by the 
Owner; except, the costs of all tests which fail to meet specified requirements 
shall be paid by the Contractor. 
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PART 2: PRODUCTS 

2.01 MATERIAL REQUIREMENTS 

A. Materials specified in this Section which may remain or leave residues on or 
within the concrete shall be classified as acceptable for potable water use by the 
Environmental Protection Agency within 30 days of application or use. 

2.02 REINFORCEMENT STEEL 

A. Reinforcement Steel for all cast-in-place reinforced concrete construction shall 
conform to the following requirements: 

1. Bar reinforcement shall conform to the requirements of ASTM A 615 
for Grade 60 Billet Steel Reinforcement or as otherwise shown. 

2. Welded wire fabric reinforcement shall conform to the requirements of 
ASTM A 185 and the details shown; provided, that welded wire fabric 
with longitudinal wire of W 4 size wire and smaller shall be either 
furnished in flat sheets or in rolls with a core diameter of not less than 
10 inches; and provided further, that welded wire fabric with 
longitudinal wires larger than W 4 size shall be furnished in flat sheets 
only. 

3. Spiral reinforcement shall be cold-drawn steel wire conforming to the 
requirements of ASTM A 82. 

B. Accessories 

1. Accessories shall include all necessary chairs, slab bolsters, concrete 
blocks, tie wires, dips, supports, spacers, and other devices to position 
reinforcement during concrete placement. All bar supports shall meet 
the requirements of the CRSI Manual of Standard Practice including 
special requirements for supporting epoxy coated reinforcing bars. 
Wire bar supports shall be CRSI Class 1 for maximum protection with 
a 118-inch minimum thickness of plastic coating which extends at least 
1/2-inch from the concrete surface. Plastic shall be gray in color. 

2. Concrete blocks (dobies}, used to support and position reinforcement 
steel, shall have the same or higher compressive strength as specified for 
the concrete in which it is located. Wire ties shall be embedded in 
concrete block bar supports. 

C. Epoxy coati~ for reinforcing and accessories, where specified or shown, shall 
conform to ASTM A 775. 
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2.03 MECHANICAL COUPLERS 

A. Mechanical couplers shall be provided where shown and where approved by 
the Engineer. The couplers shall develop a tensile strength which exceeds 125 
percent of the yield strength of the reinforcement bars being spliced at each 
splice. 

B. Where the type of coupler used is composed of more than one component, all 
components required for a complete splice shall be supplied. This shall apply 
to all mechanical splices, including those splices intended for future 
connections. 

C. The reinforcement steel and coupler used shall be compatible for obtaining the 
required strength of the connection. Straight threaded type couplers shall 
require the use of the next larger size reinforcing bar or shall be used with 
reinforcing bars with specially forged ends which provide upset threads which 
do not decrease the basic cross section of the bar. 

D. Couplers shall be Lenton Form Saver as manufactured by Erico Products; 
Dowel Bar Splicer System as manufactured by Richmond Screw Anchor 
Company; or equal. 

2.04 WELDED SPLICES 

A. Welded splices shall be provided where shown and where approved by the 
Engineer. All welded splices of reinforcement steel shall develop a tensile 
strength which exceeds 125 percent of the yield strength of the reinforcement 
bars which are connected. 

B. All materials required to conform the welded splices to the requirements of 
AWS D1.4 shall be provided. 

2.05 EPOXY GROUT 

A. 

PART 3: 

Epoxy for grouting reinforcing bars shall be specifically formulated for such 
application, for the moisture condition, application temperature, and 
orientation of the hole to be filled. 

EXECUTION 

3.01 GENERAL 

A. All reinforcement steel, welded wire fabric, couplers, and other appurtenances 
shall be fabricated, and placed in accordance with the requirements of the 
Building Code and the supplementary requirements specified herein. 
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3.02 FABRICATION 

A. General 

1. Reinforcement steel shall be accurately formed to the dimensions and 
shapes shown, and the fabricating details shall be prepared in 
accordance with ACI 315 and ACI 318, except as modified by the 
Drawings. Stirrups and tie bars shall be bent around a pin having a 
diameter not less than 1-1/2-inch for No. 3 bars, 2-inch for No. 4 bars, 
and 2-112-inch for No. 5 bars. Bends for other bars shall be made 
around a pin having a diameter not less than 6 times the bar diameter, 
except for bars larger than 1 inch, in which case the bends shall be made 
around a pin of 8 bar diameters. Bars shall be bent cold. 

2. The Contractor shall fabricate reinforcement bars for structures in 
accordance with bending diagrams, placing lists, and placing drawings. 
Said drawings, diagrams, and lists shall be prepared by the Contractor. 

B. Fabricating Tolerances: Bars used for concrete reinforcement shall meet the 
following requirements for fabricating tolerances: 

1. Sheared length: ± 1 inch 

2. Depth of truss bars: + 0, - 1/2 inch 

3. Stirrups, ties, and spirals: ±1/2 inch 

4. All other bends: ±1 inch 

3.03 PLACING 

A. Reinforcement steel shall be accurately positioned as shown, and shall be 
supported and wired together to prevent displacement, using annealed iron wire 
ties or suitable clips at intersections. All reinforcement steel shall be supported 
by concrete, plastic or metal supports, spacers or metal hangers which are 
strong and rigid enough to prevent any displacement of the reinforcement steel. 
Where concrete is to be placed on the ground, supporting concrete blocks (or 

dobies) shall be used, in sufficient numbers to support the bars without 
settlement, but in no case shall such support be continuous. All concrete 
blocks used to support reinforcement steel shall be tied to the steel with wire 
ties which are embedded in the blocks. For concrete over formwork, the 
Contractor shall furnish concrete, metal, plastic, or other acceptable bar chairs 
and spacers. 

B. Limitations on the use of bar support materials shall be as follows. 

1. Concrete Dobies: permitted at all locations except where architectural 
finish is required. 
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Wire Bar Supports: permitted only at slabs over dry areas, interior dry 
wall surfaces, and exterior wall surfaces. 

3. Plastic Bar Supports: permitted at all locations except on grade. 

C. Tie wires shall be bent away from the forms in order to provide the specified 
concrete coverage. 

D. Bars additional to those shown which may be found necessary or desirable by 
the Contractor for the purpose of securing reinforcement in position shall be 
provided by the Contractor at its own expense. 

E. Unless otherwise specified, reinforcement placing tolerances shall be within the 
limits specified in Section 7.5 of ACI 318 except where in conflict with the 
requirements of the Building Code. 

F. Bars may be moved as necessary to avoid interference with other reinforcement 
steel, conduits, or embedded items. If bars are moved more than one bar 
diameter, or enough to exceed the above tolerances, the resulting arrangement 
of bars shall be as acceptable to the Engineer. 

G. Welded wire fabric reinforcement placed over horizontal forms shall be 
supported on slab bolsters. Slab bolsters shall be spaced not more than 30 
inches on centers, shall extend continuously across the entire width of the 
reinforcement mat, and shall support the reinforcement mat in the plane 
shown. 

H. Welded wire fabric placed over the ground shall be supported on wired 
concrete blocks (dobies) spaced not more than 3 feet on centers in any 
direction. The construction practice of placing welded wire fabric on the 
ground and hooking into place in the freshly placed concrete shall not be used. 

I. Epoxy coated reinforcing bars shall be stored, transported, and placed in such a 
manner as to avoid chipping of the epoxy coating. Non-abrasive slings made of 
nylon and similar materials shall be used. Specially coated bar supports shall be 
used. All chips or cracks in the epoxy coating shall be repaired with a 
compatible epoxy repair material prior to placing concrete. 

J. Accessories supporting reinforcing bars shall be spaced such that there is no 
deflection of the accessory from the weight of the supported bars. When used 
to space the reinforcing bars from wall forms, the forms and bars shall be 
located so that there is no deflection of the accessory when the forms are 
tightened into position. 

03200-6 Revision No. 0 
tl/6/97 



W·\602 \Sp«s 
ll/05/97ypl 

FINAL Triassic Park Hazardous Waste Facility 
Section 03200: Reinforcement Steel 

3.04 SPACING OF BARS 

A. The clear distance between parallel bars (except in columns and between 
multiple layers of bars in beams) shall be not less than the nominal diameter of 
the bars nor less than 1-1/3 times the maximum size of the coarse aggregate, nor 
less than one inch. 

B. Where reinforcement in beams or girders is placed in 2 or more layers, the clear 
distance between layers shall be not less than one inch. 

C. In columns, the clear distance between longitudinal bars shall be not less than 1-
1/2 times the bar diameter, nor less than 1-1/2 times the maximum size of the 
coarse aggregate, nor less than 1-1/2 inches. 

D. The clear distance between bars shall also apply to the distance between a 
contact splice and adjacent splices or bars. 

3.05 SPLICING 

A. General 

1. Reinforcement bar splices shall only be used at locations shown. When 
it is necessary to splice reinforcement at points other than where 
shown, the character of the splice shall be as acceptable to the Engineer. 

2. Unless otherwise indicated, dowels shall match the size and spacing of 
the spliced bar. 

B. Splices of Reinforcement 

1. The length of lap for reinforcement bars, unless otherwise shown shall 
be in accordance with ACI 318-89, Section 12.15.1 for a Class B splice. 

2. Laps of welded wire fabric shall be in accordance with the ACI 318. 
Adjoining sheets shall be securely tied together with No. 14 tie wire, 
one tie for each 2 running feet. Wires shall be staggered and tied in 
such a manner that they cannot slip. 

3. Splices in column spiral reinforcement, when necessary, shall be made 
by welding or by a lap of 1-1/2 turns. 

C. Bending or Straightening 

1. Reinforcement shall not be straightened or rebent in a manner which 
will injure the material. Bars with kinks or bends not shown shall not 
be used. All bars shall be bent cold, unless otherwise permitted by the 
Engineer. No bars partially embedded in concrete shall be field-bent 
except as shown or specifically permitted by the Engineer. 
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Couplers which are located at a joint face shall be a type which can be set either 
flush or recessed from the face as shown. The couplers shall be sealed during 
concrete placement to completely eliminate concrete or cement paste from 
entering. Couplers intended for future connections shall be recessed a 
minimum of 1/2 inch from the concrete surface. After the concrete is placed, 
the coupler shall be plugged with plastic plugs which have an 0-ring seal and 
the recess filled with sealant to prevent any contact with water or other 
corrosive materials. Threaded couplers shall be plugged . 

E. Unless noted otherwise, mechanical coupler spacing and capacity shall match 
the spacing and capacity of the reinforcing shown for the adjacent section. 

3.06 CLEANING AND PROTECTION 

A. Reinforcement steel shall at all times be protected from conditions conducive to 
corrosion until concrete is placed around it. 

B. The surfaces of all reinforcement steel and other metalwork to be in contact 
with concrete shall be thoroughly cleaned of all din, grease, loose scale and rust, 
grout, mortar and other foreign substances immediately before the concrete is 
placed. Where there is delay in depositing concrete, reinforcement shall be 
reinspected and, if necessary recleaned. 

3.07 EMBEDMENT OF DRILLED REINFORCING STEEL DOWELS 

A. Hole Preparation 

1. The hole diameter shall be as recommended by the epoxy manufacturer 
but shall be no larger than 0.25 inch greater than the diameter of the 
outer surface of the reinforcing bar deformations. 

2. The depth of the hole shall be as recommended by the epoxy 
manufacturer to fully develop the bar but shall not be less than 12 bar 
diameters, unless noted otherwise. 

3. The hole shall be drilled by methods which do not interfere with the 
proper bonding of epoxy. 

4. Existing reinforcing steel in the vicinity of proposed holes shall be 
located prior to drilling. The location of holes to be drilled shall be 
adjusted to avoid drilling through or nicking any existing reinforcing 
bars. 

5. The hole shall be blown clean with clean, dry compressed air to remove 
all dust and loose panicles. 

6. Epoxy shall be injected into the hole through a tube placed to the 
bottom of the hole. The tube shall be withdrawn as epoxy is placed but 
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kept immersed to prevent formation of air pockets. The hole shall be 
filled to a depth that insures that excess material will be expelled from 
the hole during dowel placement. 

7. Dowels shall be twisted during insertion into the partially filled hole so 
as to guarantee full wetting of the bar surface with epoxy. The bar shall 
be inserted slowly enough to avoid developing air pockets. 

[END OF SECTION] 
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Triassic Park Hazardous Waste Facility 
Section 03290: Joints in Concrete 

PART 1: GENERAL 

1.01 THE REQUIREMENT 

A. The Contractor shall construct all joints in concrete at the locations shown on 
the Construction Drawings. Joints required in concrete structures are of 
various types and will be permitted only where shown, unless specifically 
accepted by the Engineer. 

1 .02 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. Federal Specifications: 

TT-S-0227E(3) Sealing Compound, elastomeric type, Multi-component for 
Caulking, Sealing, and Glazing Buildings and Other Structures). 

B. U.S. Army Corps of Engineers Specifications: 

CRD-C572 PVC Waterstop. 

C. Commercial Standards: 

ASTM A 775 Specification for Epoxy-Coated Reinforcing Steel Bars 

ASTM C 920 Specification for Elastomeric Joint Sealants 

ASTM D 412 Test Methods for Rubber Properties in Tension 

ASTM D 624 Test Method for Rubber Property - Tear Resistance 

ASTM D 638 Test Method for Tensile Properties of Plastics 

ASTM D 7 46 Test Method for Brittleness Temperature of Plastics and 
Elastomers by Impact 

ASTM D 747 Test Method for Apparent Bending Modulus of Plastics by 
Means of a Cantilever Beam 

ASTM D 1056 Specification for Flexible Cellular Materials - Sponge or 
Expanded Rubber 

ASTM D 1752 Specification for Preformed Sponge Rubber and Cork Expansion 
Joint Fillers for Concrete Paving and Structural Construction 

ASTM D 2240 Test Method for Rubber Property- Durometer Hardness 
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ASTM D 2241 Specification for Poly (Vinyl Chloride) (PVC) Pressure-Rated 
Pipe (SDR-Series) 

TYPES OF JOINTS 

A. Construction Joints: When fresh concrete is placed against a hardened concrete 
surface, the joint between the two pours is called a construction joint. Unless 
otherwise specified, all joints in water bearing members shall be provided with a 
waterstop and/ or sealant groove of the shape specified and shown. The surface of 
the first pour may also be required to receive a coating of bond breaker as shown. 

B. Contraction Joints: Contraction joints are similar to construction joints except 
that the fresh concrete shall not bond to the hardened surface of the first pour, 
which shall be coated with a bond breaker. The slab reinforcement shall be 
stopped 4-112 inches from the joint; which is provided with a sleeve-type dowel, 
to allow shrinkage of the concrete of the second pour. Waterstop and/ or sealant 
groove shall also be provided when specified or shown. 

C. Expansion Joints: To allow the concrete to expand freely, a space is provided 
between the two pours, the joint shall be formed as shown. This space is 
obtained by placing a filler joint material against the first pour, which acts as a 
form for the second pour. Unless otherwise specified, all expansion joints in 
water bearing members shall be provided with a center-bulb type waterstop as 
shown. 

C. Premolded expansion JOtnt material shall be installed with the edge at the 
indicated distance below or back from finished concrete surface, and shall have a 
slightly tapered, dressed, and oiled wood strip secured to or placed at the edge 
thereof during concrete placement, which shall later be removed to form space 
for sealing material. 

D. The space so formed shall be filled with a joint sealant material as specified in the 
Paragraph in Part 2 entitled "Joint Sealant." In order to keep the two wall or slab 
elements in line the joint shall also be provided with a sleeve-type dowel as 
shown. 

E. Control Joints: The function of the control joint is to provide a weaker plane in 
the concrete, where shrinkage cracks will probably occur. A groove, of the shape 
and dimensions shown, is formed or saw-cut in the concrete. This groove is 
afterward filled with a joint sealant material as specified in the Paragraph in Part 2 
entitled "Joint Sealant." 

1.04 CONTRACTOR SUBMITTALS 

A. Waterstops: Prior to production of the material required under this contract, 
qualification samples shall be submitted. Such samples shall consist of extruded or 
molded sections of each size or shape to be used, and shall be accomplished so 
that the material and workmanship represents in all respects the material to be 
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furnished under this contract. The balance of the material to be used under this 
contract shall not be produced until after the Engineer has reviewed the 
qualification samples. Waterstop manufacturer shall certify waterstop material is 
suitable for chemicals Berog used in containment areas. 

Joint Sealant: Prior to ordering the sealant material, the Contractor shall submit 
to the Engineer for the Engineer's review, sufficient data to show general 
compliance with the requirements of the Contract Documents. 

Certified test reports from the sealant manufacturer on the actual batch of 
material being supplied indicating compliance with the above requirements shall 
be furnished the Engineer before the sealant is used on the job. 

Shipping Certification: The Contractor shall provide written certification from 
the manufacturer as an integral part of the shipping form, to show that all of the 
material shipped to this project meets or exceeds the physical property 
requirements of the Contract Documents. Supplier certificates are not acceptable. 

Joint Location: The Contractor shall submit placement shop drawings showing 
the location and type of all joints for each structure. 

1.05 QUALITY ASSURANCE 

A. Waterstop Inspection: It is required that all waterstop field joints shall be subject 
to rigid inspection, and no such work shall be scheduled or started without 
having made prior arrangements with the Engineer to provide for the required 
inspections. Not less than 24 hours' notice shall be provided to the Engineer for 
scheduling such inspections. 

B. All field joints in waterstops shall be subject to rigid inspection for misalignment, 
bubbles, inadequate bond, porosity, cracks, offsets, and other defects which 
would reduce the potential resistance of the material to water pressure at any 
point. All defective joints shall be replaced with material which shall pass said 
inspection, and all faulty material shall be removed from the site and disposed of 
by the Contractor at its own expense. 

C. The following waterstop defects represent a partial list of defects which shall be 
grounds for rejection: 

1. Offsets at joints greater than 1/16-inch or 15 percent of material 
thickness, at any point, whichever is less. 

2. Exterior crack at joint, due to incomplete bond, which is deeper than 
1/16-inch or 15 percent of material thickness, at any point, whichever is 
less. 
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Any combination of offset or exterior crack which will result in a net 
reduction in the cross section of the waterstop in excess of 1116-inch or 
15 percent of material thickness at any point, whichever is less. 
Misalignment of joint which result in misalignment of the waterstop in 
excess of 1/2-inch in 10 feet. 

Porosity in the welded joint as evidenced by visual inspection. 

Bubbles or inadequate bonding which can be detected with a penknife 
test. (If, while prodding the entire joint with the point of a pen knife, the 
knife breaks through the outer portion of the weld into a bubble, the 
joint shall be considered defective.) 

D. Waterstop Samples: Prior to use of the waterstop material in the field, a sample 
of a fabricated mitered cross and a tee constructed of each size or shape of 
material to be used shall be submitted to the Engineer for review. These samples 
shall be fabricated so that the material and workmanship represent in all respects 
the fittings to be furnished under this contract. Field samples of fabricated fittings 
(crosses, tees, etc.) will be selected at random by the Engineer for testing by a 
laboratory at the Owner's expense. When tested, they shall have a tensile 
strength across the joints equal to at least 600 psi. 

E. Construction Joint Sealant: The Contractor shall prepare adhesion and 
cohesion test specimens as specified herein, at intervals of 5 working days while 
sealants are being installed. 

F. The sealant material shall show no signs of adhesive or cohesive failure when 
tested in accordance with the following procedure in laboratory and field tests: 

1. Sealant specimen shall be prepared between 2 concrete blocks (l-inch by 
2-inch by 3-inch). Spacing between the blocks shall be l-inch. Coated 
spacers (2-inch by 1-1/2-inch by 1/2-inch) shall be used to insure sealant 
cross-sections of 1/2-inch by 2 inches with a width of l-inch. 

2. Sealant shall be cast and cured according to manufacturer's 
recommendations except that cunng period shall be not less than 
24 hours. 

3. Following curing period, the gap between blocks shall be widened to 1-
1/2-inch. Spacers shall be used to maintain this gap for 24 hours prior to 
inspection for failure. 

1 .06 GUARANTEE 

A. The Contractor shall provide a 5-year written guarantee of the entire sealant 
installation against faulty and/ or incompatible materials and workmanship, 
together with a statement that it agrees to repair or replace, to the satisfaction of 
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the Owner, at no additional cost to the Owner, any such defective areas which 
become evident within said 5-year guarantee period. 

PART 2: PRODUCTS 

2.07 GENERAL 

B. All joint materials specified herein shall be classified as acceptable for potable 
water use, by the Environmental Protection Agency, within 30 days of 
application. 

2.08 PVC WATERSTOPS 

A. General: Waterstops shall be extruded from an elastomeric polyvinyl chloride 
compound containing the plasticizers, resins, stabilizers, and other materials 
necessary to meet the requirements of these Specifications. No reclaimed or scrap 
material shall be used. The Contractor shall obtain from the waterstop 
manufacturer and shall furnish to the Engineer for review, current test reports 
and a written certification of the manufacturer that the material to be shipped to 
the job meets the physical requirements as outlined in the U.S. Army Corps of 
Engineers Specification CRD-C572 and those listed herein. 

B. Flatstrip and Center-Bulb Waterstops: Flatstrip and center-bulb waterstops 
shall be as detailed and as manufactured by: Kirkhill Rubber Co., Brea, 
California; Water Seals, Inc., Chicago, illinois; Progress Unlimited, Inc., New 
York, New York; Greenstreak Plastic Products Co., St. Louis, Missouri; or equal; 
provided, that at no place shall the thickness of flat strip waterstops, including the 
center bulb type, be less than 3/8-inch. 

C. Multi-Rib Waterstops: Multi-rib waterstops, where required, shall be as detailed 
and as manufactured by Water Seals, Inc., Chicago, illinois; Progress Unlimited, 
Inc., New York, New York; Greenstreak Plastic Products Co., St. Louis, 
Missouri; or equal. Prefabricated joint fittings shall be used at all intersections of 
the ribbed-type waterstops. 

D. Other Types of Waterstops: When other types of waterstops, not listed above 
are required and shown, they shall be subjected to the same requirements as those 
listed herein. 

E. Waterstop Testing Requirements: When tested in accordance with the specified 
test standards, the waterstop material shall meet or exceed the following 
requirements: 
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PHYSICAL PROPERTY VALUE ASTM STD. 
SHEET MATERIAL 

Tensile Strength-min (psi) 1750 D 638, Type IV 
Ultimate elonaation-min (percent) 350 D 638, type IV 
Low Temo Brittleness-max (degrees F) -35 D 746 
Stiffness in flexure-min (psi 400 D 747 
Accelerated Extraction (CRD-C572) 
Tensile StrenQth Omin (psi) 1500 D 638, Type IV 
Ultimate ElonQation-min (percent) 300 D 638, Type IV 
Effect of Alkalies (CRD-C572l 
Chanae in WeiQht (percent) +0.25/-0.10 -----
Chanae in Durometer, Shore A +5 D 2240 
Finish Waterstoo 
Tensile Strenath-min (psi) 1400 D 638, Type IV 
Ultimate Elonaation-min (percent) 280 D 638, Type IV 

2.09 JOINT SEALANT 

A. Joint sealant shall be polyurethane polymer designed for bonding to concrete 
which is continuously submerged in water. No material will be acceptable which 
has an unsatisfactory history ac; to bond or durability when used in the joints of 
water retaining structures. 

B. Joint sealant material shall meet the following requirements (73 degrees F and 50 
percent R.H.): 

Work Life 

Time to Reach 20 Shore "A" Hardness 
(at 77 degrees F, 200 gr quantity) 

Ultimate Hardness (ASTM D 2240) 

Tensile Strength (ASTM D 412) 175 psi, minimum 

Ultimate Elongation (ASTM D 412) 

Tear Resistance (Die C ASTM D 624) 

Color 

45 - 180 minutes 

24 hours, maximum 

20-45 Shore "A" 

400 percent, minimum 

75 pounds per inch of 
thickness, minimum 

Light Gray 

C. All polyurethane sealants for waterstop joints in concrete shall conform to the 
following requirements: 

1. Sealant shall be 2-part polyurethane with the physical properties of the 
cured sealant conforming to or exceeding the requirements of 
ANSI/ ASTM C 920 or Federal Specification TT-S-0227 E(3) for 2-part 
material, as applicable. 
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For vertical joints and overhead horizontal joints, only "non-sag" 
compounds shall be used; all such compounds shall conform to the 
requirements of ANSI/ ASTM C 920 Class 25, Grade NS, or Federal 
Specification TT-S-0227 E(3), Type II, Class A. 

3. For plane horizontal joints, the self-leveling compounds which meet the 
requirements of ANSI/ ASTM C 920 Class 25, Grade P, or Federal 
Specification TT-S-0227 E(3), Type I shall be used. For joints subject to 
either pedestrian or vehicular traffic, a compound providing non-tracking 
characteristics, and having a Shore "A" hardness range of 35 to 45, shall 
be used. 

4. Primer materials, if recommended by the sealant manufacturer, shall 
conform to the printed recommendations of the sealant manufacturer. 

D. All sealants, wherever shown, or required hereunder shall be PSI-270 as 
manufactured by Polymeric Systems Inc.; Elastothane 227R as manufactured by 
Pacific Polymers; Sikaflex 2C, as manufactured by Sika Corporation; or equal. 

E. Sealants for non-waterstop joints in concrete shall conform to the requirements of 
Section [07920], "Sealants and Caulking." 

2. 1 0 JOINT MATERIALS 

A. Bearing Pad: Bearing pad to be neoprene conforming to ASTM D 2000 BC 420, 
40 durometer hardness unless otherwise noted. 

B. Neoprene Sponge: Sponge to be neoprene, closed-cell, expanded, conforming to 
ASTM D 1056, type 2C3-E1. 

C. Joint Filler: 

1. Joint filler for expansion JOmts in waterholding structures shall be 
neoprene conforming to ASTM D1056, type 2C5-E1. 

2. Joint filler material in other locations shall be of the preformed non
extruding type joint filler constructed of cellular neoprene sponge rubber 
or polyurethane of firm texture. Bituminous fiber type will not be 
permitted. All non-extruding and resilient-type preformed expansion 
joint fillers shall conform to the requirements and tests set forth in ASTM 
D 1752 for Type I, except as otherwise specified herein. 

2.11 BACKING ROD 

A. Backing rod shall be an extruded closed-cell, polyethylene foam rod. The 
material shall be compatible with the joint sealant material used and shall have a 
tensile strength of not less than 40 psi and a compression deflection of 
approximately 25 percent at 8 psi. The rod shall be 1/8-inch larger in diameter 
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than the joint width except that a one-inch diameter rod shall be used for a 3/4-
inch wide joint. 

BOND BREAKER 

A. Bond breaker shall be Super Bond Breaker as manufactured by Burke Company, 
San Mateo, California; Select Cure CRB as manufactured by Select Products Co., 
Upland, California; or equal. It shall contain a fugitive dye so that areas of 
application will be readily distinguishable. 

2.13 BENTONITE WATERSTOP 

A. Where called for in the Contract Documents, bentonite type waterstop, which 
shall expand in the presence of water to form a watertight joint seal without 
damaging the concrete in which it is cast, shall be provided. 

B. The bentonite waterstop shall be composed of 75 percent bentonite. The balance 
of the material shall be butyl rubber-hydrocarbon with less than 1.0 percent 
volatile matter. The waterstop shall contain no asbestos fibers or asphaltics. 

C. The manufacturer's rated application temperature range shall be from 5 to 125 
degrees F. The service temperature range shall be from -40 to 212 degrees F. 

D. The cross sectional dimensions of the unexpanded waterstop shall be one inch by 
3/4-inch. 

E. The waterstop shall be provided with an adhesive backing which will provide 
excellent adhesion to concrete surfaces. 

2.14 SLIP DOWELS 

A. Slip dowels in joints shall be A36 smooth epoxy-coated bars, conforming to 
ASTMA775. 

2.15 PVC TUBING 

A. PVC tubing in joints shall be Sch. SDR 13.5, conforming to ASTM D 2241. 

PART 3: EXECUTION 

3.01 GENERAL 

A. Waterstops of the type specified herein shall be embedded in the concrete across 
joints as shown. All waterstops shall be fully continuous for the extent of the 
joint. Splices necessary to provide such continuity shall be accomplished in 
conformance to printed instructions of manufacturer of the waterstops. The 
Contractor shall take suitable precautions and means to support and protect the 
waterstops during the progress of the work and shall repair or replace at its own 
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expense any waterstops damaged during the progress of the work. All waterstops 
shall be stored so as to permit free circulation of air around the waterstop 
material. 

B. When any waterstop is installed in the concrete on one side of a joint, while the 
other half or portion of the waterstop remains exposed to the atmosphere for 
more than 2 days, suitable precautions shall be taken to shade and protect the 
exposed waterstop from direct rays of the sun during the entire exposure and 
until the exposed portion of the waterstop is embedded in concrete. 

3.02 SPLICES IN WATERSTOPS 

A. Splices in waterstops shall be performed by heat sealing the adjacent waterstop 
sections in accordance with the manufacturer's printed recommendations. It is 
essential that: 

1. The material not be damaged by heat sealing. 

2. The splices have a tensile strength of not less than 60 percent of the 
unspliced materials tensile strength. 

3. The continuity of the waterstop ribs and of its tubular center axis be 
maintained. 

B. Butt joints of the ends of 2 identical waterstop sections may be made while the 
material is in the forms. 

C. All joints with waterstops involving more than 2 ends to be jointed together, and 
all joints which involve an angle cut, alignment change, or the joining of 2 
dissimilar waterstop sections shall be prefabricated by the Contractor prior to 
placement in the forms, allowing not less than 24-inch long strips of waterstop 
material beyond the joint. Upon being inspected and approved, such 
prefabricated waterstop joint assemblies shall be installed in the forms and the 
ends of the 24-inch strips shall be butt welded to the straight run portions of 
waterstop in place in the forms. 

D. Where a centerbulb waterstop intersects and is jointed with a non-centerbulb 
waterstop, care shall be taken to seal the end of the centerbulb, using additional 
PVC material if needed. 

3.03 JOINT CONSTRUCTION 

A. Setting W aterstops: In order to eliminate faulty installation that may result in 
joint leakage, particular care shall be taken of the correct positioning of the 
waterstops during installation. Adequate provisions must be made to support and 
anchor the waterstops during the progress of the work and to insure the proper 
embedment in the concrete. The symmetrical halves of the waterstops shall be 
equally divided between the concrete pours at the joints. The center axis of the 
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waterstops shall be coincident with the joint openings. Maximum density and 
imperviousness of the concrete shall be insured by thoroughly working it in the 
vicinity of all joints. 

B. In placing flat-strip waterstops in the forms, means shall be provided to prevent 
them from being folded over by the concrete as it is placed. Unless otherwise 
shown, all waterstops shall be held in place with light wire ties on 12-inch centers 
which shall be passed through the edge of the waterstop and tied to the curtain of 
reinforcing steel. Horizontal waterstops, with their flat face in a vertical plane, 
shall be held in place with continuous supports to which the top edge of the 
waterstop shall be tacked. In placing concrete around horizontal waterstops, with 
their flat face in a horizontal plane, concrete shall be worked under the 
waterstops by hand so as to avoid the formation of air and rock pockets. 

C. In placing centerbulb waterstops in expansion joints, the centerbulb shall be 
centered on the joint filler material. 

D. W aterstop in vertical wall joints shall stop 6 inches from the top of the wall 
where such waterstop does not connect with any other waterstop and is not to be 
connected to for a future concrete placement. 

E. Joint Location: Construction joints, and other types of joints, shall be provided 
where shown. When not shown, construction joints shall be provided at 25-foot 
maximum spacing for all concrete construction, unless noted otherwise. Where 
joints are shown spaced greater than 40 feet apart, additional joints shall be 
provided to maintain the 25-foot maximum spacing. The location of all joints, of 
any type, shall be submitted for acceptance by the Engineer. 

F. Joint Preparation: Special care shall be used in preparing concrete surfaces at 
joints where bonding between 2 sections of concrete is required. Unless 
otherwise shown, such bonding will be required at all horizontal joints in walls. 
Surfaces shall be prepared in accordance with the requirements of Section [03300] 
[03310], "Cast-in-Place Concrete." Except on horizontal wall construction joints, 
wall to slab joints or where otherwise shown or specified, at all joints where 
waterstops are required, the joint face of the first pour shall be coated with a bond 
breaker as specified herein. 

G. Construction Joint Sealant: Construction joints in water-bearing floor slabs, 
and elsewhere as shown, shall be provided with tapered grooves which shall be 
filled with a construction joint sealant. The material used for forming the tapered 
grooves shall be left in the grooves until just before the grooves are cleaned and 
filled with joint sealant. After removing the forms from the grooves, alllaitance 
and fins shall be removed, and the grooves shall be sand-blasted. The grooves 
shall be allowed to become thoroughly dry, after which they shall be blown out; 
immediately thereafter, they shall be primed, bond breaker tape placed in the 
bottom of the groove, and filled with the construction joint sealant. The primer 
used shall be supplied by the same manufacturer supplying the sealant. No 
sealant will be permitted to be used without a primer. Care shall be used to 
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completely fill the sealant grooves. Areas designated to receive a sealant fillet shall 
be thoroughly cleaned, as outlined for the tapered grooves, prior to application of 
the sealant. 

The primer and sealant shall be placed strictly in accordance with the printed 
recommendations of the manufacturer, taking special care to properly mix the 
sealant prior to application. The sides of the sealant groove shall not be coated 
with bond breaker, curing compound, or any other substance which would 
interfere with proper bonding of the sealant. All sealant shall achieve final cure at 
least 7 days before the structure is filled with water. 

All sealant shall be installed by a competent waterproofing specialty contractor 
who has a successful record of performance in similar installations. Before work 
is commenced, the crew shall be instructed as to the proper method of application 
by a representative of the sealant manufacturer. 

Thorough, uniform mixing of 2-part, catalyst-cured materials is essential; special 
care shall be taken to properly mix the sealer before its application. Before any 
sealer is placed, the Contractor shall arrange to have the crew doing the work 
carefully instructed as to the proper method of mixing and application by a 
representative of the sealant manufacturer. 

Any joint sealant which, after the manufacturer's recommended curing time for 
the job conditions of the work hereunder, fails to fully and properly cure shall be 
completely removed; the groove shall be thoroughly sandblasted to remove all 
traces of the uncured or partially cured sealant and primer, and shall be re-sealed 
with the specified joint sealant. All costs of such removal, joint treatment, re
sealing, and appu!'tenant work shall be at the expense of the Contractor. 

Bentonite Waterstop: 

1. Where a bentonite waterstop is called for, it shall be installed with the 
manufacturer's instructions and recommendations; except, as modified 
herein. 

2. When requested by the Engineer, the manufacturer shall provide 
technical assistance in the field. 

3. Bentonite waterstop shall only be used where complete confmement by 
concrete is provided. Bentonite waterstop shall not be used in expansion 
or contraction joints nor in the first 6 inches of any intersecting joint. 

4. The bentonite waterstop shall be located as near as possible to the center 
of the joint and it shall be continuous around the entire joint. The 
minimwn distance from the edge of the waterstop to the face of the 
member shall be 5 inches. 
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Where the thickness of the concrete member to be placed on the 
bentonite waterstop is less than 12 inches, the waterstop shall be placed in 
grooves formed or ground into the concrete. The groove shall be at least 
3/4 inch deep and 1-1/4 inches wide. When placed in the groove, the 
minimum distance from the edge of the waterstop to the face of the 
member shall be 2.5 inches. 

Where a bentonite waterstop is used in combination with PVC 
waterstop, the bentonite waterstop shall overlap the PVC waterstop for a 
minimum of 6 inches and shall be placed in contact with the PVC 
waterstop. 

7. The bentonite waterstop shall not be placed when the temperature of the 
waterstop material is below 40 degrees F. The waterstop material may be 
warmed so that it shall remain above 40 degrees F during placement; 
however, means used to warm the material shall in no way harm the 
material or its properties. The waterstop shall not be installed where the 
air temperature falls outside the manufacturer's recommended range. 

8. The concrete surface under the bentonite waterstop shall be smooth and 
uniform. The concrete shall be ground smooth if needed. Alternately, 
the bentonite waterstop shall be bonded to the surface using an epoxy 
grout which completely fills all voids and irregularities beneath the 
waterstop material. Prior to installation, the concrete surface shall be 
wire brushed to remove any laitance or other materials that may interfere 
with the bonding of epoxy. 

9. The bentonite waterstop shall be secured in place with concrete nails and 
washers at 12-inch maximum spacing. This shall be in addition to the 
adhesive backing provided with the waterstop. 

[END OF SECTION] 
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SECTION 03300 
CAST -IN-PLACE CONCRETE 

PART 1: GENERAL 

1.01 THE REQUIREMENT 

A. The Contractor shall furnish all materials for concrete in accordance with the 
provisions of this Section and shall form, mix, place, cure, repair, finish, and do 
all other work as required to produce finished concrete, in accordance with the 
requirements of the General Specifications, the CQA Plan, and the 
Construction Drawings. 

B. The following types of concrete are covered in this Section: 

1. Structural Concrete: Concrete to be used in all cases except where 
indicated otherwise. 

2. Sitework Concrete: Concrete to be used for curbs, gutters, catch 
basins, sidewalks, pavements, fence and guard post embedment, 
underground duct bank encasement and all other concrete appurtenant 
to electrical facilities unless otherwise indicated. 

3. Lean Concrete: Concrete to be used for thrust blocks, pipe trench cut
off blocks and cradles that are detailed on the Drawings as 
unreinforced. Lean concrete shall be used as protective cover for 
dowels intended for future connection. 

C. The term "hydraulic structure" used in these specifications means 
environmental engineering concrete structures for the containment, treatment, 
or transmission of water, wastewater, or other fluids. 

1.02 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. Federal Specifications: 

UU-B-790A (1) (2) 

B. Commercial Standards: 

ACI 117 

ACI 214 

Building Paper, Vegetable Fiber (Kraft, water
proofed, Water Repellent and Fire Resistant) 

Standard Tolerances for Concrete Construction 
and Materials 

Recommended Practice for Evaluation of 
Strength Test Results of Concrete 
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ACI 301 

ACI 306.1 

ACI 309 

ACI 315 

ACI 318 

ASTMC31 

ASTM C 33 

ASTMC39 

ASTMC94 

ASTM C 136 

ASTMC 143 

ASTM C 150 

ASTM C 156 

ASTMC 157 

ASTMC 192 

ASTMC260 

ASTMC309 

ASTMC494 

Triassic Park Hazardous Waste Facility 
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Structural Concrete for Buildings 

Cold Weather Concreting 

Consolidation of Concrete 

Details and Detailing of Concrete 
Reinforcement 

Building Code Requirements for Reinforced 
Concrete 

Practices for Making and Curing Concrete Test 
Specimens in the Field 

Concrete Aggregates 

Test Method for Compressive Strength of 
Cylindrical Concrete Specimens 

Ready-Mixed Concrete 

Method for Sieve Analysis of Fine and Coarse 
Aggregates 

Test Method for Slump of Hydraulic Cement 
Concrete 

Portland Cement 

Test Methods for Water Retention by Concrete 
Curing Materials 

Test Method for Length Change of Hardened 
Hydraulic Cement Mortar and Concrete 

Practice for Making and Curing Concrete Test 
Specimens in the Laboratory 

Air-Entraining Admixtures for Concrete 

Liquid Membrane-Forming Compounds for 
Curing Concrete 

Chemical Admixtures for Concrete 
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ASTMD 175 

ASTMD 2419 

ASTME 119 
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Practice for Laboratories Testing Concrete and 
Concrete Aggregates for use in Construction & 
Criteria for Laboratory Evaluation 

Preformed Expansion Joint Fillers for Concrete 
Paving and Structural Construction (Non
extruding and Resilient Bituminous Types) 

Test Method for Sand Equivalent Value of Soils 
and Fine Aggregate 

Method for Fire Tests of Building Construction 
and Materials 

1.03 CONTRACTOR SUBMITTALS 

A. Mix Designs: Prior to beginning work and within 14 days of the notice to 
proceed, the Contractor shall submit to the Engineer, for review, preliminary 
concrete mix designs which shall show the proportions and gradations of all 
materials proposed for each class and type of concrete specified herein. The mix 
designs shall be checked by an independent testing laboratory acceptable to the 
Engineer. All costs related to such checking shall be borne by the Contractor. 
Since laboratory trial batches require 35 calendar days to complete, the 
Contractor may consider testing more than one mix design for each class of 
concrete. 

B. Delivery Tickets: Where ready-mix concrete is used, the Contractor shall 
furnish delivery tickets at the time of delivery of each load of concrete. Each 
ticket shall show the state certified equipment used for measuring and the total 
quantities, by weight, of cement, sand, each class of aggregate, admixtures, and 
the amounts of water in the aggregate added at the hatching plant, and the 
amount allowed to be added at the site for the specific design mix. In addition, 
each ticket shall state the mix number, total yield in cubic yards, and the time 
of day, to the nearest minute, corresponding to the times when the batch was 
dispatched, when it left the plant, when it arrived at the site, when unloading 
began, and when unloading was finished. 

C. Furnish the following submittals in accordance with ACI 301: 

1. Mill tests for cement. 

2. Admixture certification. Chloride ion content must be included. 

3. Aggregate gradation and certification. 

4. Materials and methods for curing. 
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1.04 CONCRETE CONFERENCE 

A. A meeting to review the detailed requirements of the Contractor's proposed 
concrete design mixes and to determine the procedures for producing proper 
concrete construction shall be held no later than 14 days after the notice to 
proceed. 

B. All parties involved in the concrete work shall attend the conference, including 
the following at a minimum: 

Contractor's representative 
Testing laboratory representative 
Concrete subcontractor 
Reinforcing steel subcontractor and detailer 
Concrete supplier 
Admixture manufacturer's representative 

C. The conference shall be held at a mutually agreed upon time and place. The 
Engineer shall be notified no less than 5 days prior to the date of the 
conference. 

1.05 QUALITY ASSURANCE 

A. General 

1. Tests on component materials and for compressive strength and 
shrinkage of concrete shall be performed as indicated herein. Test for 
determining slump will be in accordance with the requirements of 
ASTMC 143. 

2. The cost of all laboratory tests on cement, aggregates, and concrete, will 
be borne by the Owner. However, the Contractor shall pay the cost of 
any additional tests and investigation on work performed which does 
not meet the specifications. The laboratory will meet or exceed the 
requirements of ASTM C 1077. 

3. Concrete for testing shall be supplied by the Contractor at no 
additional cost to the Owner, and the Contractor shall assist the 
Engineer in obtaining samples, and disposal and cleanup of excess 
material. 

B. Field Compression Tests: 

1. Compression test specimens will be taken during construction from the 
first placement of each class of concrete specified herein and at intervals 
thereafter as selected by the Engineer to insure continued compliance 
with these specifications. Each set of test specimens will be a minimum 
of 5 cylinders. 
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Compression test specimens for concrete shall be made in accordance 
with section 9.2 of ASTM C 31. Specimens shall be 6-inch diameter by 
12-inch high cylinders. 

Compression tests shall be performed in accordance with ASTM C 39. 
One test cylinder will be tested at 7 days and 2 at 28 days. The 
remaining cylinders will be held to verify test results, if needed. 

C. Evaluation and Acceptance of Concrete: 

1. Evaluation and acceptance of the compressive strength of concrete will 
be according to the requirements of ACI 318, Chapter 5 "Concrete 
Quality," and as indicated herein. 

2. A statistical analysis of compression test results will be performed 
according to the requirements of ACI 214. The standard deviation of 
the test results shall not exceed 640 psi, when ordered at equivalent 
water content as estimated by slump. 

3. If any concrete fails to meet these requirements, immediate corrective 
action shall be taken to increase the compressive strength for all 
subsequent batches of the type of concrete affected. 

4. When the standard deviation of the test results exceeds 640 psi, the 
average strength for which the mix is designed shall be increased by an 
amount necessary to satisfy the statistical requirement that the 
probability of any test being more than 500 psi below or the average of 
any 3 consecutive tests being below the required compressive strength is 
1 in 100. The required average strength shall be calculated by Criterion 
No.3 of ACI 214 using the actual standard of deviation. 

5. All concrete which fails to meet the ACI requirements and these 
specifications, is subject to removal and replacement at no additional 
cost to the Owner. 

D. Shrinkage Tests: 

1. Drying shrinkage tests shall be performed for the trial batch indicated 
in the Paragraph in Part 2 entitled "Trial Batch and Laboratory Tests," 
the first placement of each class of concrete, and during construction to 
insure continued compliance with these Specifications. 

2. Drying shrinkage specimens shall be 4-inch by 4-inch by 11-inch prisms 
with an effective gage length of 10 inches; fabricated, cured, dried, and 
measured in accordance with ASTM C 157 modified as follows: 
specimens shall be removed from molds at an age of 23 plus or minus 1 
hours after trial hatching, shall be placed immediately in water at 70 
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degrees F plus or minus 3 degrees F for at least 30 minutes, and shall be 
measured within 30 minutes thereafter to determine original length and 
then submerged in saturated lime water at 73 degrees F plus or minus 3 
degrees F. Measurement to determine expansion expressed as a 
percentage of original length shall be made at age 7 days. This length at 
age 7 days shall be the base length for drying shrinkage calculations ("0" 
days drying age). Specimens then shall be stored immediately in a 
humidity control room maintained at 73 degrees F plus or minus 3 
degrees F and 50 percent plus or minus 4 percent relative humidity for 
the remainder of the test. Measurements to determine shrinkage 
expressed as percentage of base length shall be made and reported 
separately for 7, 14, 21, and 28 days of drying after 7 days of moist 
cunng. 

3. The drying shrinkage deformation of each specimen shall be computed 
as the difference between the base length (at "0" days drying age) and 
the length after drying at each test age. The average drying shrinkage 
deformation of the specimens shall be computed to the nearest 0.0001 
inch at each test age. If the drying shrinkage of any specimen departs 
from the average of that test age by more than 0.0004-inch, the results 
obtained from that specimen shall be disregarded. Results of the 
shrinkage test shall be reported to the nearest 0.001 percent of 
shrinkage. Compression test specimens shall be taken in each case from 
the same concrete used for preparing drying shrinkage specimens. 
These tests shall be considered a part of the normal compression tests 
for the project. Allowable shrinkage limitations shall be as indicated in 
Part 2 below. 

E. Construction Tolerances: The Contractor shall set and maintain concrete 
forms and perform finishing operations to ensure that the completed work is 
within tolerances. Surface defects and irregularities are defined as finishes and 
are to be distinguished from tolerances. Tolerance is the permissible variation 
from lines, grades, or dimensions indicated on the Drawings. Where tolerances 
are not stated in the specifications, permissible deviations will be in accordance 
with ACI 117. 

1. The following construction tolerances apply to finished walls and slab 
unless otherwise indicated: 

Item 

Variation of the constructed linear outline 
from the established position in plan. 

Variation from the level or from the grades 
shown. In 20 feet or more: 1/2-inch 

Variation from the plumb 

03300-6 

Tolerance 

In 10 feet: 1/ 4-inch; 
In 20 feet or more: 112-inch 

In 10 feet: 1/4-inch; 

In 10 feet: 1/ 4-inch; 
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In 20 feet or more: 1/2-inch 

Variation in the thickness of slabs and walls. 
Plus 1/2-inch 

Variation in the locations and sizes of slabs 
and wall openings 

F. Floor Slab Hardener 

Minus 1/4-inch; 

Plus or minus 1/4-inch 

1. Job Mockup: In a location designated by the Engineer, the Contractor 
shall place a 100 square foot floor mockup using the materials and 
procedures proposed for the work. Materials and procedures may be 
revised as necessary to obtain an acceptable surface, but the same 
materials and procedures shall be used in the work. 

2. Field Service: The Contractor shall obtain onsite proper usage advice 
from the surface hardener manufacturer while the job mockup is being 
placed and during initial placement of the work. Notify the surface 
hardener manufacturer at least 3 days prior to initial use of the product. 

3. Installer Qualifications: Installer shall have a minimum of 3 years 
experience and shall be specialized in application of dry shake surface 
hardeners. 

PART 2: PRODUCTS 

2.01 CONCRETE MATERIALS 

A. General: 

1. All materials shall be classified as acceptable for potable water use by 
the Environmental Protection Ageru::y within 30 days of application. 

2. Materials shall be delivered, stored, and handled so as to prevent 
damage by water or breakage. Cement reclaimed from cleaning bags or 
leaking containers shall not be used. All cement shall be used in the 
sequence of receipt of shipments. 

B. All materials shall comply with the requirements of Sections 201, 203, and 204 
of ACI 301, as applicable. 

C. Storage of materials shall conform to the requirements of Section 205 of ACI 
301. 

D. Materials for concrete shall conform to the following requirements: 
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Cement shall be standard brand portland cement conforming to ASTM 
C 150 for Type II or Type V, including Table 2 optional requirements. 
A minimum of 85 percent of cement by weight shall pass a 325 screen. 
A single brand of cement shall be used throughout the work, and prior 

to its use, the brand shall be acceptable to the Engineer. The cement 
shall be suitably protected from exposure to moisture until used. 
Cement that has become lumpy shall not be used. Sacked cement shall 
be stored in such a manner so as to permit access for inspection and 
sampling. Certified mill test reports, including fineness, for each 
shipment of cement to be used shall be submitted to the Engineer, if 
requested, regarding compliance with these Specifications. 

2. Water for mixing and curing shall be potable, clean, and free from 
objectionable quantities of silty organic matter, alkali, salts, and other 
impurities. The water shall be considered potable, for the purposes of 
this Section only, if it meets the requirements of the local governmental 
agencies. Agricultural water with high total dissolved solids (over 1000 
mg/1 TDS) shall not be used. 

3. Aggregates shall be obtained from pits acceptable to the Engineer, shall 
be non-reactive, and shall conform to ASTM C 33. Maximum size of 
coarse aggregate shall be as indicated herein. Lightweight sand for fine 
aggregate will not be permitted. 

a. Coarse aggregates shall consist of clean, hard, durable gravel, 
crushed gravel, crushed rock, or a combination thereof. The 
coarse aggregates shall be prepared and handled in two or more 
size groups for combined aggregates with a maximum size greater 
than 3/ 4-inch. When the aggregates are proportioned for each 
batch of concrete, the two size groups shall be combined. See the 
Paragraph in Part 2 entitled "Trial Batch and Laboratory Tests" 
for the use of the size groups. 

b. Fine aggregates shall be natural sand or a combination of natural 
and manufactured sand that are hard and durable. When tested 
in accordance with ASTM D 2419, the sand equivalency shall not 
be less than 75 percent for an average of three samples, nor less 
than 70 percent for an. individual test. Gradation of fine 
aggregate shall conform to ASTM C 33. The fineness modulus of 
sand used shall not be over 3.00. 

c. Combined aggregates shall be well graded from coarse to fine 
sizes and shall be uniformly graded between screen sizes to 
produce a concrete that has optimum workability and 
consolidation characteristics. Where a trial batch is required for a 
mix design, the final combined aggregate gradations will be 
established during the trial batch process. 
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When tested in accordance with ASTM C 33, the ratio of silica 
released to reduction in alkalinity shall not exceed 1.0. 

e. When tested in accordance with ASTM C 33, the fine aggregate 
shall produce a color in the supernatant liquid no darker than the 
reference standard color solution. 

f. When tested in accordance with ASTM C 33, the coarse 
aggregate shall show a loss not exceeding 42 percent after 500 
revolutions, or 10.5 percent after 100 revolutions. 

g. When tested in accordance with ASTM C 33, the loss resulting 
after five cycles shall not exceed 10 percent for fine or coarse 
aggregate when using sodium sulfate. 

4. Ready-mix concrete shall conform to the requirements of ASTM C 94. 

5. Admixtures: All admixtures shall be compatible and be furnished by a 
single manufacturer capable of providing qualified field service 
representation. Admixtures shall be used in accordance with 
manufacturer's recommendations. If the use of an admixture is 
producing an inferior end result, the Contractor shall discontinue use of 
the admixture. Admixtures shall not contain thiocyanates nor more 
than 0.05 percent chloride ion, and shall be non-toxic after 30 days. 

a. Air-entraining agent meeting the requirements of ASTM C 260 
shall be used. Sufficient air-entraining agent shall be used to 
provide a total air content of 3 to 5 percent. The Owner reserves 
the right, at any time, to sample and test the air-entraining agent. 
The air-entraining agent shall be added to the batch in a portion 
of the mixing water. The solution shall be hatched by means of a 
mechanical hatcher capable of accurate measurement. Air 
content shall be tested at the point of placement. Air entraining 
agent shall be Micro-Air by Master Builders; Daravair by W.R. 
Grace; Sika AEA-15 by Sika Corporation; or equal. 

b. Set controlling and water reducing admixtures: Admixtures may 
be added at the Contractor's option, subject to the Engineer's 
approval, to control the set, effect water reduction, and increase 
workability. The addition of an admixture shall be at the 
Contractor's expense. Concrete containing an admixture shall be 
first placed at a location determined by the Engineer. 
Admixtures shall conform to the requirements of ASTM C 494. 
The required quantity of cement shall be used in the mix 
regardless of whether or not an admixture is used. 

(1) Concrete shall not contain more than one water reducing 
admixture. 
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Set controlling admixture may be either with or without 
water-reducing properties. Where the air temperature at 
the time of placement is expected to be consistently 
greater than 80 degrees F, a set retarding admixture such 
as Plastocrete by Sika Corporation; Pozzolith 300R by 
Master Builders; Daratard by W.R. Grace; or equal shall 
be used. Where the air temperature at the time of 
placement is expected to be consistently less than 40 
degrees F, a non-corrosive set accelerating admixture such 
as Plastocrete 161FL by Sika Corporation; Pozzutec 20 
by Master Builders; Daraset by W.R. Grace; or equal 
shall be used. 

(3) Normal range water reducer shall conform to ASTM C 
494, Type A. WRDA 79 by W.R. Grace; Pozzolith 322-
N by Master Builders; Plastocrete 161 by Sika 
Corporation; or equal. The quantity of admixture used 
and the method of mixing shall be in accordance with the 
Manufacturer's instructions and recommendations. 

(4) High range water reducer shall conform to ASTM C 494, 
Type F or G. Daracem 100 or WDRA 19 by W.R. 
Grace; Sikament FF or Sikament 86 by Sika 
Corporation; Rheobuild 1000 or Rheobuild 716 by 
Master Builders; or equal. High range water reducer shall 
be added to the concrete after all other ingredients have 
been mixed and initial slump has been verified. No more 
than 14 ounces of water reducer per sack of cement shall 
be used. Water reducer shall be considered as part of the 
mixing water when calculating water cement ratio. 

(5) If the high range water reducer is added to the concrete at 
the job site, it may be used in conjunction with the same 
water reducer added at the batch plant. Concrete shall 
have a slump of 3 inches plus or minus 1/2-inch prior to 
adding the high range water reducing admixture at the 
job site. The high range water reducing admixture shall 
be accurately measured and pressure injected into the 
mixer as a single dose by an experienced technician. A 
standby system shall be provided and tested prior to each 
day's operation of the job site system. 

(6) Concrete shall be mixed at mixing speed for a minimum 
of 30 mixer revolutions after the addition of the high 
range water reducer. 

(7) Flyash: Flyash shall not be used. 
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2.02 CURING MATERIALS 

A. Materials for curing concrete as indicated herein shall conform to the following 
requirements and ASTM C 309: 

1. All curing compounds shall be white pigmented and resm based. 
Sodium silicate compounds shall not be allowed. Concrete curing 
compound shall be Kurez by Euclid Chemical Company; MB-429 as 
manufactured by Master Builders; L&M Cure R; or equal. Water based 
resin curing compounds shall be used only where local air quality 
regulations prohibit the use of a solvent based compound. Water based 
curing compounds shall be Aqua-Cure by Euclid Chemical Company; 
Masterkure-W by Master Builders; L&M Cure R-2; or equal. 

2. Polyethylene sheet for use as concrete curing blanket shall be white and 
shall have a nominal thickness of 6 mils. The loss of moisture when 
determined in accordance with the requirements of ASTM C 156 shall 
not exceed 0.055 grams per square centimeter of surface. 

3. Polyethylene-coated waterproof paper sheeting for use as concrete 
curing blanket shall consist of white polyethylene sheeting free of 
visible defects, uniform in appearance, have a nominal thickness of 2 
mils, and be permanently bonded to waterproof paper conforming to 
the requirements of Federal Specification UU-B-790A (1) (2). The loss 
of moisture, when determined in accordance with the requirements of 
ASTM C 156, shall not exceed 0.055 gram per square centimeter of 
surface. 

4. Polyethylene-coated burlap for use as concrete curing blanket shall be 
4-mil thick, white opaque polyethylene film impregnated or extruded 
into one side of the burlap. Burlap shall weigh not less than 9 ounces 
per square yard. The loss of moisture, when determined in accordance 
with the requirements of ASTM C 156, shall not exceed 0.055 grams 
per square centimeter of surface. 

5. Curing mats for use in Curing Method 6 as indicated below, shall be 
heavy shag rugs or carpets or cotton mats quilted at 4 inches on center. 
Curing mats shall weigh a minimum of 12 ounces per square yard 

when dry. 

6. Evaporation retardant shall be a material such as Confilm as 
manufactured by Master Builders; Eucobar as manufactured by Euclid 
Chemical Company; E-CON as manufactured by L & M Construction 
Chemicals, Inc. or equal. 
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2.03 NON-WATERSTOP JOINT MATERIALS 

A. Materials for non-waterstop joints in concrete shall conform to the following 
requirements: 

1. Preformed joint filler shall be a non-extruding, resilient, bituminous 
type conforming to the requirements of ASTM D 1751. 

2. Elastomeric joint sealer shall conform to the requirements of Section 
07920 - Sealants and Caulking. 

3. Mastic joint sealer shall be a material that does not contain evaporating 
solvents; that will tenaciously adhere to concrete surfaces; that will 
remain permanently resilient and pliable; that will not be affected by 
continuous presence of water and will not in any way contaminate 
potable water; and that will effectively seal the joints against moisture 
infiltration even when the joints are subject to movement due to 
expansion and contraction. The sealer shall be composed of special 
asphalts or similar materials blended with lubricating and plasticizing 
agents to form a tough, durable mastic substance containing no volatile 
oils or lubricants and shall be capable of meeting the test requirements 
set forth below, if testing is required by the Engineer. 

2.04 MISCELLANEOUS MATERIALS 

A. Dampproofing agent shall be an asphalt emulsion, such as Hydrocide 600 by 
Sonneborn; Damp-proofing Asphalt Coating by Euclid Chemical Company; 
Sealmastic by W. R. Meadows Inc., or equal. 

B. Bonding agents shall be epoxy adhesives conforming to the following: 

1. For bonding freshly-mixed, plastic concrete to hardened concrete, 
Sikadur 32 Hi-Mod Epoxy Adhesive, as manufactured by Sika 
Corporation; Concresive Liquid (LPL), as manufactured by Master 
Builders; BurkEpoxy MV as manufactured by The Burke Company; or 
equal. 

2. For bonding hardened concrete or masonry to steel, Sikadur 31 Hi-Mod 
Gel as manufactured by Sika Corporation; BurkEpoxy NS as 
manufactured by The Burke Company; Concresive Paste (LPL) as 
manufactured by Master Builders; or equal. 

C. Chemical protection agent shall be a coal tar epoxy, coal CAT 97-640/641 , as 
manufactured by Pittsburgh Paints. Coal tar shall be used a shown on the 
construction Drawings. Material shall be applied as directed by the 
manufacturer specification. 
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2.05 CONCRETE DESIGN REQUIREMENTS 

A. General: Concrete shall be composed of cement, admixtures, aggregates, and 
water of the qualities indicated. The exact proportions in which these materials 
are to be used for different parts of the work will be determined during the trial 
batch. In general, the mix shall be designed to produce a concrete capable of 
being deposited so as to obtain maximum density and minimum shrinkage, and, 
where deposited in forms, to have good consolidation properties and maximum 
smoothness of surface. The aggregate gradations shall be formulated to provide 
fresh concrete that will not promote rock pockets around reinforcing steel or 
embedded items. The proportions shall be changed whenever necessary or 
desirable to meet the required results at no additional cost to the Owner. All 
changes shall be subject to review by the Engineer. 

B. Fine Aggregate Composition: In mix designs for structural concrete, the 
percentage of fine aggregate in total aggregate by weight, shall be as indicated in 
the following table. 

RNE AGGREGATE 
Fineness Modulus Maximum Percent 

2.7 or less 41 
2.7 to 2.8 42 
2.8 to 2.9 43 
2.9 to 3.0 44 

For other concrete, the maximum percentage of fine aggregate of total 
aggregate, by weight, shall not exceed 50. 

C. Water-Cement Ratio and Compressive Strength: Concrete shall have the 
following minimum properties: 

TYPE OF WORK MIN 28-DAY 
COMPR. 

STRENGTH 
(PSI) 

Structural Concrete: 
Roof, floor slabs, columns, walls and all 4,000 
other concrete items not specified 
elsewhere. 

12-inch and thicker walls, slabs on grade 4,000 
and footings. (optional) 

Pea Gravel Mix. Thin sections and areas 4,000 
with congested reinforcing, at the 
Contractor's option and with the written 
approval of the Engineer for the specific 
location. 
Maximum fine aggregate 50% by weight 
of aggregate. 

Sitework concrete 3,000 
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MAX SIZE. 
AGGREGAT 

EUNl 

1 

1-1/2 

3/8 

1 

MINIMUM 
CEMENT 

PERCUYD 
(LBS) 

564 

564 

752 

470 

MAXW/C 
RATIO 

CBYWEIGH11 

0.45 

0.45 

0.40 

0.50 
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I 376 I 0.60 

NOTE: The Contractor is cautioned that the limiting parameters above are not a mix design. Additional 
cement or water reducing agent may be required to achieve workability required by the Contractor's 
construction methods and aggregates. The Contractor is responsible for providing concrete with the required 
workability. 

D. Adjustments to Mix Design: The mixes shall be changed whenever such 
change is necessary or desirable to secure the required strength, density, 
workability, and surface finish, and the Contractor shall be entitled to no 
additional compensation because of such changes. 

2.06 CONSISTENCY 

A. The quantity of water in a batch of concrete shall be just sufficient, with a 
normal mixing period, to produce a concrete which can be worked properly 
into place without segregation and which can be compacted by vibratory 
methods to give the desired density, impermeability, and smoothness of surface. 
The quantity of water shall be changed as necessary, with variations in the 

nature or moisture content of the aggregates, to maintain uniform production 
of a desired consistency. The consistency of the concrete in successive batches 
shall be determined by slump tests in accordance with ASTM C 143. The 
slumps shall be as follows: 

Parto[Work Slump (in) 

All concrete, unless indicated otherwise 3 inches plus or minus 1 inch 

With high range water reducer added 7 inches plus or minus 2 inches 

Pea gravel mix 7 inches plus or minus 2 inches 

Duct banks 5 inches plus or minus 1 inch 

2.07 TRIAL BATCH AND LABORATORY TESTS 

B. Before placing any concrete, a testing laboratory selected by the Engineer shall 
prepare a trial batch of each class of structural concrete, based on the 
preliminary concrete mixes submitted by the Contractor. During the trial 
batch the aggregate proportions may be adjusted by the testing laboratory using 
the two coarse aggregate size ranges to obtain the required properties. If one 
size range produces an acceptable mix, a second size range need not be used. 
Such adjustments will be considered refinements to the mix design and will not 
be the basis for extra compensation to the Contractor. All concrete shall 
conform to the requirements of this Section, whether the aggregate proportions 
are from the Contractor's preliminary mix design, or whether the proportions 
have been adjusted during the trial batch process. The trial batch shall be 
prepared using the aggregates, cement and admixture proposed for the project. 
The trial batch materials shall be of a quantity such that the testing laboratory 
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can obtain 3 drying shrinkage, and 6 compression test specimens from each 
batch. 

The determination of compressive strength will be made by testing 6-inch 
diameter by 12-inch high cylinders; made, cured and tested in accordance with 
ASTM C 192 and ASTM C 39. Three compression test cylinders will be tested 
at 7 days and 3 at 28 days. The average compressive strength for the 3 cylinders 
tested at 28 days for any given trial batch shall not be less than 125 percent of 
the specified compressive strength. 

A sieve analysis of the combined aggregate for each trial batch shall be 
performed according to the requirements of ASTM C 136. Values shall be 
given for percent passing each sieve. 

2.08 SHRINKAGE LIMITATION 

A. The maximum concrete shrinkage for specimens cast in the laboratory from the 
trial batch, as measured at 21-day drying age or at 28-day drying age shall be 
0.036 percent or 0.042 percent, respectively. The Contractor shall only use a 
mix design for construction that has first met the trial batch shrinkage 
requirements. Shrinkage limitations apply only to structural concrete. 

B. The maximum concrete shrinkage for specimens cast in the field shall not 
exceed the trial batch maximum shrinkage requirement by more than 25 
percent. 

C. If the required shrinkage limitation is not met during construction, the 
Contractor shall take any or all of the following actions at no additional cost to 
the Owner, for securing the specified shrinkage requirements. These actions 
may include changing the source or aggregates, cement and/ or admixtures; 
reducing water content; washing of aggregate to reduce fines; increasing the 
number of construction joints; modifying the curing requirements; or other 
actions designed to minimize shrinkage or the effects of shrinkage. 

2.09 MEASUREMENT OF CEMENT AND AGGREGATE 

A. The amount of cement and of each separate size of aggregate entering into each 
batch of concrete shall be determined by direct weighing equipment furnished 
by the Contractor and acceptable to the Engineer. 

B. Weighing tolerances: 

Material 

Cement 
Aggregates 
Admixtures 

Percent of Total 
Weight 

1 
3 
3 
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2.10 MEASUREMENT OF WATER 

E. The quantity of water entering the mixer shall be measured by a suitable water 
meter or other measuring device of a type acceptable to the Engineer and 
capable of measuring the water in variable amounts within a tolerance of one 
percent. The water feed control mechanism shall be capable of being locked in 
position so as to deliver constantly any specified amount of water to each batch 
of concrete. A positive quick-acting valve shall be used for a cut-off in the 
water line to the mixer. The operating mechanism shall prevent leakage when 
the valves are closed. 

2.11 READY -MIXED CONCRETE 

F. At the Contractor's option, ready-mixed concrete may be used if it meets the 
requirements as to materials, hatching, mixing, transporting, and placing as 
indicated herein and is in accordance with ASTM C 94, including the following 
supplementary requirements. 

G. Ready-mixed concrete shall be delivered to the site of the work, and discharge 
shall be completed within one hour after the addition of the cement to the 
aggregates or before the drum has been revolved 250 revolutions, whichever is 
first. 

H. Truck mixers shall be equipped with electrically-actuated counters by which 
the number of revolutions of the drum or blades may be readily verified. The 
counter shall be of the resetable, recording type, and shall be mounted in the 
driver's cab. The counters shall be actuated at the time of starting mixers at 
mixing speeds. 

I. Each batch of concrete shall be mixed in a truck mixer for not less than 70 
revolutions of the drum or blades at the rate of rotation designated by the 
manufacturer of equipment. Additional mixing, if any, shall be at the speed 
designated by the manufacturer of the equipment as agitating speed. All 
materials including mixing water shall be in the mixer drum before actuating 
the revolution counter for determining the number of revolution of mixing. 

J. Truck mixers and their operation shall be such that the concrete throughout 
the mixed batch as discharged is within acceptable limits of uniformity with 
respect to consistency, mix, and grading. If slump tests taken at approximately 
the 1/4 and 3/4 points of the load during discharge give slumps differing by 
more than one inch when the required slump is 3 inches or less, or if they differ 
by more than 2 inches when the required slump is more than 3 inches, the 
mixer shall not be used on the work unless the causing condition is corrected 
and satisfactory performance is verified by additional slump tests. All 
mechanical details of the mixer, such as water measuring and discharge 
apparatus, condition of the blades, speed of rotation, general mechanical 
condition of the unit, and clearance of· the drum, shall be checked before a 
further attempt to use the unit will be permitted. 
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Each batch of ready-mixed concrete delivered at the job site shall be 
accompanied by a delivery ticket furnished to the Engineer in accordance with 
the Paragraph in Part 1 entitled "Delivery Tickets." 

The use of non-agitating equipment for transporting ready-mixed concrete will 
not be permitted. Combination truck and trailer equipment for transporting 
ready-mixed concrete will not be permitted. The quality and quantity of 
materials used in ready-mixed concrete and in batch aggregates shall be subject 
to continuous inspection at the hatching plant by the Engineer. 

2.11 FLOOR HARDENER (SURFACE APPLIED) 

A. 

B. 

c. 

D. 

PART 3: 

Surface hardener shall be a light reflective non-oxidizing metallic aggregate dry 
shake material that is premeasured, premixed, and packaged at the factory. 
Surface hardener shall be applied at the rate of 1.8 to 2.5lbs/ft2• 

Curing compound shall meet the moisture retention requirements of ASTM C 
309 and the manufacturer recommendations. 

Monomolecular film shall maintain concrete moisture during the early placement 
stages of plastic concrete as recommended by the manufacturer. 

Manufacturer: Floor hardener shall be "Lumiplate" by Master Builders, or equal. 

EXECUTION 

3.01 PROPORTIONING AND MIXING 

A. Proportioning: Proportioning of the mix shall conform to the requirements of 
Chapter 3 "Proportioning" of ACI 301. 

B. Mixing: Mixing shall conform to the requirements of Chapter 7 of said ACI 
301 Specifications. 

C. Slump: Slumps shall be as indicated herein. 

D. Retempering: Retempering of concrete or mortar which has partially 
hardened shall not be permitted. 

3.02 PREPARATION OF SURFACES FOR CONCRETING 

A. General: Earth surfaces shall be thoroughly wetted by sprinkling prior to the 
placing of any concrete, and these surfaces shall be kept moist by frequent 
sprinkling up to the time of placing concrete thereon. The surface shall be free 
from standing water, mud, and debris at the time of placing concrete. 
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Joints in Concrete: Concrete surfaces upon or against which concrete is to be 
placed, where the placement of the concrete has been stopped or interrupted so 
that, as determined by the Engineer, the new concrete cannot be incorporated 
integrally with that previously placed, are defined as construction joints. The 
surfaces of horizontal joints shall be given a compacted, roughened surface for 
good bonding. Except where the Drawings call for joint surfaces to be coated, 
the joint surfaces shall be cleaned of all laitance, loose or defective concrete, 
foreign material, and be roughened to a minimum 1/ 4-inch amplitude. Such 
cleaning and roughening shall be accomplished by hydroblasting or 
sandblasting (exposing aggregate) followed by thorough washing. All pools of 
water shall be removed from the surface of construction joints before the new 
concrete is placed. 

C. After the surfaces have been prepared, all approximately horizontal 
construction joints shall be covered with a 6-inch lift of a pea gravel mix. The 
mix shall be placed and spread uniformly. Wall concrete shall follow 
immediately and shall be placed upon the fresh pea gravel mix. 

D. Placing Interruptions: When placing of concrete is to be interrupted long 
enough for the concrete to take a set, the working face shall be given a shape by 
the use of forms or other means, that will secure proper union with subsequent 
work; provided that construction joints shall be made only where acceptable to 
the ENGINEER. 

E. Embedded Items: No concrete shall be placed until all formwork, installation 
of parts to be embedded, reinforcement steel, and preparation of surfaces 
involved in the placing have been completed and accepted by the Engineer at 
least 4 hours before placement of concrete. All surfaces of forms and embedded 
items that have become encrusted with dried grout from previous work shall be 
cleaned before the surrounding or adjacent concrete is placed. 

F. All inserts or other embedded items shall conform to the requirements herein. 

G. All reinforcement, anchor bolts, sleeves, inserts, and similar items shall be set 
and secured in the forms at locations indicated on the Drawings or shown by 
shop drawings and shall be acceptable to the Engineer before any concrete is 
placed. Accuracy of placement is the responsibility of the Contractor. 

H. Casting New Concrete Against Old: Where concrete is to be cast against old 
concrete (any concrete which is greater than 60 days of age), the surface of the 
old concrete shall be thoroughly cleaned and roughened by hydro-blasting or 
sandblasting (exposing aggregate). The joint surface shall be coated with an 
epoxy bonding agent unless indicated otherwise by the Engineer. 

I. No concrete shall be placed in any structure until all water entering the space to 
be filled with concrete has been properly cut off or has been diverted by pipes, 
or other means, and carried out of the forms, clear of the work. No concrete 
shall be deposited underwater nor shall the Contractor allow still water to rise 
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on any concrete until the concrete has attained its initial set. Water shall not be 
permitted to flow over the surface of any concrete in such manner and at such 
velocity as will injure the surface finish of the concrete. Pumping or other 
necessary dewatering operations for removing ground water, if required, shall 
be subject to the review of the Engineer. 

J. Corrosion Protection: Pipe, conduit, dowels, and other ferrous items required 
to be embedded in concrete construction shall be so positioned and supported 
prior to placement of concrete that there will be a minimum of 2 inches 
clearance between said items and any part of the concrete reinforcement. 
Securing such items in position by wiring or welding them to the reinforcement 
will not be permitted. 

K. Openings for pipes, inserts for pipe hangers and brackets, and anchors shall, 
where practicable, be provided during the placing of concrete. 

L. Anchor bolts shall be accurately set and shall be maintained in position by 
templates while being embedded in concrete. 

M. Cleaning: The surfaces of all metalwork to be in contact with concrete shall be 
thoroughly cleaned of all dirt, grease, loose scale and rust, grout, mortar, and 
other foreign substances immediately before the concrete is placed. 

3.03 HANDLING, TRANSPORTING, AND PLACING 

A. General: Placing of concrete shall conform to the applicable requirements of 
Chapter 8 of ACI 301 and the requirements of this Section. No aluminum 
materials shall be used in conveying any concrete. 

B. Non-Conforming Work or Materials: Concrete which during or before 
placing is found not to conform to the requirements indicated herein shall be 
rejected and immediately removed from the work. Concrete which is not 
placed in accordance with these Specifications, or which is of inferior quality, 
shall be removed and replaced by the Contractor at no additional cost to the 
Owner. 

C. Unauthorized Placement: No concrete shall be placed except in the presence 
of a duly authorized representative of the Engineer. The Contractor shall 
notify the Engineer in writing at least 24 hours in advance of placement of any 
concrete. 

D. Placement in Wall and Column Forms: Concrete shall not be dropped 
through reinforcement steel or into any deep form, nor shall concrete be placed 
in any form in such a manner as to leave accumulation of mortar on the form 
surfaces above the placed concrete. In such cases, means such as hoppers and, if 
necessary, vertical ducts of canvas, rubber, or metal shall be used for placing 
concrete in the forms in a manner that it may reach the place of final deposit 
without separation. In no case shall the free fall of concrete exceed 4 feet in 
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walls and 8 feet in columns below the ends of ducts, chutes, or buggies. 
Concrete shall be uniformly distributed during the process of depositing and in 
no case after depositing shall any portion be displaced in the forms more than 6 
feet in horizontal direction. Concrete in wall forms shall be deposited in 
uniform horizontal layers not deeper than 2 feet; and care shall be taken to 
avoid inclined layers or inclined construction joints except where such are 
required for sloping members. Each layer shall be placed while the previous 
layer is still soft. The rate of placing concrete in wall forms shall not exceed 5 
feet of vertical rise per hour. Sufficient illumination shall be provided in the 
interior of all forms so that the concrete at the places of deposit is visible from 
the deck or runway. 

E. Casting New Concrete Against Old: Epoxy adhesive bonding agent shall be 
applied to the old surfaces according to the manufacturer's written 
recommendations. This provision shall not apply to joints where waterstop is 
provided. See Section 03290- Joints in Concrete. 

F. Conveyor Belts and Chutes: All ends of chutes, hopper gates, and all other 
points of concrete discharge throughout the Contractor's conveying, hoisting, 
and placing system shall be designed and arranged so that concrete passing from 
them will not fall separated into whatever receptacle immediately receives it. 
Conveyor belts, if used, shall be of a type acceptable to the Engineer. Chutes 
longer than 50 feet will not be permitted. Minimum slopes of chutes shall be 
such that concrete of the indicated consistency will readily flow in them. If a 
conveyor belt is used, it shall be wiped clean by a device operated in such a 
manner that none of the mortar adhering to the belt will be wasted. All 
conveyor belts and chutes shall be covered. 

G. Placement in Slabs: Concrete placed in sloping slabs shall proceed uniformly 
from the bottom of the slab to the top, for the full width of the placement. As 
the work progresses, the concrete shall be vibrated and carefully worked 
around the slab reinforcement, and the surface of the slab shall be screeded in 
an up-slope direction. 

H. Temperature of Concrete: The temperature of concrete when it is being 
placed shall be not more than 90 degrees F nor less than 55 degrees F for 
sections less than 12 inches thick nor less than 50 degrees for all other sections. 
Concrete ingredients shall not be heated to a temperature higher than that 
necessary to keep the temperature of the mixed concrete, as placed, from falling 
below the minimum temperature. When the temperature of the concrete is 85 
degrees F or above, the time between the introduction of the cement to the 
aggregates and discharge shall not exceed 45 minutes. If concrete is placed when 
the weather is such that the temperature of the concrete would exceed 90 
degrees F, the Contractor shall employ effective means, such as precooling of 
aggregates and mixing water using ice or placing at night, as necessary to 
maintain the temperature of the concrete, as it is placed, below 90 degrees F. 
The Contractor shall be entitled to no additional compensation on account of 
the foregoing requirements. 
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1. Placement of concrete shall conform to ACI 306.1 - Cold Weather 
Concreting, and the following. 

2. Remove all snow, ice, and frost from the surfaces, including 
reinforcement, against which concrete is to be placed. Before beginning 
concrete placement, thaw the subgrade to a minimum depth of 6 
inches. All reinforcement and embedded items shall be warmed to 
above 32 degrees F prior to concrete placement. 

3. Maintain the concrete temperature above 50 degrees F for at least 3 days 
after placement. 

3.04 PUMPING OF CONCRETE 

A. General: If the pumped concrete does not produce satisfactory end results, the 
Contractor shall discontinue the pumping operation and proceed with the 
placing of concrete using conventional methods. 

B. 

c. 

Pumping Equipment: The pumping equipment shall have 2 cylinders and be 
designed to operate with one cylinder in case the other one is not functioning. 
In lieu of this requirement, the Contractor may have a standby pump on the 
site during pumping. 

The minimum diameter of the hose conduits shall be in accordance with ACI 
304.2R. 

D. Pumping equipment and hose conduits that are not functioning properly shall 
be replaced. 

E. Aluminum conduits for conveying the concrete shall not be permitted. 

F. Field Control: Concrete samples for slump, air content, and test cylinders will 
be taken at the placement end of the hose. 

3.05 ORDER OF PLACING CONCRETE 

A. The order of placing concrete in all parts of the work shall be acceptable to the 
Engineer. In order to minimize the effects of shrinkage, the concrete shall be 
placed in units as bounded by construction joints at the indicated locations. 
The placing of units shall be done by placing alternate units in a manner such 
that each unit placed shall have cured at least 5 days for hydraulic structures and 
2 days for all other structures before the contiguous unit or units are placed, 
except that the corner sections of vertical walls shall not be placed until the 2 
adjacent wall panels have cured at least 10 days for hydraulic structures and 4 
days for all other structures. 
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The surface of the concrete shall be level whenever a run of concrete is stopped. 
To insure a level, straight joint on the exposed surface of walls, a wood strip at 

least 3/ 4-inch thick shall be tacked to the forms on these surfaces. The concrete 
shall be carried about 1/2-inch above the underside of the strip. About one 
hour after the concrete is placed, the strip shall be removed and any 
irregularities in the edge formed by the strip shall be leveled with a trowel and 
alllaitance shall be removed. 

3.06 TAMPING AND VIBRATING 

C. As concrete is placed in the forms or in excavations, it shall be thoroughly 
settled and compacted, throughout the entire depth of the layer which is being 
consolidated, into a dense, homogeneous mass, filling all corners and angles, 
thoroughly embedding the reinforcement, eliminating rock pockets, and 
bringing only a slight excess of water to the exposed surface of concrete. 
Vibrators shall be Group 3 per ACI 309, high speed power vibrators (8000 to 
12,000 rpm) of an immersion type in sufficient number and with at least one 
standby unit as required. Group 2 vibrators may be used only at specific 
locations when accepted by the Engineer. 

D. Care shall be used in placing concrete around waterstops. The concrete shall be 
carefully worked by rodding and vibrating to make sure that all air and rock 
pockets have been eliminated. Where flat-strip type waterstops are placed 
horizontally, the concrete shall be worked under the waterstops by hand, 
making sure that all air and rock pockets have been eliminated. Concrete 
surrounding the waterstops shall be given additional vibration over and above 
that used for adjacent concrete placement to assure complete embedment of the 
waterstops in the concrete. 

E. Concrete in walls shall be internally vibrated and at the same time rammed, 
stirred, or worked with suitable appliances, tamping bars, shovels, or forked 
tools until it completely fills the forms or excavations and closes snugly against 
all surfaces. Subsequent layers of concrete shall not be placed until the layers 
previously placed have been worked thoroughly. Vibrators shall be provided in 
sufficient numbers, with standby units as required, to accomplish the required 
results within 15 minutes after concrete of the prescribed consistency is placed 
in the forms. The vibrating head shall not contact the surfaces of the forms. 
Care shall be taken not to vibrate concrete excessively or to work it in any 
manner that causes segregation of its constituents. 

3.07 FINISHING CONCRETE SURFACES 

F. General: Surfaces shall be free from fins, bulges, ridges, offsets, honeycombing, 
or roughness of any kind, and shall present a finished, smooth, continuous hard 
surface. Allowable deviations from plumb or level and from the alignment, 
profiles, and dimensions shown are defined as tolerances and are indicated in 
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Part 1, above. These tolerances are to be distinguished from irregularities in 
finish as described herein. Aluminum finishing tools shall not be used. 

NTS: Acceptable surface finish of basin walls is difficult to define and can vary 
radically from Owner to Owner. If possible, discuss the issue with the Owner 
to define the finish they wish to buy. It is better to get the desired finish as part 
of the original bid than as a change order. 

G. Formed Surfaces: No treatment is required after form removal except for 
curing, repair of defective concrete, and treatment of surface defects. Where 
architectural finish is required, it shall be as indicated. 

NTS: Chose one of the following: 

[1. Surface holes larger than [1/2]-inch in diameter or deeper than 
[114]-inch are defined as surface defects in basins and exposed walls.] 

[2. The Owner has identified an acceptable wall finish on an identified 
panel at an existing structure to be used as a comparative sample for 
formed finish without architectural treatment. This panel is located [ ]. 
At walls which are exposed to view or in contact with water, surface 
roughness or surface holes {considering both size and number per unit 
surface area as separate criteria) greater than the identified panel shall 
be considered to have surface defects and shall be repaired to match or 
exceed the sample finish.] 

[3. Basins and exposed walls shall be given a smooth finish as indicated 
below.] 

[ 4. Basins and exposed walls shall be given two coats of cement based paint 
as indicated.] 

H. Unformed Surfaces: After proper and adequate vibration and tamping, all 
unformed top surfaces of slabs, floors, walls, and curbs shall be brought to a 
uniform surface with suitable tools. Immediately after the concrete has been 
screeded, it shall be treated with a liquid evaporation retardant. The retardant 
shall be used again after each work operation as necessary to prevent drying 
shrinkage cracks. The classes of finish specified for unformed concrete surfaces 
are designated and defined as follows: 

1. Finish U1 - Sufficient leveling and screeding to produce an even, 
uniform surface with surface irregularities not to exceed 3/8-inch. No 
further special finish is required. 

2. Finish U2 - After sufficient stiffening of the screeded concrete, surfaces 
shall be float finished with wood or metal floats or with a finishing 
machine using float blades. Excessive floating of surfaces while the 
concrete is plastic and dusting of dry cement and sand on the concrete 
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surface to absorb excess moisture will not be permitted. Floating shall 
be the minimum necessary to produce a surface that is free from screed 
marks and is uniform in texture. Surface irregularities shall not exceed 
1/ 4-inch. Joints and edges shall be tooled where indicated or as 
determined by the Engineer. 

3. Finish U3 - After the finish U2 surface has hardened sufficiently to 
prevent excess of fine material from being drawn to the surface, steel 
troweling shall be performed with firm pressure such as will flatten the 
sandy texture of the floated surface and produce a dense, uniform 
surface free from blemishes, ripples, and trowel marks. The finish shall 
be smooth and free of all irregularities. 

4. Finish U4 - Trowel the Finish U3 surface to remove local depressions 
or high points. In addition, the surface shall be given a light hairbroom 
finish with brooming perpendicular to drainage unless otherwise 
indicated. The resulting surface shall be rough enough to provide a 
nonskid finish. 

I. Unformed surfaces shall be finished according to the following schedule: 

UNFORMED SURFACE FINISH SCHEDULE 

Area 

Grade slabs and foundations to be covered with concrete or fill 
material 

Floors to be covered with grouted tile or topping grout 

Water bearing slabs with slopes 10 percent and less 

Water bearing slabs with slopes greater than 
10 percent 

Slabs not water bearing 

Slabs to be covered with built-up roofing 

Interior slabs and floors to receive architectural finish 

Top surface of walls 

J. Floor Hardener (Surface Applied) 

Finish 

U1 

U2 

U3 

U4 

U4 

U2 

U3 

U3 

1. The following additional requirements apply to the substrate concrete 
in areas indicated to be under floor hardener: 
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Slump shall be no greater than 4 inches when peak ambient 
temperatures are expected to exceed 65 degrees F and no greater 
than 3 inches when temperatures will not exceed 65 degrees F. 

b. Air content shall not exceed 3 percent. 

c. No calcium chloride or set accelerating admixture containing 
calcium chloride shall be used. 

d. Do not use admixtures that increase bleeding. 

e. Do not use fly ash. 

2. The Contractor shall finish areas indicated to receive hardener in 
conformance with the manufacturer's recommendations and the 
following. After leveling the concrete surface and as soon as the 
concrete will support an operator and machine without disturbing the 
level or working up excessive fines, the Contractor shall float the 
sudace of the slab with a mechanical float fitted with detachable float 
shoes. Then apply 112 to 2/3 of the total amount of dry shake surface 
hardener uniformly to the surface. A mechanical spreader is 
recommended. Float the surface once the shake has absorbed sufficient 
moisture, as indicated by darkening of the shake. Immediately apply 
the remainder of the shake and allow it to absorb moisture. Do not 
apply shake when bleed water is present. 

3. Perform a third floating if time and setting characteristics of the 
concrete will allow, but do not add water to the surface. 

4. As the surface stiffens further and loses sheen, trowel with blades set 
relatively flat, using hand or mechanical methods. Remove all marks 
and pinholes in a final raised trowel operation. 

5. Cure the finished surface using the fill-forming curing compound 
recommended by the manufacturer at a coverage rate which will 
provide moisture retention in excess of the requirements of ASTM C 
309. Maintain ambient temperatures above 50 degrees F during the 
curing period. 

6. Keep floors covered and prohibit traffic and loads for 10 days minimum 
after completion. 

3.08 ARCHITECTURAL FINISH 

K. General: Architectural finishes shall be provided only where specifically 
indicated on the Drawings. In all other locations, the paragraph entitled 
Finishing Concrete Sudaces, shall apply. 
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Immediately after the forms have been stripped, the concrete surface 
shall be inspected and any poor joints, voids, rock pockets, or other 
defective areas shall be repaired and all form-tie holes filled as indicated 
herein. 

8. Architectural finishes shall not be applied until the concrete surface has 
been repaired as required and the concrete has cured at least 14 days. 

9. All architecturally treated concrete surfaces shall conform to the 
accepted sample in texture, color, and quality. It shall be the 
Contractor's responsibility to maintain and protect the concrete finish. 

L. Smooth Concrete Finish 

1. The concrete surface shall be wetted, and a grout shall be applied with a 
brush. The grout shall be made by mixing one part portland cement 
and one part of fine sand that will pass a No. 16 sieve with sufficient 
water to give it the consistency of thick paint. The cement used in said 
grout shall be 1/2 gray and 1/2 white portland cement, or other 
proportion as determined by the Engineer. White portland cement 
shall be Atlas white, or equal. Calcium chloride at 5 percent by volume 
of the cement shall be used in the brush coat. The freshly applied grout 
shall be vigorously rubbed into the concrete surface with a wood float 
filling all small air holes. After all the surface grout had been removed 
with a steel trowel, the surface shall be allowed to dry and, when dry, 
shall be vigorously rubbed with burlap to remove completely all surface 
grout so that there is no visible paint-like film of grout on the concrete. 
The entire cleaning operation for any area shall be completed the day it 
is started, and no grout shall be left on the surface overnight. 

2. Cleaning operations for any given day shall be terminated at panel 
joints. It is required that the various operations be carefully timed to 
secure the desired effect which is a light-colored concrete surface of 
uniform color and texture without any appearance of a paint or grout 
film. 

3. In the event that improper manipulation results in an inferior finish, 
the Contractor shall rub such inferior areas with carborundum bricks. 

4. Before beginning any of the final treatment on exposed surfaces, the 
Contractor shall treat in a satisfactory manner a trial area of at least 200 
square feet in some inconspicuous place selected by the Engineer and 
shall preserve said trial area undisturbed until the completion of the job. 

M. Sandblasted Concrete Finish. 

1. Sandblasting shall be done in a safe manner acceptable to local 
authorities and per OSHA requirements. The sandblasting shall be a 
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light sandblast to remove laitance and to produce a uniform fine 
aggregate surface texture with approximately 1/32- to 1116-inch of 
surface sandblasted off. Corners, patches, form panel joints, and soft 
spots shall be sandblasted with care. 

2. A 3-sq ft sample panel of the sandblasted finish shall be provided by the 
Contractor for acceptance by the Engineer prior to starting the 
sandblasting work. The sample panel shall include a corner, plugs, and 
joints and shall be marked after approval. All other sandblasting shall be 
equal in finish to the sample panel. 

3. Protection against sandblasting shall be provided on all adjacent surfaces 
and materials not requiring sandblasting. After sandblasting, the concrete 
surfaces shall be washed with clean water and excess sand removed. 

3.09 CURING AND DAMPPROOFING 

A. General: All concrete shall be cured for not less than 7 days after placing, in 
accordance with the methods indicated below for the different parts of the 
work. 

Surface to be Cured or Dampproofed 

U nstripped forms 

Wall sections with forms removed 

Construction joints between footings and walls, and between 
floor slab and columns 

Encasement concrete and thrust blocks 

All concrete surfaces not specifically indicated in this 
Paragraph 

Floor slabs on grade in hydraulic structures 

Slabs not on grade 

Method 

1 

6 

2 

3 

4 

5 

6 

B. Method 1: Wooden forms shall be wetted immediately after concrete has been 
placed and shall be kept wet with water until removal. If steel forms are used 
the exposed concrete surfaces shall be kept continuously wet until the forms are 
removed. If forms are removed within 7 days of placing the concrete, curing 
shall be continued in accordance with Method 6 below. 
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Method 2: The surface shall be covered with burlap mats which shall be kept 
wet with water for the duration of the curing period, until the concrete in the 
walls has been placed. No curing compound shall be applied to surfaces cured 
under Method 2. 

Method 3: The surface shall be covered with moist earth not less than 4 hours 
nor more than 24 hours after the concrete is placed. Earthwork operations that 
may damage the concrete shall not begin until at least 7 days after placement of 
concrete. 

E. Method 4: The surface shall be sprayed with a liquid curing compound. 

1. It shall be applied in accordance with the manufacturer's printed 
instructions at a maximum coverage rate of 200 square feet per gallon 
and in such a manner as to cover the surface with a uniform film which 
will seal thoroughly. 

2. Where the curing compound method is used, care shall be exercised to 
avoid damage to the seal during the 7 -day curing period. If the seal is 
damaged or broken before the expiration of the curing period, the 
break shall be repaired immediately by the application of additional 
curing compound over the damaged portion. 

3. Wherever curing compound has been applied by mistake to surfaces 
against which concrete subsequently is to be placed and to which it is to 
adhere, compound shall be entirely removed by wet sandblasting just 
prior to the placing of new concrete. 

4. Curing compound shall be applied as soon as the concrete has hardened 
enough to prevent marring on unformed surfaces and within 2 hours 
after removal of forms. Repairs to formed surfaces shall be made 
within the 2-hour period; provided, however, that any such repairs 
which cannot be made within the said 2-hour period shall be delayed 
until after the curing compound has been applied. When repairs are to 
be made to an area on which curing compound has been applied, the 
area involved shall first be wet-sandblasted to remove the curing 
compound. 

5. At all locations where concrete is placed adjacent to a panel which has 
been coated with curing compound, the panel shall have curing 
compound reapplied to an area within 6 feet of the joint and to any 
other location where the curing membrane has been disturbed. 

6. Prior to final acceptance of the work, all visible traces of curing 
compound shall be removed from all surfaces in such a manner that 
does not damage the surface finish. 
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1. Until the concrete surface is covered with curing compound, the entire 
surface shall be kept damp by applying water using nozzles that 
atomize the flow so that the surface is not marred or washed. The 
concrete shall be given a coat of curing compound in accordance with 
Method 4 above. Not less than one hour nor more than 4 hours after 
the curing compound has been applied, the surface shall be wetted with 
water delivered through a fog nozzle, and concrete-curing blankets shall 
be placed on the slabs. The curing blankets shall be polyethylene sheet, 
polyethylene-coated waterproof paper sheeting, or polyethylene-coated 
burlap. The blankets shall be laid with the edges butted together and 
with the joints between strips sealed with 2-inch wide strips of sealing 
tape or with edges lapped not less than 3 inches and fastened together 
with a waterproof cement to form a continuous watertight joint. 

2. The curing blankets shall be left in place during the 7-day curing period 
and shall not be removed until after concrete for adjacent work has 
been placed. If the curing blankets become torn or otherwise 
ineffective, the Contractor shall replace damaged sections. During the 
first 3 days of the curing period, no traffic of any nature and no 
depositing, temporary or otherwise, of any materials shall be permitted 
on the curing blankets. During the remainder of the curing period, 
foot traffic and temporary depositing of materials that impose light 
pressure will be permitted only on top of plywood sheets 5/8-inch 
minimum thickness, laid over the curing blanket. The Contractor shall 
add water under the curing blanket as often as necessary to maintain 
damp concrete surfaces at all times. 

G. Method 6: This method applies to both walls and slabs. 

1. The concrete shall be kept continuously wet by the application of 
water for a minimum period of at least 7 consecutive days beginning 
immediately after the concrete has reached final set or forms have been 
removed. 

2. Until the concrete surface is covered with the curing medium, the 
entire surface shall be kept damp by applying water using nozzles that 
atomize the flow so that the surface is not marred or washed. 

3. Heavy curing mats shall be used as a curing medium to retain the 
moisture during the curing period. The curing medium shall be 
weighted or otherwise held substantially in contact with the concrete 
surface to prevent being dislodged by wind or any other causes. All 
edges shall be continuously held in place. 
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The curing blankets and concrete shall be kept continuously wet by the 
use of sprinklers or other means both during and after normal working 
hours. 

5. Immediately after the application of water has terminated at the end of 
the curing period, the curing medium shall be removed, any dry spots 
shall be rewetted, and curing compound shall be immediately applied in 
accordance with Method 4 above. 

6. The Contractor shall dispose of excess water from the curing operation 
to avoid damage to the work. 

H. Dampproofing 

1. The exterior surface of all buried roof slabs shall be dampproofed as 
follows. 

2. Immediately after completion of curing the surface shall be sprayed 
with a dampproofing agent consisting of an asphalt emulsion. 
Application shall be in 2 coats. The first coat shall be diluted to 112 
strength by the addition of water and shall be sprayed on so as to 
provide a maximum coverage rate of 100 square feet per gallon of dilute 
solution. The second coat shall consist of an application of the 
undiluted material, and shall be sprayed on so as to provide a maximum 
coverage rate of 100 square feet per gallon. Dampproofing material 
shall be as indicated above. 

3. As soon as the material has taken an initial set, the entire area thus 
coated shall be coated with whitewash. Any formula for mixing the 
whitewash may be used if it produces a uniformly coated white surface 
and remains until placing of the backfill. If the whitewash fails to 
remain on the surface until the backfill is placed, the Contractor shall 
apply additional whitewash. 

3.10 PROTECTION 

A. The Contractor shall protect all concrete against injury until final acceptance. 

B. Fresh concrete shall be protected from damage due to rain, hail, sleet, or snow. 
The Contractor shall provide such protection while the concrete is still plastic 
and whenever precipitation is imminent or occurring. 

3.11 CURING IN COLD WEATHER 

A. Water curing of concrete may be reduced to 6 days during periods when the 
mean daily temperature in the vicinity of the Site is less than 40 degrees F; 
provided that, during the prescribed period of water curing, when temperatures 
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are such that concrete surfaces may freeze, water curing shall be temporarily 
discontinued. 

Concrete cured by an application of curing compound will require no 
additional protection from freezing if the protection at 50 degrees F for 72 
hours is obtained by means of approved insulation in contact with the forms or 
concrete surfaces; otherwise the concrete shall be protected against freezing 
temperatures for 72 hours immediately following 72 hours protection at 50 
degrees F. Concrete cured by water shall be protected against freezing 
temperatures for 3 days immediately following the 72 hours of protection at 50 
degrees F. 

Discontinuance of protection against freezing temperatures shall be such that 
the drop in temperature of any portion of the concrete will be gradual and will 
not exceed 40 degrees F in 24 hours. In the spring, when the mean daily 
temperature rises above 40 degrees F for more than 3 successive days, the 
specified 72-hour protection at a temperature not lower than 50 degrees F may 
be discontinued for as long as the mean daily temperature remains above 40 
degrees F; provided, that the concrete shall be protected against freezing 
temperatures for not less than 48 hours after placement. 

Where artificial heat is employed, special care shall be taken to prevent the 
concrete from drying. Use of unvented heaters will be permitted only when 
unformed surfaces of concrete adjacent to the heaters are protected for the first 
24 hours from an excessive carbon dioxide atmosphere by application of curing 
compound; provided, that the use of curing compound for such surfaces is 
otherwise permitted by these Specifications. 

3.12 TREATMENT OF SURFACE DEFECTS 

A. As soon as forms are removed, all exposed surfaces shall be carefully examined 
and any irregularities shall be immediately rubbed or ground in a satisfactory 
manner in order to secure a smooth, uniform, and continuous surface. 
Plastering or coating of surfaces to be smoothed will not be permitted. No 
repairs shall be made until after inspection by the Engineer. In no case will 
extensive patching of honeycombed concrete be permitted. Concrete 
containing minor voids, holes, honeycombing, or similar depression defects 
shall be repaired as indicated below. Concrete containing extensive voids, 
holes, honeycombing, or similar depression defects shall be completely 
removed and replaced. All repairs and replacements herein required shall be 
promptly executed at no increased cost to the Owner. 

B. Defective surfaces to be repaired shall be cut back from trueline a minimum 
depth of 1/2-inch over the entire area. Feathered edges will not be permitted. 
Where chipping or cutting tools are not required in order to deepen the area 
properly, the surface shall be prepared for bonding by the removal of all 
laitance or soft material, plus not less than 1/32-inch depth of the surface film 
from all hard portions by means of an efficient sandblast. After cutting and 
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sandblasting, the surface shall be wetted sufficiently in advance of shooting with 
shotcrete or with cement mortar so that while the repair material is being 
applied, the surfaces underneath will remain moist but not so wet as to 
overcome the suction upon which a good bond depends. The material used for 
repair proposed shall consist of a mixture of one sack of cement to 3 cubic feet 
of sand. For exposed walls, the cement shall contain such a proportion of Atlas 
white portland cement as is required to make the color of the patch match the 
color of the surrounding concrete. 

C. Holes left by tie-rod cones shall be reamed with suitable toothed reamers so as 
to leave the surfaces of the holes clean and rough. Holes then shall be repaired 
in an approved manner with dry-packed cement grout. Holes left by form
tying devices having a rectangular cross-section and other imperfections having 
a depth greater than their least surface dimension shall not be reamed but shall 
be repaired in an approved manner with dry-packed cement grout. 

D. All repairs shall be built up and shaped in such a manner that the completed 
work will conform to the requirements of this Section, as applicable, using 
approved methods which will not disturb the bond, cause sagging, or cause 
horizontal fractures. Surfaces of repairs shall receive the same kind and amount 
of curing treatment as required for the concrete in the repaired section. 

E. Prior to filling any structure with water, all cracks that may have developed 
shall be "vee'd" as indicated and filled with sealant conforming to the 
requirements of Section 03290- Joints in Concrete. This repair method shall be 
done on the water bearing face of members. Prior to backfilling, faces of 
members in contact with fill which are not covered with a waterproofing 
membrane shall also have cracks repaired as indicated herein. 

3.13 PATCHING HOLES IN CONCRETE 

A. Patching Small Holes: 

4. Holes which are less than 12 inches in the least dimension and extend 
completely through concrete members shall be filled. 

5. Small holes in members which are water-bearing or in contact with soil 
or other fill material shall be filled with non-shrink grout. Where a face 
of the member is exposed to view, the non-shrink grout shall be held 
back 2 inches from the finished surface. The remaining 2 inches shall 
then be patched according to the Paragraph entitled "Treatment of 
Surface Defects." 

6. Small holes through all other concrete members shall be filled with 
non-shrink grout, with exposed faces treated as above. 
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1. Holes which are larger than 12 inches in the least dimension shall have 
a keyway chipped into the edge of the opening all around, unless a 
formed keyway exists. The holes shall then be filled with concrete as 
indicated herein. 

2. Holes which are larger than 24 inches in the least dimension and which 
do not have reinforcing steel extending from the existing concrete, shall 
have reinforcing steel set in grout in drilled holes. The reinforcing 
added shall match the reinforcing in the existing wall unless indicated 
otherwise. 

3. Large holes in members which are water bearing or in contact with soil 
or other fill shall have a bentonite type waterstop material placed 
around the perimeter of the hole in accordance with Section 03290 -
Joints in Concrete, unless there is an existing waterstop in place. 

3.14 CARE AND REPAIR OF CONCRETE 

A. The Contractor shall protect all concrete against mJury or damage from 
excessive heat, lack of moisture, overstress, or any other cause until final 
acceptance. Particular care shall be taken to prevent the drying of concrete and 
to avoid roughening or otherwise damaging the surface. Any concrete found to 
be damaged, or which may have been originally defective, or which becomes 
defective at any time prior to the final acceptance of the completed work, or 
which departs from the established line or grade, or which, for any other 
reason, does not conform to the requirements of the General Specifications, the 
CQA Plan, and the Construction Drawings, shall be satisfactorily repaired or 
removed and replaced with acceptable concrete at no additional cost to the 
Owner. 

[END OF SECTION] 
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SECTION 0341 0 
STRUCTURAL PRECAST CONCRETE 

PART 1: GENERAL 

1.01 SUMMARY 

A. Description of Work 

1. This section applies to construction of the vertical riser foundation for 
the landfill as shown on the Drawings. 

2. This section applies to precast catch basins and similar items used for 
surface water drainage. 

B. Related Sections 

1. 03100- Concrete Form Work 

2. 02718 -Polyethylene Pipe 

3. 15600- Carbon Steel Pipe 

4. 15700- Stainless Steel Pipe 

1.02 REFERENCES 

A. American Concrete Institute (ACI) most current version: 

1. ACI 318- Building Code Requirements for Reinforced Concrete. 

B. American Society for Testing and Materials (ASTM) most current version: 

1. ASTM 184 - Specification for Fabricated Deformed Steel Bar Mats for 
Concrete Reinforcement. 

2. ASTM A307 - Specification for Carbon Steel Externally Threaded 
Standard Fasteners. 

3. ASTM A615 -Specification for Deformed and Plain Billet-Steel Bars for 
Concrete Reinforcement. 

4. ASTM A775- Specification for Epoxy-Coated Reinforcing Steel Bars. 

5. ASTM C31- Making and Curing Concrete Test Specimens in the Field. 
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ASTM C33- Specification for Concrete Aggregates. 

ASTM C39 - Test Method for Compressive Strength of Cylindrical 
Concrete Specimens. 

8. ASTM C150- Specification for Portland Cement. 

9. ASTM C171- Specification for Sheet Materials for Curing Concrete. 

10. ASTM C185 - Test Method for Air Content of Hydraulic Cement 
Mortar. 

11. ASTM C260 - Specification for Air-Entraining Admixtures for Concrete. 

12. ASTM C309- Specification for Liquid Membrane-Forming Compounds 
for Curing Concrete. 

13. ASTM C330 - Specification for Lightweight Aggregates for Structural 
Concrete. 

14. ASTM C494- Specification for Chemical Admixtures for Concrete. 

C. Prestressed Concrete Institute (PCI) most current version: 

1. PCI MNL-116 - Manual for Quality Control for Plants and Productions 
of Precast Prestressed Concrete Products. 

1.03 SUBMITTALS 

A. Shop Drawings and Product Data 

1. Content: 

a. Dimensions. 

b. Details of inserts, anchors, connections, accessories, formed 
openings, scheduled field cut openings, anchor bolt layout plan, 
and fabrication detail. 

c. Lifting positions or devices. 

d. Reinforcement. 

2. Manufacturer's instructions for handling, transporting, and erecting. 
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1. Manufacturer's certificates that material and/ or procedures are m 
compliance with specifications. 

2. When requested by OWNER, evidence of certification and/ or experience 
qualifications. 

C. Test Reports: Reports of tests on concrete. 

1.04 QUALITY ASSURANCE 

A. Testing 

1. Conduct testing in accordance with PCI (Prestressed Concrete Institute) 
MNL-116. 

2. CQA ENGINEER to verify testing. 

B. Source Quality Control: In general compliance with applicable provisions of PCI 
MNL-116. 

1. Concrete Compression Tests: 

a. ASTMC39. 

b. Make one compression test for each day's production of each 
type of member. 

2. Specimens: 

a. Provide four test specimens for each compression test. 

b. Obtain concrete for specimens from actual production batch. 

c. Concrete Cylinders, 6 inch by 12 inch, ASTM C31. 

C. Other requirements: 

1. Design, fabricate, and install precast sections to meet requirements of ACI 
318. 

1.05 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Follow manufacturer's instructions for handling and transporting. 

B. Lift members at designated points only, and use lifting inserts if provided. 
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Use lifting slings or spreader bars to keep angle between lifted member and cable 
greater than 45°. 

Do not place members in position which will cause overstress, warp, or twist. 

Handle members to protect from dirt and damage. 

Place stored items so that identification marks are discernable. 

Separate stacked items by battens across full width of each bearing surface. 

Stack items so that lifting points/ devices are accessible and undamaged. 

PART 2: PRODUCTS 

2.01 ACCEPTABLE MANUFACTURERS 

A. Firms specializing in providing precast concrete products and services normally 
associated with industry for at least 3 years. 

B. Manufacturers meeting requirements of PCI MNL-116. 

C. Manufacturers may be required to submit written evidence showing experience; 
qualifications; and adequacy of plant capability, facilities, and ability to perform 
work in accordance with these specifications. 

1. Evidence shall consist of PCI plant certification or results of tests 
performed by independent testing laboratory to monitor conformance to 
provisions of PCI MNL-116 and requirements herein. 

2.02 MATERIALS 

A. Portland Cement 

1. ASTM C150, Type II. 

B. Admixtures 

1. Air-Entraining: ASTM C260. 

2. Water Reduction and Set Retardation: ASTM C494, Type A. 

3. Super Plasticizer: ASTM C494, Type A. 

C. Aggregates 

1. ASTM C33 or C330. 
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2. Material: Natural. 

3. Maximum 1 inch. 

D. Water 

Triassic Park Hazardous Waste Facility 
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1. Potable or free from foreign materials in amounts harmful to concrete. 

E. Reinforcing Steel 

1. Deformed Steel Bars: 
requirements S1, Grade 60. 

ASTM A615, including supplementary 

2. Epoxy coat reinforcing steel conforming to ASTM A775. 

F. Curing Materials 

1. Liquid membrane forming compound, ASTM C309, or sheet materials, 
ASTM C171. 

G. Coating 

1. Coating shall be Coal Cat Coal Tar epoxy 97-6401/641 or approved 
equal. 

2.03 MIX DESIGN 

A. Mix design to be per manufacturer's recommendations. 

B. Concrete properties 

1. Water-Cement Ratio: Maximum 40 pounds water to 100 pounds cement. 

2. Air-Entrainment: Amount produced by adding dosage of air-entraining 
agent providing 19% ±3% entrained air in standard 1:4 sand mortar as 
tested according to ASTM C185. 

3. Twenty-eight-day Compressive Strength: 

a. Minimum 4000 psi. 

4. Do not use calcium chloride or other salts. 
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2.04 FABRICATION 

A. Formwork 

1. Securely attach anchorage devices to formwork in locations not affecting 
position of main reinforcement or placing of concrete. 

2. Form treatments or curing compounds shall not contain any ingredients 
which might stain through or otherwise inure concrete or reduce bond 
with subsequent coatings, finishes, or caulking. 

B. Reinforcement 

1. Provide reinforcement necessary to resist stresses from handling and 
erecting stresses as required, in addition to any shown on the Drawings. 

2. Place and anchor reinforcement in position. 

C. Concrete Placement 

1. Batch, mix, and handle concrete m accordance with ACI and PCI 
recommended practices. 

2. Place concrete in continuous operation to prevent formation of seams. 

3. Consolidate placed concrete by vibration without dislocation or damage 
to reinforcement and built-in items. 

D. Provide permanent markings in precast units to identify pick-up point. 

E. Cure units in accordance with PCI MNL-116. 

F. Finishes 

1. All exposed surfaces shall have PCI commercial finish. 

2. Coat all exposed areas of riser pipe foundation with coal tar epoxy per 
Article 2-2 G and manufacturer's recommendations. 

2.05 HOLES 

A. Eight-inch diameter and over shall be formed during manufacture of units. 

03410-6 R~vision No. 0 
12/9/97 



W.·\602\Spec.s 
12/0J/97yp/ 

FINAL Triassic Park Hazardous Waste Facility 
Section 03410: Structural Precast Concrete 

PART 3: EXECUTION 

3.01 ERECTION 

A. Align, place, and level units in final position on accepted bearing surfaces. 

B. Place no warped, cracked, or broken units. 

C. Remove lifting devices and grout surfaces flush with concrete. 

D. Refinish damaged surfaces to match adjacent areas. 

[END OF SECTION] 
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SECTION 051 00 
STRUCTURAL STEEL FRAMING 

PART 1: GENERAL 

1.01 THE REQUIREMENT 

A. The Contractor shall provide structural steel framing and appurtenant metal parts 
required for permanent connection of the structural steel system, complete and in 
place, in accordance with the General Specifications, the CQA Plan, and the 
Construction Drawings. 

1.02 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. References herein to "Building Code" or UBC shall mean the [Uniform Building 
Code of the International Conference of Building Officials (ICBO)]. The edition 
of the codes adopted as of the date of award of this contract shall apply to the 
work herein. 

B. Federal Specifications and Commercial Standards: 

AISC Code of Standard Practice for Steel Buildings and Bridges 

AISC Structural Steel Buildings-Allowable Stress Design and Plastic 
Design 

AISC Allowable Stress Design Specifications for Structural Joints Using 
ASTM A325 and A490 Bolts approved by the Research Council 
on Structural Connections of the Engineering Foundation 

ASTM A 36 Structural Steel 

ASTM A 53 Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and 
Seamless 

ASTM A 307 Carbon Steel Bolts and Studs 

ASTM A 325 Structural Bolts, Steel, Heat Treated, 120/105 ksi Minimum 
Tensile Strength 

ASTM A 500 Cold-Formed Welded and Seamless Carbon Steel Structural 
Tubing in Rounds and Shapes 

ASTM A 501 Hot-Formed Welded and Seamless Carbon Steel Structural 
Tubing 

A WS D 1.1 Structural Welding Code - Steel 
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1.03 CONTRACTOR SUBMITTALS 

A. Shop drawings shall conform to AISC recommendations and specifications and 
shall show all holes, etc. required for other work. Drawings shall include 
complete details showing all members and their connections, anchor bolt layouts, 
schedules for fabrication procedures, and diagrams showing the sequence of 
erection. 

B. 

PART 2: 

Testing laboratory certifications for shop and field welders shall be submitted in 
triplicate directly to the Engineer with copies to the Contractor and others as 
required. 

PRODUCTS 

2.01 MATERIALS 

A. All structural steel shapes, plates, bars and their products shall be ASTM A36 
unless otherwise indicated. 

B. Structural steel pipe shall be ASTM A501, or ASTM A53, Type E or S, Grade B. 

C. Structural tubing shall be ASTM A500, Grade B. All members shall be furnished 
full length without splices unless otherwise indicated or approved by the 
Engineer. 

D. Bolts for connections shall be ASTM A325, unless indicated otherwise. Bolts used 
to connect dissimilar metals shall be ASTM A193 and A194, Type 316 stainless 
steel. 

E. Welded anchor studs shall be headed concrete anchor studs (HAS), or deformed 
bar anchors (DBA), or threaded studs (T AS), as indicated on the Drawings and as 
supplied by Nelson Stud Welding Company, Lorain, OH; Omark Industries, 
KSM Fastening Systems Division, Seattle, W A, or Portland, OR; or equal. 

F. Structural steel shall be cleaned and coated in accordance with Section 09800 -
Protective Coating. 

G. All steel members in contact with aluminum shall be galvanized per Section 
05500- Miscellaneous Metalwork, unless indicated otherwise. 

H. All structural members shall be furnished full length without splices unless 
otherwise indicated or approved by the Engineer. 

2.02 INSPECTION AND TESTING 

A. Shop inspection may be required by the Owner at its own expense. The 
Contractor shall give ample notice to the Engineer prior to the beginning of any 
fabrication work so that inspection may be provided. The Contractor shall 
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furnish all facilities for the inspection of materials and workmanship in the shop, 
and inspectors shall be allowed free access to the necessary parts of the work. 
Inspectors shall have the authority to reject any materials or work which does not 
meet the requirements of these Specifications. Inspection at the shop is intended 
as a means of facilitating the work and avoiding errors, but it is expressly 
understood that it will in no way relieve the Contractor from responsibility for 
proper materials or workmanship under this Specification. 

B. The Owner may engage inspectors to inspect welded connections and high
strength bolted connections, and to perform tests and prepare test reports. 

c. 

1. Ten percent of all butt and bevel welds which extend continuously for 24 
inches or less shall be completely tested in accordance with AWS Dl.l, 
Part B, Radiographic Testing of Welds, Chapter 6. All butt and bevel 
welds which extend continuously for more than 24 inches shall be spot 
tested at intervals not exceeding 36 inches. 

2. Welds that are required by the Engineer to be corrected shall be corrected 
or redone and retested as directed, at the Contractor's expense and to the 
satisfaction of the Engineer and/ or approved independent testing lab. 

3. The Contractor shall test to failure three bolts from each heat lot of bolts 
furnished to the job to verify compliance with this Specification. The 
testing laboratory shall be approved by the Engineer and all test reports 
shall be supplied to the Engineer. In addition, high-strength bolts shall be 
inspected using one of the methods set forth in the AISC Specification 
"Structural Joints Using ASTM A325 or A490 Bolts". 

The costs for all initial testing will be paid by the Owner. However, the 
Contractor shall pay for all costs for any additional testing and investigation on 
work which does not meet Specifications. The Contractor shall supply material 
for testing at no cost to the Owner and shall assist the Engineer in obtaining 
material for test samples. 

PART 3: EXECUTION 

3.01 MEASUREMENT 

A. The Contractor shall verify all dimensions and shall make any field measurements 
necessary and shall be fully responsible for accuracy and layout of work. The 
Contractor shall review the Drawings, and any discrepancies shall be reported to 
the Engineer for clarification prior to starting fabrication. 

3.02 FABRICATION 

A. Structural steel shall be fabricated in accordance with the Drawings, AISC 
Specifications, and as shown on the shop drawings. 
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Materials shall be properly marked and match-marked for field assembly. 

Where finishing is required, assembly shall be completed including bolting and 
welding of units, before start of finishing operations. 

3.03 CONNECTIONS 

A. Shop and field connections shall be bolted or welded as shown or specified. All 
connections shall develop full strength of members joined and shall conform to 
AISC standard connections. 

3.04 WELDED CONSTRUCTION 

A. The Contractor shall comply with the current A WS D 1.1 Code for procedures, 
appearance, and quality of welds and welders, and methods used in correcting 
welding work. All welded architectural metal work where exposed to view shall 
have welds ground smooth. Shielded metal are welding method or gas metal arc 
welding methods shall be used for welding structural steel. 

B. Unless otherwise shown, all butt and bevel welds shall be complete penetration. 

3.05 HOLES FOR OTHER WORK 

A. Holes shall be provided as necessary or as indicated for securing other work to 
structural steel fr::uning, and for the passage of other work through steel framing 
members. No torch cut holes will be permitted. 

3.06 SHOP PAINT PRIMER 

A. Shop paint primer shall be applied in accordance with the manufacturer 
specification. Omit shop applied primer at field weld locations, for the portion of 
a member to be embedded in concrete, and where galvanizing with no further 
coating is required. 

3.07 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Structural members shall be loaded in such a manner that they may be 
transported and unloaded without being excessively stressed, deformed, or 
otherwise damaged. 

B. Structural steel members and packaged materials shall be protected from 
corrosion and deterioration. Material shall be stored in a dry area and shall not be 
placed in direct contact with the ground. Materials shall not be placed on the 
structure in a manner that might cause distortion or damage to the members or 
the supporting structures. Repair or replace damaged materials or structures as 
directed. 
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3.08 ERECTION 

A. The Contractor shall comply with the AISC Specifications and Code of Standard 
Practice, and with specified requirements. 

NTS: Bearing type connections are less costly than friction type connections 
and should be noted on the drawings wherever they are appropriate. 
Bearing type connections shall not be used for lateral force resisting 
frames and elements. 

B. High-strength bolts shall be installed in accordance with the AISC Specification 
for Structural Joints using ASTM A325 Bolts. The connections shall be the 
friction type, unless noted otherwise. 

C. Anchor bolts and other connectors required for securing structural steel to 
in-place work and templates and other devices for presetting bolts and other 
anchors to accurate locations shall be furnished by the Contractor. 

D. The Contractor shall be responsible for designing and installing any temporary 
bracing required for the safe erection of all structural steel members. 

3.09 SETTING BASES AND BEARING PLATES 

A. Prior to the placement of non-shrink grout beneath base and bearing plates, the 
bottom surface of the plates shall be cleaned of all bond-reducing materials, and 
concrete and masonry bearing surface shall also be cleaned of all bond-reducing 
materials and roughened to improve bonding. 

B. Loose and attached baseplates, and bearing plates for structural members shall be 
set on wedges, leveling nuts, or other adjustable devices. 

C. Anchor bolts shall be tightened after the supported members have been 
positioned and plumbed and the non-shrink grout has attained its indicated 
strength. 

D. Baseplates shall be grouted with non-shrink grout to assure full uniform bearing. 
Grouting shall be done prior to placing loads on the structure. 

3.10 FIELD ASSEMBLY 

A. Structural frames shall be set accurately to the lines and elevations indicated. The 
various members shall be aligned and adjusted to form a part of a complete frame 
or structure before permanently fastening. Bearing surfaces and other surfaces 
which will be in permanent contact shall be cleaned before assembly. Necessary 
adjustments to compensate for discrepancies in elevations and alignments shall be 
performed. 

B. Individual members of the structure shall be leveled and plumbed within AISC 
tolerances. 
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Required leveling and plumbing measurements shall be established on the mean 
operating temperature of the structure. 

3.11 MISFITS AT BOLTED CONNECTIONS 

A. Where misfits in erection bolting are encountered, the Engineer shall be 
immediately notified. The Contractor shall submit a method to remedy the 
misfit for review by the Engineer. The Engineer will determine whether the 
remedy is acceptable or if the member must be refabricated. 

B. Incorrectly sized or misaligned holes in members shall not be enlarged by burning 
or by the .use of drift pins. 

C. The Contractor shall pay for all costs associated with repairing misfits at no 
increased cost to the Owner. 

3.12 GAS CUTTING 

A. Gas cutting torches shall not be used in the field for correcting fabrication errors 
in the structural framing, except when approved by the Engineer. Gas-cut 
sections shall be finished equal to a sheared appearance. 

3.13 TOUCH-UP PAINTING 

A. Immediately after erection, field welds, bolted connections, and abraded areas 
shall be cleaned of the shop paint primer. Touch-up paint primer shall be applied 
by brush or spray which is the same thickness and material as that used for the 
shop paint. Galvanized surfaces which have been field welded or damaged shall 
be repaired in accordance with Section 05500 - Miscellaneous Metalwork. 

[END OF SECTION] 
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SECTION 05500 
MISCELLANEOUS METALWORK 

PART 1: GENERAL 

1.01 THE REQUIREMENT 

A. The Contractor shall provide miscellaneous metalwork and appunenances, 
complete, in accordance with the General Specifications, the CQA Plan, and the 
Construction Drawings. 

1.02 REFERENCE SPECIFICATIONS, CODES, AND STANDARDS 

A. Federal Specifications: 

MIL-G-18015 A {3) (Ships) Aluminum Planks. {6063-T6) 
MIL-A-907E Antiseize Thread Compound, High Temperature 

B. Commercial Standards: 

AA-M32C22A41 
AASHTO HS-20 
AISC 
AISI 

ASTMA36 
ASTMA48 
ASTMA53 

ASTMA 123 

ASTMA 125 
ASTMA 153 
ASTMA 193 

ASTMA 194 

ASTMA307 
ASTMA500 

ASTMA563 
ASTMA575 
ASTMA786 
ASTMB98 
ASTMB438 
ANSI/ AWS D1.1 
ANSI/ A WS D 1.2 

Aluminum Assn. 
Truck Loading 
Specifications and Commentary 
Design of Light Gauge, Cold-Formed Steel Structural 
Members 
Structural Steel 
Gray Iron Castings 
Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded 
and Seamless 
Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel 

Products 
Steel Springs, Helical, Heat Treated 
Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
Alloy Steel and Stainless Steel Bolting Materials for High 
Temperature Service 
Carbon and Alloy Steel Nuts for Bolts for High Pressure 
and High Temperature Services 
Carbon Steel Bolts and Studs, 60,000 psi Tensile 
Cold-Formed Welded and Seamless Carbon Steel 
Structural Tubing in Rounds and Shapes 
Carbon and Alloy Steel Nuts 
Steel Bars, Carbon, Merchant Quality, M-Grades 
Rolled Steel Floor Plates 
Copper-Silicon Alloy Rod, Bar, and Shapes 
Sintered Bronze Bearings (Oil-Impregnated) 
Structural Welding Code - Steel 
Structural Welding Code - Aluminum 
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NFPA 101 
NAAMM 
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Qualification and Certification of Welding Inspectors 
Life Safety Code 
Metal Stairs Manual 

1 .03 CONTRACTOR SUBMITTALS 

A. Shop Drawings: Shop drawings of all miscellaneous metalwork shall be 
submitted to the Engineer for review. 

B. Layout drawings for grating shall be submitted showing the direction of span, 
type and depth of grating, size and shape of grating panels, seat angle details, and 
details of grating hold down fasteners. Load and deflection tables shall be 
submitted for each style and depth of grating used. 

C. An ICBO report listing the ultimate load capacity in tension and shear for each 
size and type of concrete anchor used shall be submitted to the Engineer for 
rev1ew. Contractor shall submit manufacturer's recommended installation 
instructions and procedures for all adhesive anchors for Engineer's review. Upon 
review, by Engineer, these instructions shall be followed specifically. 

D. No substitution for the indicated adhesive anchors will be considered unless 
accompanied with ICBO report verifying strength and material equivalency, 
including temperature at which load capacity is reduced to 90 percent of that 
determined at 75 degrees F. 

1 .04 QUALITY ASSURANCE 

A. 

B. 

PART 2: 

All weld procedures and welder qualification shall be available in the Contractors 
field office for Engineers review. 

All welding shall be inspected by a Contractor-provided inspector qualified in 
accordance with AWS requirements and approved by the Engineer. 

PRODUCTS 

2.01 GENERAL REQUIREMENTS 

A. Steel: 

1. Shapes, Plates, Bars ASTM A 36 

2. Pipe, Pipe Columns, Bollards ASTM A 53, Type E or S, Grade B 
Standard weight unless noted otherwise 

3. Tubes ASTM A 500 Grade B 

B. Corrosion Protection: Unless otherwise indicated, miscellaneous metalwork of 
fabricated steel, which will be used in a corrosive environment and/ or will be 
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submerged in water/wastewater shall be coated in accordance with Section 09800 
-Protective Coating and shall not be galvanized prior to coating. All other 
miscellaneous steel metalwork shall be hot-dip galvanized after fabrication as 
specified herein. 

C. Stainless Steel: Unless otherwise indicated, stainless steel metalwork and bolts 
shall be of Type 316 stainless steel and shall not be galvanized. 

D. Aluminum: Unless otherwise indicated, aluminum metalwork shall be of Alloy 
6061-T6. Aluminum in contact with concrete, masonry, wood, porous materials, 
or dissimilar metals shall have contact surfaces coated in accordance with the 
Section 09800 - Protective Coating. 

E. Cast Iron: Unless otherwise indicated, iron castings shall conform to the 
requirements of ASTM A 48, Class SOB or better. 

F. Chemical protection: Chemical protection agent shall be a coal tar epoxy, Coal 
Cat 97-640/641, as manufactured by Pittsburgh Parts. Coal tar epoxy shall be 
used as shown on the construction Drawings. Material shall be applied as directed 
by the manufacturer specification. 

2.02 LADDERS 

A. Ladders which may be partially or wholly submerged, or which are located inside 
a hydraulic structure, shall be entirely of Type 316 stainless steel. All other 
ladders shall be of [aluminum], [carbon steel, hot-dip galvanized after fabrication] 
or [as indicated]. 

B. Every ladder that does not have an exterior handhold shall be equipped with a 
pop-up extension. Pop-up extension device shall be manufactured of the same 
material and finish as the ladder with telescoping tubular section that locks 
automatically when fully extended. Upward and downward improvement shall 
be controlled by stainless steel spring balancing mechanisms. Units shall be 
completely assembled with fasteners for securing to the ladder rungs in 
accordance with the manufacturers instructions. 

2.03 METAL GRATING 

A. General: Metal grating shall be of the design, sizes and types indicated. All 
grating shall be completely banded at all edges and cutouts using material and 
cross section equivalent to the bearing bars. Such banding shall be welded to each 
cut bearing bar. Grating shall be supported on all sides of an opening by support 
members. Where grating is supported on concrete, embedded support angles 
matching grating material shall be used on all sides, unless shown otherwise. Such 
angles shall be mitered and welded at corners. 

1. All pieces of grating shall be fastened in two locations to each support. 
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Where grating forms the landing at the top of a stairway, the edge of the 
grating, which forms the top riser, shall have an integral non-slip nosing, 
width equal to that of the stairway. 

Where grating depth is not given, grating shall be provided which will be 
within allowable stress levels, and which shall not exceed a deflection of 
114 inch or the span divided by 180, whichever is less. For heavy duty 
grating, the loading used for determining stresses and deflections shall be 
AASHTO HS-20, or a 5-ton fork lift, whichever is greater. 

B. Material: 

1. Except where indicated otherwise, bar grating shall be fabricated entirely 
of galvanized steel. 

C. Standard-Duty Grating: 

1. No single piece of grating shall weigh more than 80 pounds, unless 
indicated otherwise. Standard duty grating shall be serrated bar grating. 

2. Cross bars shall be welded or mechanically locked tightly into position so 
that there is no movement allowed between bearing and cross bars. 

D. Safety Grating: 

1. Safety grating shall be made of sheet metal punched into an open serrated 
diamond pattern and formed into plank sections. The open diamond 
shapes shall be approximately 1-7/8 inch by 11/16 inch in size. Safety 
grating shall be Grip Strut by Metal Products Division, United States 
Gypsum Company; Deck Span by IKG Industries, or equal. 

E. Heavy-Duty Grating: Heavy-duty grating shall be of welded steel, galvanized 
after fabrication. Cross bars shall be welded in position. 

2.04 CHECKERED PLATE 

A. Checkered plate shall be not less than 114-inch thick, and shall have a pattern of 
raised lugs on one face and shall be smooth on the opposite face. Lugs shall be a 
minimum of one inch in length and raised a minimum of 0.050 inch above the 
surface. The lugs shall be located in a pattern in which the lugs are oriented at 90 
degrees from the adjacent lugs in two orthogonal directions. The rows of lugs 
shall be oriented at 45 degrees from the edges of the plates. 

B. Where no plate material is indicated on the drawings, aluminum shall be 
provided. Unless noted otherwise on the drawings, the minimum plate thickness 
shall be as required to limit deflection, resulting from a live load of 100 psf, to 1/4-
inch or the span divided by 240, whichever is less. 
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2.05 BOLTS AND ANCHORS 

A. Standard Service (Non-Corrosive Application): Unless otherwise indicated, 
bolts, anchor bolts, washers, and nuts shall be steel, galvanized after fabrication as 
indicated herein. Threads on galvanized bolts and nuts shall be formed with 
suitable taps and dies such that they retain their normal clearance after hot-dip 
galvanizing. Except as otherwise indicated, steel for bolts, anchor bolts and cap 
screws shall be in accordance with the requirements of ASTM A 193 Grade B-7. 

NTS: In the list of corrosive service locations below, project-specific trouble areas are not 
covered, such as {1} all outdoor locations, (2} all locations subject to continuous or 
intermittent wetting or spraying other than weather. If stainless steel nuts, bolts, and 
washes are to be provided there, call these areas out on the Drawings. 

B. Corrosive Service: All bolts, nuts, and washers in the locations listed below shall 
be stainless steel as indicated below. 

1. All buried locations. 

2. All submerged locations. 

3. All locations subject to seasonal or occasional flooding. 

4. Inside hydraulic structures below the top of the structure. 

5. Inside buried vaults, manholes, and structures which do not drain 
through a gravity sewer or to a sump with a pump. 

6. All chemical handling areas. 

7. Inside trenches, containment walls, and curbed areas. 

8. Locations indicated by the Contract Documents or designated by the 
Engineer to be provided with stainless steel bolts. 

NTS: In cases where the galling characteristics of stainless steel bolts and nuts would present 
a serious problem, use the subparagraph C in this NTS instead of the subparagraph C 
below the NTS. It should be recognized, however, that the bronze nuts are more 
expensive and more difficult to obtain in some areas.): 

C. Stainless steel bolts, nuts, anchor bolts, and washers shall be of Type 316 stainless steel, 
with bronze nuts, or cap screws (where screwed into stainless steel}, of copper-silicon 
alloy, conforming to ASTM B 98, alloy C 65100, designation H04, or alloy C 65500, 
designation H04. W1Jerever stainless steel bolts and nuts are indicated, it shall refer to 
the above material combination, unless specifically excluded. 

C. Unless otherwise indicated, stainless steel bolts, anchor bolts, nuts, and washers 
shall be Type 316 stainless steel, class 2, conforming to ASTM A 193 for bolts and 
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to ASTM A 194 for nuts. All threads on stainless steel bolts shall be protected 
with an antiseize lubricant suitable for submerged stainless steel bolts, to meet 
government specification MIL-A-907E. Buried bolts in poorly drained soil shall 
be coated the same as the buried pipe. 

1. Antiseize lubricant shall be classified as acceptable for potable water use 
by the NSF. 

2. Antiseize lubricant shall be "PURE WHITE" by Anti-Seize Technology, 
Franklin Park, IL, 60131, AS-470 by Dixon Ticonderoga Company, 
Lakehurst, NJ, 08733, or equal. 

D. Bolt Requirements: 

1. The bolt and nut material shall be free-cutting steel. 

2. The nuts shall be capable of developing the full strength of the bolts. 
Threads shall be Coarse Thread Series conforming to the requirements of 
the American Standard for Screw Threads. All bolts and cap screws shall 
have hexagon heads and nuts shall be Heavy Hexagon Series. 

3. All bolts and nuts shall be installed with washers fabricated of material 
matching the base material of bolts, except that hardened washers for 
high strength bolts shall conform to the requirements of the AISC 
Specification. Lock washers shall be installed with washers where 
indicated and shall be fabricated of material matching the bolts. 

4. The length of all bolts shall be such that after joints are made up, each 
bolt shall extend through the entire nut, but in no case more than 1/2-
inch beyond the nut. 

E. Adhesive Anchors: Unless otherwise indicated, all drilled, concrete or masonry 
anchors shall be adhesive anchors. No substitutions will be considered unless 
accompanied with ICBO report verifying strength and material equivalency. 

1. Epoxy adhesive anchors are required for drilled anchors where exposed to 

weather, in submerged, wet, splash, overhead, and corrosive conditions, 
and for anchoring handrails, pumps, mechanical equipment, and 
reinforcing bars. Epoxy anchor grout shall comply with Section 03315 -
Grout. Threaded rod shall be stainless steel Type 316. 

2. Unless otherwise indicated, glass capsule, polyester resin adhesive anchors 
will be permitted in locations not indicated above and shall be Hilti HV A 
or Molly Parabond. Threaded rod shall be galvanized steel. 

F. Expanding-Type Anchors: Expanding-type anchors if indicated or permitted, 
shall be steel expansion type ITW Ramset/Redhead "Trubolt" anchors; 
McCullock Industries "K wick-Bolt;" or equal. Lead caulking anchors will not be 
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permitted. Size shall be as indicated. Expansion type anchors which are to be 
embedded in grout may be steel. Non-embedded buried or submerged anchors 
shall be stainless steel. 

POWDER-DRIVEN PINS 

A. Materials: Powder-driven pins for installation in concrete or steel shall be heat
treated steel alloy. If the pins are not inherently sufficiently corrosion-resistant 
for the conditions to which they are to be exposed, they shall be protected in an 
acceptable manner. Pins shall have capped or threaded heads capable of 
transmitting the loads the shanks are required to support. Pins that are connected 
to steel shall have longitudinal serrations around the circumference of the shank. 

2.07 IMPACT ANCHOR 

A. 

PART 3: 

Impact anchors shall be an expansion type anchor in which a nail type pin is 
driven to produce the expansive force. It shall have a zinc sleeve with a 
mushroom style head and stainless steel nail pin. Anchors shall be Metal Hit 
Anchors, manufactured by Hilti, Inc., Rawl Zamac Nailin, manufactured by the 
Rawlplug Company; or equal. 

EXECUTION 

3.01 FABRICATION AND INSTALLATION REQUIREMENTS 

A. Fabrication and Erection: Except as otherwise indicated, the fabrication and 
erection of structural steel shall conform to the requirements of the American 
Institute of Steel Construction "Manual of Steel Construction." 

B. Power-Driven Pins: Power-driven pins shall be installed by a craftsman who is 
certified by the manufacturer as being qualified to install the manufacturer's pins. 
Pins shall be driven in one initial movement by an instantaneous force that has 
been carefully selected to attain the required penetration. Driven pins shall 
conform to the following requirements where "D" =Pin's shank diameter: 

Material Material's Pin's Shank Minimum Space Minimum Pin 
Penetrated Minimum Penetration in from Pin's CL to Spacing 

by Pin thickness SUpporting Edge of Penetrated 
Material Material 

Concrete 160 60 minimum 140 200 
Steel Y..-inch steel thickness 40 70 

3.02 WELDING 

A. Method: All welding shall be by the metal-arc method or gas-shielded arc 
method as described in the American Welding Society's "Welding Handbook" 
as supplemented by other pertinent standards of the A WS. Qualification of 
welders shall be in accordance with the A WS Standards governing same. 
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Quality: In assembly and during welding, the component parts shall be 
adequately clamped, supported and restrained to minimize distortion and for 
control of dimensions. Weld reinforcement shall be as indicated by the A WS 
Code. Upon completion of welding, all weld splatter, flux, slag, and burrs left 
by attachments shall be removed. Welds shall be repaired to produce a 
workmanlike appearance, with uniform weld contours and dimensions. All 
sharp corners of material which is to be painted or coated shall be ground to a 
minimum of 1/32-inch on the flat. 

3.03 GALVANIZING 

C. All structural steel plates shapes, bars and fabricated assemblies required to be 
galvanized shall, after the steel has been thoroughly cleaned of rust and scale, be 
galvanized in accordance with the requirements of ASTM A 123. Any galvanized 
part that becomes warped during the galvanizing operation shall be straightened. 
Bolts, anchor bolts, nuts and similar threaded fasteners, after being properly cleaned, 
shall be galvanized in accordance with the requirements of ASTM A 153. Field 
repairs to galvanizing shall be made using "Galvinox," "Galva-Weld," or equal. 

3.04 DRILLED ANCHORS 

A. Drilled anchors and reinforcing bars shall be installed in strict accordance with the 
manufacturer's instructions. Holes shall be roughened with a brush on a power drill, 
cleaned and dry. Drilled anchors shall not be installed until the concrete has reached 
the specified 28-day compressive strength. Adhesive anchors shall not be loaded 
until the adhesive has reached its indicated strength in accordance with the 
manufacturer's instructions. 

[END OF SECTION] 
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SECTION 07920 
SEALANTS AND CAULKING 

NTS: This Section has "M" status: it has been through the process of technical 
discipline review, manufacturer review, and construction experience 
feedback. Upgrading was completed in November, 1995. Bill Brumm 
has been a major contributor toward technical upgrading of this Section 
and is aware of the details of its contents. Bill Brumm may be a resource 
to answer questions. 

The Section cross references the following sections: 

Use professional care in customizing this master Section for use in project 
specifications. Not only are there square brackets to address, the Specifier 
must also consider whether the rest of the text is appropriate for the 
unique needs of the project, making additions and deletions if necessary 
to make it so. 

Section 07920 specifies joint sealants and caulking, joint fillers, 
compressible seals and other joint sealers for a variety of applications. 
Moisture barrier film is also included. 

PART 1: GENERAL 

1.01 THE REQUIREMENT 

A. The CONTRACTOR shall provide caulking, sealing, and appurtenant work, 
complete and in place, in accordance with the Contract Documents. 

1.02 REFERENCE STANDARDS 

A. General: Portions of the following standards are incorporated into this Section 
by references below. The standards are listed here for convenience. 

B. Federal Specifications: 

TT-S-001543A 

SS-S-200D 

TT-S-00227E 

Sealing Compound, Silicone Rubber Base, (For Caulking, 
Sealing and Glazing in Buildings and Other Structures) 

Sealants, Joint, Two Compound, Jet Blast Resistant, 
Cold Applied for Portland Cement Concrete Pavement. 

Sealing Compound, Elastomeric 
Component, (For Caulking, Sealing 
Buildings and Other Structures). 

07920-1 

Type, Multi-
and Glazing in 
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TT -S-00230C 

C. Commercial Standards: 

ASTM C 557 

ASTM C 834 

ASTMC919 

ASTMC920 

ASTMC 1056 

ASTMD 1752 

ASTME84 

ASTME 814 

UL 1479 

Triassic Park Hazardous Waste Facility 
Section 07920: Sealants and Caulking 

Sealing Compound, Elastomeric 
Component, (For Caulking, Sealing, 
Buildings and Other Structures) 

Type, Single 
and Glazing in 

Adhesives for Fastening Cypsum Wallboard to Wood 
Framing. 

Latex Sealing Compounds. 

Practice for Use of Sealants in Acoustical Applications. 

Elastomeric Joint Sealants. 

Flexible Cellular Material-Sponge or Expanded Rubber. 

Preformed Sponge Rubber and Cork Expansion Joint 
Fillers for Concrete Paving and Structural Construction. 

Surface Burning Characteristics of Building Materials. 

Methods for Fire Tests of Through Penetrations: 
Firestops. 

Underwriter's Laboratory Standard for Safety Fire Tests 
of Through Penetrations Firestops. 

1.03 CONTRACTOR SUBMITTALS 

D. General: Submittals shall be m accordance with Section 01300 - Contractor 
Submittals. 

E. Technical Data: A complete materials list along with the manufacturer's 
technical data and literature, specifications, joint width and depth tables, and 
installation instructions. 

F. Samples: Samples (including color samples) of all the caulking and sealant 
materials and other materials proposed for use on the WORK. The samples shall 
be clearly marked with the manufacturer's name and product identification. 

G. Certificates: If requested by the ENGINEER, certificates from an independent 
testing laboratory approved by the ENGINEER, certifying that the submitted 
materials meet all the requirements of the ASTM and Federal Specifications cited. 

H. Warranty: A copy of the manufacturer's warranty covering all sealants, caulking 
materials, and other materials against defects in materials. 
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PART 2: PRODUCTS 

2.01 SEALANTS AND CAULKING MATERIALS 

A. General: 

1. Manufacturer's Standards: In addition to the standards listed below, the 
sealants and caulking products and application shall be in accordance with 
the manufacturer's published recommendations and specifications. 

2. Wherever manufacturer's names and products are listed in this Section, 
"or equal" products will be considered in accordance with Section 01300-
Contractor Submittals. 

B. Materials shall conform to the following requirements: 

1. Significant Movement Sealants (plus or minus 25% movement capability) 

a. For expansion wall joints; masonry and metal curtainwall joints; 
precast concrete joints and concrete panels; perimeter sealing 
(windows, doors, and panels); control joints; interior and non
traffic horizontal joints. 

(1) Two component, non-sag, polyurethane or polysulfide 
sealant conforming to Federal Specification TT-S-227E, 
Class A, Type II, and ASTM C 920, Type M, Class 25, 
Grade NS. 

Products Research & Chemical Corp. "RC-2" 
Progress Unlimited "Iso-Flex 2000" 

(2) One component, non-sag, low modulus, polyurethane or 
polysulfide sealant conforming to Federal Specification 
TT-S230C, Class A, Type II, and ASTM C 920, TypeS, 
Class 25, Grade NS. 

Products Research & Chemical Corp. "RC-1" 
Tremco "Dymonic" 

(3) One component, non-sag, medium modulus, neutral 
cure, silicone sealant conforming to Federal Specification 
TT-S-1543A, Class A, and ASTM C 920, Type S, Class 
25, Grade NS. 

Products Research & Chemical Corp. "PRC-4000" 
Dow Corning "795" 
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Triassic Park Hazardous Waste Facility 
Section 07920: Sealants and Caulking 

For horizontal joints exposed to fuel spillage. 

(4) Two component, self-leveling, fuel resistant, 
polyurethane or polysulfide sealant conforming to 
Federal Specification SS-S-200D, Type H, and ASTM C 
920, Type M, Class 25, Grade P. 

Products Research & Chemical Corp. 11 3105-S 11 

Pacific Polymere Inc. 11 ElastoThane 200 11 

c. For horizontal joints not exposed to fuel spillage. 

(5) Two component, self-leveling, polyurethane or 
polysulfide sealant conforming to Federal Specification 
TT-S-227E, Class A, Type I, and ASTM C 920, Type M, 
Class 25, Grade P. 

Products Research & Chemical Corp. 11 RC-2SL 11 

Bostic 11 Chem-Calk 550 11 

(6) One component, self-leveling, polyurethane or 
polysulfide sealant conforming to Federal Specification 
TT-S-230C, Class A, Type I, and ASTM C 920, Type S, 
Class 25, Grade P. 

Products Research & Chemical Corp. 11 6006 11 

Mameco 11Vulkem 45 11
] 

2. Glazing Sealants 

a. For non-structural applications 

(1) One component non-sag, medium modulus, neutral cure, 
silicone sealant conforming to Federal Specification TT-S-
1543A, Class A, and ASTM C 920, Type S, Class 25, 
Grade NS. 

Products Research & Chemical Corp. 11 4000 11 

Dow Corning 11 795 11 

(2) One component, non-sag, high modulus, acetoxy cure, 
silicone sealant conforming to Federal Specification TT-S-
1543A, Class A, and ASTM C 920, Type S, Class 25, 
Grade NS. 

3. Interior Sealant and Caulking 

a. For general applications 

07920-4 Revision No. 0 
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Triassic Park Hazardous Waste Facility 
Section 07920: Sealants and Caulking 

One component, acrylic latex caulking conforming to 
ASTM C 834 

Pecora Corp. "AC-20" 
Bostic "Chem-Calk 600" 

b. For non-exposed acoustical applications 

(1) One component, non-drying, non-hardening, non
shrinking, acoustical caulking conforming to ASTM C 
557 and ASTM C 919. 

Inmont Company "Prestite 579.64" 
Tremco, "Acoustical Sealant" 
United States Gypsum, "Acoustical Sealant" 
W.W. Henry, "Type 313, Acoustical Sealant" 

4. Acoustic Sheet Caulking: For use on all outlet boxes including 
intercoms, telephone or other services that require penetrations in the 
walls, acoustic sheet caulking shall be resilient synthetic polymer, self
adhesive, 1/8-inch thick, 6-inch x 8-inch, sheet acoustic sealer. Pads shall 
be Lowry's Electrical Box Pads as manufactured by Harry A. Lowry & 
Associates, Inc., 11176 Penrose Street, Sun Valley, CA 91352, (818) 768-
4661, (213) 875-0225; or equal. 

5. Firestop Sealant: Where piping, conduit, wire, or other materials pass 
through fire rated walls, floors, ceilings or roofs, provide a [1] [3]-hour 
fire rated sealant in accordance with ASTM E 814 and UL 1479. Fire
resistant penetration sealant shall be a medium density fire-resistant foam 
that retains form and stability at high temperature. Fire-resistant sealant 
shall be Dow-Corning Corporation "3-6548 Silicone R TV" foam; 3M 
Corporation "Fire Barrier Caulk CP25N, No-sag "or "CP25 S/L, Self
Leveling", as appropriate for the use intended. Equivalent products of 
General Electric and Metalines, Inc. will also be considered. 

6. Preformed Sealants: Preformed sealant shall be polybutylene or isoprene
butylene based pressure sensitive weather resistant tape or bead sealant 
capable of sealing out moisture, air, and dust when installed as 
recommended by the manufacturer. At temperatures from minus 30 to 
plus 160 degrees F, the sealant shall be non-bleeding and shall have no loss 
of adhesion. 

7. Tape sealant: Dimensions shall be as required for application conditions. 
Tape sealants shall be type recommended by tape manufacturer for 
connecting and bonding to surfaces. 
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10. 

Triassic Park Hazardous Waste Facility 
Section 07920: Sealants and Caulking 

Filler material shall be resilient, closed-cell polyethylene foam conforming 
to ASTM D 1752, Type II or III, and/or bond breakers of proper size for 
joint widths. Filler shall be compatible with sealant manufacturer's 
product and shall not stain the sealant nor the materials to which applied. 

Primer: Primers shall be as recommended in the manufacturer's printed 
instructions for caulking and sealants, and shall not stain the sealant nor 
the materials to which applied. Manufacturer shall be consulted for all 
surfaces not specifically covered in submittal application instructions. 
Primer shall be used in accordance with manufacturer's instructions with 
all primers being applied prior to the installation of any backer rod or 
bond breaker tape. 

Cleaning and cleanup solvents, agents, and accessory materials shall be as 
recommended in the manufacturer's printed instructions for cleaning up. 

2.02 COLOR OF SEALANTS 

A. Color of sealants that are visible after installation shall match adjacent building 
finish. If in doubt of color match, obtain color approval from ENGINEER. 

2.03 SUB-SLAB MEMBRANE 

A. 

PART 3: 

Sub-slab membrane shall be 6-mil, odorless, nontoxic, polyethylene film without 
holes, complying with FHA requirements for below-slab moisture barrier, and 
shall be Sisalkraft "Moisture-stop"; Dampproof "XX"; or equal. 

EXECUTION 

3.01 PRODUCT DELIVERY, STORAGE, AND HANDLING 

A. Delivery of Materials: Manufactured materials shall be delivered in original, 
unbroken packages or containers bearing the manufacturer's label. Packages or 
containers shall be delivered to the site with seals unbroken. 

B. Shelf Life: Materials whose shelf life dates have expired shall not be used in the 
WORK. Such materials shall be promptly removed from the project site. 

C. Storage: All materials shall be carefully stored in accordance with the 
manufacturer's instructions, in an area that is protected from deleterious elements, 
and in a manner that will prevent damage to the product. Materials shall be 
stored at temperatures between 40 and 90 degrees unless otherwise specified by 
the manufacturer. 
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3.02 INSTALLATION 

A. Manufacturer's Recommendations: All work under this Section and all testing, 
where applicable, shall be performed in accordance with manufacturer's printed 
recommendations, specifications, and installation instructions except where more 
stringent requirements are indicated herein; and, except where project conditions 
require extra precautions or provisions to assure performance of the 
waterproofing system. 

B. Authorized Installers: Caulking and sealants shall be complete systems and be 
installed only by installers authorized and approved by the respective 
manufacturers. 

C. Surface Preparation 

1. General: The surfaces of joints to be sealed shall be dry. Oil, grease, dirt, 
chalk, particles of mortar, dust, loose rust, loose mill scale, and other 
foreign substances shall be removed from surfaces of joints which will be 
in contact with the sealant. Ferrous metal surfaces shall be cleaned of all 
rust, mill scale, and other coatings by wire brush, grinding, or 
sandblasting. Oil and grease shall be removed by cleaning in accordance 
with sealant manufacturer's printed recommendations. Protective 
coatings shall be removed from all aluminum surfaces against which 
caulking or sealing compound is to be placed. Bituminous or resinous 
materials shall be removed from surfaces to receive caulking or sealants. 

2. Concrete and Masonry Surfaces: Where surfaces have been treated with 
curing compounds, oil, or other such materials, the materials shall be 
removed by sandblasting or wire brushing. Laitance, efflorescence, and 
loose mortar shall be removed from the joint cavity. 

3. Steel Surfaces: Steel surfaces to be in contact with sealant shall be 
sandblasted or, if sandblasting would not be practical or would damage 
adjacent finish work, the metal shall be scraped and wire brushed to 
remove loose mill scale. Protective coatings on steel surfaces shall be 
removed by sandblasting or by a solvent that leaves no residue. 

4. Aluminum Surfaces: Aluminum surfaces to be in contact with sealants 
shall be cleaned of temporary protective coatings. When masking tape is 
used for a protective cover, the tape and any residual adhesive shall be 
removed just prior to applying the sealant. Solvents used to remove 
protective coating shall be as recommended by the manufacturer of the 
aluminum work and shall be non-staining. 

5. Wood Surfaces: Wood surfaces to be in contact with sealants shall be free 
of splinters and sawdust or other loose particles. 
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Triassic Park Hazardous Waste Facility 
Section 07920: Sealants and Caulking 

Joint Types and Sizes: Joint shapes and sizes shall be as indicated or as necessary 
for job conditions where not indicated. Joints to be caulked or sealed include 
through-bolt holes, door frames, louver and ventilator frames, joints between 
openings where items pass through exterior walls, concrete masonry, or 
combination of these surfaces, and as otherwise indicated or required for 
watertightness, weatherproofing, or airtightness. Use sealing compound at both 
exterior and interior surfaces of exterior wall penetrations. 

3.03 SEALANT FILLED JOINTS 

A. Manufacturer's Representative: The CONTRACTOR shall furnish the on-site 
services of the sealant manufacturer's representative prior to sealant work for 
inspection of the joints to be sealed and for instructing the installer in the proper 
use of the materials[.] [if requested by the ENGINEER.] 

B. Sealant: Sealant shall be used before expiration of shelf life. Multi-component 
sealants shall be mixed according to manufacturer's printed instructions. Sealant 
in guns shall be applied with a nozzle of proper size to fit the width of joint. 
Sealant shall be installed to the required depth without displacing the backing. 
Unless otherwise indicated or recommended by the manufacturer, the installed 
sealant shall be tooled so that the surface is uniformly smooth and free of 
wrinkles and to assure full adhesion to the sides of the joint. Sealants shall be 
installed free of air pockets, foreign embedded matter, ridges, and sags. Sealer 
shall be applied over the sealant if recommended by the sealant manufacturer. 

C. Sealant Depth: Sealant depth in joints shall be 1/2 the width of joint, but not less 
than 1/8-inch deep and 1/4-inch wide nor more than 1/2-inch deep and l-inch 
wide. All joints shall have a rigid filler material installed to proper depth prior to 
application of sealant. 

D. Masking Tape: Masking tape shall be placed on the finish surface on one or both 
sides of a joint cavity to protect adjacent finish surfaces from primer or sealant 
smears. Masking tape shall be removed within 10 minutes after joint has been 
filled and tooled. 

E. Backing: Backing shall be installed to provide the indicated sealant depth. The 
installation tool shall be shaped to avoid puncturing the backing. 

F. Bond-Breaker: Bond-breaker shall be applied to fully cover the bottom of the 
joint without contaminating the sides where sealant adhesion is required. 

G. Primer: Primer shall be used on concrete masonry units, wood, or other porous 
surfaces in accordance with instructions furnished with the sealant. Primer shall 
be applied to the joint surfaces to be sealed. Surfaces adjacent to joints shall not 
be primed. 
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Triassic Park Hazardous Waste Facility 
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Applications: A full bead of sealant shall be applied into the joint under sufficient 
pressure, with the nozzle drawn across sealant, to completely fill the void space 
and to ensure complete wetting of contact area to obtain uniform adhesion. 
During application, the tip of the nozzle shall be kept at the bottom of the joint 
thereby forcing the sealant to fill from the bottom to the top. Sealants shall be 
tooled immediately after exposure with a caulking tool or soft bristled brush 
moistened with solvent. The finished sealant-filled joint shall be slightly concave 
unless otherwise indicated. 

Acoustic Partition Joints: Acoustic partition joints shall be made air and sound
tight with acoustic caulking material. 

1. Partitions shall be sealed where indicated on the Drawings. Gypsum 
panels may have joint treatment applied in the normal manner over 
sealed joints, or panels may be finished with base or trim as required. 

2. A 1/4-inch minimum round bead of sealant shall be applied around all 
cut-outs, such as at electrical boxes and air conditioning ducts, sufficient 
to seal the openings. 

3.04 ACOUSTIC CAULKING 

A. Preparation: Joints and surfaces to be sealed shall be clean, dry, and free of loose 
materials. 

B. Concealed Joints: Concealed joints in acoustic partitions including perimeters 
and intersections of walls and penetrations through finish work and at conduit 
ends with boxes shall be sealed with acoustic caulking compound. Backs of 
electrical boxes shall be sealed with acoustic sheet caulking, covering all holes and 
knock-outs. 

3.05 SUB-SLAB MEMBRANE 

A. A sub-slab membrane shall be installed under floor slabs over which a finish 
flooring system will be installed and at other locations as indicated. 

3.06 CLEANING 

A. After application of sealant and caulking materials, adjacent materials which have 
been soiled shall be cleaned and left in a neat, clean, undamaged, or unstained 
condition. On porous surfaces, excess sealant shall be removed per sealant or 
caulking manufacturer's printed instructions. 

[END OF SECTION] 
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SECTION 11210 
LEACHATE PUMPS 

Triassic Park Hazardous Waste Facility 
Section 11210: Leachate Pumps 

PART 1: GENERAL 

1.01 SUMMARY 

A. Description of Work 

1. This section includes supply and installation of leachate removal pumps 
for the Landfill. The following pumps are included: 

a. The submersible pump in the Primary Leachate Collection 
System. This will be the principal pump used to remove 
leachate from the landfill. 

b. The self-priming pump in the vertical riser of the Primary 
Leachate Collection System. This higher capacity pump will be 
used to remove storm water from the primary sump. 

c. The submersible pump in the Secondary Leachate Collection 
System. This pump will be used to remove leachate that leaks 
through the primary system into the secondary collection 
system. 

d. The submersible pump in the Vadose Sump. This pump will be 
used to remove leachate that leaks through the secondary lining 
system. 

B. Related Sections 

1. 15600 - Welded Steel Pipe 

2. 15700 - Stainless Steel Pipe 

1.02 SUBMITTALS 

A. Submit detailed information on proposed pumps, motors, materials, 
connections, and electrical requirements. 

B. If "or equal" product is proposed, submit technical data and specifications 
sufficient to allow evaluation by the ENGINEER. 

11210-1 Revision No. 0 
12/9/97 



W:\602\Speu 
12/0)/97ypl 

FINAL Triassic Park Hazardous Waste Facility 
Section 11210: Leachate Pumps 

1.03 QUALITY ASSURANCE 

A. Prior to installing, test pumps and demonstrate their operation to the 
satisfaction of the CQA ENGINEER. 

PART 2: PRODUCTS 

2.01 GENERAL 

A. Pumps shall be constructed such that all wetted parts are type 316 stainless steel, 
or other highly corrosion resistent materials. 

B. Submersible pumps and their motors shall have bearings which permit the 
pump to be operated in continuous or intermittent service in the horizontal 
position. 

C. The external portions of the case shall be free of sharp edges or burrs which 
might prevent the free sliding of the pump along the enclosing pipe. 

D. Electrical characteristics of pump motors shall be compatible with power 
available at the site. 

2.02 SUBMERSIBLE PUMPS 

A. The submersible pump for the Primary Leachate Collection System shall be a 
Grundfos Model40S30-9 or equal as approved by the ENGINEER. 

B. The submersible pumps for the Secondary Leachate Collection System and 
Vadose Sump shall be Grundfos Model 25S15-9 or equal as approved by the 
ENGINEER. 

2.03 SELF-PRIMING SUMP PUMP 

A. The larger capacity sump pump to be installed in the vertical riser shall be a 
self-priming type, capable of drawing water 10 ft or more at sea level. The 
pump shall be a Gorman Rupp Model S4C18 or equal as approved by the 
ENGINEER. 

PART 3: EXECUTION 

3.01 PUMP INSTALLATION 

A. The OWNER shall install all pumps and motors in accordance with 
manufacturers' instructions, at locations as shown on the Drawings. 

B. Installation shall include all discharge piping and wiring. 
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Section 11210: Leachate Pumps 

Install pumps in side slope riser pipes prior to placing backfill over the pipes, in 
order to confirm pump installation location. When pump is in correct position 
as determined by visual inspection through holes in perforated pipe section, 
mark discharge tube or support cable as appropriate at top of riser pipe. Survey 
location (coordinates and elevation) of pump prior to trench backfilling. 

[END OF SECTION] 
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PART 2: PRODUCTS 

2.01 POLYETHYLENE TANK PROPERTIES 

A. The polythylene tank shall be Model Number 10 VCT 09K manufactured by 
Central California Cntainer and conform to the following specifications or 
equal: 

Item 

Diameter 
Height 
Material 
Type 
Primary Tank Volume 
Secondary Tank 

Primart Tank Description 

10 feet 
16 feet 1 inch 
Cross Linked Polyethylene Resin 
Enclosed Top Containment Tank 
9,000 gallons 

2.03 MANUFACTURING QUALITY CONTROL 

Secondary Tank Description 

12 feet 
21 feet 3 inches 
Cross linked polyethylene resin 
Ethylene Resin 
Enclosed top tank 
15,500 gallons 

A. The Contractor shall submit to the Owner for approval within 14 days prior to 
the start of polyethylene tank work a complete list of materials to be furnished 
and the name of the polyethylene tank Manufacturer. 

B. The Contractor shall submit to the Owner the polyethylene tank 
Manufacturer's certification of compliance with the product requirements of 
Part 2. 

C. All Quality Control testing required by these General Specifications and/ or 
conducted at the discretion of the Contractor shall be the responsibility of the 
Contractor. 

2.04 TRANSPORTATION 

A. Transportation of polyethylene tanks shall be the responsibility of the 
Contractor. The Contractor shall be liable for all damage to the polyethylene 
tanks incurred prior to and during transportation to the site. 

2.05 HANDLING AND STORAGE 

A. Handling, storage, and care of the steel pipe prior to and following installation 
at the site, is the responsibility of the Contractor. The Contractor shall be 
liable for all damage to the material incurred prior to final acceptance by the 
Owner. 

B. The Contractor shall be responsible for storage of the polyethylene tanks at the 
site. Polyethylene tanks shall be stored on clean level ground, preferably turf 
or sand, free of sharp objects which could damage the polyethylene tanks. 
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PART 3: EXECUTION 

3.01 HANDLING AND PLACEMENT 

A. Polyethylene tanks shall be installed as indicated on the Construction 
Drawings. 

B. The Contractor shall exercise care when transporting, handling and placing 
polyethylene tanks, such that they will not be damaged. 

C. The Contractor shall comply with the polyethylene tanks Manufacturer's 
recommendations for handling, storage, and installation of all tanks. 

D. Polyethylene tanks shall not be dropped onto rocky or unprepared ground. 

F. The exterior of the polyethylene tanks shall be free of cuts, gouges and 
scratches. The CQA Engineer will inspect the polyethylene tanks in 
accordance with the CQA Plan. Polyethylene tanks with excessive cuts, 
gouges, or scratches will be rejected and the Contractor will be required to 
remove and replace the rejected polyethylene tanks, at no additional cost to the 
Owner. 

3.02 INSTALLATION 

A. All polyethylene tanks shall be installed in accordance with these General 
Specifications and the polyethylene tanks Manufacturer's instructions. 

B. The Contractor shall carefully examine all polyethylene tanks for cracks, 
damage or defect before installation. Defective materials shall be removed from 
the site and replaced with non-defective material at no additional cost to the 
Owner. 

C. All polyethylene tanks shall be placed to the grades and elevations shown on 
the Construction Drawings. 

3.04 SURVEY CONTROL 

A. The Surveyor shall survey the location and final elevation of all polyethylene 
tanks. Surveying shall be performed in accordance with Section 01010 of these 
General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location all polyethylene 
tanks. 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and all 
partially-complete and completed work of these General Specifications. 
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In the event of damage, the Contractor shall make all repairs and replacements 
necessary, to the approval of the Owner and at no additional cost to the 
Owner. 

The CQA Engineer will issue an approval of polyethylene tank installation and 
inspection to the Owner following installation of the polyethylene tank m 
accordance with the CQA Plan. 

[ END OF SECTION ] 
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The Contractor shall provide specimens for weld tests to the CQA 
Engineer for testing by an independent testing laboratory if the CQA 
Engineer suspects unsatisfactory welding. 

Use of back-up welding strips or rings for welds is not permitted. 

3.04 SURVEY CONTROL 

A. The Surveyor shall survey the location and final elevation of all steel pipe. The 
pipe shall be surveyed at its ends. In addition, all joints, etc. shall be located 
horizontally and vertically and overall length measured. Surveying shall be 
performed in accordance with Section 01010 of these General Specifications. 

B. The Surveyor shall provide a Record Drawing of the location and final 
elevation of all steel pipe. 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all materials and all 
partially-complete and completed work of these General Specifications. 

B. In the event of damage, the Contractor shall make all repairs and replacements 
necessary, to the approval of the Owner and at no additional cost to the 
Owner. 

C. The CQA Engineer will issue an approval of pipe installation and inspection to 
the Owner prior to completely covering the pipe in accordance with the CQA 
Plan. 

[ END OF SECTION ] 
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GEOTECHNICAL TEST PITS 

The proposed landfill site is located in a remote portion of eastern Chaves County, New 
Mexico. The land surface gently slopes to the west. This sloping plain is characterized by low
relief hummocky wind-blown deposits, sand ridges, and dunes. 

A geotechnical field investigation involving the excavation of test pits was conducted by a 
TerraMatrix/Montgomery Watson field engineer on August 18, 1997. Five test pits were 
excavated to characterize the geotechnical conditions of the surficial sands and Upper Dockum 
claystone. Soil samples were also collected from the test pits to conduct soil characterization 
tests, recompacted permeability tests, and interface shear strength tests. 

Four of the five test pits were excavated within the proposed footprint of the cell and one test 
pit was excavated in the area of the proposed evaporation ponds. Figure 1 displays the general 
location of the geotechnical field investigation. All test pits were located in the field by onsite 
personnel. The upper 6 to 10 feet of each pit was excavated by a D8 CAT dozer. A John 
Deere 310D backhoe with an extended boom was then used to excavate the test pits to their 
total depth. Total depth of the test pits ranged from 17 to 24 feet. Material types were noted, 
as was the presence or absence of moisture or water. Bag and bucket samples were collected 
from the backhoe cuttings at various depths as chosen by the field engineer. None of the test 
pits encountered a water table. The geotechnical field investigation test pit logs are attached. 

Soil samples collected from each of the five test pits were submitted to the laboratory for 
material property analysis. The laboratory tests performed included: 

• Moisture Content (ASTM D2216) 
• Atterberg (ASTM D4318) 
• Moisture/Density Relationship (ASTM D1557, D698) 
• Sieve Analysis (ASTM D422) 
• Recompacted Permeability (ASTM 5084) 
• Interface Shear - Direct Shear 

Table 1 summarizes the geotechnical field investigation and includes the test pit identification 
number, approximate location, sample type, and depth. 



TABLE 1 
GANDY GEOTECHNICAL TEST PITS 

Test Pit ID Pit Location (approx.) Elevation Sample Type Sample Depth 
N orthing/Easting (feet) 

TP-1 N859650/E645460 Bag 2 to 3 
TP-1 Bag 15 
TP-1 Bucket 17 
TP-2 N861150/E646860 Bag 3 to 4 
TP-2 Bag 16 to 18 
TP-2 Bucket 17 
TP-3 N859150/E646360 Bag 2 
TP-3 Bag 3to4 
TP-3 Bag 6.5 
TP-3 Bucket 7.5 
TP-4 N858850/E645060 Bag 5 to 7 
TP-4 Bag 6to9 
TP-4 Bucket 14 
TP-5 N861750/E645660 Bag 6 
TP-5 Bag 17 
TP-5 Bucket 18 

SUMMARY OF LABORATORY TEST RESULTS 

A total of eight samples, one from each test pit and three from test pit number 4, and a 
composite sample from test pit 1-4 for the surficial silty sands were tested. All laboratory 
testing was conducted by T erraMatrix/Montgomery Watson Laboratories in Steamboat 
Springs, Colorado. 

Natural moisture content ranged from 7.0% to 12.3%. Atterberg limits indicated a range of 
liqid limits of 37% to 46% and plasticity limits of 19% to 40% for the upper Dockum. The 
surficial silty sand was found to be non-plastic. The grain size analysis indicated the upper 
Dockum is predominantly fine grained with fines ranging from 65% to 99% and sands from 1% 
to 35%. The surficial sands had 17% fine material and no gravel sized material. The Caliche 
was found to have 5% gravel, 35% sand, and 60% fines which have a liquid limit of 34% and a 
plasticity index of 17%. These test results are summarized on the following page, Summary of 
Laboratory Test Results. 

BEARING CAPACITY 

The surficial silty sands were estimated to have a bearing capacity of 4000 psf using the table 
presented on page 4. 
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INTERFACE TESTING 

An interface shear testing program was conducted as outlined below: 

The testing program consisted of the following: 

• Three direct shear tests of the entire liner section run at three different normal loads of 2000 
psf, 8,000 psf, and 14,000 psf. 

• The liner section consists of the following (from top to bottom, see attached figure): 
• Protective soil 
• Geocomposite 
• Textured HDPE Geomembrane 
• GCL (non woven side up, in contact with textured HDPE) 
• Recompacted clay subgrade 

• The GCL was be saturated for a minimum of 72 hours under a normal load of 200 psf prior to 
testing. 

• The protective soil was be compacted at a moisture content of approximately 7% and to a dry 
density of approximately 95 pcf. 

• The recompacted clay subgrade was compacted at a moisture content of 12.2% and to a dry 
density of 114.3 pcf. 

• The liner section was assembled and allowed to sit for 1 to 2 hours under the normal loads 
specified prior to shearing. 

• The shear rate was 0.04 em/sec. 

The results of the testing program are presented on pages 2 and 3. 
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1. INTRODUCTION 

This report was prepared by Mr. Robert H. Swan, Jr. and Dr. Zehong Yuan, P.E. 
(Georgia), both of GeoSyntec Consultants (GeoSyntec), Atlanta, Georgia. The report 
was reviewed by Dr. Gary R. Schmertmann, P.E. (Georgia), also of GeoSyntec, in 
accordance with the internal peer review policy of the firm. The laboratory testing 
program described in this report was performed at the request and authorization of Mr. 
Paul Pellicer of TerraMatrix Montgomery Watson (TerraMatrix), Steamboat Springs, 
Colorado. 

TerraMatrix authorized GeoSyntec to undertake a laboratory testing program to 
evaluate the interface shearing resistance between two site soils (i.e., protective soil and 
clay subgrade soil) and three geosynthetic materials (i.e., geomembrane, geocomposite, 
and geosynthetic clay liner (GCL)) for the TerraMatrix Project No. 602. GeoSyntec 
understands that the sample preparation procedures and testing conditions used in the 
testing program were selected by Mr. Pellicer of TerraMatrix to model anticipated field 
conditions. All of the interface direct shear testing was conducted at GeoSyntec's Soil
Geosynthetic Interaction Testing Laboratory located in Atlanta, Georgia. 

2. TFSTING PROGRAM 

2.1 Scope 

The testing program consisted of two interface direct shear test series. Each 
interface direct shear test series consisted of three tests. 

2.2 Testing Methods 

The interface direct shear tests were performed in accordance with the American 
Society for Testing and Materials (ASTM) Standard Test Method D 5321, "Determining 
the Coefficient of Soil and Geosynthetic or Geosynthetic and Geosynthetic Friction by 
the Direct Shear Method". The tests were conducted in a large direct shear device 
containing an upper and lower shear box. The upper shear box measured 12 in. by 12 
in. (300 mm by 300 mm) in plan and 3 in. (75 mm) in depth. The lower shear box 
measured 12 in. by 14 in. (300 mm by 350 mm) in plan and 3 in. (75 mm) in depth. 

GLI0406/SGI97133 97.12.11 
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2.3 Geosynthetic and Soil Materials 

The geosynthetic and soil materials used in the testing program are presented in 
Appendix A. The soil materials were provided to GeoSyntec by TerraMatrix. 
TerraMatrix arranged to have each geosynthetic manufacturer ship their geosynthetic 
materials directly to GeoSyntec for testing. 

2.4 Test Confiamration and Procedures 

The configuration of the test specimens and the specific test procedures used to 
conduct the interface direct shear tests are presented in Appendix B. GeoSyntec 
understands that the test procedures and test conditions were selected by TerraMatrix 
to model anticipated field conditions. 

3. TEST RESULTS 

3.1 Failure Modes 

For Test Series 1, sliding (i.e., shear failure) was observed to occur at the 
interface between the nonwoven geotextile of the GCL and the geomembrane for the 
test conducted at the normal stress of 14 psi (98 kPa), and within the GCL for the tests 
conducted at normal stresses of 56 and 100 psi (392 and 700 kPa). For Test Series 2, 
shear failure was observed to occur at the interface between the protective soil and the 
geocomposite for the test conducted at the normal stress of 100 psf (5 kPa), and at the 
interface between the woven geotextile of the GCL and the clay subgrade soil for the 
tests conducted at normal stresses of 300 and 500 psf (15 and 24 kPa). 

3.2 Data Presentation 

For each of the interface direct shear tests, the total-stress shearing resistance was 
evaluated for each applied normal stress. The test data were plotted on a graph of 
shear force versus horizontal displacement. The resulting plots are presented in 
Appendix C. The peak value of shear force was used to calculate the peak shear 
strength. For this report, the large displacement shear strength (Tw) was calculated 
using the shear force measured at the end of each test. No area correction was used 
when computing normal and shear stresses because each test was performed using a 
constant effective sample area (i.e., the area of the geosynthetic spec1men and/or lower 
shear box was larger than that of the upper shear box). 
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The calculated shear strengths were plotted on a graph of shear stress versus 
normal stress and the results were used to evaluate total-stress peak and large 
displacement shear strength envelopes. A best-fit straight line was drawn through the 
data points from each test series to obtain the corresponding total-stress peak and large 
displacement shear strength friction angles and adhesions. The coefficient of 
correlation (R2

), a standard statistical indicator of how well the best-fit line matches the 
test data, was obtained for each best-fit line. The summary plots of shear stress versus 
normal stress for each test series are also presented in Appendix C. The friction 
angles, adhesions, and R2 values derived from the plotted test results are presented in 
Table 1. 

For each test series, it is noted that the reported total-stress shear strength 
parameters of friction angle and adhesion were determined based on the best-fit straight 
line drawn through the test data on a plot of shear stress versus normal stress. Caution 
should be exercised in using these shear strength parameters for applications involving 
normal stresses outside the range of stresses covered by each test series. 

4. CWSURE 

The reported results apply only to the materials and test conditions used in the 
laboratory testing program. The results do not necessarily apply to other materials or 
test conditions. The test results should not be used in engineering analyses unless the 
test conditions model the anticipated field conditions. The testing was performed in 
accordance with general engineering testing standards and requirements. This testing 
report is submitted for the exclusive use of TerraMatrix. 

GLI0406/SGI97133 3 97.12.11 



Test Series 
Number 

1 

2 

TABLE 1 

INTERFACE DIRECT SHEAR TEST RESULTS 
MEASURED TOTAL STRESS SHEAR STRENGTH PARAMETERS 

TERRAMATRIX MONTGOMERY WATSON 
TERRAMATRIX PROJECT NO. 602 

Normal Peak Strength<1l Large Displacement Strength<2,3) Reference 
Interfaces Tested(ll Stress Appendix Figure 

Numbers 

Friction Adhesion Rl Friction Adhesion Rl 

Angle (psi) Angle (pst) 

Protective Soil/NSC TN3002-1125 Geocomposite/60-mil NSC Textured 14 to 100 psi 9" 650 0.951 2" 440 0.977 C-1 and C-2 
HDPE Geomembrane/Hydrated Bentofix NS GCL with Nonwoven Geotextile 
Against Geomembrane/Clay Subgrade Soil Under Consolidated Conditions 

Protective Soil/NSC TN3002-1125 Geocomposite/60-mil NSC Textured 100 to 500 psf 33" 18 0.999 31" 15 1.000 C-3 and C-4 
HOPE Geomembrane/Hydrated Bentofix NS GCL with Nonwoven Geotextile 
Against Geomembrane/Clay Subgrade Soil Under Consolidated Conditions 

-- '---- --·--- L__. ---- -- ___ L__ - ---- -----

! 

! 

I 

i 

Notes: (I) See Appendix B for detailed test conditions and procedures. For each test, sliding (i.e., shear failure) was observed to occur at a specific interface or within the GCL as described in Section 3 of the report. 

(2) The reported total-stress shear strength parameters for each test series were determined from a best-fit line drawn through the test data. Caution should be exercised in using these shear strength parameters 
for applications involving normal stresses outside the range of stresses covered by each test series. The value of R.l, the coefficient of correlation, provides an indication of how well the best-fit shear strength 
parameters match the test data. 

(3) The large displacement shear strength (TLD) was calculated using the shear force measured at the end of each test. 
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Geosynthetic Materials 

Three geosynthetic materials were used in the testing program. These materials 
are referenced by name in this report, and include: 

• 60-mil (1.5-mm) thick National Seal Company (NSC) textured high density 
polyethylene (HDPE) geomembrane, referred to as 60-mil NSC textured 
HDPE geomembrane; 

• NSC TN3002-1125 geocomposite consisting of a Trevira 1125 nonwoven 
geotextile heat-bonded to each side of a NSC PN3000 geonet component, 
referred to as NSC TN3002-1125 geocomposite; and 

• NSC Bentofix NS GCL consisting of a woven geotextile on one side of the 
bentonite component and a nonwoven geotextile on the other side of the 
bentonite component, needle-punched and thermally-locked together forming 
the finished product, referred to as Bentofix NS GCL. 

TerraMatrix arranged to have NSC ship the bulk samples of the three geosynthetic 
materials directly to GeoSyntec for testing. 

Soil Materials 

Two site soil materials (i.e., protective soil and clay subgrade soil) were used in 
the testing program. Bulk samples of the two soil materials were obtained from the 
project by TerraMatrix and provided to GeoSyntec for testing. 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 1 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

®!997 GeoSyntec Consultants 

• upper shear box: protective soil initially placed at a dry unit weight of 94.9 to 95.0 pcf and a moisture 
content of 6.7 to 6.8%. Final moisture content ranged from 6.2 to 6.5% for the test series; 

• NSC TN3002-1125 geocomposite; 

• 60-mil NSC textured HDPE geomembrane; 

• Bentof1X NS GCL with nonwoven geotextile against geomembrane. GCL's initial moisture content 
was 13.0%. GCL's final moisture content ranged from 73% to 90% for the test series; and 

• lower shear box: clay subgrade soil initially placed at a dry unit weight of 114.1 to 114.8 pcf and a 
moisture content of 12.3 to 12.6%. Final moisture content ranged from 12.6 to 13.8% for the test 
series. 

Test Interface: upper soil against geocomposite against geomembrane against GCL against lower soil. 

Test Procedures for Each Normal Stress Condition: 

• GCL Hydration: a fresh specimen of GCL was trimmed from the bulk sample and hydrated in tap 
water for 72 hours under a normal stress of 200 psf. 

• A fresh specimen of the lower soil was compacted into the lower shear box. The initial target dry unit 
weight and moisture content were 114.3 pcf and 12.2%, respectively, as specified by TerraMatrix. 

• The hydrated GCL specimen, and fresh specimens of geomembrane and geocomposite trimmed from 
each bulk sample were placed on top of the lower soil, but not attached to either of the lower or upper 
shear boxes. The GCL was oriented so that the nonwoven geotextile component of the GCL was in 
contact with the geomembrane. With this method of specimen preparation, shear failure would likely 
occur at the weakest interface within the test cross section. 

• A fresh specimen of the upper soil was compacted directly on top of the geocomposite. The initial 
target dry unit weight and moisture content were 95.0 pcf and 7.0%, respectively, as specified by 
TerraMatrix. 

• Consolidation conditions: the entire test specimen was consolidated for 1 hour under each test normal 
stress prior to being sheared. 

• Test normal stresses: 14, 56, and 100 psi. 

• Constant shear displacement rate: 0.04 in/min. 

• The direction of shear for each interface direct shear test was in the direction of manufacture (machine 
direction) of the geosynthetic samples. 

• Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 
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TEST PROCEDURES AND CONDITIONS 
TEST SERIES NUMBER: 2 

Test Specimen Configuration (from top to bottom) and Placement Conditions: 

~1997 GeoSyntec Consultants 

• upper shear box: protective soil initially placed at a dry unit weight of 95. 1 to 95.5 pcf and a moisture 
content of 6.5 to 6. 9%. Final moisture content ranged from 6.2 to 6.3% for the test series; 

• NSC TN3002-1125 geocomposite; 

• 60-mil NSC textured HOPE geomembrane; 

• Bentofix NS GCL with nonwoven geotextile against geomembrane. GCL's initial moisture content 
was 12.8%. GCL's final moisture content ranged from 86% to 98% for the test series; and 

• lower shear box: clay sub grade soil initially placed at a dry unit weight of 113.9 to 114.3 pcf and a 
moisture content of 12.0 to 12.5%. Final moisture content ranged from 12.8 to 13.5% for the test 
series. 

Test Interface: upper soil against geocomposite against geomembrane against GCL against lower soil. 

Test Procedures for Each Normal Stress Condition: 

• GCL Hydration: a fresh specimen of GCL was trimmed from the bulk sample and hydrated in tap 
water for 45 hours under a normal stress of 200 psf. 

• A fresh specimen of the lower soil was compacted into the lower shear box. The initial target dry unit 
weight and moisture content were 114.3 pcf and 12.2%, respectively, as specified by TerraMatrix. 

• The hydrated GCL specimen, and fresh specimens of geomembrane and geocomposite trimmed from 
each bulk sample were placed on top of the lower soil, but not attached to either of the lower or upper 
shear boxes. The GCL was oriented so that the nonwoven geotextile component of the GCL was in 
contact with the geomembrane. With this method of specimen preparation, shear failure would likely 
occur at the weakest interface within the test cross section. 

• A fresh specimen of the upper soil was compacted directly on top of the geocomposite. The initial 
target dry unit weight and moisture content were 95.0 pcf and 7.0%, respectively, as specified by 
TerraMatrix. 

• Consolidation conditions: the entire test specimen was consolidated for 1 hour under each test normal 
stress prior to being sheared. 

• Test normal stresses: 100, 300, and 500 psf. 

• Constant shear displacement rate: 0.04 in/min. 

• The direction of shear for each interface direct shear test was in the direction of manufacture (machine 
direction) of the geosynthetic samples. 

• Each test was sheared until a minimum total shear displacement of 2 in. was achieved. 
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NOTES: ( 1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

(2) Shear failure was observed to occur within the GCL. 

(3) Shear failure was observed to occur at the interface between the 
GCL and the geomembrane. 
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NOTES: (1) The shear box size was 12 in. by 12 in. (300 mm by 300 mm), 
and the contact area remained constant throughout the entire test. 

(2) Shear failure was observed to occur at the interface between the 
protective soil and the geocomposite. 

(3) Shear failure was observed to occur at the interface between the 
GCL and the clay subgrade soil. 
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(a) 

cjp • 0.1/+0.00.J?Iw 

Plasticity lnd~x fw 

(b) 

Fig. 18.4. (a) Mohr rupture diagram for calculating relation between c aod p. 
for consolidated-undrained test. (b) Statistical relation between c/fi ratio aod 
plasticity iodex (after Skempton 1957). 

tivity. Some natural clay deposits, moreover, consist of a mixture of 
particles of fairly uniform fine sand and clay. While sedimentation 
proceeds, the simultaneous deposition of the flaky constituents of the 
finest fraction and of the equidimensional sand grains interferes with 
the rolling of the sand grains into stable arrangements. Therefore, if 
the sand grains touch each other, their configuration may be as meta
stable as that of true quicksands. However, the interstices between the 
sand grains are occupied by the clay-size materials which acquire, as a 
result of such physico-chemical processes as thixotropy and syneresis, 
appreciable strength as sedimentation proceeds. As a consequence, 
although the clay is sensitive, it does not exhibit the properties of true 
quicksands. In many respects, the states of transition from loose sand 
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XSTABL File: GANSUB2 11-04-97 10:13 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 
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Problem Description Gandy Excavated Slopes Stability 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

7 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . 0 200.0 589.1 185.0 5 
2 589.1 185.0 632.0 199.3 5 
3 632.0 199.3 692.0 219.3 4 
4 692.0 219.3 752.0 239.3 3 
5 752.0 239.3 812.0 259.3 2 
6 812.0 259.3 872.0 279.3 1 
7 872.0 279.3 1029.2 279.3 1 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 812.0 259.3 1029.2 259.3 2 
2 752.0 239.3 1029.2 239.3 3 
3 692.0 219.3 1029.2 219.3 4 
4 632.0 199.3 1029.2 199.3 5 
5 . 0 179.3 1029.2 179.3 6 
6 .0 159.3 1029.2 159.3 7 

ISOTROPIC Soil Parameters 
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unit(s) 
(;,2 -0~11 

7 Soil specified 'f'Y"'!I' 

3-N~'f·q~ 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 

No. (pcf) (pcf) (psf) (deg) Ru (psf) 

1 110.0 110.0 220.0 .00 .000 . 0 
2 110.0 110.0 660.0 .00 .000 . 0 
3 110.0 110.0 1100.0 .00 .000 . 0 
4 110.0 110.0 1540.0 .00 .000 . 0 
5 110.0 110.0 1980.0 .00 .000 . 0 
6 110.0 110.0 2420.0 .00 .000 . 0 
7 110.0 110.0 2860.0 .00 .000 . 0 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

900 trial surfaces will be generated and analyzed. 

30 Surfaces initiate from each of 30 points equally spaced 
along the ground surface between X 450.0 ft 

and X = 650.0 ft 

Each surface terminates between X = 800.0 ft 
and X = 950.0 ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = .0 ft 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 

10.0 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 .
Upper angular limit .-

-45.0 degrees 
(slope angle - 5.0) degrees 

No. 

0 
0 
0 
0 
0 
0 
0 

*~********************************************************************** 
WARNING WARNING WARNING WARNING ( # 48) 

*~********************************************************************** 
Negative effective stresses were calculated at the base of a slice. 
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This warning is usually reported for cases where slices have low self f~~ 
wE:ight and a relatively high "c" shear strength parameter. In such 5-iV~..,-Cl+ 
cases, this effect can only be eliminated by reducing the "c" value. 
*"~********************************************************************** 

USER SELECTED option to maintain strength greater than zero 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 40 coordinate points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

x-surf 
(ft) 

608.62 
617.47 
626.49 
635.68 
645.01 
654.49 
664.08 
673.78 
683.56 
693.43 
703.35 
713.31 
723.30 
733.30 
743.29 
753.26 
763.20 
773.09 
782.90 
792.64 
802.27 
811.80 
821.19 
830.43 
839.52 
848.44 
857.17 
865.69 
874.01 
882.09 
889.94 
897.53 
904.85 
911.90 
918.66 

y-surf 
(ft) 

191.51 
186.84 
182.53 
178.58 
175.01 
171.80 
168.98 
166.54 
164.48 
162.82 
161.55 
160.68 
160.21 
160.13 
160.45 
161.17 
162.28 
163.79 
165.70 
167.99 
170.66 
173.72 
177.16 
180.96 
185.13 
189.66 
194.54 
199.76 
205.32 
211.21 
217.41 
223.92 
230.73 
237.82 
245.19 



36 
37 
38 
39 
40 

** Corrected 

Failure surface 

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 

** Corrected 

Failure surface 

Point 

925.13 252.82 
931.28 260.70 
937.12 268.82 
942.62 277.17 
943.91 279.30 

JANBU FOS = 1.437 ** 

No. 2 specified by 39 

x-surf y-surf 
(ft) (ft) 

615.52 193.81 
624.16 188.78 
633.01 184.13 
642.06 179.87 
651.29 176.01 
660.67 172.56 
670.20 169.52 
679.85 166.90 
689.61 164.71 
699.45 162.94 
709.36 161.60 
719.32 160.70 
729.31 160.23 
739.31 160.20 
749.30 160.61 
759.27 161.45 
769.18 162.72 
779.04 164.43 
788.81 166.57 
798.47 169.13 
808.02 172.11 
817.43 175.50 
826.67 179.30 
835.75 183.50 
844.63 188.09 
853.31 193.07 
861.75 198.42 
869.96 204.14 
877.91 210.20 
885.59 216.61 
892.98 223.35 
900.07 230.40 
906.84 237.76 
913.29 245.40 
919.40 253.32 
925.15 261.50 
930.54 269.92 
935.56 278.57 
935.95 279.30 

JANBU FOS = 1.438 ** 

No. 3 specified by 38 

x-surf y-surf 

l~oC....3q. 

(,oz- "l~iJ""\1 
f,--,..,P 

3-~ov-'11-

(Fo factor = 1.099) 

coordinate points 

(Fo factor = 1.103) 

coordinate points 



,l! .. C-sLI-

No. (ft) (ft) C,oz-oz..v~ 

rmP 
1 615.52 193.81 3-t..l,~-'11-

2 624.11 188.69 
3 632.93 183.97 
4 641.95 179.67 
5 651.17 175.78 
6 660.55 172.32 
7 670.08 169.29 
8 679.74 166.71 
9 689.51 164.57 

10 699.36 162.88 
11 709.29 161.65 
12 719.26 160.88 
13 729.25 160.56 
14 739.25 160.71 
15 749.23 161.31 
16 759.18 162.37 
17 769.06 163.89 
18 778.87 165.86 
19 788.57 168.28 
20 798.15 171.14 
21 807.59 174.44 
22 816.87 178.16 
23 825.97 182.32 
24 834.87 186.88 
25 843.54 191.85 
26 851.98 197.21 
27 860.17 202.96 
28 868.08 209.07 
29 875.71 215.54 
30 883.02 222.36 
31 890.02 229.50 
32 896.68 236.96 
33 903.00 244.72 
34 908.94 252.75 
35 914.52 261.06 
36 919.70 269.61 
37 924.49 278.39 
38 924.94 279.30 

** Corrected JANBU FOS = 1.439 ** (Fo factor = 1.105) 

Failure surface No. 4 specified by 49 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 567.24 185.56 
2 574.40 178.57 
3 581.86 171.91 
4 589.60 165.58 
5 597.61 159.60 
6 605.87 153.96 
7 614.37 148.70 
8 623.10 143.81 
9 632.03 139.31 

10 641.14 135.20 
11 650.43 131.49 



)S""o~s4-
12 659.87 128.19 ~oz.- 0"Z4-J 

13 669.45 125.31 3-Nr~- H 
14 679.14 122.85 p,...., f> 
15 688.93 120.81 
16 698.80 119.20 
17 708.73 118.03 
18 718.70 117.29 
19 728.70 116.98 
20 738.70 117.12 
21 748.68 117.68 
22 758.63 118.69 
23 768.53 120.13 
24 778.35 122.00 
25 788.08 124.29 
26 797.71 127.01 
27 807.20 130.14 
28 816.55 133.69 
29 825.74 137.64 
30 834.74 141.99 
31 843.55 146.73 
32 852.14 151.85 
33 860.50 157.34 
34 868.61 163.19 
35 876.46 169.38 
36 884.03 175.92 
37 891.31 182.77 
38 898.28 189.94 
39 904.93 197.41 
40 911.25 205.16 
41 917.23 213.18 
42 922.85 221.45 
43 928.10 229.96 
44 932.98 238.69 
45 937.47 247.62 
46 941.57 256.75 
47 945.26 266.04 
48 948.54 275.48 
49 949.69 279.30 

** Corrected JANBU FOS = 1.442 ** (Fo factor = 1. 118) 

Failure surface No. 5 specified by 48 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 574.14 185.38 
2 581.32 178.43 
3 588.81 171.80 
4 596.59 165.51 
5 604.64 159.58 
6 612.94 154.00 
7 621.48 148.80 
8 630.25 143.99 
9 639.22 139.57 

10 648.38 135.55 
11 657.70 131.95 
12 667.18 128.76 
13 676.79 126.00 



I ~ o \- ~y. 

14 686.52 123.67 ~oz.- -OUl >~ 
15 696.33 121.77 fY>"!P 
16 706.23 120.31 3-Ne'f_q-:;-
17 716.18 119.29 
18 726.16 118.71 
19 736.16 118.58 
20 746.15 118.89 
21 756.12 119.65 
22 766.05 120.85 
23 775.92 122.49 
24 785.70 124.57 
25 795.38 127.07 
26 804.94 130.01 
27 814.36 133.37 
28 823.62 137.14 
29 832.70 141.32 
30 841.59 145.90 
31 850.27 150.88 
32 858.71 156.23 
33 866.92 161.95 
34 874.85 168.03 
35 882.51 174.46 
36 889.88 181.22 
37 896.94 188.31 
38 903.68 195.69 
39 910.08 203.38 
40 916.14 211.34 
41 921.83 219.55 
42 927.15 228.02 
43 932.10 236.71 
44 936.65 245.62 
45 940.80 254.71 
46 944.54 263.99 
47 947.87 273.42 
48 949.65 279.30 

** Corrected JANBU FOS = 1.443 ** (Fo factor = 1.118) 

Failure surface No. 6 specified by 40 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 608.62 191.51 
2 617.53 186.97 
3 626.61 182.78 
4 635.84 178.94 
5 645.22 175.45 
6 654.72 172.33 
7 664.33 169.58 
8 674.04 167.19 
9 683.84 165.18 

10 693.70 163.54 
11 703.62 162.29 
12 713.59 161.41 
13 723.57 160.92 
14 733.57 160.81 
15 743.57 161.09 
16 753.55 161.74 



I ?--.:::. (- 3 IJ-

17 763.49 162.78 (,'12- tl~\11 

18 773.39 164.20 fr"'1~ 

19 783.23 166.00 3- .J .--. - ty:;.-
20 792.99 168.17 
21 802.66 170.71 
22 812.23 173.63 
23 821.67 176.91 
24 830.99 180.55 
25 840.16 184.54 
26 849.17 188.88 
27 858.00 193.56 
28 866.65 198.58 
29 875.10 203.92 
30 883.34 209.59 
31 891.36 215.57 
32 899.14 221.85 
33 906.68 228.42 
34 913.96 235.28 
35 920.97 242.41 
36 927.70 249.80 
37 934.15 257.45 
38 940.29 265.34 
39 946.13 273.46 
40 950.00 279.30 

** Corrected JANBU FOS = 1.444 ** (Fo factor = 1.098) 

Failure surface No. 7 specified by 47 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 574.14 185.38 
2 581.22 178.32 
3 588.61 171.59 
4 596.31 165.20 
5 604.29 159.18 
6 612.55 153.54 
7 621. OS 148.27 
8 629.79 143.41 
9 638.74 138.95 

10 647.89 134.91 
11 657.21 131. 3 0 
12 666.69 128.11 
13 676.31 125.37 
14 686.04 123.07 
15 695.87 121.23 
16 705.77 119.84 
17 715.73 118.90 
18 725.72 118.42 
19 735.72 118.41 
20 745.71 118.85 
21 755.66 119.76 
22 765.57 121.12 
23 775.41 122.94 
24 785.14 125.20 
25 794.77 127.92 
26 804.26 131.07 
27 813.59 134.66 



{1; .c. 3'4-

28 822.75 
~ Q"Z. -QZ.O~ 

138.67 
fl"'lf 

29 831.72 143.10 3-IJ.~-.-91-30 840.47 147.94 
31 848.99 153.17 
32 857.26 158.80 
33 865.26 164.79 
34 872.98 171.15 
35 880.40 177.86 
36 887.50 184.90 
37 894.27 192.26 
38 900.69 199.93 
39 906.75 207.88 
40 912.44 216.10 
41 917.75 224.58 
42 922.66 233.29 
43 927.16 242.22 
44 931.25 251.35 
45 934.91 260.65 
46 938.14 270.12 
47 940.81 279.30 

** Corrected JANBU FOS = 1.444 ** (Fo factor = 1. 119) 

Failure surface No. 8 specified by 50 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 553.45 185.91 
2 560.52 178.84 
3 567.89 172.08 
4 575.53 165.63 
5 583.45 159.52 
6 591.61 153.74 
7 600.01 148.32 
8 608.64 143.26 
9 617.47 138.57 

10 626.49 134.26 
11 635.69 130.33 
12 645.04 126.80 
13 654.54 123.67 
14 664.16 120.94 
15 673.89 118.62 
16 683.71 116.72 
17 693.60 115.24 
18 703.54 114.17 
19 713.52 113.53 
20 723.52 113.31 
21 733.52 113.52 
22 743.50 114.15 
23 753.44 115.20 
24 763.33 116.68 
25 773.15 118.57 
26 782.88 120.88 
27 792.50 123.59 
28 802.00 126.71 
29 811.36 130.24 
30 820.56 134.15 
31 829.59 138.46 
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32 838.43 143.14 GQz.-n .. v 
33 847.06 148.19 ;-i'J.~'t-11-34 855.47 153.60 

PfYl f 35 863.64 159.37 
36 871.56 165.47 
37 879.21 171.91 
38 886.58 178.67 
39 893.66 185.73 
40 900.44 193.08 
41 906.89 200.72 
42 913.02 208.62 
43 918.81 216.78 
44 924.24 225.17 
45 929.32 233.79 
46 934.02 242.61 
47 938.35 251.63 
48 942.29 260.82 
49 945.83 270.17 
50 948.86 279.30 

** Corrected JANBU FOS = 1.445 ** (Fo factor = 1.118) 

Failure surface No. 9 specified by 48 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 567.24 185.56 
2 574.44 178.62 
3 581.94 172.00 
4 589.73 165.73 
5 597.79 159.82 
6 606.11 154.27 
7 614.67 149.09 
8 623.45 144.31 
9 632.44 139.92 

10 641.61 135.94 
11 650.95 132.37 
12 660.44 129.22 
13 670.06 126.49 
14 679.80 124.20 
15 689.62 122.35 
16 699.52 120.94 
17 709.48 119.97 
18 719.46 119.45 
19 729.46 119.37 
20 739.46 119.74 
21 749.42 120.56 
22 759.34 121.82 
23 769.20 123.52 
24 778.97 125.66 
25 788.63 128.24 
26 798.17 131.24 
27 807.56 134.67 
28 816.79 138.51 
29 825.85 142.76 
30 834.70 147.41 
31 843.33 152.45 
32 851.74 157.88 



zoo~3Lf 
33 859.89 163.67 fY>"i/ 
34 867.77 169.82 ;,-rJ•~- en 
35 875.38 176.31 ~Q2- -OZrl 
36 882.68 183.14 
37 889.67 190.29 
38 896.34 197.75 
39 902.67 205.49 
40 908.64 213.51 
41 914.25 221.79 
42 919.48 230.31 
43 924.33 239.05 
44 928.79 248.01 
45 932.84 257.15 
46 936.48 266.47 
47 939.69 275.93 
48 940.67 279.30 

** Corrected JANBU FOS = 1. 445 ** (Fo factor = 1. 118) 

Failure surface No.10 specified by 47 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 581.03 185.21 
2 588.21 178.24 
3 595.70 171.61 
4 603.48 165.33 
5 611.54 159.42 
6 619.87 153.88 
7 628.44 148.72 
8 637.23 143.97 
9 646.24 139.62 

10 655.43 135.68 
11 664.80 132.17 
12 674.31 129.10 
13 683.96 126.46 
14 693.71 124.27 
15 703.56 122.52 
16 713.48 121.23 
17 723.44 120.39 
18 733.43 120.01 
19 743.43 120.08 
20 753.42 120.62 
21 763.37 121.61 
22 773.26 123.05 
23 783.08 124.95 
24 792.81 127.29 
25 802.41 130.07 
26 811.88 133.29 
27 821.19 136.94 
28 830.32 141.02 
29 839.26 145.50 
30 847.98 150:39 
31 856.47 155.68 
32 864.71 161.35 
33 872.68 167.38 
34 880.37 173.78 
35 887.75 180.52 



c:-l.,'-3ll 

36 894.82 187.60 ~~~z..- oz.•..; 
37 901.56 194.98 Pl'l1f 
38 907.95 202.67 3-N~v-~1 
39 913.99 210.65 
40 919.65 218.89 
41 924.93 227.38 
42 929.82 236.10 
43 934.30 245.04 
44 938.37 254.18 
45 942.02 263.49 
46 945.24 272.96 
47 947.08 279.30 

** Corrected JANBU FOS = 1.445 ** (Fo factor = 1.119) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Excavated Slopes Stability 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) ( lb) 

1. 1. 437 1. 099 608.62 943.91 7.264E+05 
2. 1.438 1.103 615.52 935.95 7.035E+05 
3. 1.439 1.105 615.52 924.94 6.830E+05 
4 . 1.442 1.118 567.24 949.69 1.117E+06 
5. 1.443 1.118 574.14 949.65 1.095E+06 
6. 1.444 1. 098 608.62 950.00 7.332E+05 
7. 1.444 1.119 574.14 940.81 1.079E+06 
8. 1.445 1.118 553.45 948.86 1.162E+06 
9 . 1.445 1.118 567.24 940.67 1.087E+06 

10. 1.445 1.119 581.03 947.08 1.069E+06 

* * * END OF FILE * * * 
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XSTABL File: GANSUB2Q 11-04-97 10:14 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

\OQ Z. - O"Z-~0 

f' Y'1 r" 
J-N~"_q,_ 

Problem Description Gandy Excavated Slopes Stability Q 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

7 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 . 0 200.0 589.1 185.0 5 
2 589.1 185.0 632.0 199.3 5 
3 632.0 199.3 692.0 219.3 4 
4 692.0 219.3 752.0 239.3 3 
5 752.0 239.3 812.0 259.3 2 
6 812.0 259.3 872.0 279.3 1 
7 872.0 279.3 1029.2 279.3 1 

6 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 812.0 259.3 1029.2 259.3 2 
2 752.0 239.3 1029.2 239.3 3 
3 692.0 219.3 1029.2 219.3 4 
4 632.0 199.3 1029.2 199.3 5 
5 . 0 179.3 1029.2 179.3 6 
6 . 0 159.3 1029.2 159.3 7 

ISOTROPIC Soil Parameters 



7 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 

No. (pcf) (pcf) (psf) (deg) 

1 110.0 110.0 220.0 .00 
2 110.0 110.0 660.0 .00 
3 110.0 110.0 1100.0 .00 
4 110.0 110.0 1540.0 .00 
5 110.0 110.0 1980.0 .00 
6 110.0 110.0 2420.0 .00 
7 110.0 110.0 2860.0 .00 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

Ru (psf) 

.000 .0 

.000 . 0 

.000 . 0 

.000 .0 

.000 . 0 

.000 . 0 

.000 . 0 

zua+-~4 
&<JZ -oz.-a o 

Pr>~ f 
)-NQ'r~l-
Water 

Surface 
No. 

0 
0 
0 
0 
0 
0 
0 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

900 trial surfaces will be generated and analyzed. 

30 Surfaces initiate from each of 30 points equally spaced 
along the ground surface between X = 450.0 ft 

and X = 650.0 ft 

Each surface terminates between X = 800.0 ft 
and X = 950.0 ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = .0 ft 

* * * * * DEFAULT SEGMENT LENGTH SELECTED BY XSTABL * * * * * 

10.0 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 .
Upper angular limit .-

-45.0 degrees 
(slope angle - 5.0) degrees 



2_ t;" ~ L "! tJ. 
r;,oz -ozoo 

'3 -N ~v- ~ +
pmf 

~·*********************************************************************** 
WARNING WARNING WARNING WARNING (# 48) 

~·*********************************************************************** 
Negative effective stresses were calculated at the base of a slice. 
This warning is usually reported for cases where slices have low self 
weight and a relatively high "c" shear strength parameter. In such 
cases, this effect can only be eliminated by reducing the "c" value. 
~·*********************************************************************** 

USER SELECTED option to maintain strength greater than zero 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 40 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 608.62 191.51 
2 617.47 186.84 
3 626.49 182.53 
4 635.68 178.58 
5 645.01 175.01 
6 654.49 171.80 
7 664.08 168.98 
8 673.78 166.54 
9 683.56 164.48 

10 693.43 162.82 
11 703.35 161.55 
12 713.31 160.68 
13 723.30 160.21 
14 733.30 160.13 
15 743.29 160.45 
16 753.26 161.17 
17 763.20 162.28 
18 773.09 163.79 
19 782.90 165.70 
20 792.64 167.99 
21 802.27 170.66 
22 811.80 173.72 
23 821.19 177.16 
24 830.43 180.96 
25 839.52 185.13 
26 848.44 189.66 
27 857.17 194.54 



,::_£ .. t-3~ 

28 865.69 199.76 ~oz- OZ4~ 

29 874.01 205.32 3- "\""- ~1 
30 882.09 211.21 P'ft1f 
31 889.94 217.41 
32 897.53 223.92 
33 904.85 230.73 
34 911.90 237.82 
35 918.66 245.19 
36 925.13 252.82 
37 931.28 260.70 
38 937.12 268.82 
39 942.62 277.17 
40 943.91 279.30 

** Corrected JANBU FOS = 1. 258 ** (Fo factor 1. 099) 

Failure surface No. 2 specified by 49 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 567.24 185.56 
2 574.40 178.57 
3 581.86 171.91 
4 589.60 165.58 
5 597.61 159.60 
6 605.87 153.96 
7 614.37 148.70 
8 623.10 143.81 
9 632.03 139.31 

10 641.14 135.20 
11 650.43 131.49 
12 659.87 128.19 
13 669.45 125.31 
14 679.14 122.85 
15 688.93 120.81 
16 698.80 119.20 
17 708.73 118.03 
18 718.70 117.29 
19 728.70 116.98 
20 738.70 117.12 
21 748.68 117.68 
22 758.63 118.69 
23 768.53 120.13 
24 778.35 122.00 
25 788.08 124.29 
26 797.71 127.01 
27 807.20 130.14 
28 816.55 133.69 
29 825.74 137.64 
30 834.74 141.99 
31 843.55 146.73 
32 852.14 151.85 
33 860.50 157.34 
34 868.61 163.19 
35 876.46 169.38 
36 884.03 175.92 
37 891.31 182.77 
38 898.28 189.94 



39 904.93 197.41 
40 911.25 205.16 
41 917.23 213.18 
42 922.85 221.45 
43 928.10 229.96 
44 932.98 238.69 
45 937.47 247.62 
46 941.57 256.75 
47 945.26 266.04 
48 948.54 275.48 
49 949.69 279.30 

** Corrected JANBU FOS = 1.261 ** (Fo factor = 

Failure surface No. 3 specified by 40 coordinate points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

x-surf 
(ft) 

608.62 
617.53 
626.61 
635.84 
645.22 
654.72 
664.33 
674.04 
683.84 
693.70 
703.62 
713.59 
723.57 
733.57 
743.57 
753.55 
763.49 
773.39 
783.23 
792.99 
802.66 
812.23 
821.67 
830.99 
840.16 
849.17 
858.00 
866.65 
875.10 
883.34 
891.36 
899.14 
906.68 
913.96 
920.97 
927.70 
934.15 
940.29 
946.13 
950.00 

y-surf 
(ft) 

191.51 
186.97 
182.78 
178.94 
175.45 
172.33 
169.58 
167.19 
165.18 
163.54 
162.29 
161.41 
160.92 
160.81 
161.09 
161.74 
162.78 
164.20 
166.00 
168.17 
170.71 
173.63 
176.91 
180.55 
184.54 
188.88 
193.56 
198.58 
203.92 
209.59 
215.57 
221.85 
228.42 
235.28 
242.41 
249.80 
257.45 
265.34 
273.46 
279.30 

2_~ ... (11f 

Gn- - ouv 
PYI'1 f' 

)-th .. -"1+ 

1. 118) 



** Corrected JANBU FOS = 1.261 ** 
(g.Z.-~<-11"1 

(Fo factor= 1.098) 'fY"'f 

J-Nrv-~~ 

Failure surface No. 4 specified by 48 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 574.14 185.38 
2 581.32 178.43 
3 588.81 171.80 
4 596.59 165.51 
5 604.64 159.58 
6 612.94 154.00 
7 621.48 148.80 
8 630.25 143.99 
9 639.22 139.57 

10 648.38 135.55 
11 657.70 131.95 
12 667.18 128.76 
13 676.79 126.00 
14 686.52 123.67 
15 696.33 121.77 
16 706.23 12 0. 31 
17 716.18 119.29 
18 726.16 118.71 
19 736.16 118.58 
20 746.15 118.89 
21 756.12 119.65 
22 766.05 120.85 
23 775.92 122.49 
24 785.70 124.57 
25 795.38 127.07 
26 804.94 130.01 
27 814.36 133.37 
28 823.62 137.14 
29 832.70 141.32 
30 841.59 145.90 
31 850.27 150.88 
32 858.71 156.23 
33 866.92 161.95 
34 874.85 168.03 
35 882.51 174.46 
36 889.88 181.22 
37 896.94 188.31 
38 903.68 195.69 
39 910.08 203.38 
40 916.14 211.34 
41 921.83 219.55 
42 927.15 228.02 
43 932.10 236.71 
44 936.65 245.62 
45 940.80 254.71 
46 944.54 263.99 
47 947.87 273.42 
48 949.65 279.30 

** Corrected JANBU FOS = 1. 261 ** (Fo factor = 1. 118) 



Failure surface No. 5 specified by 39 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 615.52 193.81 
2 624.16 188.78 
3 633.01 184.13 
4 642.06 179.87 
5 651.29 176.01 
6 660.67 172.56 
7 670.20 169.52 
8 679.85 166.90 
9 689.61 164.71 

10 699.45 162.94 
11 709.36 161.60 
12 719.32 160.70 
13 729.31 160.23 
14 739.31 160.20 
15 749.30 160.61 
16 759.27 161.45 
17 769.18 162.72 
18 779.04 164.43 
19 788.81 166.57 
20 798.47 169.13 
21 808.02 172.11 
22 817.43 175.50 
23 826.67 179.30 
24 835.75 183.50 
25 844.63 188.09 
26 853.31 193.07 
27 861.75 198.42 
28 869.96 204.14 
29 877.91 210.20 
30 885.59 216.61 
31 892.98 223.35 
32 900.07 230.40 
33 906.84 237.76 
34 913.29 245.40 
35 919.40 253.32 
36 925.15 261.50 
37 930.54 269.92 
38 935.56 278.57 
39 935.95 279.30 

** Corrected JANBU FOS = 1. 262 ** (Fo factor = 

Failure surface No. 6 specified by SO coordinate points 

Point 
No. 

1 
2 
3 
4 
5 
6 

x-surf 
(ft) 

553.45 
560.52 
567.89 
575.53 
583.45 
591.61 

y-surf 
(ft) 

185.91 
178.84 
172.08 
165.63 
159.52 
153.74 

zc1 .c 3'+-
G 1 z. - ~7 rv 

f'MI' 

:,-t-J~...,-n 

1. 103) 



~C> ~~3't 
7 600.01 148.32 Gv2--0Zoo 
8 608.64 143.26 J-No'!-~:J 
9 617.47 138.57 p;r, f' 10 626.49 134.26 

11 635.69 130.33 
12 645.04 126.80 
13 654.54 123.67 
14 664.16 120.94 
15 673.89 118.62 
16 683.71 116.72 
17 693.60 115.24 
18 703.54 114.17 
19 713.52 113.53 
20 723.52 113.31 
21 733.52 113.52 
22 743.50 114.15 
23 753.44 115.20 
24 763.33 116.68 
25 773.15 118.57 
26 782.88 120.88 
27 792.50 123.59 
28 802.00 126.71 
29 811.36 130.24 
30 820.56 134.15 
31 829.59 138.46 
32 838.43 143.14 
33 847.06 148.19 
34 855.47 153.60 
35 863.64 159.37 
36 871.56 165.47 
37 879.21 171.91 
38 886.58 178.67 
39 893.66 185.73 
40 900.44 193.08 
41 906.89 200.72 
42 913.02 208.62 
43 918.81 216.78 
44 924.24 225.17 
45 929.32 233.79 
46 934.02 242.61 
47 938.35 251.63 
48 942.29 260.82 
49 945.83 270.17 
50 948.86 279.30 

** Corrected JANBU FOS = 1.263 ** (Fo factor 1.118) 

Failure surface No. 7 specified by 48 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 581. 03 185.21 
2 588.11 178.14 
3 595.51 171.41 
4 603.20 165.02 
5 611.18 158.99 
6 619.42 153.33 
7 627.92 148.06 



3 1 ~c31J-
8 636.65 143.18 prnt' 
9 645.59 138.70 

(,>:J2- ozvv 10 654.73 134.64 
11 664.04 130.99 3-NQ'f-~t 
12 673.51 127.78 
13 683.12 125.01 
14 692.84 122.67 
15 702.66 120.79 
16 712.56 119.35 
17 722.51 118.37 
18 732.49 117.84 
19 742.49 117.77 
20 752.49 118.16 
21 762.45 119.01 
22 772.37 120.30 
23 782.21 122.06 
24 791.97 124.26 
25 801.61 126.90 
26 811.12 129.98 
27 820.49 133.49 
28 829.68 137.43 
29 838.68 141.78 
30 847.48 146.54 
31 856.04 151.70 
32 864.37 157.25 
33 872.43 163.17 
34 880.21 169.45 
35 887.69 176.08 
36 894.87 183.04 
37 901.72 190.33 
38 908.23 197.92 
39 914.38 205.80 
40 920.17 213.96 
41 925.58 222.37 
42 930.60 231.02 
43 935.22 239.88 
44 939.43 248.96 
45 943.21 258.21 
46 946.58 267.63 
47 949.50 277.19 
48 950.05 279.30 

** Corrected JANBU FOS = 1. 263 ** (Fo factor = 1.119) 

Failure surface No. 8 specified by 47 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 581.03 185.21 
2 588.45 178.50 
3 596.16 172.13 
4 604.14 166.10 
5 612.38 160.44 
6 620.87 155.15 
7 629.58 150.24 
8 638.51 145.73 
9 647.62 141.61 

10 656.91 137.91 



32.. ·'-l~ 
11 666.35 134.62 (i,H- OZ ~'II 
12 675.93 131.75 pw, f' 
13 685.63 129.31 

3-Nn C'J?-14 695.43 127.30 
15 705.30 125.74 
16 715.24 124.61 
17 725.21 123.92 
18 735.21 123.68 
19 745.21 123.88 
20 755.19 124.53 
21 765.13 125.62 
22 775.01 127.15 
23 784.82 129.11 
24 794.52 131.51 
25 804.11 134.34 
26 813.57 137.60 
27 822.87 141.26 
28 832.00 145.34 
29 840.94 149.82 
30 849.68 154.70 
31 858.18 159.95 
32 866.45 165.58 
33 874.45 171.57 
34 882.19 177.91 
35 889.63 184.59 
36 896.77 191.59 
37 903.59 198.91 
38 910.08 206.51 
39 916.23 214.40 
40 922.02 222.56 
41 927.44 230.96 
42 932.48 239.60 
43 937.13 248.45 
44 941.39 257.50 
45 945.24 266.73 
46 948.68 276.12 
47 949.68 279.30 

** Corrected JANBU FOS = 1. 264 ** (Fo factor = 1.117) 

Failure surface No. 9 specified by so coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 553.45 185.91 
2 560.57 178.89 
3 567.98 172.17 
4 575.67 165.78 
5 583.62 159.71 
6 591.82 153.99 
7 600.25 148.62 
8 608.91 143.61 
9 617.77 138.97 

10 626.81 134.70 
11 636.03 130.83 
12 645.40 127.35 
13 654.92 124.26 
14 664.55 121.58 



s~·r-.3._. 

15 674.29 119.31 Goz.-ouo 
16 684.12 117.46 fmf 
17 694.01 116.02 3-J'.l f'.r ~1-
18 703.96 115.00 
19 713.94 114.40 
20 723.94 114.22 
21 733.94 114.47 
22 743.92 115.14 
23 753.86 116.23 
24 763.74 117.74 
25 773.55 119.66 
26 783.28 122.00 
27 792.89 124.74 
28 802.38 127.89 
29 811. 73 131.44 
30 820.92 135.38 
31 829.94 139.71 
32 838.77 144.41 
33 847.39 149.48 
34 855.78 154.91 
35 863.94 160.69 
36 871.85 166.81 
37 879.49 173.26 
38 886.86 180.03 
39 893.93 187.10 
40 900.69 194.46 
41 907.14 202.10 
42 913.26 210.01 
43 919.04 218.17 
44 924.48 226.57 
45 929.55 235.19 
46 934.25 244.01 
47 938.57 253.03 
48 942.52 262.22 
49 946.06 271.57 
50 948.63 279.30 

** Corrected JANBU FOS = 1. 264 ** (Fo factor = 1.118) 

Failure surface No.10 specified by 47 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 581.03 185.21 
2 588.21 178.24 
3 595.70 171.61 
4 603.48 165.33 
5 611.54 159.42 
6 619.87 153.88 
7 628.44 148.72 
8 637.23 143.97 
9 646.24 139.62 

10 655.43 135.68 
11 664.80 132.17 
12 674.31 129.10 
13 683.96 126.46 
14 693.71 124.27 
15 703.56 122.52 



?:LJo~?tJ-

16 713.48 121.23 ~'ll. -Q?o~ 
17 723.44 120.39 rrnl' 
18 733.43 120.01 3-No"V-11 19 743.43 120.08 
20 753.42 120.62 
21 763.37 121.61 
22 773.26 123.05 
23 783.08 124.95 
24 792.81 127.29 
25 802.41 130.07 
26 811.88 133.29 
27 821.19 136.94 
28 830.32 141.02 
29 839.26 145.50 
30 847.98 150.39 
31 856.47 155.68 
32 864.71 161.35 
33 872.68 167.38 
34 880.37 173.78 
35 887.75 180.52 
36 894.82 187.60 
37 901.56 194.98 
38 907.95 202.67 
39 913.99 210.65 
40 919.65 218.89 
41 924.93 227.38 
42 929.82 236.10 
43 934.30 245.04 
44 938.37 254.18 
45 942.02 263.49 
46 945.24 272.96 
47 947.08 279.30 

** Corrected JANBU FOS = 1. 264 ** (Fo factor = 1.119) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Excavated Slopes Stability Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 1.258 1. 099 608.62 943.91 7.264E+05 
2. 1.261 1.118 567.24 949.69 1.117E+06 
3 . 1.261 1.098 608.62 950.00 7.332E+05 
4 . 1.261 1.118 574.14 949.65 1.095E+06 
5 . 1. 262 1.103 615.52 935.95 7.035E+05 
6. 1. 263 1.118 553.45 948.86 1.162E+06 
7. 1.263 1.119 581.03 950.05 1.087E+06 
8 . 1.264 1.117 581.03 949.68 1.054E+06 
9 . 1. 264 1.118 553.45 948.63 1.157E+06 

10. 1. 264 1.119 581.03 947.08 1.069E+06 

* * * END OF FILE * * * 
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1 Trans. 

07H ---

dh MPH 
2.7 1.7 

3.5 2.2 
4.6 2.8 

5.8 3.6 

76 4.7 
10.0 6.2 

3.3 2.1 

4.3 2.7 

5.6 3.5 
7.1 4.4 

9.2 5.7 

12.2 7.6 

.ted for transm1ssion 
nechanical eff1ciency 
ents, and weight and 

,t Rated RPM 
kg lb 

16380 37,110 
12 857 28,350 

9700 21,390 

7433 16,390 

5519 12,170 

3940 8,690 

Max. at Lug 
22 158 48,860 

16993 37,470 

12 884 28,410 

9941 21,920 

7451 16,430 

5392 11,890 

Pressures computed from operating weights given 
earlier in this section in the specifications tables. 

MODEL 

D38::. 

D38 LGP 

D4E•• 
atandard 
~ 

D4E••• 
atanclard 
~ 

D4E 
LGP•• 

D4E 
LGP••• 

D58••• 

D58 LGP 

SHOE 
WIDTH 

mm in. 

305 124 
356 14 
406 18" 

635 254 

406 184 
457 18 

508 20 

406 184 
457 18 
508 20 

762 304 

762 304 

406 184 
457 18 
508 20 
559 22 

864 344 

• D38 Cuatom 75 atandard shoe. 

CONTACT 
AREA 

rrY- Sq. in. 

1.11 1723 
1.30 2010 
1.48 2298 

2.61 4050 

1.49 2304 
1.67 2512 
1.86 2880 

1.49 2304 
1.67 2512 
1.86 2880 

3.37 5220 

3.37 5220 

1.79 2784 
2.02 3132 
2.24 3480 

2.47 3828 

4.87 7548 

GROUND 
PRESSURE 

kPa psi 

59 8.8 
51 7.4 
44 8.4 

29 4.2 

59 ... 
52 7.8 
47 ... 
60 8.7 
53 7.7 
47 ... 

29.5 4.28 

29.7 4.31 

67 1.8 
60 8.7 
54 7.8 
49 7.1 

30 4.3 

• • Direct drive. •Standard shoe. 
• • "Power ahllt. 

NOTE: Ground contact area = width of track shoe 
x length of track on ground x 2. 

G d -_o_,_p_e_ra_t_in__,g"--w_e__,ig~h_t roun pressure = 
ground contact area 

Ground Pressures 

MODEL 
SHOE 

WIDTH 

........__ --
Track-Type Tractors 

CONTACT 
AREA 

GROUND 
PRESSURE 

I ~m- n ~~-~ m2 Sq. in. I kPa psi 
----------

D&D••• 457 184 2.16 3348 67 9.8 ~ 

508 20 2.40 3720 60 8.8 
559 22 2.64 4092 55 8.0 
610 24 2.88 4464 51 7.4 

D6D LGP 914 384 5.25 8138 32 4.8 

D7G••• 508 204 2.76 4280 73 10.6 
559 22 3.04 4708 66 9.8 
610 24 3.31 5136 60 8.8 

D7G LGP 864 344 5.26 8180 44 8.4 

D7H••• 508 204 2.94 4565 75 10.9 
559 22 3.24 5022 68 9.9 
610 24 3.53 5478 62 9.0 
660 2t 3.83 5935 61 8.9 

D7H LGP 914 384 5.82 9030 42 8.1 

D8L 560 224 3.59 5568 101 14.7 

610 24 3.92 8072 93 13.5 
660 2t 4.24 8578 86 12.5 

710 28 4.57 7084 80 11.8 

D9L 610 244 4.32 8686 118 17.1 

886 27 4.86 7533 105 15.2 

782 30 5.40 8370 94 13.7 

D10 711 284 5.56 8824 139 20.2 

810 32 6.38 9856 122 17.7 
- -

• • Direct drive. •Standard ahoe. 
• • • Power ahllt. 
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In:finite slope analysis spreadsheet 
Date: 03-Nov-97 
By: Paul Pellicer 
Filename: Protective cover stability.wq1 

Soil Parameters 
Cohesion: 

Friction Angle: 
Gamma Mmst: 

Slope Geometry: 
Slope Angle: 

Failure Plane Depth: 

15 psf 
31 aegrees 

110 pcf 

18.4 degrees 
2ft 

c;roundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

Oft 
0 no units 

~;eismic Parameters 
Ground Acceleration: 0 g's 

Safety Factor: 2.0339 

tangent 

cos me 

0.07185535 
0.600860619 

0.948876012 sine 

:Cv z.. - O'Z-v\J 

:?,-)1.(~-'1+-

P'y'!-,f 



Infinite slope analysis spreadsheet 
Date: 04-Nov-97 
BY.·: Paul Pellicer 
F1lename: Protective cover stability.wq1 

Soil Parameters 
Cohesion: 

Friction Angle: 
Gamma Motst: 

Slope Geometry: 
Slope Angle: 

Failure Plane Depth: 

15 psf 
31 aegrees 

110 pcf 

18.4 degrees 
2ft 

Giroundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

Steismic Parameters 

Oft 
0 no units 

Ground Acceleration: 0.04 g's 

Safety Factor: 1 . 79413 

tangent 

cosme 

0.07185535 
0.600860619 

0.948876012 sine 

Cit:JZ -OZ<J'V 

PMP 
3- tJ 11'4- n-



Infinite slope analysis spreadsheet 
Date: 13-Nov-97 
By: Paul Pellicer 
FiJename: Protective cover stability.wq1 

s;oil Parameters 
Cohesion: 

Friction Angle: 
Gamma Mo1st: 

s;lope Geometry: 
Slope Angle: 

15 P.Sf 
31 Clegrees 

llOpcf 

18.4 degrees 
14.8 ft 

c;roundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

Seismic Parameters 

Oft 
0 no units 

Ground Acceleration: 0 g' s 

~)afety Factor: 1.83702 

tangent 

cosme 

0.009710182 
0.600860619 

0.948876012 sine 

9 0 ~ /6 
~o2- ozo.., 

'i"""'~ 
~ - ,.) l)V - ., "?"" 
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XSTABL File: GPSWD 11-13-97 12:27 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Protective soil with Dozer 

SEGMENT BOUNDARY COORDINATES 

2 SURFACE boundary segments 

Segment 
No. 

1 
2 

x-left 
(ft) 

. 0 
20.0 

y-left 
(ft) 

20.0 
20.0 

x-right 
(ft) 

20.0 
304.6 

2 SUBSURFACE boundary segments 

Segment 
No. 

1 
2 

x-left 
(ft) 

. 0 
20.3 

y-left 
(ft) 

18.0 
18.0 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

x-right 
(ft) 

20.3 
305.3 

y-right 
(ft) 

20.0 
114.7 

y-right 
(ft) 

18.0 
112.8 

t\ 0 ~ 16 

G-.>Z -noi) 

PMI' 
3-tJ.~- ~1 

Soil Unit 
Below Segment 

1 
1 

Soil Unit 
Below Segment 

2 
2 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 

Pore Pressure 
Parameter Constant 

Water 
Surface 

No. 

1 
2 

(pcf) (pcf) 

110.0 
110.0 

110.0 
110.0 

. 0 
15.0 

29.00 
31.00 

Ru (psf) 

.000 

.000 
. 0 
. 0 

0 
0 



BOUNDARY LOADS 

1 load(s) specified 

~~~z.-1)2-oi""' 

P~"""' 
3-NH-11-

Load 
No. 

x-left 
(ft) 

x-right 
(ft) 

Intensity 
(psf) 

Direction 
(deg) 

1 267.6 275.2 1411.0 . 0 

NOTE - Intensity is specified as a uniformly distributed 
force acting on a HORIZONTALLY projected surface. 

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. 

1000 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 ft 

Box 
no. 

x-left 
(ft) 

y-left 
(ft) 

x-right 
(ft) 

y-right 
(ft) 

Width 
(ft) 

1 
2 

20.3 
277.1 

17.5 
102.9 

265.1 
297.1 

98.9 
109.6 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 7 coordinate points 

Point 
No. 

x-surf 
(ft) 

y-surf 
(ft) 

1.0 
1.0 



\ s .. ~ ) (, 

1 132.91 57.57 r,oz..-vU? 

2 133.48 57.24 ~~, 

3 135.20 56.22 3 -r.J.y-1 -'1 '1. 

4 135.24 56.20 
5 294.26 109.15 
6 295.28 110.87 
7 295.81 111.77 

** Corrected JANBU FOS = 1.858 ** (Fo factor = 1.006) 

Failure surface No. 2 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 244.20 94.60 
2 244.78 94.26 
3 246.50 93.24 
4 247.64 92.60 
5 280.30 104.44 
6 280.33 104.49 
7 281.34 106.22 
8 281.89 107.14 

** Corrected JANBU FOS = 1.933 ** (Fo factor = 1.034) 

Failure surface No. 3 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 260.57 100.05 
2 261.15 99.70 
3 262.88 98.69 
4 263.43 98.38 
5 283.48 105.46 
6 283.53 105.56 
7 284.54 107.28 
8 285.09 108.21 

** Corrected JANBU FOS = 1.936 ** (Fo factor 1.042) 

Failure surface No. 4 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 258.41 99.33 
2 259.00 98.99 
3 260.72 97.97 
4 261.84 97.34 
5 287.86 106.77 
6 288.03 107.05 
7 289.04 108.78 
8 289.59 109.70 

** Corrected JANBU FOS = 1. 938 ** (Fo factor = 1.039) 



I 4 o ~ !6 

~n-0'/..4V 

p,.....(7 
Failure surface No. 5 specified by 8 coordinate points 3~t-L~ -en. 

Point x-surf y-surf 
No. (ft) (ft) 

1 246.20 95.27 
2 246.78 94.92 
3 248.50 93.91 
4 249.53 93.33 
5 286.38 106.43 
6 286.43 106.52 
7 287.44 108.25 
8 287.99 109.17 

** Corrected JANBU FOS = 1. 948 ** (Fo factor 1.030) 

Failure surface No. 6 specified by 7 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 258.05 99.21 
2 258.63 98.86 
3 260.35 97.85 
4 260.83 97.58 
5 294.34 109.17 
6 295.35 110.90 
7 295.89 111.80 

** Corrected JANBU FOS = 1.948 ** (Fo factor = 1.028) 

Failure surface No. 7 specified by 7 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 252.35 97.31 
2 252.94 96.97 
3 254.66 95.96 
4 254.90 95.82 
5 294.15 109.11 
6 295.17 110.83 
7 295.70 111.74 

** Corrected JANBU FOS = 1.958 ** (Fo factor = 1. 023) 

Failure surface No. 8 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 250.97 96.86 
2 251.56 96.51 
3 253.28 95.50 
4 253.87 95.17 



/5o~ 16 

5 289.81 107.58 6 v z ---<r2-W 

6 289.85 107.66 pmt? 

7 290.87 109.39 3 ~n -Cf':;--
8 291.41 110.31 

** Corrected JANBU FOS = 1.961 ** (Fo factor 1.027) = 

Failure surface No. 9 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 256.02 98.53 
2 256.60 98.19 
3 258.33 97.18 
4 259.07 96.75 
5 288.08 106.86 
6 288.23 107.12 
7 289.25 108.85 
8 289.79 109.77 

** Corrected JANBU FOS = 1.961 ** (Fo factor = 1.033) 

Failure surface No.10 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 241. 08 93.56 
2 241.66 93.22 
3 243.38 92.20 
4 244.39 91.63 
5 288.59 107.10 
6 288.69 107.27 
7 289.70 109.00 
8 290.25 109.92 

** Corrected JANBU FOS = 1.962 ** (Fo factor = 1. 026) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Protective soil with Dozer 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) ( lb) 

1. 1. 858 1. 006 132.91 295.81 2.809E+04 
2. 1.933 1.034 244.20 281.89 1.273E+04 
3. 1.936 1.042 260.57 285.09 9.955E+03 
4. 1. 938 1. 039 258.41 289.59 1.168E+04 
5 . 1. 948 1.030 246.20 287.99 1.340E+04 
6. 1.948 1. 028 258.05 295.89 1.197E+04 
7 . 1.958 1.023 252.35 295.70 1.256E+04 



8 . 
9 . 

10. 

1.961 
1.961 
1.962 

1.027 
1.033 
1.026 

250.97 
256.02 
241.08 

* * * END OF FILE * * * 

291.41 
289.79 
290.25 

!{, 6' /6 
G. fZ-;-'(fqQ 

1. 2 6 5E+04 f',.,.,P 
1. 182E+04 3-tLv JYi 
1.481E+04 
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NOTES 
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1 FOR GENERAL NOTES AND LEGEND INFORMATION SEE DRAWING No 2 
"INDEX, LEGEND AND GENERAL NOTES" 

2 TOPOGRAPHY FROM AERIAL SURVEYS PERFORMED AUGUST 1991 
BY KOQGLE AND POULS ENGINEERING 

3 WASTE FILL VOLUME FOR PHASE lA 553,200 CY 
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SARMA NON-VERTICAL SLICE ANALYSIS 

&vz. -QZ-<IIJ 

fn,l' 

""1-"' I'(-~+ 

Analysis no. gp1a3 

Unit weight of water= 62.4 

Side number 
Coordinate xt 
Coordi::1ate yt 
Coordi::1ate xw 
Coordi::1ate yw 
Coordinate xb 
Coordinate yb 
Friction angle 
Cohesion 

Slice number 
Rock unit weight 
Friction angle 
Cohesion 
Force T 
Angle theta 

1 
143.33 

45.93 
143.33 

45.93 
143.33 

45.93 
0.00 
0.00 

2 
383.61 
106.00 
383.61 

39.94 
383.61 

39.94 
0.00 
0.00 

3 
654.57 
111.42 
654.57 

38.18 
654.57 

38.18 
0.00 
0.00 

4 
741.12 
114.00 
741.12 

62.03 
741.12 

62.03 
0.00 
0.00 

5 
931.94 
133.58 
931.94 
125.64 
931.94 
125.64 

0.00 
0.00 

6 
941.00 
128.66 
941.00 
128.66 
941.00 
128.66 

0.00 
0.00 

1 
110.00 

2.00 
440.00 

0.00 
0.00 

2 
110.00 

2.00 
440.00 

0.00 
0.00 

3 
110.00 

2.00 
440.00 

0.00 
0.00 

4 
110.00 

2.00 
440.00 

0.00 
0.00 

5 
110.00 

2.00 
440.00 

0.00 
0.00 

-fective normal stresses 
ae 3642.68 7664.55 6763.00 3173.30 336.85 

Side 0.00 1698.72 3453.25 2509.96 -213.70 

Acceleration Kc = 0.0411 
Negative effective normal stresses 

Factor of Safety= 1.51 
solution unacceptable 
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SARMA NON-VERTICAL SLICE ANALYSIS 

Analysis no. gp1b3 

Unit weight of water 62.4 

2 3 4 5 6 Side number 
Coordinate xt 
Coordinate yt 
Coordinate xw 
Coordh1ate yw 
Coordi::1ate xb 
Coordi::1ate yb 
Friction angle 
Cohesion 

1 
106.80 

49.76 
106.80 

49.76 
106.80 
49.76 

0.00 
0.00 

393.05 420.55 683.00 781.70 1143.00 
106.00 106.42 110.48 112.00 139.79 
393.05 420.55 683.00 781.70 1143.00 

40.32 39.41 38.04 58.95 135.83 
393.05 420.55 683.00 781.70 1143.00 

Slice :number 
Rock unit weight 
Friction angle 
Cohesion 
Force T 
Angle theta 

1 
110.00 

2.00 
440.00 

0.00 
0.00 

~ -~ective normal stresses 

40.32 
0.00 
0.00 

2 
110.00 

2.00 
440.00 

0.00 
0.00 

39.41 
0.00 
0.00 

3 
110.00 

2.00 
440.00 

0.00 
0.00 

38.04 
0.00 
0.00 

4 
110.00 

2.00 
440.00 

0.00 
0.00 

58.95 135.83 
0.00 
0.00 

5 
110.00 

2.00 
440.00 

0.00 
0.00 

0.00 
0.00 

6 
110.00 

2.00 
440.00 

0.00 
0.00 

3e 3622.05 7309.84 7671.66 6827.70 3075.37 158.58 
~-de 0.00 1796.93 2008.10 3329.17 2507.60 -295.57 

Side number 
Coordinate xt 
Coordinate yt 
Coordinate xw 
Coordinate yw 
Coordinate xb 
Coordinate yb 
Friction angle 
Cohesion 

Slice number 
Rock unit weight 
Friction angle 
Cohesion 
Force T 
Angle theta 

7 
1149.18 

137.42 
1149.18 

137.42 
1149.18 

137.42 
0.00 
0.00 

F~fective normal stresses 
:e 

'- .... de 

Acceleration Kc = 0.0615 Factor of Safety = 1.94 
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XSTABL File: GB1XA 11-08-97 19:59 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Interem Stability A-A 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

7 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 34.9 48.6 143.3 45.9 
2 143.3 45.9 383.6 106.0 
3 383.6 106.0 654.6 111.4 
4 654.6 111.4 741.1 114.0 
5 741.1 114.0 931.9 133.6 
6 931.9 133.6 941.0 128.7 
7 941.0 128.7 1000.0 128.7 

5 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 143.3 45.9 383.6 39.9 
2 383.6 39.9 654.6 33.2 
3 654.6 33.2 741.1 62.3 
4 741.1 62.3 931.9 125.6 
5 931.9 125.6 941.0 128.7 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 
Below 

Soil 

!> 0~ ~+
G•z. -Ql..H 

ry..f' 

1- iJvv-C!+ 

Unit 
Segment 

2 
1 
1 
1 
1 
1 
2 

Unit 
Below Segment 

2 
2 
2 
2 
2 



+-ri.r"'-H )L\.,.C. 51-
C.,v.z.. -oz..a-v 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 

No. (pcf) (pcf) (psf) (deg) Ru (psf) 

1 110.0 110.0 . 0 29.00 .000 . 0 
2 110.0 110.0 440.0 2.00 .000 . 0 

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. 

500 trial surfaces will be generated and analyzed. 

3 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 15.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 183.3 44.4 233.3 43.2 1.0 
2 629.6 33.3 655.6 32.7 1.0 
3 901.0 114.8 921.0 121.5 1.0 

pmp 

Water 
Surface 

No. 

0 
0 

************************************************************************ 
ERROR # 38 
************************************************************************ 
The program calculated a point for the PASSIVE 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 a passive 
wedge to be formed from all points within first box. 
************************************************************************ 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 9 coordinate points 



t<? 0 ~ ~"'} 

Point x-surf y-surf '•2 -~~ 
No. (ft) (ft) 

p~l"' 

=1-- rJ "'-cr l-

1 172.64 53.24 
2 174.02 52.42 
3 186.94 44.81 
4 187.88 43.90 
5 653.42 32.65 
6 907.06 116.52 
7 908.25 117.75 
8 915.86 130.68 
9 916.66 132.03 

** Corrected JANBU FOS = 1.517 ** (Fo factor = 1.041) 

Failure surface No. 2 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 170.78 52.77 
2 171.25 52.49 
3 184.18 44.88 
4 184.80 44.28 
5 653.27 32.68 
6 914.72 119.17 
7 915.76 120.25 
8 923.09 132.70 

** Corrected JANBU FOS 1.522 ** (Fo factor = 1.041) 

Failure surface No. 3 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 171.03 52.83 
2 171.62 52.48 
3 184.55 44.87 
4 184.73 44.69 
5 653.09 32.42 
6 907.80 116.58 
7 909.25 118.09 
8 916.87 131.01 
9 917.52 132.12 

** Corrected JANBU FOS = 1. 525 ** (Fo factor = 1.041) 

Failure surface No. 4 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 173.73 53.51 
2 175.64 52.38 
3 188.56 44.77 
4 189.16 44.19 



,, <>c s+ 
5 654.16 32.79 19qz- <J~ 

6 901.02 115.16 f ..... ~ 

7 901.30 115.45 -:f..-NN_e,~ 

8 908.91 128.37 
9 910.71 131.42 

** Corrected JANBU FOS 1.526 ** (Fo factor = 1. 042) 

Failure surface No. 5 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 178.23 54.64 
2 182.34 52.22 
3 195.26 44.60 
4 196.29 43.61 
5 655.27 32.26 
6 919.87 120.86 
7 920.93 121.96 
8 927.52 133.15 

** Corrected JANBU FOS = 1. 527 ** (Fo factor = 1.041) 

Failure surface No. 6 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 175.08 53.85 
2 177.66 52.33 
3 190.58 44.72 
4 190.99 44.32 
5 653.67 32.25 
6 912.86 118.52 
7 913.94 119.64 
8 921.54 132.54 

** Corrected JANBU FOS = 1. 528 ** (Fo factor = 1.041) 

Failure surface No. 7 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 178.53 54.71 
2 182.79 52.20 
3 195.71 44.59 
4 196.60 43.73 
5 655.22 32.88 
6 919.66 120.91 
7 920.56 121.84 
8 927.21 133.12 

** Corrected JANBU FOS = 1.532 ** (Fo factor = 1. 041) 



\ 7-o~ 51 
Failure surface No. 8 specified by 9 coordinate points r.:,~z- \lZ.V" 

f'Y"' 
Point x-surf y-surf ~-,.J."-"1+-

No. (ft) (ft) 

1 175.03 53.83 
2 177.57 52.33 
3 190.50 44.72 
4 190.62 44.60 
5 652.68 32.35 
6 904.82 116.37 
7 905.17 116.73 
8 912.79 129.66 
9 914.03 131.76 

** Corrected JANBU FOS = 1. 534 ** (Fo factor = 1.042) 

Failure surface No. 9 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 177.45 54.44 
2 181.18 52.24 
3 194.11 44.63 
4 194.55 44.21 
5 652.41 32.30 
6 916.17 120.03 
7 916.67 120.55 
8 923.88 132.78 

** Corrected JANBU FOS = 1.535 ** (Fo factor 1.041) 

Failure surface No.10 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 175.78 54.02 
2 178.69 52.31 
3 191.62 44.69 
4 191.80 44.51 
5 653.15 32.60 
6 918.41 120.18 
7 919.75 121.57 
8 926.51 133.05 

** Corrected JANBU FOS = 1. 536 ** (Fo factor = 1.041) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Interem Stability A-A 

Modified Correction Initial Terminal Available 



:~~5~ 

x-coord 
(g~ ~ -~Z.....~ 

JANBU FOS Factor x-coord Strength l""f 
(ft) (ft) (lb) 

~~ 
-:~--rJ.J'<- • 

1. 1.517 1.041 172.64 916.66 4.860E+05 
2. 1.522 1.041 170.78 923.09 4.888E+05 
3. 1.525 1.041 171.03 917.52 4.864E+05 
4. 1.526 1.042 173.73 910.71 4.824E+05 
5. 1.527 1.041 178.23 927.52 4.910E+05 
6 . 1.528 1.041 175.08 921.54 4.878E+05 
7. 1.532 1.041 178.53 927.21 4.896E+05 
8 . 1.534 1.042 175.03 914.03 4.836E+05 
9 . 1.535 1.041 177.45 923.88 4.880E+05 

10. 1.536 1.041 175.78 926.51 4.892E+05 

* * * END OF FILE * * * 
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XSTABL File: GB1XAQ 11-08-97 20:00 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Interem Stability A-A Q 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

7 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 34.9 48.6 143.3 45.9 
2 143.3 45.9 383.6 106.0 
3 383.6 106.0 654.6 111.4 
4 654.6 111.4 741.1 114.0 
5 741.1 114.0 931.9 133.6 
6 931.9 133.6 941.0 128.7 
7 941.0 128.7 1000.0 128.7 

5 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 143.3 45.9 383.6 39.9 
2 383.6 39.9 654.6 33.2 
3 654.6 33.2 741.1 62.3 
4 741.1 62.3 931.9 125.6 
5 931.9 125.6 941.0 128.7 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 

C,oZ-'VZ--11-.J 

"P""'t' 
-:+-rJn-o;=t 

Unit 
Below Segment 

2 
1 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 



':f- N~-'11-

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 

No. (pcf) (pcf) (psf) (deg) Ru (psf) 

1 110.0 110.0 . 0 29.00 
2 110.0 110.0 440.0 2.00 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

.000 . 0 

.000 . 0 

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. 

500 trial surfaces will be generated and analyzed. 

3 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 15.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 183.3 44.4 233.3 43.2 1.0 
2 629.6 33.3 655.6 32.7 1.0 
3 901.0 114.8 921.0 121.5 1.0 

~I b~ '51-
(,~Z -HN 

Pi""r" 

Water 
Surface 

No. 

0 
0 

************************************************************************ 
ERROR # 38 
************************************************************************ 
The program calculated a point for the PASSIVE 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 a passive 
wedge to be formed from all points within first box. 
************************************************************************ 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 
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The 10 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 y-surf 
No. (ft) (ft) 

1 172.64 53.24 
2 174.02 52.42 
3 186.94 44.81 
4 187.88 43.90 
5 653.42 32.65 
6 907.06 116.52 
7 908.25 117.75 
8 915.86 130.68 
9 916.66 132.03 

** Corrected JANBU FOS = 1.012 ** (Fo factor = 1.041) 

Failure surface No. 2 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 170.78 52.77 
2 171.25 52.49 
3 184.18 44.88 
4 184.80 44.28 
5 653.27 32.68 
6 914.72 119.17 
7 915.76 120.25 
8 923.09 132.70 

** Corrected JANBU FOS = 1. 015 ** (Fo factor = 1. 041) 

Failure surface No. 3 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 171.03 52.83 
2 171.62 52.48 
3 184.55 44.87 
4 184.73 44.69 
5 653.09 32.42 
6 907.80 116.58 
7 909.25 118.09 
8 916.87 131.01 
9 917.52 132.12 

** Corrected JANBU FOS = 1. 015 ** (Fo factor 1.041) 

Failure surface No. 4 specified by 9 coordinate points 



z 3. DC ~ 
(s,<Jl-~7~ 

Point x-surf y-surf ~I'V'f-1 

No. (ft) (ft) ?--f\iN-11-

1 173.73 53.51 
2 175.64 52.38 
3 188.56 44.77 
4 189.16 44.19 
5 654.16 32.79 
6 901.02 115.16 
7 901.30 115.45 
8 908.91 128.37 
9 910.71 131.42 

** Corrected JANBU FOS = 1.016 ** (Fo factor 1.042) 

Failure surface No. 5 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 175.08 53.85 
2 177.66 52.33 
3 190.58 44.72 
4 190.99 44.32 
5 653.67 32.25 
6 912.86 118.52 
7 913.94 119.64 
8 921.54 132.54 

** Corrected JANBU FOS = 1.018 ** (Fo factor = 1.041) 

Failure surface No. 6 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 178.23 54.64 
2 182.34 52.22 
3 195.26 44.60 
4 196.29 43.61 
5 655.27 32.26 
6 919.87 120.86 
7 920.93 121.96 
8 927.52 133.15 

** Corrected JANBU FOS = 1. 019 ** (Fo factor = 1.041) 

Failure surface No. 7 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 175.03 53.83 
2 177.57 52.33 
3 190.50 44.72 
4 190.62 44.60 
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5 652.68 32.35 
c;,z -'lltJv 

r~r 6 904.82 116.37 1- -N"v- 117-
7 905.17 116.73 
8 912.79 129.66 
9 914.03 131.76 

** Corrected JANBU FOS = 1.020 ** (Fo factor 1.042) 

Failure surface No. 8 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 178.53 54.71 
2 182.79 52.20 
3 195.71 44.59 
4 196.60 43.73 
5 655.22 32.88 
6 919.66 120.91 
7 920.56 121.84 
8 927.21 133.12 

** Corrected JANBU FOS = 1. 023 ** (Fo factor = 1. 041) 

Failure surface No. 9 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 177.45 54.44 
2 181.18 52.24 
3 194.11 44.63 
4 194.55 44.21 
5 652.41 32.30 
6 916.17 120.03 
7 916.67 120.55 
8 923.88 132.78 

** Corrected JANBU FOS = 1.023 ** (Fo factor = 1.041) 

Failure surface No.10 specified by 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 175.78 54.02 
2 178.69 52.31 
3 191.62 44.69 
4 191.80 44.51 
5 653.15 32.60 
6 918.41 120.18 
7 919.75 121.57 
8 926.51 133.05 

** Corrected JANBU FOS = 1.023 ** (Fo factor = 1.041) 
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The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Interem Stability A-A Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 1.012 1.041 172.64 916.66 4.861E+05 
2 . 1.015 1.041 170.78 923.09 4.889E+05 
3. 1.015 1.041 171. 03 917.52 4.863E+05 
4. 1.016 1.042 173.73 910.71 4.824E+05 
5 . 1.018 1. 041 175.08 921.54 4.883E+05 
6 . 1.019 1.041 178.23 927.52 4.919E+05 
7. 1. 020 1.042 175.03 914.03 4.839E+05 
8 . 1.023 1.041 178.53 927.21 4.905E+05 
9. 1. 023 1. 041 177.45 923.88 4.888E+05 

10. 1.023 1.041 175.78 926.51 4.898E+05 

* * * END OF FILE * * * 
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XSTABL File: GB1BB 11-08-97 20:15 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Interem Stability BB 

SEGMENT BOUNDARY COORDINATES 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 14.0 52.8 106.8 49.8 
2 106.8 49.8 393.0 106.0 
3 393.0 106.0 781.7 112.0 
4 781.7 112.0 1143.0 139.8 
5 1143.0 139.8 1149.2 137.4 
6 1149.2 137.4 1189.0 137.4 

3 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 106.8 49.8 420.5 39.4 
2 420.5 39.4 683.0 38.0 
3 683.0 38.0 1149.2 137.4 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

(_.lo\ 4"f 
C.•Z-~~ 

'(mf 
-:+-rJ.-. -'1 ~ 

Soil Unit 
Below Segment 

2 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 

Soil 
Unit 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

Friction 
Angle 

Pore Pressure 
Parameter Constant 

Water 
Surface 



:~-,,,{ -1'1- '1l-

No. (pcf) (pcf) (psf) (deg) Ru (psf) 

1 110.0 110.0 . 0 29.00 .000 . 0 
2 110.0 110.0 440.0 2.00 .000 .0 

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. 

500 trial surfaces will be generated and analyzed. 

4 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 156.8 47.6 176.8 46.8 1.0 
2 410.5 39.2 430.5 38.8 1.0 
3 658.0 37.6 684.0 37.5 1.0 
4 1109 .. 2 127.8 1129.2 132.0 1.0 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 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 y-surf 
No. (ft) (ft) 

1 145.07 57.31 
2 152.25 53.08 
3 160.87 48.01 
4 161.99 46.92 
5 430.24 38.35 
6 682.53 37.25 
7 1116.21 129.27 
8 1117.54 130.65 
9 1121.98 138.18 

z~ .~ s~ 
0,2.- H,.<J"V 
No. (''f'f',,. 

0 
0 
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** Corrected JANBU FOS 1.910 ** (Fo factor 1.030) (g ~?-~(A\) 

P~ f' 

+-f'J.fv-01-
Failure surface No. 2 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 141.58 56.63 
2 147.33 53.25 
3 155.94 48.17 
4 156.96 47.19 
5 426.92 38.80 
6 683.31 37.37 
7 1116.29 129.28 
8 1117.63 130.67 
9 1122.06 138.19 

** Corrected JANBU FOS = 1.911 ** (Fo factor = 1.030) 

Failure surface No. 3 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 143.53 57.01 
2 150.08 53.15 
3 158.70 48.08 
4 159.65 47.16 
5 427.60 38.77 
6 681.59 37.26 
7 1112.97 128.37 
8 1114.56 130.01 
9 1119.25 137.97 

** Corrected JANBU FOS = 1.911 ** (Fo factor = 1.030) 

Failure surface No. 4 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 145.88 57.47 
2 153.40 53.04 
3 162.02 47.97 
4 163.11 46.92 
5 424.25 38.50 
6 682.82 37.91 
7 1115.99 129.21 
8 1117.35 130.61 
9 1121.80 138.17 

** Corrected JANBU FOS 1.912 ** (Fo factor = 1. 030) 

Failure surface No. 5 specified by 10 coordinate points 

Point x-surf y-surf 



No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 

(ft) (ft) 

14 9. 4 7 58.18 
149.85 57.95 
158.47 52.88 
167.08 47.80 
168.02 46.89 
412.94 38.75 
681.70 37.14 

1112.24 128.16 
1113.90 129.87 
1118.64 137.93 

JANBU FOS 1.912 

No. 6 specified by 

x-surf y-surf 
(ft) (ft) 

145.73 57.44 
153.18 53.05 
161.80 47.98 
162.66 47.14 
428.62 38.75 
680.32 37.17 

1109.99 127.54 
1111.81 129.43 
1116.73 137.78 

JANBU FOS = 1.912 

No. 7 specified by 

x-surf y-surf 
(ft) (ft) 

143.27 56.96 
149.70 53.17 
158.32 48.09 
159.27 47.18 
423.37 38.54 
682.65 37.43 

1121.04 130.15 
1122.56 131.72 
1126.58 138.54 

JANBU FOS = 1.913 

No. 8 specified by 

x-surf y-surf 
(ft) (ft) 

142.05 56.72 
147.99 53.22 
156.60 48.15 

** 

9 

** 

9 

** 

9 

(Fo factor 

coordinate points 

(Fo factor = 

coordinate points 

(Fo factor = 

coordinate points 

(guz-n~ 

(MP 

'1-,J~v-1+ 

1.030) 

1.030) 

1. 030) 
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4 1"57. 59 47.19 
&12-~'-N 

(''fV'f1 
5 423.03 38.57 -:+-N•;- ~.,_ 
6 683.93 37.51 
7 1123.36 130.78 
8 1124.71 132.18 
9 1128.54 138.69 

** Corrected JANBU FOS 1.913 ** (Fo factor = 1.029) 

Failure surface No. 9 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 142.78 56.87 
2 149.02 53.19 
3 157.64 48.11 
4 158.60 47.19 
5 423.37 38.56 
6 683.51 37.47 
7 1122.37 130.51 
8 1123.79 131.98 
9 1127.70 138.62 

** Corrected JANBU FOS = 1.914 ** (Fo factor = 1. 029) 

Failure surface No.10 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 144.73 57.25 
2 151.77 53.10 
3 160.39 48.02 
4 161.28 47.16 
5 424.05 38.53 
6 681.79 37.36 
7 1119.05 129.60 
8 1120.72 131.33 
9 1124.89 138.41 

** Corrected JANBU FOS = 1.914 ** (Fo factor = 1. 030) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Interem Stability BB 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 1.910 1. 030 145.07 1121.98 6.139E+05 
2 . 1. 911 1.030 141.58 1122.06 6.144E+05 
3 . 1.911 1.030 143.53 1119.25 6.126E+05 



4. 
5. 
6 . 
7. 
8 . 
9 . 

10. 

1.912 
1.912 
1.912 
1.913 
1.913 
1.914 
1. 914 

1.030 
1.030 
1.030 
1.030 
1.029 
1.029 
1.030 

145.88 
149.47 
145.73 
143.27 
142.05 
142.78 
144.73 

* * * END OF FILE * * * 

1121.80 
1118.64 
1116.73 
1126.58 
1128.54 
1127.70 
1124.89 

S"2o~ 5':f. 
'J Q~- o-z_,-v 

6. 127E+05 f~""'~"' 
6. 114E+05 =t-r.J.-~ -~i-: 

6.108E+05 
6.163E+05 
6.176E+05 
6.170E+05 
6.151E+05 
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XSTABL File: GB1BBQ 11-08-97 20:16 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Interem Stability BB Q 

SEGMENT BOUNDARY COORDINATES 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 14.0 52.8 106.8 49.8 
2 106.8 49.8 393.0 106.0 
3 393.0 106.0 781.7 112.0 
4 781.7 112.0 1143.0 139.8 
5 1143.0 139.8 1149.2 137.4 
6 1149.2 137.4 1189.0 137.4 

3 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 106.8 49.8 420.5 39.4 
2 420.5 39.4 683.0 38.0 
3 683.0 38.0 1149.2 137.4 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

0H: -ot-N 

rmf' 

:l-- N'"- 'il-

Soil Unit 
Below Segment 

2 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 

Soil 
Unit 

Unit Weight Cohesion 
Intercept 

Friction Pore Pressure Water 
Surface Moist Sat. Angle Parameter Constant 



No. (pcf) (pcf) (psf) (deg) 

1 110.0 110.0 .0 29.00 
2 110.0 110.0 440.0 2.00 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

Ru (psf) 

.000 . 0 

.000 . 0 

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. 

500 trial surfaces will be generated and analyzed. 

4 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) 

1 156.8 47.6 176.8 46.8 
2 410.5 39.2 430.5 38.8 
3 658.0 37.6 684.0 37.5 
4 1109.2 127.8 1129.2 132.0 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 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 
No. 

1 
2 

x-surf 
(ft) 

145.07 
152.25 

y-surf 
(ft) 

57.31 
53.08 

(ft) 

1.0 
1.0 
1.0 
1.0 

5'7 I)('~ 
CJ~z-vz..w 

No . f'l'Y'!O 

+ -N'""'~ -0 --
0 
0 
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3 160.87 48.01 
V1 z -OV.N 

prn [7 
4 161.99 46.92 ~- rJ Q-y - 9 1-
5 430.24 38.35 
6 682.53 37.25 
7 1116.21 129.27 
8 1117.54 130.65 
9 1121.98 138.18 

** Corrected JANBU FOS 1.188 ** (Fo factor 1.030) 

Failure surface No. 2 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 143.53 57.01 
2 150.08 53.15 
3 158.70 48.08 
4 159.65 47.16 
5 427.60 38.77 
6 681.59 37.26 
7 1112.97 128.37 
8 1114.56 130.01 
9 1119.25 137.97 

** Corrected JANBU FOS = 1.189 ** (Fo factor = 1.030) 

Failure surface No. 3 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 145.73 57.44 
2 153.18 53.05 
3 161.80 47.98 
4 162.66 47.14 
5 428.62 38.75 
6 680.32 37.17 
7 1109.99 127.54 
8 1111.81 129.43 
9 1116.73 137.78 

** Corrected JANBU FOS = 1.189 ** (Fo factor = 1.030) 

Failure surface No. 4 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 141.58 56.63 
2 147.33 53.25 
3 155.94 48.17 
4 156.96 47.19 
5 426.92 38.80 
6 683.31 37.37 
7 1116.29 129.28 
8 1117.63 130.67 



~7- ... \- ~ 
\, Q z. ~ 'lA"<] 

9 1122.06 138.19 f"~""f1 

"1-D•t- CJ J. 
** Corrected JANBU FOS = 1.189 ** (Fo factor 1.030) 

Failure surface No. 5 specified by 10 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 149.47 58.18 
2 149.85 57.95 
3 158.47 52.88 
4 167.08 47.80 
5 168.02 46.89 
6 412.94 38.75 
7 681.70 37.14 
8 1112.24 128.16 
9 1113.90 129.87 

10 1118.64 137.93 

** Corrected JANBU FOS = 1.189 ** (Fo factor 1.030) 

Failure surface No. 6 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 145.25 57.35 
2 152.51 53.07 
3 161.13 48.00 
4 161.98 47.17 
5 429.27 38.80 
6 682.90 37.29 
7 1113.31 128.44 
8 1114.90 130.09 
9 1119.56 138.00 

** Corrected JANBU FOS = 1.190 ** (Fo factor = 1.030) 

Failure surface No. 7 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 145.88 57.47 
2 153.40 53.04 
3 162.02 47.97 
4 163.11 46.92 
5 424.25 38.50 
6 682.82 37.91 
7 1115.99 129.21 
8 1117.35 130.61 
9 1121.80 138.17 

** Corrected JANBU FOS 1.191 ** (Fo factor = 1.030) 
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Failure surface No. 8 specified by 9 coordinate points pm ,0 
?·Nf>V-\)'1-

Point x-surf y-surf 
No. (ft) (ft) 

1 143.27 56.96 
2 149.70 53.17 
3 158.32 48.09 
4 159.27 47.18 
5 423.37 38.54 
6 682.65 37.43 
7 1121.04 130.15 
8 1122.56 131.72 
9 1126.58 138.54 

** Corrected JANBU FOS 1.191 ** (Fo factor 1.030) 

Failure surface No. 9 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 144.73 57.25 
2 151.77 53.10 
3 160.39 48.02 
4 161.28 47.16 
5 424.05 38.53 
6 681.79 37.36 
7 1119.05 129.60 
8 1120.72 131.33 
9 1124.89 138.41 

** Corrected JANBU FOS 1.191 ** (Fo factor = 1. 030) 

Failure surface No.10 specified by 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 145.91 57.48 
2 153.44 53.04 
3 162.05 47.97 
4 162.88 47.17 
5 416.61 39.08 
6 683.48 37.64 
7 1113.54 128.49 
8 1115.12 130.13 
9 1119.76 138.01 

** Corrected JANBU FOS 1.191 ** (Fo factor 1.030) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Interem Stability BB Q 



5? ~~ 57-
~,z -oZ'N 

\'Y"'P ~-(\(.,...-~-
Modified Correction Initial Terminal Available 

JANBU FOS Factor x-coord x-coord Strength 
(ft) (ft) (lb) 

1. 1.188 1.030 145.07 1121.98 6.144E+05 
2. 1.189 1.030 143.53 1119.25 6.129E+05 
3 . 1.189 1.030 145.73 1116.73 6.113E+05 
4. 1.189 1.030 141.58 1122.06 6.147E+05 
5. 1.189 1.030 149.47 1118.64 6.122E+05 
6 . 1.190 1.030 145.25 1119.56 6.128E+05 
7. 1.191 1.030 145.88 1121.80 6.132E+05 
8 . 1.191 1. 030 143.27 1126.58 6.167E+05 
9. 1.191 1.030 144.73 1124.89 6.156E+05 

10. 1.191 1.030 145.91 1119.76 6.123E+05 

* * * END OF FILE * * * 



'~ 

Gb I BBA 11-08-97 20:25 

1000 

800 

,.-....., 
-+-

600 Q) 
Q) 

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

(/) -X 
<( 400 
I 

>-

200 

0 

0 

AA 
Gandy lnterem Stability-:f)8-a 

10 most critical surfaces, MINIMUM JANBU FOS = 1. 7 41 

~ ~ 
200 400 600 800 1000 1200 1400 

X-AXIS (feet) 
I 

1600 

+l ~ 
i'-":'+ 
' ~ G rl 

' """ ~ I) ~ J ~ 
~ "' ..... 



XSTABL File: GB1BBA 11-08-97 20:25 

****************************************** 
* X s T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description : Gandy Interem Stability ~a 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 14.0 52.8 106.8 49.8 
2 106.8 49.8 393.0 106.0 
3 393.0 106.0 781.7 112.0 
4 781.7 112.0 1143.0 139.8 
5 1143.0 139.8 1149.2 137.4 
6 1149.2 137.4 1189.0 137.4 

3 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 106.8 49.8 420.5 39.4 
2 420.5 39.4 683.0 38.0 
3 683.0 38.0 1149.2 137.4 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 

U/eo~ ~ 
:J•Z- -'J?A-V 

f'W1(7 

+-r-4-N-'11-

Unit 
Below Segment 

2 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 

Soil 
Unit 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

Friction 
Angle 

Pore Pressure 
Parameter Constant 

Water 
Surface 



No. (pcf) (pcf) (psf) (deg) Ru (psf) 

1 110.0 110.0 .0 29.00 .000 .0 
2 110.0 110.0 440.0 2.00 .000 .0 

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. 

500 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 6.0 ft 

Box 
no. 

x-left 
(ft) 

y-left 
(ft) 

x-right 
(ft) 

y-right 
(ft) 

Width 
(ft) 

1 
2 

156.8 
179.0 

47.6 
46.7 

166.8 
420.5 

47.3 
38.9 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 143.03 56.91 
2 147.64 54.19 
3 152.81 51.15 
4 157.98 48.10 
5 158.90 47.22 
6 369.64 40.32 
7 370.36 41.06 
8 373.40 46.23 
9 376.45 51.40 

10 379.49 56.57 
11 382.54 61.74 
12 385.58 66.91 

1.0 
1.0 

UZ<>\ 51 
(?~' -Q~ 

No. r~P 
+-rJ.,-.-':1-_ 

0 
0 



13 
14 
15 
16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

388.63 
391.67 
394.72 
397.76 
400.81 
403.85 
406.90 
408.75 

JANBU FOS = 

72.08 
77.25 
82.42 
87.59 
92.76 
97.93 

103.10 
106.24 

1. 741 ** 

No. 2 specified by 20 

x-surf y-surf 
(ft) (ft) 

143.71 57.05 
148.61 54.16 
153.78 51.12 
158.95 48.07 
160.02 47.04 
369.31 40.52 
369.85 41.08 
372.89 46.25 
375.94 51.42 
378.98 56.59 
382.03 61.76 
385.07 66.93 
388.12 72.10 
391.16 77.27 
394.21 82.44 
397.25 87.61 
400.30 92.78 
403.34 97.95 
406.39 103.12 
408.23 106.24 

JANBU FOS = 1.742 ** 

No. 3 specified by 20 

x-surf y-surf 
(ft) (ft) 

141.64 56.64 
145.68 54.26 
150.85 51.21 
156.02 48.17 
156.99 47.24 
356.95 40.50 
357.90 41.48 
360.94 46.65 
363.99 51.82 
367.03 56.98 
370.08 62.15 
373.12 67.32 
376.17 72.49 
379.21 77.66 

(Fo factor= 1.075) 

coordinate points 

(Fo factor = 1. 075) 

coordinate points 

~~.;!.-Qi'N 

fr'V'(~ 

-:f tJ "' -"; l-
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16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

382.26 82.83 
385.30 88.00 
388.35 93.17 
391.39 98.34 
394.44 103.51 
395.93 106.05 

JANBU FOS = 1.743 ** 

No. 4 specified by 20 

x-surf y-surf 
(ft) (ft) 

143.77 57.06 
148.69 54.16 
153.86 51.11 
159.03 48.07 
159.98 47.16 
370.19 40.50 
370.72 41.05 
373.76 46.22 
376.81 51.39 
379.85 56.56 
382.90 61.73 
385.94 66.90 
388.99 72.07 
392.03 77.24 
395.08 82.41 
398.12 87.58 
401.17 92.75 
404.22 97.92 
407.26 103.09 
409.12 106.25 

JANBU FOS = 1.745 ** 

No. 5 specified by 20 

x-surf y-surf 
(ft) (ft) 

141.81 56.67 
145.92 54.25 
151.09 51.21 
156.26 48.16 
156.87 47.57 
359.59 40.43 
360.51 41.39 
363.56 46.56 
366.60 51.73 
369.65 56.90 
372.69 62.07 
375.74 67.24 
378.78 72.41 
381.83 77.58 
384.87 82.75 
387.92 87.92 

.;;,z -oZ-.N 

f""P 
-:t -t-.l~-~1 

(Fo factor= 1.076) 

coordinate points 

(Fo factor·= 1.075) 

coordinate points 
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18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

390.96 93.09 
394.01 98.26 
397.05 103.43 
398.62 106.09 

JANBU FOS = 1.745 ** 

No. 6 specified by 20 

x-surf y-surf 
(ft) (ft) 

142.23 56.76 
146.52 54.23 
151.69 51.19 
156.86 48.14 
157.79 47.25 
367.86 40.92 
368.07 41.14 
371.12 46.31 
374.17 51.48 
377.21 56.65 
380.26 61.82 
383.30 66.99 
386.35 72.16 
389.39 77.33 
392.44 82.50 
395.48 87.67 
398.53 92.84 
401.57 98.01 
404.62 103.18 
406.40 106.21 

JANBU FOS 1.748 ** 

No. 7 specified by 20 

x-surf y-surf 
(ft) (ft) 

141.80 56.67 
145.91 54.25 
151.08 51.21 
156.25 48.16 
156.94 47.49 
359.93 40.67 
360.62 41.39 
363.67 46.55 
366.72 51.72 
369.76 56.89 
372.81 62.06 
375.85 67.23 
378.90 72.40 
381.94 77.57 
384.99 82.74 
388.03 87.91 
391.08 93.08 
394.12 98.25 

(;,Q2 -Q~~ 

f'Y"''f 
+ - tJ ~ ... , - ~ 1-

(Fo factor = 1.076) 

coordinate points 

(Fo factor 1.075) 

coordinate points 



u b o ~ S1 
(,~z:-•'Z-<>V 

19 397.17 103.42 'f....., 
20 398.74 106.09 +-r4..-.,4"'l 

** Corrected JANBU FOS = 1.748 ** (Fo factor = 1.076) 

Failure surface No. 8 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 143.83 57.07 
2 148.78 54.16 
3 153.95 51.11 
4 159.12 48.07 
5 160.12 47.10 
6 357.02 40.59 
7 357.88 41.48 
8 360.92 46.65 
9 363.97 51.82 

10 367.01 56.99 
11 370.06 62.16 
12 373.10 67.32 
13 376.15 72.49 
14 379.19 77.66 
15 382.24 82.83 
16 385.29 88.00 
17 388.33 93.17 
18 391.38 98.34 
19 394.42 103.51 
20 395.91 106.04 

** Corrected JANBU FOS = 1.749 ** (Fo factor = 1.076) 

Failure surface No. 9 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 144.07 57.12 
2 149.12 54.14 
3 154.29 51.10 
4 159.46 48.05 
5 159.97 47.57 
6 368.52 40.29 
7 369.30 41.10 
8 372.34 46.27 
9 375.39 51.44 

10 378.43 56.61 
11 381.48 61.78 
12 384.52 66.95 
13 387.57 72.12 
14 390.61 77.29 
15 393.66 82.46 
16 396.70 87.63 

" 17 399.75 92.80 
18 402.79 97.97 
19 405.84 103.13 
20 407.66 106.23 



01o~'iV-
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** Corrected JANBU FOS 1.749 ** (Fo factor 1.075) 
pm,O 

1---N ... -11~ 

Failure surface No.10 specified by 21 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 145.38 57.38 
2 145.80 57.13 
3 150.97 54.08 
4 156.14 51.04 
5 161.31 47.99 
6 162.30 47.03 
7 367.32 40.96 
8 367.52 41.16 
9 370.56 46.33 

10 373.61 51.50 
11 376.65 56.67 
12 379.70 61.84 
13 382.74 67.01 
14 385.79 72.18 
15 388.83 77.35 
16 391.88 82.51 
17 394.92 87.68 
18 397.97 92.85 
19 401.01 98.02 
20 404.06 103.19 
21 405.83 106.20 

** Corrected JANBU FOS = 1.753 ** (Fo factor = 1. 075) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Interem Stability BBa 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 1. 741 1.075 143.03 408.75 2.226E+05 
2. 1. 742 1. 075 143.71 408.23 2.218E+05 
3. 1.743 1.076 141.64 395.93 2.081E+05 
4. 1.745 1.075 143.77 409.12 2.228E+05 
5. 1.745 1.076 141.81 398.62 2.112E+05 
6 . 1.748 1.075 142.23 406.40 2.199E+05 
7. 1.748 1.076 141.80 398.74 2.113E+05 
8 . 1.749 1. 076 143.83 395.91 2.075E+05 
9 . 1.749 1.075 144.07 407.66 2.211E+05 

10. 1.753 1. 075 145.38 405.83 2.186E+05 

* * * END OF FILE * * * 
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XSTABL File: GB1BBAQ 11-08-97 20:26 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description 
AA 

Gandy Interem Stability ~a Q 

SEGMENT BOUNDARY COORDINATES 

6 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 14.0 52.8 106.8 49.8 
2 106.8 49.8 393.0 106.0 
3 393.0 106.0 781.7 112.0 
4 781.7 112.0 1143.0 139.8 
5 1143.0 139.8 1149.2 137.4 
6 1149.2 137.4 1189.0 137.4 

3 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 106.8 49.8 420.5 39.4 
2 420.5 39.4 683.0 38.0 
3 683.0 38.0 1149.2 137.4 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

LJ1 o\ ~ 
~H -Qt-JV 

P""' ,o 
+-tJ.~_C'-: 

Soil Unit 
Below Segment 

2 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 

Soil 
Unit 

Unit Weight Cohesion 
Intercept 

Friction Pore Pressure Water 
Surface Moist Sat. Angle Parameter Constant 



No. (pcf) (pcf) (psf) (deg) Ru (psf) 

1 110.0 110.0 . 0 29.00 .000 . 0 
2 110.0 110.0 440.0 2.00 .000 .0 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 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. 

500 trial surfaceg 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 6.0 ft 

Box 
no. 

x-left 
(ft) 

y-left 
(ft) 

x-right 
(ft) 

y-right 
(ft) 

Width 
(ft) 

1 
2 

156.8 
179.0 

47.6 
46.7 

166.8 
420.5 

47.3 
38.9 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 143.03 56.91 
2 147.64 54.19 
3 152.81 51.15 
4 157.98 48.10 

1.0 
1.0 

~Oo~~ 
0 0 z. -<J'WV 

No. f¥110 

:f-rJ • ...,-~-: 

0 
0 



')1 0<;~ 

5 158.90 47.22 "0 Z- - ~"t-1rJ 

6 369.64 40.32 f'""' ~ 
7 370.36 41.06 1--NoJ\1-9"1 
8 373.40 46.23 
9 376.45 51.40 

10 379.49 56.57 
11 382.54 61.74 
12 385.58 66.91 
13 388.63 72.08 
14 391.67 77.25 
15 394.72 82.42 
16 397.76 87.59 
17 400.81 92.76 
18 403.85 97.93 
19 406.90 103.10 
20 408.75 106.24 

** Corrected JANBU FOS 1. 369 ** (Fo factor = 1. 075) 

Failure surface No. 2 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 143.71 57.05 
2 148.61 54.16 
3 153.78 51.12 
4 158.95 48.07 
5 160.02 47.04 
6 369.31 40.52 
7 369.85 41.08 
8 372.89 46.25 
9 375.94 51.42 

10 378.98 56.59 
11 382.03 61.76 
12 385.07 66.93 
13 388.12 72.10 
14 391.16 77.27 
15 394.21 82.44 
16 397.25 87.61 
17 400.30 92.78 
18 403.34 97.95 
19 406.39 103.12 
20 408.23 106.24 

** Corrected JANBU FOS = 1. 371 ** (Fo factor = 1. 075) 

Failure surface No. 3 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 143.77 57.06 
2 148.69 54.16 
3 153.86 51.11 
4 159.03 48.07 
5 159.98 47.16 
6 370.19 40.50 



7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

370.72 41.05 
373.76 46.22 
376.81 51.39 
379.85 56.56 
382.90 61.73 
385.94 66.90 
388.99 72.07 
392.03 77.24 
395.08 82.41 
398.12 87.58 
401.17 92.75 
404.22 97.92 
407.26 103.09 
409.12 106.25 

JANBU FOS = 1. 373 ** 

No. 4 specified by 20 

x-surf y-surf 
(ft) (ft) 

142.72 56.85 
147.21 54.21 
152.38 51.16 
157.54 48.12 
158.04 47.64 
379.78 39.85 
380.62 40.72 
383.67 45.89 
386.71 51.06 
389.76 56.23 
392.81 61.40 
395.85 66.57 
398.90 71.74 
401. 94 76.91 
404.99 82.08 
408.03 87.25 
411. 08 92.42 
414.12 97.59 
417.17 102.76 
419.32 106.41 

JANBU FOS = 1. 375 ** 

No. 5 specified by 20 

x-surf y-surf 
(ft) (ft) 

142.30 56.77 
146.62 54.23 
151.79 51.18 
156.96 48.14 
157.82 47.31 
385.06 39.72 
385.86 40.55 
388.90 45.72 

L;Z~~ ?1 
~QZ.- V'?.<J"V 

fWJt' 
1--rJ-N-ql-

(Fo factor = 1.075) 

coordinate points 

(Fo factor = 1.074) 

coordinate points 



-rs o~ 51 

9 391.95 50.89 ~IJZ. -i~ 

10 394.99 56.06 1-· N'l"''-·r+ 
11 398.04 61.23 pn,,. 
12 401.08 66.40 
13 404.13 71.57 
14 407.17 76.74 
15 410.22 81.91 
16 413.26 87.08 
17 416.31 92.25 
18 419.35 97.42 
19 422.40 102.59 
20 424.70 106.49 

** Corrected JANBU FOS = 1.375 ** (Fo factor = 1. 073) 

Failure surface No. 6 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 142.23 56.76 
2 146.52 54.23 
3 151.69 51.19 
4 156.86 48.14 
5 157.79 47.25 
6 367.86 40.92 
7 368.07 41.14 
8 371.12 46.31 
9 374.17 51.48 

10 377.21 56.65 
11 380.26 61.82 
12 383.30 66.99 
13 386.35 72.16 
14 389.39 77.33 
15 392.44 82.50 
16 395.48 87.67 
17 398.53 92.84 
18 401.57 98.01 
19 404.62 103.18 
20 406.40 106.21 

** Corrected JANBU FOS 1. 376 ** (Fo factor 1.075) 

Failure surface No. 7 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 144.07 57.12 
2 149.12 54.14 
3 154.29 51.10 
4 159.46 48.05 
5 159.97 47.57 
6 368.52 40.29 
7 369.30 41.10 
8 372.34 46.27 
9 375.39 51.44 

10 378.43 56.61 
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12 
13 
14 
15 
16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

381.48 61.78 
384.52 66.95 
387.57 72.12 
390.61 77.29 
393.66 82.46 
396.70 87.63 
399.75 92.80 
402.79 97.97 
405.84 103.13 
407.66 106.23 

JANBU FOS = 1.377 ** 

No. 8 specified by 20 

x-surf y-surf 
(ft) (ft) 

142.67 56.84 
147.15 54.21 
152.32 51.16 
157.49 48.12 
158.26 47.38 
372.84 40.77 
373.04 40.97 
376.08 46.14 
379.13 51.31 
382.17 56.48 
385.22 61.65 
388.26 66.82 
391.31 71.99 
394.35 77.16 
397.40 82.33 
400.44 87.50 
403.49 92.67 
406.53 97.84 
409.58 103.01 
411.51 106.29 

JANBU FOS = 1.378 ** 

No. 9 specified by 20 

x-surf y-surf 
(ft) (ft) 

143.14 56.94 
147.81 54.19 
152.98 51.14 
158.14 48.10 
158.89 47.38 
379.73 40.31 
380.14 40.74 
383.19 45.91 
386.23 51.08 
389.28 56.25 
392.33 61.42 
395.37 66.59 

~Uo~ 51-
~f 

(jQZ...~ 

1- -PI'J"'-r+ 

(Fo factor= 1.075) 

coordinate points 

(Fo factor = 1.074) 

coordinate points 
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\ ..,. 

13 
14 
15 
16 
17 
18 
19 
20 

398.42 
401.46 
404.51 
407.55 
410.60 
413.64 
416.69 
418.82 

** Corrected JANBU FOS 

71.76 
76.93 
82.10 
87.27 
92.44 
97.61 

102.78 
106.40 

1.378 ** (Fo factor = 1.074) 

t;;-~~ 77-
p Vl' r' 

(;..;) 2 -;;/2.-V\} 

+-~-'l'l. 

Failure surface No.10 specified by 20 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 141.64 56.64 
2 145.68 54.26 
3 150.85 51.21 
4 156.02 48.17 
5 156.99 47.24 
6 356.95 40.50 
7 357.90 41.48 
8 360.94 46.65 
9 363.99 51.82 

10 367.03 56.98 
11 370.08 62.15 
12 373.12 67.32 
13 376.17 72.49 
14 379.21 77.66 
15 382.26 82.83 
16 385.30 88.00 
17 388.35 93.17 
18 3 91. 3 9 98.34 
19 394.44 103.51 
20 395.93 106.05 

** Corrected JANBU FOS = 1. 378 ** (Fo factor = 1. 076) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Interem Stability BBa Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 1.369 1. 075 143.03 408.75 2.150E+05 
2. 1.371 1.075 143.71 408.23 2.143E+05 
3. 1. 373 1.075 143.77 409.12 2.152E+05 
4. 1. 375 1. 074 142.72 419.32 2.256E+05 
5 . 1. 375 1.073 142.30 424.70 2.309E+05 
6. 1.376 1.075 142.23 406.40 2.124E+05 
7. 1.377 1. 075 144.07 407.66 2.136E+05 
8. 1.378 1.074 142.67 411.51 2.177E+05 



9. 
10. 

1.378 
1.378 

1.074 
1.076 

143.14 
141.64 

* * * END OF FILE * * * 

418.82 
395.93 

s6o(<;"fr 

2 . 2 5 0 E + 0 5 F"'>1~ 
2. 012E+05 Goz-oZ-.N 

+-N ~'v-" ~ 



SARMA NON-VERTICAL SLICE ANALYSIS 

Analysis no. gancomb 

Unit weight of water = 62.4 

Side number 
Coordinate xt 
Coordinate yt 
Coordinate xw 
Coordinate yw 
Coordinate xb 
Coordinate yb 
Friction angle 
Cohesion 

1 
143.02 

56.91 
143.02 

56.91 
143.02 

56.91 
0.00 
0.00 

1 

2 
164.44 

61.12 
164.44 

45.40 
164.44 

45.40 
0.00 
0.00 

2 

3 4 5 
369.62 393.00 408.75 
101.41 106.00 106.24 
369.62 393.00 408.91 

40.29 79.50 106.51 
369.62 393.00 408.75 

40.29 79.50 106.24 
0.00 0.00 0.00 
0.00 0.00 0.00 

3 4 Slice number 
Rock unit weight 
Friction angle 
Cohesion 

110.00 110.00 110.00 110.00 
29.00 2.00 29.00 29.00 

0.00 440.00 0.00 0.00 
Force T 0.00 0.00 0.00 0.00 
Angle theta 0.00 0.00 0.00 0.00 

:--~,eective normal stresses 
~e 1054.35 4235.05 3085.83 929.83 

~ide 0.00 1256.37 1908.49 759.38 

51- 0 ~ ~1-

?~P 
(;oz-ozoO 

A./ov 1 rct1r 
/ 

Acceleration Kc 0.0899 Factor of Safety = 1.66 
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XSTABL File: GTB1 11-05-97 19:00 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Total Basal Failue 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

9 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 .0 131.9 213.0 127.5 
2 213.0 127.5 243.3 135.0 
3 243.3 135.0 590.6 155.8 
4 590.6 155.8 1473.6 163.6 
5 1473.6 163.6 2338.5 204.8 
6 2338.5 204.8 2394.6 205.0 
7 2394.6 205.0 2985.4 170.0 
8 2985.4 170.0 3036.6 160.0 
9 3036.6 160.0 3266.9 157.0 

10 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) ( ft) (ft) 

1 213.0 127.5 241.3 127.4 
2 241.3 127.4 525.9 32.6 
3 525.9 32.6 1459.4 57.9 
4 1459.4 57.9 1483.7 70.0 
5 1483.7 70.0 1498.7 70.0 
6 1498.7 70.0 1531.4 53.7 
7 1531.4 53.7 2159.5 53.7 
8 2159.5 53.7 2725.7 65.0 
9 2725.7 65.0 3009.3 159.7 

10 3009.3 159.7 3036.6 160.0 

)o ol'r- ~~ 

(pol--oUt 

(rnl' 
~ -N•-v- c; "} 

Soil Unit 
Below Segment 

2 
1 
1 
1 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 

No. (pcf) (pcf) (psf) (deg) Ru (psf) 

1 110.0 110.0 .0 29.00 .000 . 0 
2 110.0 110.0 440.0 2.00 .000 . 0 

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. 

500 trial surfaces will be generated and analyzed. 

7 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 15.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 261.3 120.3 311.3 103.6 1.0 
2 524.9 32.1 575.9 33.4 1.0 
3 1359.4 54.7 1459.4 57.4 1.0 
4 1531.4 53.2 1631.4 53.2 1.0 
5 2134.5 53.2 2184.5 53.7 1.0 
6 2675.7 63.5 2726.7 64.5 1.0 
7 2939.3 135.8 2989.3 152.5 1.0 

************************************************************* 
** 
** 
** 

Factor of safety calculation for surface # 
failed to converge within FIFTY iterations 

217 ** 
** 
** 

** The last calculated value of the FOS was 22.9377 ** 
** This will be ignored for final summary of results ** 
************************************************************* 

The trial failure surface in question is 
defined by the following 14 coordinate points 

Point x-surf y-surf 

Water 
Surface 

No. 

0 
0 



Point x-surf y-surf 
No. (ft) (ft) 

1 246.32 135.18 
2 257.41 128.65 
3 270.34 121.04 
4 283.26 113.42 
5 284.13 112.58 
6 552.99 33.11 
7 1446.77 56.92 
8 1596.15 53.68 
9 2155.89 53.80 

10 2680.97 63.74 
11 2984.13 150.39 
12 2985.42 151.73 
13 2993.04 164.65 
14 2995.07 168.11 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 250.19 135.41 
2 254.30 132.99 
3 267.22 125.38 
4 280.15 117.77 
5 293.07 110.15 
6 294.09 109.17 
7 526.03 32.28 
8 1454.46 57.25 
9 1597.73 53.42 

10 2170.29 53.62 
11 2726.55 64.58 
12 2975.75 148.14 
13 2976.26 148.67 
14 2983.87 161.59 
15 2988.47 169.40 

** Corrected JANBU FOS = 6.394 ** (Fo factor = 

Failure surface No. 2 specified by 14 coordinate points 

Point 
No. 

1 
2 

x-surf 
(ft) 

243.11 
249.11 

y-surf 
(ft) 

134.95 
131.41 

1.018) 

12o~ 1;1 

(,<JZ.--J~ 

(mf 

+-N1'1-ot1-



~~.,\..~\ 

3 262.04 123.80 (p.,;Z.- O?IN 

4 274.96 116.19 fm' 
5 274.97 116.18 ~ -ri-N J'Tt 
6 525.46 32.32 
7 1368.25 54.51 
8 1570.87 53.32 
9 2142.09 53.00 

10 2722.39 64.03 
11 2968.02 145.74 
12 2968.26 146.00 
13 2975.88 158.92 
14 2982.50 170.17 

** Corrected JANBU FOS = 6.877 ** (Fo factor = 1.018) 

Failure surface No. 3 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 253.72 135.62 
2 263.25 130.01 
3 276.17 122.40 
4 289.10 114.79 
5 302.02 107.17 
6 302.82 106.41 
7 526.62 31.73 
8 1361.54 54.34 
9 1566.29 53.41 

10 2179.75 53.66 
11 2722.22 64.27 
12 2985.59 151.27 
13 2986.33 152.03 
14 2993.94 164.95 
15 2995.73 167.98 

** Corrected JANBU FOS = 7.087 ** (Fo factor = 1.018) 

Failure surface No. 4 specified by 16 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 251.81 135.51 
2 258.39 131.63 
3 271.31 124.02 
4 284.24 116.41 
5 297.16 108.79 
6 297.38 108.58 
7 525.09 32.07 
8 1388.63 55.37 
9 1579.03 52.84 

10 2173.39 53.71 
11 2714.08 63.81 
12 2953.76 140.14 
13 2955.22 141.64 
14 2962.83 154.57 
15 2970.44 167.49 
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16 2972.38 170.77 ~H. -QZ.H 

fh11' 

** Corrected JANBU FOS 7.443 ** (Fo factor 1.019) 7 -N"' -Jf -:r 

~!'' 

Failure surface No. 5 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 245.85 135.15 
2 256.22 129.05 
3 269.14 121.43 
4 282.07 113.82 
5 282.57 113.33 
6 528.40 32.65 
7 1397.91 55.48 
8 1557.75 52.72 
9 2180.81 53.37 

10 2723.06 63.93 
11 2947.29 138.94 
12 2947.37 139.02 
13 2954.98 151. 94 
14 2962.60 164.87 
15 2966.28 171.13 

** Corrected JANBU FOS = 7.549 ** (Fo factor = 1.019) 

Failure surface No. 6 specified by 16 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 256.07 135.76 
2 256.28 135.64 
3 269.21 128.03 
4 282.13 120.41 
5 295.06 112.80 
6 307.98 105.19 
7 308.30 104.88 
8 529.57 31.83 
9 1451.03 57.07 

10 1561.70 52.89 
11 2158.20 53.32 
12 2725.93 64.17 
13 2975.52 147.56 
14 2976.74 148.83 
15 2984.35 161.75 
16 2988.82 169.33 

** Corrected JANBU FOS = 7.603 ** (Fo factor = 1.019) 

Failure surface No. 7 specified by 16 coordinate points 

....... Point x-surf y-surf 
No. (ft) (ft) 

1 248.34 135.30 



1-5., ~ ~ I 

2 249.61 134.56 C.oz- ottv 

3 262.54 126.94 frt11" 
4 275.46 119.33 + -tJw -'11-
5 288.39 111.72 
6 289.87 110.28 
7 535.00 32.19 
8 1409.17 56.14 
9 1567.35 53.06 

10 2134.78 53.23 
11 2726.26 64.30 
12 2949.59 139.00 
13 2950.68 140.13 
14 2958.30 153.05 
15 2965.91 165.98 
16 2968.86 170.98 

** Corrected JANBU FOS 7.643 ** (Fo factor = 1.019) 

Failure surface No. 8 specified by 14 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 246.97 135.22 
2 259.05 128.10 
3 271.98 120.49 
4 284.90 112.88 
5 286.39 111.44 
6 526.73 31.77 
7 1428.14 57.02 
8 1532.61 53.45 
9 2179.44 53.19 

10 2704.76 64.30 
11 2968.34 145.03 
12 2969.75 146.49 
13 2977.36 159.42 
14 2983.65 170.10 

** Corrected JANBU FOS = 7.695 ** (Fo factor = 1.018) 

Failure surface No. 9 specified by 17 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 256.92 135.82 
2 258.44 134.92 
3 271.36 127.31 
4 284.29 119.70 
5 297.21 112.08 
6 310.14 104.47 
7 311.08 103.55 
8 525.99 32.11 
9 1375.86 54.95 

10 1629.49 52.79 
11 2152.47 53.25 
12 2702.32 63.57 
13 2940.53 136.06 



1(. <::) ~ 6) 

14 2941.49 137.06 
r;,~z -v l.>~'<~ 

15 2949.11 149.98 fml' 
16 2956.72 162.91 =---f'.i,,t--"11-

17 2961.72 171.40 

** Corrected JANBU FOS 7.706 ** (Fo factor 1.019) 

Failure surface No.10 specified by 14 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 243.02 134.93 
2 248.83 131.51 
3 261.76 123.89 
4 274.68 116.28 
5 275.19 115.79 
6 525.45 31.94 
7 1389.99 55.55 
8 1569.92 52.82 
9 2174.72 53.44 

10 2698.76 64.18 
11 2966.85 144.67 
12 2968.07 145.93 
13 2975.68 158.86 
14 2982.35 170.18 

** Corrected JANBU FOS 7.721 ** (Fo factor 1.018) 

******************************************************************** 
** ** 
** Out of the 500 surfaces generated and analyzed by XSTABL, ** 
** 3 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Total Basal Failue 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 6. 394 1. 018 250.19 2988.47 2.800E+06 
2. 6.877 1.018 243.11 2982.50 3.013E+06 
3 . 7.087 1. 018 253.72 2995.73 3.074E+06 
4 . 7.443 1. 019 251.81 2972.38 3.257E+06 
5. 7.549 1.019 245.85 2966.28 3.298E+06 
6. 7.603 1.019 256.07 2988.82 3.286E+06 
7. 7.643 1.019 248.34 2968.86 3.323E+06 
8. 7.695 1.018 246.97 2983.65 3.399E+06 
9. 7.706 1.019 256.92 2961.72 3.396E+06 
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XSTABL File: GTB1Q 11-05-97 19:02 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Total Basal Failue Q 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

9 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 . 0 131.9 213.0 127.5 
2 213.0 127.5 243.3 135.0 
3 243.3 135.0 590.6 155.8 
4 590.6 155.8 1473.6 163.6 
5 1473.6 163.6 2338.5 204.8 
6 2338.5 204.8 2394.6 205.0 
7 2394.6 205.0 2985.4 170.0 
8 2985.4 170.0 3036.6 160.0 
9 3036.6 160.0 3266.9 157.0 

10 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 213.0 127.5 241.3 127.4 
2 241.3 127.4 525.9 32.6 
3 525.9 32.6 1459.4 57.9 
4 1459.4 57.9 1483.7 70.0 
5 1483.7 70.0 1498.7 70.0 
6 1498.7 70.0 1531.4 53.7 
7 1531.4 53.7 2159.5 53.7 
8 2159.5 53.7 2725.7 65.0 
9 2725.7 65.0 3009.3 159.7 

10 3009.3 159.7 3036.6 160.0 

Soil Unit 

~Q"(_-0~ 

f'Yn~ 

1 -Nov -'1 "f. 

Below Segment 

2 
1 
1 
1 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 

No. (pcf) (pcf) (psf) (deg) 

1 110.0 110.0 . 0 29.00 
2 110.0 110.0 440.0 2.00 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

Ru (psf) 

.000 .0 

.000 .0 

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. 

500 trial surfaces will be generated and analyzed. 

7 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 15.0 ft 

G:>n -o~ 
frnf 

+ -IIA-a>4- 9 "t 

Water 
Surface 

No . 

0 
0 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 261.3 120.3 311.3 103.6 1.0 
2 524.9 32.1 575.9 33.4 1.0 
3 1359.4 54.7 1459.4 57.4 1.0 
4 1531.4 53.2 1631.4 53.2 1.0 
5 2134.5 53.2 2184.5 53.7 1.0 
6 2675.7 63.5 2726.7 64.5 1.0 
7 2939.3 135.8 2989.3 152.5 1.0 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 



The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 250.19 135.41 
2 254.30 132.99 
3 267.22 125.38 
4 280.15 117.77 
5 293.07 110.15 
6 294.09 109.17 
7 526.03 32.28 
8 1454.46 57.25 
9 1597.73 53.42 

10 2170.29 53.62 
11 2726.55 64.58 
12 2975.75 148.14 
13 2976.26 148.67 
14 2983.87 161. 59 
15 2988.47 169.40 

** Corrected JANBU FOS = 1.598 ** (Fo factor = 1.018) 

Failure surface No. 2 specified by 14 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 243.11 134.95 
2 249.11 131.41 
3 262.04 123.80 
4 274.96 116.19 
5 274.97 116.18 
6 525.46 32.32 
7 1368.25 54.51 
8 1570.87 53.32 
9 2142.09 53.00 

10 2722.39 64.03 
11 2968.02 145.74 
12 2968.26 146.00 
13 2975.88 158.92 
14 2982.50 170.17 

** Corrected JANBU FOS = 1. 693 ** (Fo factor = 1.018) 

Failure surface No. 3 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 253.72 135.62 
2 263.25 130.01 

"qz.-0~ 

/'tr!l' 

+ -N~" - 1 t-
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3 276.17 122.40 (.a -oz.H 
4 289.10 114.79 

~'""" 5 302.02 107.17 + -/\'·" - I>J 1-6 302.82 106.41 
,r•· " 7 526.62 31.73 

" 8 1361.54 54.34 
9 1566.29 53.41 

10 2179.75 53.66 
11 2722.22 64.27 
12 2985.59 151.27 
13 2986.33 152.03 
14 2993.94 164.95 
15 2995.73 167.98 

** Corrected JANBU FOS = 1.736 ** (Fo factor = 1.018) 

Failure surface No. 4 specified by 16 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 251.81 135.51 
2 258.39 131.63 
3 271.31 124.02 
4 284.24 116.41 
5 297.16 108.79 
6 297.38 108.58 
7 525.09 32.07 
8 1388.63 55.37 
9 1579.03 52.84 

10 2173.39 53.71 
11 2714.08 63.81 
12 2953.76 140.14 
13 2955.22 141.64 
14 2962.83 154.57 
15 2970.44 167.49 
16 2972.38 170.77 

** Corrected JANBU FOS = 1.836 ** (Fo factor = 1.019) 

Failure surface No. 5 specified by 14 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 246.97 135.22 
2 259.05 128.10 
3 271.98 120.49 
4 284.90 112.88 
5 286.39 111.44 
6 526.73 31.77 
7 1428.14 57.02 
8 1532.61 53.45 
9 2179.44 53.19 

-.,.,., 10 2704.76 64.30 
11 2968.34 145.03 
12 2969.75 146.49 
13 2977.36 159.42 
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14 2983.65 170.10 e..~z-oZcN 

~~, 

** Corrected JANBU FOS 1.907 ** (Fo factor 1.018) 
? -Nor.-<1 "1-

= 

Failure surface No. 6 specified by 16 coordinate points 
"' 

Point x-surf y-surf 
No. (ft) (ft) 

1 255.78 135.75 
2 268.47 128.27 
3 281.39 120.66 
4 294.32 113.05 
5 307.24 105.43 
6 308.04 104.67 
7 525.86 31.76 
8 1381.43 55.31 
9 1540.90 53.55 

10 2161.09 53.66 
11 2714.09 64.69 
12 2954.98 141.33 
13 2955.31 141.67 
14 2962.93 154.60 
15 2970.54 167.52 
16 2972.45 170.77 

** Corrected JANBU FOS = 1.915 ** (Fo factor = 1.019) 

Failure surface No. 7 specified by 17 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 256.92 135.82 
2 258.44 134.92 
3 271.36 127.31 
4 284.29 119.70 
5 297.21 112.08 
6 310.14 104.47 
7 311.08 103.55 
8 525.99 32.11 
9 1375.86 54.95 

10 1629.49 52.79 
11 2152.47 53.25 
12 2702.32 63.57 
13 2940.53 136.06 
14 2941.49 137.06 
15 2949.11 149.98 
16 2956.72 162.91 
17 2961.72 171.40 

** Corrected JANBU FOS = 1.917 ** (Fo factor = 1.019) 

1'.,.,..,,,.., 

coordinate points '·- ,, 
Failure surface No. 8 specified by 15 

Point x-surf y-surf 
No. (ft) (ft) 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

241.00 134.43 
242.22 133.71 
255.15 126.10 
268.07 118.48 
268.63 117.95 
525.65 32.26 

1415.01 56.35 
1597.36 52.86 
2161.86 53.04 
2715.21 64.36 
2950.85 139.44 
2951.91 140.54 
2959.52 153.46 
2967.13 166.38 
2969.81 170.92 

JANBU FOS = 1.921 ** 

No. 9 specified by 14 

x-surf y-surf 
(ft) (ft) 

243.02 134.93 
248.83 131.51 
261.76 123.89 
274.68 116.28 
275.19 115.79 
525.45 31.94 

1389.99 55.55 
1569.92 52.82 
2174.72 53.44 
2698.76 64.18 
2966.85 144.67 
2968.07 145.93 
2975.68 158.86 
2982.35 170.18 

JANBU FOS = 1. 921 ** 

No.10 specified by 15 

x-surf y-surf 
(ft) (ft) 

244.27 135.06 
252.22 130.38 
265.14 122.77 
278.07 115.15 
278.17 115.05 
525.85 31.93 

1374.48 55.40 
1560.34 53.26 
2150.67 53.02 
2699.92 63.97 
2954.28 141. 09 
2954.62 141.44 

"'z._ -oz..n 
1"~ 

1- -rJ"f"',, -OJ~ 

(Fo factor= 1.019) 

coordinate points 

(Fo factor = 1. 018) 

coordinate points 



z.t.lo~ ~\ 

13 2962.24 154.37 l,v z_- 0 uv 

14 2969.85 167.29 fml' 
15 2971.92 170.80 + -)'.1-r, - q 1-

r' ** Corrected JANBU FOS 1.925 ** (Fo factor 1.019) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Total Basal Failue Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 1.598 1.018 250.19 2988.47 2.807E+06 
2. 1.693 1.018 243.11 2982.50 2.962E+06 
3. 1.736 1.018 253.72 2995.73 3.029E+06 
4. 1.836 1. 019 251.81 2972.38 3.195E+06 
5. 1.907 1.018 246.97 2983.65 3.329E+06 
6. 1.915 1.019 255.78 2972.45 3.323E+06 
7. 1.917 1. 019 256.92 2961.72 3.330E+06 
8 . 1.921 1.019 241.00 2969.81 3.353E+06 
9. 1.921 1.018 243.02 2982.35 3.362E+06 

10. 1.925 1.019 244.27 2971.92 3.360E+06 

* * * END OF FILE * * * 
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XSTABL File: GTBA1 11-06-97 8:45 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Basal Failure aa 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

10 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 5.0 122.0 315.6 123.8 
2 315.6 123.8 375.2 143.6 
3 375.2 143.6 436.8 143.6 
4 436.8 143.6 474.5 153.0 
5 474.5 153.0 1146.0 192.8 
6 1146.0 192.8 1813.7 204.9 
7 1813.7 204.9 1884.7 205.0 
8 1884.7 205.0 2519.5 165.0 
9 2519.5 165.0 2543.7 159.0 

10 2543.7 159.0 2872.9 156.7 

10 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 436.8 143.6 465.1 143.6 
2 465.1 143.6 772.5 41.1 
3 772.5 41.1 1399.3 52.9 
4 1399.3 52.9 1433.2 69.8 
5 1433.2 69.8 1448.8 69.9 
6 1448.8 69.9 1472.6 58.0 
7 1472.6 58.0 2008.1 58.3 
8 2008.1 58.3 2233.9 65.1 
9 2233.9 65.1 2515.4 159.0 

(, ~ l - Q 2-N 

fwt' 
'?- N•v- q +-

Soil Unit 
Below Segment 

2 
2 
2 
1 
1 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 



10 2515.4 159.0 2543.7 159.0 2 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 

Pore Pressure 
Parameter Constant 

1 
2 

(pcf) (pcf) 

110.0 
110.0 

110.0 
110.0 

. 0 
440.0 

29.00 
2.00 

Ru (psf) 

.000 

.000 
. 0 
.0 

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. 

500 trial surfaces will be generated and analyzed. 

7 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

(,o-z_-oz_o(J 

'"""' 7- -1\\""'- q t-

Water 
Surface 

No. 

0 
0 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 485.1 136.5 535.1 119.8 1.0 
2 771.5 40.6 772.5 40.6 1.0 
3 1374.3 51.9 1399.3 52.4 1.0 
4 1472.6 57.5 1497.6 57.5 1.0 
5 1998.1 57.8 2018.1 58.1 1.0 
6 2233.9 64.6 2234.9 64.6 1.0 
7 2470.4 143.5 2495.4 151.8 1.0 

************************************************************* 
** 
** 
** 

Factor of safety calculation for surface # 
failed to converge within FIFTY iterations 

14 ** 
** 
** 

** The last calculated value of the FOS was 24.1013 ** 
** This will be ignored for final summary of results ** 
************************************************************* 

The trial failure surface in question is 
defined by the following 17 coordinate points 



<' 

,, 

6 518.34 128.05 
7 526.96 122.97 
8 527.27 122.67 
9 772.45 40.43 

10 1389.84 52.11 
11 1474.50 57.87 
12 2015.50 58.52 
13 2234.79 64.33 
14 2479.57 146.59 
15 2480.21 147.26 
16 2485.29 155.88 
17 2490.36 164.49 
18 2491.69 166.75 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.15 150.17 
2 469.09 146.67 
3 477.71 141.60 
4 486.32 136.52 
5 487.29 135.59 
6 772.40 40.13 
7 1393.41 51.80 
8 1485.69 57.85 
9 2006.10 57.83 

10 2234.85 65.02 
11 2471.94 144.45 
12 2472.01 144.53 
13 2477.09 153.14 
14 2482.17 161.76 
15 2485.34 167.15 

{ q. -~ 

~oz. -oz.~ 

'"" 7 -Nov- q1 

** Corrected JANBU FOS = 8.520 ** (Fo factor = 1.026) 

Failure surface No. 2 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.91 150.11 
2 468.30 146.94 
3 476.92 141.86 
4 485.53 136.79 
5 486.48 135.87 
6 772.31 40.12 

~I 
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7 1383.52 51.68 
WZ. -OU1 

8 1479.38 57.79 f'MI' 

9 2006.15 58.09 +-N.n- ~ l 
10 2234.88 64.70 

•'< 11 2484.73 148.57 
12 2485.01 148.86 
13 2490.08 157.48 
14 2495.16 166.10 
15 2495.41 166.52 

** Corrected JANBU FOS = 8.561 ** (Fo factor = 1.026) 

Failure surface No. 3 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.95 150.37 
2 471.72 145.80 
3 480.33 140.72 
4 488.95 135.65 
5 489.83 134.79 
6 771.82 40.61 
7 1382.69 51.61 
8 1489.81 57.19< 
9 2003.49 57.89 

10 2234.20 64.99 
11 2478.90 146.38 
12 2479.54 147.04 
13 2484.62 155.65 
14 2489.69 164.27 
15 2491.17 166.78 

** Corrected JANBU FOS = 8.587 ** (Fo factor 1.026) 

Failure surface No. 4 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.67 150.05 
2 467.51 147.20 
3 476.13 142.12 
4 484.75 137.05 
5 485.97 135.87 
6 772.41 40.28 
7 1391.97 51.80 
8 1488.01 57.64 
9 2002.09 57.55 

10 2234.24 64.34 
11 2477.25 145.96 
12 2477.70 146.42 
13 2482.77 155.04 
14 2487.85 163.66 

~-""'"'"c 15 2489.74 166.87 

** Corrected JANBU FOS = 8.592 ** (Fo factor = 1.026) 
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Failure surface No. 5 specified by 15 coordinate points 
rmf 

-:fN~-~1 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.48 150.00 
2 466.87 147.42 
3 475.48 142.34 
4 484.10 137.26 
5 485.50 135.91 
6 772.37 40.47 
7 1381.45 51.74 
8 1484.86 57.41 
9 1998.79 57.56 

10 2234.71 64.37 
11 2471.18 143.60 
12 2472.11 144.56 
13 2477.18 153.18 
14 2482.26 161.79 
15 2485.41 167.15 

** Corrected JANBU FOS = 8.602 ** (Fo factor = 1. 026) 

Failure surface No. 6 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 464.16 150.42 
2 472.40 145.57 
3 481.01 140.50 
4 489.63 135.42 
5 489.76 135.29 
6 771.80 40.46 
7 1392.89 51.81 
8 1488.45 57.78 
9 2008.72 58.26 

10 2234.22 64.77 
11 2476.23 145.20 
12 2477.28 146.28 
13 2482.36 154.90 
14 2487.43 163.52 
15 2489.42 166.90 

** Corrected JANBU FOS = 8.603 ** (Fo factor = 1.026) 

Failure surface No. 7 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 464.06 150.40 
2 472.07 145.68 
3 480.69 140.60 
4 489.31 135.53 
5 490.44 134.44 
6 772.11 40.29 



7 
8 
9 

10 
11 

,, 12 
13 
14 
15 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

** Corrected 

Failure surface 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

** Corrected 

1391.42 52.41 
1486.08 57.54 
2012.77 57.55 
2234.06 64.79 
2471.15 143.66 
2471.97 144.51 
2477.05 153.13 
2482.12 161.75 
2485.31 167.15 

JANBU FOS = 8.615 ** 

No. 8 specified by 15 

x-surf y-surf 
(ft) (ft) 

463.23 150.19 
469.33 146.60 
477.94 141.52 
486.56 136.45 
487.63 135.41 
772.44 40.42 

1386.64 51.99 
1487.94 57.87 
2008.46 58.25 
2234.66 64.43 
2476.27 144.99 
2477.63 146.40 
2482.71 155.02 
2487.79 163.64 
2489.70 166.88 

JANBU FOS = 8.621 ** 

No. 9 specified by 15 

x-surf y-surf 
(ft) (ft) 

462.66 150.05 
467.49 147.21 
476.10 142.13 
484.72 137.06 
485.90 135.92 
772.11 40.95 

1382.25 51.80 
1490.13 57.59 
2011.03 57.93 
2234.28 64.79 
2481.52 147.24 
2482.17 147.92 
2487.24 156.53 
2492.32 165.15 
2493.21 166.66 

JANBU FOS = 8.629 ** 

(,~ z_ -Q2 O'i 

fml' 
+-rJo....,-~+ 

(Fo factor = 1.026) 

coordinate points 

(Fo factor = 1.026) 

coordinate points 

(Fo factor 1. 025) 
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Failure surface No.10 specified by 15 coordinate points 
fmP 

':t -N.:."' -'l + 
Point x-surf y-surf 

No. (ft) (ft) 

1 463.26 150.20 
2 469.44 146.56 
3 478.06 141.48 
4 486.67 136.41 
5 486.99 136.10 
6 771.60 40.80 
7 1397.94 51.94 
8 1475.88 57.05 
9 2009.02 57.66 

10 2234.31 64.52 
11 2477.48 146.27 
12 2477.60 146.39 
13 2482.68 155.01 
14 2487.75 163.62 
15 2489.67 166.88 

** Corrected JANBU FOS = 8.637 ** (Fo factor 1. 025) 

******************************************************************** 
**' ** 
** Out of the 500 surfaces generated and analyzed by XSTABL, ** 
** 6 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 
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XSTABL File: GTBA1Q 11-06-97 8:46 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Basal Failure aa Q 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

10 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 5.0 122-.0 315.6 123.8 
2 315.6 123.8 375.2 143.6 
3 375.2 143.6 436.8 143.6 
4 436.8 143.6 474.5 153.0 
5 474.5 153.0 1146.0 192.8 
6 1146.0 192.8 1813.7 204.9 
7 1813.7 204.9 1884.7 205.0 
8 1884.7 205.0 2519.5 165.0 
9 2519.5 165.0 2543.7 159.0 

10 2543.7 159.0 2872.9 156.7 

10 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 436.8 143.6 465.1 143.6 
2 465.1 143.6 772.5 41.1 
3 772.5 41.1 1399.3 52.9 
4 1399.3 52.9 1433.2 69.8 
5 1433.2 69.8 1448.8 69.9 
6 1448.8 69.9 1472.6 58.0 
7 1472.6 58.0 2008.1 58.3 
8 2008.1 58.3 2233.9 65.1 
9 2233.9 65.1 2515.4 159.0 

Soil 
Below 

Soil 

~oz.-o~ 

prnto 
1 -N•-v -C) 1 

Unit 
Segment 

2 
2 
2 
1 
1 
1 
1 
1 
1 
2 

Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 



10 2515.4 159.0 2543.7 159.0 2 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 

Pore Pressure 
Parameter Constant 

1 
2 

(pcf) (pcf) 

110.0 
110.0 

110.0 
110.0 

. 0 
440.0 

29.00 
2.00 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

Ru (psf) 

.000 

.000 
. 0 
. 0 

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. 

500 trial surfaces will be generated and analyzed. 

7 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

!Qoz -02.«7 

Pml 
+-N.'~-"1"1-

Water 
Surface 

No. 

0 
0 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 485.1 136.5 535.1 119.8 1.0 
2 771.5 40.6 772.5 40.6 1.0 
3 1374.3 51.9 1399.3 52.4 1.0 
4 1472.6 57.5 1497.6 57.5 1.0 
5 1998.1 57.8 2018.1 58.1 1.0 
6 2233.9 64.6 2234.9 64.6 1.0 
7 2470.4 143.5 2495.4 151.8 1.0 

************************************************************************ 
ERROR # 38 
************************************************************************ 
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The program calculated a point for the PASSIVE wedge that is outside p~~ 
the defined slope geometry. The analysis will continue, but the user +-N,'~-~ 
should adjust the search box or slope geometry to allow a passive 
wedge to be formed from all points within first box. 

, ************************************************************************ 

r·· 

"- .. 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.91 150.11 
2 468.30 146.94 
3 476.92 141.86 
4 485.53 136.79 
5 486.48 135.87 
6 772.31 40.12 
7 1383.52 51.68 
8 1479.38 57.79 
9 2006.15 58.09 

10 2234.88 64.70 
11 2484.73 148.57 
12 2485.01 148.86 
13 2490.08 157.48 
14 2495.16 166.10 
15 2495.41 166.52 

** Corrected JANBU FOS = 1.494 ** (Fo factor = 1.026) 

Failure surface No. 2 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.15 150.17 
2 469.09 146.67 
3 477.71 141.60 
4 486.32 136.52 
5 487.29 135.59 
6 772.40 40.13 
7 1393.41 51.80 
8 1485.69 57.85 
9 2006.10 57.83 

10 2234.85 65.02 
11 2471.94 144.45 
12 2472.01 144.53 
13 2477.09 153.14 



31-or..- ~! 

14 2482.17 161.76 
~oz. "1/'t-.-i 

fnu' 15 2485.34 167.15 
~ -(\1.;...,- ~ + 

** Corrected JANBU FOS = 1.495 ** (Fo factor 1.026) 
"'' 
,.,,, 

Failure surface No. 3 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.67 150.05 
2 467.51 147.20 
3 476.13 142.12 
4 484.75 137.05 
5 485.97 135.87 
6 772.41 40.28 
7 1391.97 51.80 
8 1488.01 57.64 
9 2002.09 57.55 

10 2234.24 64.34 
11 2477.25 145.96 
12 2477.70 146.42 
13 2482.77 155.04 
14 2487.85 163.66 
15 2489.74 166.87 

** Corrected JANBU FOS 1.495 ** (Fo factor 1.026) 

Failure surface No. 4 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.48 150.00 
2 466.87 147.42 
3 475.48 142.34 
4 484.10 137.26 
5 485.50 135.91 
6 772.37 40.47 
7 1381.45 51.74 
8 1484.86 57.41 
9 1998.79 57.56 

10 2234.71 64.37 
11 2471.18 143.60 
12 2472.11 144.56 
13 2477.18 153.18 
14 2482.26 161.79 
15 2485.41 167.15 

** Corrected JANBU FOS = 1.496 ** (Fo factor = 1.026) 

Failure surface No. 5 specified by 14 coordinate points 
,?'4"J% 

''1tb-~' 
Point x-surf y-surf 

No. (ft) (ft) 

1 462.63 150.04 



_5'6 eo\. '6l 
~QZ -Ql.4i 

2 467.37 147.25 fWII' 
3 475.99 142.17 ~-t~.l ... -~~ 
4 484.61 137.10 
5 485.32 136.41 

t' 6 771.68 40.44 
7 1375.07 51.57 
8 1483.66 57.47 
9 2010.87 57.67 

10 2234.07 64.61 
11 2493.87 150.81 
12 2495.31 152.30 
13 2500.38 160.91 
14 2503.39 166.02 

** Corrected JANBU FOS = 1.496 ** (Fo factor = 1.025) 

Failure surface No. 6 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.66 150.05 
2 467.49 147.21 
3 476.10 142.13 
4 484.72 137.06 
5 485.90 135.92 
6 772.11 40.95 
7 1382.25 51.80 
8 1490.13 57.59 
9 2011.03 57.93 

10 2234.28 64.79 
11 2481.52 147.24 
12 2482.17 147.92 
13 2487.24 156.53 
14 2492.32 165.15 
15 2493.21 166.66 

** Corrected JANBU FOS = 1.496 ** (Fo factor = 1.025) 

Failure surface No. 7 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.34 150.22 
2 469.71 146.47 
3 478.33 141.39 
4 486.94 136.32 
5 487.69 135.59 
6 772.14 40.61 
7 1394.22 51.87 
8 1490.96 57.03 
9 1998.34 57.90 

10 2234.42 64.44 
11 2482.28 147.09 
12 2483.50 148.36 
13 2488.58 156.98 
14 2493.65 165.59 



.s ~ ~~ 'b' 
15 2494.24 

\,q z. -QZ4~ 
166.59 fm~ 

** Corrected JANBU FOS 1.497 ** (Fo factor 1. 025) 
~ -N. ... -q~ 

Failure surface No. 8 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.95 150.37 
2 471.72 145.80 
3 480.33 140.72 
4 488.95 135.65 
5 489.83 134.79 
6 771.82 40.61 
7 1382.69 51.61 
8 1489.81 57.19 
9 2003.49 57.89 

10 2234.20 64.99 
11 2478.90 146.38 
12 2479.54 147.04 
13 2484.62 155.65 
14 2489.69 164.27 
15 2491.17 166.78 

** Corrected JANBU FOS = 1.497 ** (Fo factor = 1.026) 

Failure surface No. 9 specified by 15 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.17 150.17 
2 469.13 146.66 
3 477.75 141.58 
4 486.37 136.51 
5 486.53 136.35 
6 772.40 40.26 
7 1382.80 51.58 
8 1486.63 57.24 
9 2000.54 57.44 

10 2234.81 64.23 
11 2474.20 144.48 
12 2475.30 145.63 
13 2480.38 154.24 
14 2485.46 162.86 
15 2487.89 166.99 

** Corrected JANBU FOS = 1.497 ** (Fo factor 1.026) 

Failure surface No.10 specified by 14 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.88 150.10 
2 468.19 146.98 
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Got- -ou-Q 
3 476.80 141.90 

I""""' 4 485.42 136.82 ~-N·~ _q~ 
5 486.10 136.16 
6 771.84 40.55 

l' 
''>',, 7 1388.28 51.92 

8 1494.96 57.76 
9 2016.15 57.80 

10 2234.37 64.30 
11 2491.07 150.44 
12 2491.70 151.10 
13 2496.78 159.71 
14 2500.59 166.19 

** Corrected JANBU FOS = 1.497 ** (Fo factor = 1.025) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Basal Failure aa Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) ( lb) 

1. 1.494 1.026 462.91 2495.41 1.862E+06 
2. 1. 495 1. 026 463.15 2485.34 1.860E+06 
3. 1.495 1.026 462.67 2489.74 1.862E+06 
4. 1.496 1. 026 462.48 2485.41 1.860E+06 
5. 1. 496 1. 025 462.63 2503.39 1.865E+06 
6 . 1.496 1.025 462.66 2493.21 1.860E+06 
7. 1.497 1. 025 463.34 2494.24 1.863E+06 
8 . 1.497 1. 026 463.95 2491.17 1.863E+06 
9. 1.497 1. 026 463.17 2487.89 1.863E+06 

10. 1.497 1. 025 462.88 2500.59 1.864E+06 

* * * END OF FILE * * * 
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XSTABL File: GTB2 11-06-97 6:34 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Total Basal Failue Q 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

9 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 . 0 131.9 213.0 127.5 
2 213.0 127.5 243.3 135.0 
3 243.3 135.0 590.6 155.8 
4 590.6 155.8 1473.6 163.6 
5 1473.6 163.6 2338.5 204.8 
6 2338.5 204.8 2394.6 205.0 
7 2394.6 205.0 2985.4 170.0 
8 2985.4 170.0 3036.6 160.0 
9 3036.6 160.0 3266.9 157.0 

10 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 213.0 127.5 241.3 127.4 
2 241.3 127.4 525.9 32.6 
3 525.9 32.6 1459.4 57.9 
4 1459.4 57.9 1483.7 70.0 
5 1483.7 70.0 1498.7 70.0 
6 1498.7 70.0 1531.4 53.7 
7 1531.4 53.7 2159.5 53.7 
8 2159.5 53.7 2725.7 65.0 
9 2725.7 65.0 3009.3 159.7 

10 3009.3 159.7 3036.6 160.0 

Soil 
Below 

Soil 

~oz..- QG.-f\l 

+-Nw-~1-

f'""P 

Unit 
Segment 

2 
1 
1 
1 
1 
1 
1 
1 
2 

Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure 
Unit Moist Sat. Intercept Angle Parameter Constant 

No. (pcf) (pcf) (psf) (deg) Ru (psf) 

1 110.0 110.0 . 0 29.00 .000 . 0 
2 110.0 110.0 440.0 2.00 .000 . 0 

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. 

500 trial surfaces will be generated and analyzed. 

5 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 261.3 120.3 311.3 103.6 1.0 
2 524.9 32.1 575.9 33.4 1.0 
3 1359.4 54.7 1459.4 57.4 1.0 
4 1531.4 53.2 2159.5 52.7 1.0 
5 2184.5 53.7 2726.7 64.5 1.0 

************************************************************* 
** 
** 
** 

Factor of safety calculation for surface # 
failed to converge within FIFTY iterations 

64 ** 
** 
** 

** The last calculated value of the FOS was 21.2076 ** 
** This will be ignored for final summary of results ** 
************************************************************* 

The trial failure surface in question is 
defined by the following 26 coordinate points 

Point 
No. 

x-surf 
(ft) 

y-surf 
(ft) 

+. N.f-.- c, t 

Water 
Surface 

No. 

0 
0 



The 10 most critical of all the failure surfaces examined 
are displayed below the most critical first 

Failure surface No. 1 specified by 29 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 243.98 135.04 
2 251.47 130.63 
3 260.09 125.55 
4 268.70 120.48 
5 277.32 115.40 
6 278.63 114.14 
7 527.07 31.99 
8 1367.24 54.58 
9 1746.80 52.70 

10 2216.16 54.07 
11 2216.91 54.85 
12 2221.99 63.46 
13 2227.07 72.08 
14 2232.14 80.69 
15 2237.22 89.31 
16 2242.29 97.93 
17 2247.37 106.54 
18 2252.44 115.16 
19 2257.52 123.78 
20 2262.59 132.39 
21 2267.67 141.01 
22 2272.74 149.63 
23 2277.82 158.24 
24 2282.90 166.86 
25 2287.97 175.47 
26 2293.05 184.09 
27 2298.12 192.71 
28 2303.20 201.32 
29 2304.28 203.17 

** Corrected JANBU FOS = 4.778 ** (Fo factor = 1.032) 

Failure surface No. 2 specified by 31 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 255.62 135.74 
2 263.75 130.95 
3 272.37 125.87 
4 280.99 120.80 
5 289.60 115.72 
6 298.22 110.65 
7 306.84 105.57 
8 306.89 105.52 
9 560.85 32.94 

10 1376.54 55.51 
11 1656.88 53.39 

~n-ot.~ 

fi"'l' 
+ -N\Iv- ~ t 
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12 2191.25 53.45 ~~z-o~ 

13 2192.12 54.35 '""' 14 2197.20 62.97 +.-fiAw-q-;. 
15 2202.27 71.58 
16 2207.35 80.20 
17 2212.42 88.82 
18 2217.50 97.43 
19 2222.57 106.05 
20 2227.65 114.67 
21 2232.72 123.28 
22 2237.80 131.90 
23 2242.87 140.51 
24 2247.95 149.13 
25 2253.03 157.75 
26 2258.10 166.36 
27 2263.18 174.98 
28 2268.25 183.60 
29 2273.33 192.21 
30 2278.40 200.83 
31 2279.07 201.97 

** Corrected JANBU FOS = 6.261 ** (Fo factor = 1.032) 

Failure surface No. 3 specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 246.97 135.22 
2 250.43 133.18 
3 259.04 128.11 
4 267.66 123.03 
5 276.28 117.96 
6 284.89 112.88 
7 285.29 112.49 
8 548.51 32.85 
9 1360.20 54.32 

10 1743.27 53.48 
11 2188.01 53.68 
12 2188.59 54.28 
13 2193.66 62.90 
14 2198.74 71.51 
15 2203.81 80.13 
16 2208.89 88.75 
17 2213.96 97.36 
18 2219.04 105.98 
19 2224.11 114.59 
20 2229.19 123.21 
21 2234.26 131.83 
22 2239.34 140.44 
23 2244.42 149.06 
24 2249.49 157.68 
25 2254.57 166.29 
26 2259.64 174.91 
27 2264.72 183.52 
28 2269.79 192.14 
29 2274.87 200.76 
30 2275.48 201.80 
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** Corrected JANBU FOS 6.418 (Fo 
(;~l--0~ 

= ** factor = 1.032) ('rrlf 

-:t -N..-v- ~~ 

Failure surface No. 4 specified by 30 coordinate points ,, 

Point x-surf y-surf 
No. (ft) (ft) 

1 245.82 135.15 
2 247.53 134.15 
3 256.14 129.07 
4 264.76 124.00 
5 273.38 118.92 
6 281.99 113.85 
7 282.25 113.59 
8 573.03 33.60 
9 1362.45 54.55 

10 2097.66 52.41 
11 2245.43 55.08 
12 2245.76 55.42 
13 2250.84 64.04 
14 2255.91 72.65 
15 2260.99 81.27 
16 2266.06 89.89 
17 2271.14 98.50 
18 2276.21 107.12 
19 2281.29 115.74 
20 2286.36 124.35 
21 2291.44 132.97 
22 2296.51 141.58 
23 2301.59 150.20 
24 2306.67 158.82 
25 2311.74 167.43 
26 2316.82 176.05 
27 2321.89 184.67 
28 2326.97 193.28 
29 2332.04 201.90 
30 2333.61 204.57 

** Corrected JANBU FOS = 6.430 ** (Fo factor 1.032) 

Failure surface No. 5 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 240.14 134.22 
2 248.04 129.57 
3 256.66 124.49 
4 265.27 119.41 
5 266.38 118.34 
6 568.42 32.89 
7 1387.20 55.01 

l~t-. 
8 1697.66 53.02 
9 2203.86 53.83 

··~'ijl.i'!..,... 10 2204.61 54.60 
11 2209.68 63.22 
12 2214.76 71.83 
13 2219.84 80.45 



LJ1-~ ~I 
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14 2224.91 89.07 rm~ 
15 2229.99 97.68 '1 4\(-N - q t-
16 2235.06 106.30 
17 2240.14 114.91 
18 2245.21 123.53 

-\11 "v 19 2250.29 132.15 
20 2255.36 140.76 
21 2260.44 149.38 
22 2265.51 158.00 
23 2270.59 166.61 
24 2275.67 175.23 
25 2280.74 183.84 
26 2285.82 192.46 
27 2290.89 201.08 
28 2291.77 202.57 

** Corrected JANBU FOS = 6.443 ** (Fo factor = 1. 032) 

Failure surface No. 6 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 240.36 134.27 
2 248.76 129.33 
3 257.38 124.25 
4 265.99 119.17 
5 267.17 118.03 
6 526.25 31.81 
7 1364.70 55.23 

\Ill\<;·-"" 

8 2004.20 52.87 
9 2192.36 54.07 

10 2192.64 54.36 
11 2197.71 62.98 
12 2202.79 71.59 
13 2207.86 80.21 
14 2212.94 88.83 
15 2218.01 97.44 
16 2223.09 106.06 
17 2228.16 114.68 
18 2233.24 123.29 
19 2238.32 131.91 
20 2243.39 140.52 
21 2248.47 149.14 
22 2253.54 157.76 
23 2258.62 166.37 
24 2263.69 174.99 
25 2268.77 183.61 
26 2273.84 192.22 
27 2278.92 200.84 
28 2279.60 201.99 

** Corrected JANBU FOS = 6.454 ** (Fo factor = 1.032) 

"""'""' 
Failure surface No. 7 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 



l.JLt,.,C ~l 

~U.-iJl~ 

1 239.21 133.99 pmr 
2 245.00 130.58 :;. - rJ~'J- ~+ 

3 253.61 125.50 
4 262.23 120.43 

'·· 5 262.91 119.78 
6 527.33 32.54 
7 1366.35 54.92 
8 2151.22 52.22 
9 2196.27 53.67 

10 2197.02 54.45 
11 2202.10 63.07 
12 2207.17 71.68 
13 2212.25 80.30 
14 2217.32 88.91 
15 2222.40 97.53 
16 2227.48 106.15 
17 2232.55 114.76 
18 2237.63 123.38 
19 2242.70 132.00 
20 2247.78 140.61 
21 2252.85 149.23 
22 2257.93 157.84 
23 2263.00 166.46 
24 2268.08 175.08 
25 2273.15 183.69 
26 2278.23 192.31 
27 2283.30 200.93 
28 2284.06 202.21 

** Corrected JANBU FOS = 6.503 ** (Fo factor = 1.032) 

Failure surface No. 8 specified by 29 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 244.55 135.07 
2 252.91 130.15 
3 261.52 125.07 
4 270.14 120.00 
5 278.76 114.92 
6 280.21 113.52 
7 544.74 32.45 
8 1422.26 56.72 
9 1731.78 52.90 

10 2193.15 53.56 
11 2193.95 54.39 
12 2199.03 63.00 
13 2204.11 71.62 
14 2209.18 80.24 
15 2214.26 88.85 
16 2219.33 97.47 
17 2224.41 106.09 
18 2229.48 114.70 
19 2234.56 123.32 

"•,iii,~"'-"'" 

20 2239.63 131.93 
21 2244.71 140.55 
22 2249.78 149.17 



4' .. ~ ~ \ 
23 2254.86 157.78 

~z_ -QZ-fO 

)>mf' 24 2259.94 166.40 
~ -1\lt" -~~ 25 2265.01 175.02 

26 2270.09 183.63 
27 2275.16 192.25 
28 2280.24 200.86 
29 2280.94 202.06 

** Corrected JANBU FOS ::: 6.529 ** (Fo factor = 1.032) 

Failure surface No. 9 specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 249.58 135.38 
2 257.06 130.97 
3 265.67 125.90 
4 274.29 120.82 
5 282.91 115.75 
6 291.52 110.67 
7 291.62 110.57 
8 553.55 32.82 
9 1400.64 56.22 

10 1770.45 52.57 
11 2196.42 53.60 
12 2197.24 54.45 
13 2202.31 63.07 
14 2207.39 71.69 
15 2212.47 80.30 
16 2217.54 88.92 
17 2222.62 97.53 
18 2227.69 106.15 
19 2232.77 114.77 
20 2237.84 123.38 
21 2242.92 132.00 
22 2247.99 140.62 
23 2253.07 149.23 
24 2258.14 157.85 
25 2263.22 166.46 
26 2268.30 175.08 
27 2273.37 183.70 
28 2278.45 192.31 
29 2283.52 200.93 
30 2284.28 202.22 

** Corrected JANBU FOS = 6.540 ** (Fo factor = 1. 032) 

Failure surface No.10 specified by 29 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 240.47 134.30 
2 240.50 134.28 
3 249.11 129.21 
4 257.73 124.13 
5 266.35 119.06 



50 o~ ~I 
6 267.68 117.77 (ooz.~2<1'0 

7 528.89 32.33 
Pmf' 

8 1374.04 55.47 ? - ~ \'1- C)+ 

9 2089.03 52.34 
10 2288.19 56.06 
11 2288.40 56.27 
12 2293.47 64.89 
13 2298.55 73.51 
14 2303.62 82.12 
15 2308.70 90.74 
16 2313.77 99.35 
17 2318.85 107.97 
18 2323.92 116.59 
19 2329.00 125.20 
20 2334.07 133.82 
21 2339.15 142.44 
22 2344.23 151.05 
23 2349.30 159.67 
24 2354.38 168.28 
25 2359.45 176.90 
26 2364.53 185.52 
27 2369.60 194.13 
28 2374.68 202.75 
29 2375.96 204.93 

** Corrected JANBU FOS = 6.582 ** (Fo factor 1.031) 

******************************************************************** 
** ** 
** Out of the 500 surfaces generated and analyzed by XSTABL, ** 
** 10 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Total Basal Failue Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 4.778 1.032 243.98 2304.28 3.077E+06 
2. 6.261 1. 032 255.62 2279.07 3.964E+06 
3. 6.418 1.032 246.97 2275.48 4.090E+06 
4. 6.430 1.032 245.82 2333.61 4.330E+06 
5. 6.443 1. 032 240.14 2291.77 4.165E+06 
6. 6.454 1.032 240.36 2279.60 4.233E+06 
7. 6.503 1.032 239.21 2284.06 4.254E+06 
8. 6.529 1. 032 244.55 2280.94 4.210E+06 
9. 6.540 1.032 249.58 2284.28 4.211E+06 

10. 6.582 1. 031 240.47 2375.96 4.707E+06 



* * * END OF FILE * * * 
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XSTABL File: GTB2Q 11-06-97 6:31 

****************************************** 
* X S T A B L * 
* * ,.,., 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Total Basal Failue Q 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

,:,·, 9 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 . 0 131.9 213.0 127.5 
2 213.0 127.5 243.3 135.0 
3 243.3 135.0 590.6 155.8 
4 590.6 155.8 1473.6 163.6 
5 1473.6 163.6 2338.5 204.8 
6 2338.5 204.8 2394.6 205.0 
7 2394.6 205.0 2985.4 170.0 
8 2985.4 170.0 3036.6 160.0 
9 3036.6 160.0 3266.9 157.0 

10 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 213.0 127.5 241.3 127.4 
2 241.3 127.4 525.9 32.6 
3 525.9 32.6 1459.4 57.9 
4 1459.4 57.9 1483.7 70.0 
5 1483.7 70.0 1498.7 70.0 

.*«'"" 6 1498.7 70.0 1531.4 53.7 
-~,~,p·' 7 1531.4 53.7 2159.5 53.7 

8 2159.5 53.7 2725.7 65.0 
9 2725.7 65.0 3009.3 159.7 

10 3009.3 159.7 3036.6 160.0 

Soil 

)3 .~%I 

~oz..-0 2-f~ 

frnt' 
-:;zr>J,....,-n .. 

Unit 
Below Segment 

2 
1 
1 
1 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 

Pore Pressure 
Parameter Constant 

1 
2 

(pcf) (pcf) 

110.0 
110.0 

110.0 
110.0 

. 0 
440.0 

29.00 
2.00 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

Ru (psf) 

.000 

.000 
. 0 
. 0 

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. 

500 trial surfaces will be generated and analyzed. 

5 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

~oz -ouo 
pmf 

:+ -N "l - 0, t-

Water 
Surface 

No. 

0 
0 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 261.3 120.3 311.3 103.6 1.0 
2 524.9 32.1 575.9 33.4 1.0 
3 1359.4 54.7 1459.4 57.4 1.0 
4 1531.4 53.2 2159.5 52.7 1.0 
5 2184.5 53.7 2726.7 64.5 1.0 

************************************************************************ 
ERROR # 38 
************************************************************************ 
The program calculated a point for the PASSIVE 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 a passive 



,II!<~~ 

,..,_ 

wedge to be formed from all points within first box. 

)~ .. ~"'' 
(,oz.-•~ov 

fmP 
************************************************************************ 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 29 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 243.98 135.04 
2 251.47 130.63 
3 260.09 125.55 
4 268.70 120.48 
5 277.32 115.40 
6 278.63 114.14 
7 527.07 31.99 
8 1367.24 54.58 
9 1746.80 52.70 

10 2216.16 54.07 
11 2216.91 54.85 
12 2221.99 63.46 
13 2227.07 72.08 
14 2232.14 80.69 
15 2237.22 89.31 
16 2242.29 97.93 
17 2247.37 106.54 
18 2252.44 115.16 
19 2257.52 123.78 
20 2262.59 132.39 
21 2267.67 141.01 
22 2272.74 149.63 
23 2277.82 158.24 
24 2282.90 166.86 
25 2287.97 175.47 
26 2293.05 184.09 
27 2298.12 192.71 
28 2303.20 201.32 
29 2304.28 203.17 

** Corrected JANBU FOS = 1. 984 ** (Fo factor = 1.032) 

Failure surface No. 2 specified by 31 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 255.62 135.74 
2 263.75 130.95 
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3 272.37 125.87 bf2.. -olAv 

4 280.99 120.80 fWtP 

5 289.60 115.72 ':l -1\1•'1 - c, l-

6 298.22 110.65 
7 306.84 105.57 

tt"'' 8 306.89 105.52 
9 560.85 32.94 

10 1376.54 55.51 
11 1656.88 53.39 
12 2191.25 53.45 
13 2192.12 54.35 
14 2197.20 62.97 
15 2202.27 71.58 
16 2207.35 80.20 
17 2212.42 88.82 
18 2217.50 97.43 
19 2222.57 106.05 
20 2227.65 114.67 
21 2232.72 123.28 
22 2237.80 131.90 
23 2242.87 140.51 
24 2247.95 149.13 
25 2253.03 157.75 
26 2258.10 166.36 
27 2263.18 174.98 
28 2268.25 183.60 
29 2273.33 192.21 
30 2278.40 200.83 
31 2279.07 201. 97 

** Corrected JANBU FOS = 2.671 ** (Fo factor = 1.032) 

Failure surface No. 3 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 245.44 135.13 
2 246.55 134.47 
3 255.16 129.40 
4 263.78 124.32 
5 272.39 119.25 
6 281.01 114.17 
7 281.87 113.35 
8 539.35 32.88 

'" 9 1364.46 54.59 
10 2118.96 52.56 
11 2452.08 58.87 
12 2452.73 59.55 
13 2457.81 68.17 
14 2462.89 76.78 
15 2467.96 85.40 
16 2473.04 94.02 
17 2478.11 102.63 
18 2483.19 111.25 

'Oift;.~* 19 2488.26 119.87 
20 2493.34 128.48 
21 2498.41 137.10 
22 2503.49 145.72 
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23 2508.56 154.33 
(Qoz.- OZ..fQ 

Pml' 24 2513.64 162.95 :f -1\LN -~"1-
25 2518.71 171.56 
26 2523.79 180.18 
27 2528.87 188.80 
28 2533.56 196.77 

** Corrected JANBU FOS = 2.738 ** (Fo factor 1.027) 

Failure surface No. 4 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 240.36 134.27 
2 248.76 129.33 
3 257.38 124.25 
4 265.99 119.17 
5 267.17 118.03 
6 526.25 31.81 
7 1364.70 55.23 
8 2004.20 52.87 
9 2192.36 54.07 

10 2192.64 54.36 
11 2197.71 62.98 
12 2202.79 71.59 
13 2207.86 80.21 
14 2212.94 88.83 
15 2218.01 97.44 
16 2223.09 106.06 
17 2228.16 114.68 
18 2233.24 123.29 
19 2238.32 131.91 
20 2243.39 140.52 
21 2248.47 149.14 
22 2253.54 157.76 
23 2258.62 166.37 
24 2263.69 174.99 
25 2268.77 183.61 
26 2273.84 192.22 
27 2278.92 200.84 
28 2279.60 201.99 

** Corrected JANBU FOS = 2.739 ** (Fo factor = 1.032) 

Failure surface No. 5 specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 246.97 135.22 
2 250.43 133.18 
3 259.04 128.11 
4 267.66 123.03 
5 276.28 117.96 
6 284.89 112.88 
7 285.29 112.49 
8 548.51 32.85 
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9 1360.20 54.32 ~oZ..-QUW 

10 1743.27 53.48 fi'V!f 

11 2188.01 53.68 + -rJ.,....,- ~~ 
12 2188.59 54.28 

'""'' 13 2193.66 62.90 
\,, .j>P 14 2198.74 71.51 

15 2203.81 80.13 
16 2208.89 88.75 
17 2213.96 97.36 
18 2219.04 105.98 
19 2224.11 114.59 
20 2229.19 123.21 
21 2234.26 131.83 
22 2239.34 140.44 
23 2244.42 149.06 
24 2249.49 157.68 
25 2254.57 166.29 
26 2259.64 174.91 
27 2264.72 183.52 
28 2269.79 192.14 
29 2274.87 200.76 
30 2275.48 201.80 

** Corrected JANBU FOS 2.741 ** (Fo factor = 1.032) 

Failure surface No. 6 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

~.~....,., 1 240.14 134.22 
2 248.04 129.57 
3 256.66 124.49 
4 265.27 119.41 
5 266.38 118.34 
6 568.42 32.89 
7 1387.20 55.01 
8 1697.66 53.02 
9 2203.86 53.83 

10 2204.61 54.60 
11 2209.68 63.22 
12 2214.76 71.83 
13 2219.84 80.45 
14 2224.91 89.07 
15 2229.99 97.68 
16 2235.06 106.30 
17 2240.14 114.91 
18 2245.21 123.53 
19 2250.29 132.15 
20 2255.36 140.76 
21 2260.44 149.38 
22 2265.51 158.00 
23 2270.59 166.61 
24 2275.67 175.23 , .... 
25 2280.74 183.84 
26 2285.82 192.46 
27 2290.89 201.08 
28 2291.77 202.57 



4, o~.CC.) 
** Corrected JANBU FOS = 2.756 ** (Fo factor = 1.032) 

(9Q'Z. -oz..,N 
PmP 

1 -r-J O'.f -~ 1-
Failure surface No. 7 specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 245.82 135.15 
2 247.53 134.15 
3 256.14 129.07 
4 264.76 124.00 
5 273.38 118.92 
6 281.99 113.85 
7 282.25 113.59 
8 573.03 33.60 
9 1362.45 54.55 

10 2097.66 52.41 
11 2245.43 55.08 
12 2245.76 55.42 
13 2250.84 64.04 
14 2255.91 72.65 
15 2260.99 81.27 
16 2266.06 89.89 
17 2271.14 98.50 
18 2276.21 107.12 
19 2281.29 115.74 
20 2286.36 124.35 
21 2291.44 132.97 
22 2296.51 141.58 
23 2301.59 150.20 
24 2306.67 158.82 
25 2311.74 167.43 
26 2316.82 176.05 
27 2321.89 184.67 
28 2326.97 193.28 
29 2332.04 201. 90 
30 2333.61 204.57 

** Corrected JANBU FOS = 2.772 ** (Fo factor = 1.032) 

Failure surface No. 8 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 251.53 135.49 
2 253.39 134.40 
3 262.01 129.32 
4 270.63 124.25 
5 279.24 119.17 
6 287.86 114.10 
7 296.48 109.02 
8 297.97 107.58 
9 532.87 32.49 

10 1362.40 54.69 
11 2103.14 52.67 
12 2556.40 60.88 
13 2557.13 61.64 
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14 2562.21 70.25 ~o< -oz.~ 

15 2567.28 78.87 f~l' 

16 2572.36 87.48 -=l-1\1," _ql-

17 2577.43 96.10 
18 2582.51 104.72 
19 2587.58 113.33 
20 2592.66 121.95 
21 2597.73 130.57 
22 2602.81 139.18 
23 2607.88 147.80 
24 2612.96 156.41 
25 2618.04 165.03 
26 2623.11 173.65 
27 2628.19 182.26 
28 2633.25 190.86 

** Corrected JANBU FOS = 2.785 ** (Fo factor = 1.025) 

Failure surface No. 9 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 239.21 133.99 
2 245.00 130.58 
3 .253.61 125.50 
4 262.23 120.43 
5 262.91 119.78 
6 527.33 32.54 
7 1366.35 54.92 
8 2151.22 52.22 
9 2196.27 53.67 

10 2197.02 54.45 
11 2202.10 63.07 
12 2207.17 71.68 
13 2212.25 80.30 
14 2217.32 88.91 
15 2222.40 97.53 
16 2227.48 106.15 
17 2232.55 114.76 
18 2237.63 123.38 
19 2242.70 132.00 
20 2247.78 140.61 
21 2252.85 149.23 
22 2257.93 157.84 
23 2263.00 166.46 
24 2268.08 175.08 
25 2273.15 183.69 
26 2278.23 192.31 
27 2283.30 200.93 
28 2284.06 202.21 

** Corrected JANBU FOS = 2.786 ** (Fo factor = 1.032) 

Failure surface No.10 specified by 29 coordinate points 
" 

Point x-surf y-surf 
No. (ft) (ft) 



(; I .. .( ~I 

~QZ- 02.<N 

1 244.55 135.07 fYI'!f 

2 252.91 130.15 -=t-1\.1 • .,-"11-

3 261.52 125.07 
4 270.14 120.00 
5 278.76 114.92 
6 280.21 113.52 
7 544.74 32.45 
8 1422.26 56.72 
9 1731.78 52.90 

10 2193.15 53.56 
11 2193.95 54.39 
12 2199.03 63.00 
13 2204.11 71.62 
14 2209.18 80.24 
15 2214.26 88.85 
16 2219.33 97.47 
17 2224.41 106.09 
18 2229.48 114.70 
19 2234.56 123.32 
20 2239.63 131.93 
21 2244.71 140.55 
22 2249.78 149.17 
23 2254.86 157.78 
24 2259.94 166.40 
25 2265.01 175.02 
26 2270.09 183.63 
27 2275.16 192.25 
28 2280.24 200.86 
29 2280.94 202.06 

** Corrected JANBU FOS = 2.797 ** (Fo factor = 1.032) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Total Basal Failue Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 1.984 1.032 243.98 2304.28 2.959E+06 
2. 2.671 1.032 255.62 2279.07 3.918E+06 
3. 2.738 1.027 245.44 2533.56 4.544E+06 
4. 2.739 1. 032 240.36 2279.60 4.137E+06 
5 . 2.741 1.032 246.97 2275.48 4.043E+06 
6 . 2.756 1. 032 240.14 2291.77 4.116E+06 
7. 2.772 1.032 245.82 2333.61 4.281E+06 
8. 2.785 1. 025 251.53 2633.25 4.625E+06 
9 . 2.786 1.032 239.21 2284.06 4.193E+06 

10. 2.797 1.032 244.55 2280.94 4.162E+06 

* * * END OF FILE * * * 
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XSTABL File: GTBA3 11-06-97 8:51 

****************************************** 
* X s T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Basal Failure aa 2 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

10 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 5.0 122.0 315.6 123.8 
2 315.6 123.8 375.2 143.6 
3 375.2 143.6 436.8 143.6 
4 436.8 143.6 474.5 153.0 
5 474.5 153.0 1146.0 192.8 
6 1146.0 192.8 1813.7 204.9 
7 1813.7 204.9 1884.7 205.0 
8 1884.7 205.0 2519.5 165.0 
9 2519.5 165.0 2543.7 159.0 

10 2543.7 159.0 2872.9 156.7 

10 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 436.8 143.6 465.1 143.6 
·2 465.1 143.6 772.5 41.1 
3 772.5 41.1 1399.3 52.9 
4 1399.3 52.9 1433.2 69.8 
5 1433.2 69.8 1448.8 69.9 

1~~ 6 1448.8 69.9 1472.6 58.0 
7 1472.6 58.0 2008.1 58.3 
8 2008.1 58.3 2233.9 65.1 
9 2233.9 65.1 2515.4 159.0 

t3 o ~-? I 
~oz.-o~ 

f~t' 
-;-/IJ~~-~1 

Soil Unit 
Below Segment 

2 
2 
2 
1 
1 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 



10 2515.4 159.0 2543.7 159.0 2 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 

Pore Pressure 
Parameter Constant 

1 
2 

(pcf) (pcf) 

110.0 
110.0 

110.0 
110.0 

. 0 
440.0 

29.00 
2.00 

Ru (psf) 

.000 

.000 
. 0 
. 0 

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. 

500 trial surfaces will be generated and analyzed. 

4 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

Box x-left y-left x-right y-right widtn 
no. (ft) (ft) (ft) (ft) 

1 485.1 136.5 535.1 119.8 
2 771.5 40.6 772.5 40.6 
3 1374.3 51.9 1399.3 52.4 
4 1472.6 57.5 2008.1 57.5 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 26 coordinate points 

Point 
No. 

x-surf 
(ft) 

y-surf 
(ft) 

(ft) 

1.0 
1.0 
1.0 
1.0 

(,oZ..- n~ 

fmP 
~-l'l~'rC)"t 

Water 
Surface 

No . 

0 
0 



t;~or -e1 
~()2.-0UV 

1 463.87 150.35 !ft!l' 
2 471.45 145.89 ~ -N '"- ~ l-
3 480.06 140.81 
4 488.68 135.74 
5 489.64 134.81 
6 771.93 40.40 
7 1390.88 51.83 
8 1480.58 57.64 
9 1480.94 58.00 

10 1486.01 66.62 
11 1491.09 75.24 
12 1496.16 83.85 
13 1501.24 92.47 
14 1506.31 101.09 
15 1511.39 109.70 
16 1516.46 118.32 
17 1521.54 126.94 
18 1526.61 135.55 
19 1531.69 144.17 
20 1536.77 152.78 
21 1541.84 161.40 
22 1546.92 170.02 
23 1551.99 178.63 
24 1557.07 187.25 
25 1562.14 195.87 
26 1564.81 200.39 

** Corrected JANBU FOS = 3.691 ** (Fo factor = 1.052) 

Failure surface No. 2 specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.04 150.14 
2 468.71 146.80 
3 477.33 141.72 
4 485.95 136.65 
5 486.71 135.91 
6 771.56 40.87 
7 1382.20 51.82 
8 1484.94 57.82 
9 1485.12 58.01 

10 1490.20 66.62 
11 1495.27 75.24 
12 1500.35 83.86 
13 1505.42 92.47 
14 1510.50 101.09 
15 1515.57 109.70 
16 1520.65 118.32 
17 1525.72 126.94 
18 1530.80 135.55 
19 1535.88 144.17 
20 1540.95 152.79 
21 1546.03 161.40 
22 1551.10 170.02 
23 1556.18 178.64 
24 1561.25 187.25 



25 
26 

1566.33 
1569.04 

195.87 
200.47 

** Corrected JANBU FOS = 3.695 ** 

Failure surface No. 3 specified by 26 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.90 150.11 
2 468.25 146.95 
3 476.87 141.88 
4 485.49 136.80 
5 485.82 136.48 
6 771.56 40.38 
7 1385.46 52.08 
8 1505.19 57.81 
9 1505.39 58.02 

10 1510.46 66.63 
11 1515.54 75.25 
12 1520.61 83.87 
13 1525.69 92.48 
14 1530.76 101.10 
15 1535.84 109.72 
16 1540.92 118.33 
17 1545.99 126.95 
18 1551.07 135.57 
19 1556.14 144.18 
20 1561.22 152.80 
21 1566.29 161.41 
22 1571.37 170.03 
23 1576.44 178.65 
24 1581. 52 187.26 
25 1586.59 195.88 
26 1589.51 200.84 

** Corrected JANBU FOS = 3.697 ** 

Failure surface No. 4 specified by 26 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.64 150.29 
2 470.70 146.14 
3 479.31 141.06 
4 487.93 135.99 
5 488.48 135.46 
6 772.25 40.88 
7 1393.45 52.38 
8 1480.05 57.58 
9 1480.46 58.00 

10 1485.53 66.62 
11 1490.61 75.24 
12 1495.68 83.85 
13 1500.76 92.47 
14 1505.83 101.09 

(Fo factor = 1.052) 
II 

coordinate points 

(Fo factor = 1.051) 

coordinate points 

Gtz-o~n 

f~t' 
~ -1\1 ~-'It-
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15 1510.91 109.70 (JO Z. - QCAV 
16 1515.99 118.32 frY!t' 
17 1521.06 126.93 +-1\J,y-0'-
18 1526.14 135.55 
19 1531.21 144.17 
20 1536.29 152.78 
21 1541.36 161.40 
22 1546.44 170.02 
23 1551.51 178.63 
24 1556.59 187.25 
25 1561.66 195.87 
26 1564.32 200.38 

** Corrected JANBU FOS = 3.701 ** (Fo factor = 1.052) 

Failure surface No. 5 specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.22 150.19 
2 469.32 146.60 
3 477.94 141.52 
4 486.55 136.45 
5 487.63 135.40 
6 771.92 40.90 
7 1385.81 51.93 
8 1506.73 57.31 
9 1507.41 58.02 

10 1512.49 66.64 
11 1517.56 75.25 
12 1522.64 83.87 
13 1527.71 92.48 
14 1532.79 101.10 
15 1537.86 109.72 
16 1542.94 118.33 
17 1548.01 126.95 
18 1553.09 135.57 
19 1558.17 144.18 
20 1563.24 152.80 
21 1568.32 161.42 
22 1573.39 170.03 
23 1578.47 178.65 
24 1583.54 187.26 
25 1588.62 195.88 
26 1591.56 200.87 

** Corrected JANBU FOS = 3.705 ** (Fo factor = 1.051) 

Failure surface No. 6 specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.74 150.07 
2 467.73 147.13 
3 476.35 142.05 
4 484.97 136.98 
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5 485.82 136.16 ~ i z..- ()U"Q 

6 772.25 40.41 
f.,.,f 

7 1378.23 51.66 "2 ,~N -"""t 
8 1540.79 57.56 
9 1541.25 58.04 

10 1546.33 66.65 
11 1551.41 75.27 
12 1556.48 83.89 
13 1561.56 92.50 
14 1566.63 101.12 
15 1571.71 109.74 
16 1576.78 118.35 
17 1581.86 126.97 
18 1586.93 135.59 
19 1592.01 144.20 
20 1597.08 152.82 
21 1602.16 161.43 
22 1607.23 170.05 
23 1612.31 178.67 
24 1617.39 187.28 
25 1622.46 195.90 
26 1625.76 201.49 

** Corrected JANBU FOS = 3.708 ** (Fo factor = 1.050) 

Failure surface No. 7 specified by 27 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 465.80 150.83 
2 469.15 148.86 
3 477.76 143.78 
4 486.38 138.71 
5 495.00 133.63 
6 496.13 132.53 
7 771.69 40.47 
8 1395.06 52.29 
9 1490.66 57.08 

10 1491.56 58.01 
11 1496.63 66.63 
12 1501.71 75.24 
13 1506.79 83.86 
14 1511.86 92.48 
15 1516.94 101.09 
16 1522.01 109.71 
17 1527.09 118.32 
18 1532.16 126.94 
19 1537.24 135.56 
20 1542.31 144.17 
21 1547.39 152.79 
22 1552.46 161.41 
23 1557.54 170.02 
24 1562.62 178.64 
25 1567.69 187.25 

"'"· 26 1572.77 195.87 
27 1575.54 200.58 

** Corrected JANBU FOS = 3.710 ** (Fo factor = 1.052) 
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002 -QUq 

r""""' 
Failure surface No. 8 specified by 27 coordinate points +-f'J'N- '+ 

Point x-surf y-surf 
No. (ft) (ft) 

1 464.73 150.56 
2 465.64 150.03 
3 474.25 144.95 
4 482.87 139.88 
5 491.49 134.80 
6 491.67 134.62 
7 771.64 40.45 
8 1386.72 52.14 
9 1514.26 57.82 

10 1514.47 58.02 
11 1519.54 66.64 
12 1524.62 75.26 
13 1529.69 83.87 
14 1534.77 92.49 
15 1539.84 101.10 
16 1544.92 109.72 
17 1549.99 118.34 
18 1555.07 126.95 
19 1560.14 135.57 
20 1565.22 144.19 
21 1570.30 152.80 
22 1575.37 161.42 
23 1580.45 170.04 
24 1585.52 178.65 
25 1590.60 187.27 
26 1595.67 195.88 
27 1598.69 201.00 

** Corrected JANBU FOS = 3.712 ** (Fo factor = 1. 051) 

Failure surface No. 9 specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 464.31 150.46 
2 472.88 145.41 
3 481.49 140.34 
4 490.11 135.26 
5 490.83 134.56 
6 772.32 40.46 
7 1379.07 51.70 
8 1540.94 57.54 
9 1541.42 58.04 

10 1546.49 66.65 
11 1551.57 75.27 
12 1556.65 83.89 
13 1561.72 92.50 
14 1566.80 101.12 
15 1571.87 109.74 
16 1576.95 118.35 
17 1582.02 126.97 



18 
19 
20 
21 
22 
23 
24 
25 
26 

** Corrected 

Failure surface 

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 

** Corrected 

1587.10 
1592.17 
1597.25 
1602.32 
1607.40 
1612.48 
1617.55 
1622.63 
1625.92 

JANBU FOS = 

135.59 
144.20 
152.82 
161.43 
170.05 
178.67 
187.28 
195.90 
201.50 

3.718 ** 

No.10 specified by 27 

x-surf y-surf 
(ft) (ft) 

466.93 151.11 
472.86 147.62 
481.48 142.54 
490.09 137.47 
498.71 132.39 
499.76 131.38 
772.41 40.51 

1395.76 51.99 
1493.74 57.08 
1494.64 58.01 
1499.72 66.63 
1504.79 75.24 
1509.87 83.86 
1514.94 92.48 
1520.02 101.09 
1525.09 109.71 
1530.17 118.33 
1535.24 126.94 
1540.32 135.56 
1545.39 144.18 
1550.47 152.79 
1555.55 161.41 
1560.62 170.02 
1565.70 178.64 
1570.77 187.26 
1575.85 195.87 
1578.66 200.64 

JANBU FOS = 3.719 ** 

(Fo factor = 1.050) 

coordinate points 

(Fo factor = 1.052) 

(,qZ.-~ 

p,..,p 
+ -l\1-N _q ~ 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Basal Failure aa 2 

Modified 
JANBU FOS 

Correction 
Factor 

Initial 
x-coord 

(ft) 

Terminal 
x-coord 

(ft) 

Available 
Strength 

(lb) 



1. 
2. 
3. 
4. 
5. 
6 . 
7. 
8 . 
9. 

10. 

3.691 
3.695 
3.697 
3.701 
3.705 
3.708 
3.710 
3.712 
3.718 
3.719 

1.052 
1.052 
1.051 
1.052 
1.051 
1.050 
1.052 
1.051 
1.050 
1.052 

463.87 
463.04 
462.90 
463.64 
463.22 
462.74 
465.80 
464.73 
464.31 
466.93 

* * * END OF FILE * * * 

1564.81 
1569.04 
1589.51 
1564.32 
1591.56 
1625.76 
1575.54 
1598.69 
1625.92 
1578.66 
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10 most critical surfaces, MINIMUM JANBU FOS = 1.595 
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XSTABL File: GTBA3Q 11-06-97 8:52 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Basal Failure aa 2 Q 

-----------------------------
SEGMENT BOUNDARY COORDINATES 
-----------------------------

10 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 5.0 122.0 315.6 123.8 
2 315.6 123.8 375.2 143.6 
3 375.2 143.6 436.8 143.6 
4 436.8 143.6 474.5 153.0 
5 474.5 153.0 1146.0 192.8 
6 1146.0 192.8 1813.7 204.9 
7 1813.7 204.9 1884.7 205.0 
8 1884.7 205.0 2519.5 165.0 
9 2519.5 165.0 2543.7 159.0 

10 2543.7 159.0 2872.9 156.7 

10 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 436.8 143.6 465 .1· 143.6 
2 465.1 143.6 772.5 41.1 
3 772.5 41.1 1399.3 52.9 
4 1399.3 52.9 1433.2 69.8 
5 1433.2 69.8 1448.8 69.9 

~. 6 1448.8 69.9 1472.6 58.0 
7 1472.6 58.0 2008.1 58.3 
8 2008.1 58.3 2233.9 65.1 
9 2233.9 65.1 2515.4 159.0 

Soil Unit 

~q ~~lA-4 ,.,,_ 
":l-Nn-q7-

Below Segment 

2 
2 
2 
1 
1 
1 
1 
1 
1 
2 

Soil Unit 
Below Segment 

2 
2 
2 
2 
2 
2 
2 
2 
2 



10 2515.4 159.0 2543.7 159.0 2 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 

Pore Pressure 
Parameter Constant 

1 
2 

(pcf) (pcf) 

110.0 
110.0 

110.0 
110.0 

. 0 
440.0 

29.00 
2.00 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

Ru (psf) 

.000 

.000 
. 0 
. 0 

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. 

500 trial surfaces will be generated and analyzed. 

4 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

lt(/Z. -i!->1 

pml' 
+-N.,'V-~1-

Water 
Surface 

No. 

0 
0 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

1 485.1 136.5 535.1 119.8 1.0 
2 771.5 40.6 772.5 40.6 1.0 
3 1374.3 51.9 1399.3 52.4 1.0 
4 1472.6 57.5 2008.1 57.5 1.0 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 



The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 27 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.63 150.04 
2 467.37 147.25 
3 475.99 142.17 
4 484.60 137.10 
5 485.42 136.30 
6 772.40 40.15 
7 1380.63 52.28 
8 1798.39 57.73 
9 1798.83 58.18 

10 1803.90 66.80 
11 1808.98 75.42 
12 1814.05 84.03 
13 1819.13 92.65 
14 1824.21 101.26 
15 1829.28 109.88 
16 1834.36 118.50 
17 1839.43 127.11 
18 1844.51 135.73 
19 1849.58 144.35 
20 1854.66 152.96 
21 1859.73 161.58 
22 1864.81 170.19 
23 1869.88 178.81 
24 1874.96 187.43 
25 1880.03 196.04 
26 1885.11 204.66 
27 1885.29 204.96 

** Corrected JANBU FOS = 1. 595 ** (Fo factor = 1.043) 

Failure surface No. 2 specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) ( ft) 

1 463.22 150.19 
2 469.32 146.60 
3 477.93 141.52 
4 486.55 136.45 
5 486.62 136.38 
6 772.10 40.19 
7 1376.04 51.56 
8 1823.15 57.89 
9 1823.44 58.20 

10 1828.52 66.81 
11 1833.60 75.43 
12 1838.67 84.05 
13 1843.75 92.66 
14 1848.82 101.28 
15 1853.90 109.89 



t6ol.. ~~ 

16 1858.97 118.51 
",t-~U1 

17 1864.05 127.13 fll'll' 

18 1869.12 135.74 -::::.- /J w- ~.,_ 

19 1874.20 144.36 
20 1879.27 152.98 
21 1884.35 161.59 
22 1889.43 170.21 
23 1894.50 178.82 
24 1899.58 187.44 
25 1904.65 196.06 
26 1909.02 203.47 

** Corrected JANBU FOS = 1.595 ** (Fo factor = 1.042) 

Failure surface No. 3 specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.78 150.33 
2 471.13 145.99 
3 479.75 140.92 
4 488.37 135.84 
5 489.59 134.66 
6 772.14 40.22 
7 1398.82 52.36 
8 1825.22 57.44 
9 1825.95 58.20 

10 1831.02 66.81 
11 1836.10 75.43 
12 1841.17 84.05 
13 1846.25 92.66 
14 1851.32 101.28 
15 1856.40 109.90 
16 1861.47 118.51 
17 1866.55 127.13 
18 1871.63 135.74 
19 1876.70 144.36 
20 1881.78 152.98 
21 1886.85 161.59 
22 1891.93 170.21 
23 1897.00 178.83 
24 1902.08 187.44 
25 1907.15 196.06 
26 1911.43 203.32 

** Corrected JANBU FOS = 1. 597 ** (Fo factor = 1. 042) 

Failure surface No. 4 specified by 27 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.88 150.10 
2 468.18 146.98 
3 476.80 141.90 
4 485.41 136.83 
5 485.71 136.54 
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6 772.40 40.14 
'ol- n~ 

7 1388.55 52.41 f'tt!P 

8 1783.57 57.03 ~-N~,.-0~ 

9 1784.67 58.17 
10 1789.75 66.79 
11 1794.82 75.41 
12 1799.90 84.02 
13 1804.97 92.64 
14 1810.05 101.26 
15 1815.12 109.87 
16 1820.20 118.49 
17 1825.27 127.11 
18 1830.35 135.72 
19 1835.43 144.34 
20 1840.50 152.95 
21 1845.58 161.57 
22 1850.65 170.19 
23 1855.73 178.80 
24 1860.80 187.42 
25 1865.88 196.04 
26 1870.95 204.65 
27 1871.15 204.98 

** Corrected JANBU FOS = 1. 598 ** (Fo factor = 1.044) 

Failure surface No. 5 specified by 27 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.60 150.03 
2 467.28 147.28 
3 475.89 142.20 
4 484.51 137.13 
5 485.94 135.75 
6 772.07 40.64 
7 1391.26 52.30 
8 1780.11 57.97 
9 1780.31 58.17 

10 1785.39 66.79 
11 1790.46 75.40 
12 1795.54 84.02 
13 1800.61 92.64 
14 1805.69 101.25 
15 1810.76 109.87 
16 1815.84 118.49 
17 1820.91 127.10 
18 1825.99 135.72 
19 1831.06 144.34 
20 1836.14 152.95 
21 1841.22 161.57 
22 1846.29 170.18 
23 1851.37 178.80 
24 1856.44 187.42 
25 1861.52 196.03 
26 1866.59 204.65 
27 1866.78 204.97 

** Corrected JANBU FOS = 1.598 ** (Fo factor = 1.044) 
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Failure surface No. 6 specified by 27 coordinate points ---;:-(If ~v -'i 't 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.77 150.32 
2 471.10 146.00 
3 479.71 140.93 
4 488.33 135.85 
5 489.23 134.98 
6 772.12 40.18 
7 1394.94 52.56 
8 1791.58 57.93 
9 1791.83 58.18 

10 1796.90 66.80 
11 1801.98 75.41 
12 1807.05 84.03 
13 1812.13 92.64 
14 1817.20 101.26 
15 1822.28 109.88 
16 1827.35 118.49 
17 1832.43 127.11 
18 1837.51 135.73 
19 1842.58 144.34 
20 1847.66 152.96 
21 1852.73 161.57 
22 1857.81 170.19 
23 1862.88 178.81 
24 1867.96 187.42 
25 1873.03 196.04 
26 1878.11 204.66 
27 1878.31 204.99 

** Corrected JANBU FOS = 1. 598 ** (Fo factor = 1.044) 

Failure surface No. 7 specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 464.04 150.39 
2 472.01 145.70 
3 480.62 140.63 
4 489.24 135.55 
5 490.62 134.22 
6 772.16 40.23 
7 1387.85 52.48 
8 1824.26 57.66 
9 1824.78 58.20 

10 1829.85 66.81 
11 1834.93 75.43 
12 1840.00 84.05 
13 1845.08 92.66 
14 1850.15 101.28 
15 1855.23 109.90 
16 1860.31 118.51 
17 1865.38 127.13 



f'r.::>~ "bl 

18 1870.46 135.74 i_pQ Z- ''02-<tV 

19 1875.53 144.36 
f'Yt?l" 

20 1880.61 152.98 +-N'"-v-~-r 

21 1885.68 161.59 
22 1890.76 170.21 
23 1895.83 178.83 
24 1900.91 187.44 
25 1905.98 196.06 
26 1910.30 203.39 

** Corrected JANBU FOS = 1.599 ** (Fo factor = 1.042) 

Failure surface No. 8 specified by 27 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 464.30 150.46 
2 472.84 145.42 
3 481.46 140.35 
4 490.07 135.27 
5 491.28 134.11 
6 772.14 40.20 
7 1398.00 52.30 
8 1789.67 57.36 
9 1790.46 58.18 

10 1795.53 66.79 
11 1800.61 75.41 
12 1805.68 84.03 
13 1810.76 92.64 
14 1815.83 101.26 
15 1820.91 109.88 
16 1825.98 118.49 
17 1831.06 127.11 
18 1836.13 135.72 
19 1841.21 144.34 
20 1846.29 152.96 
21 1851.36 161.57 
22 1856.44 170.19 
23 1861.51 178.81 
24 1866.59 187.42 
25 1871.66 196.04 
26 1876.74 204.66 
27 1876.93 204.99 

** Corrected JANBU FOS = 1.599 ** (Fo factor = 1.044) 

Failure surface No. 9 specified by 27 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 462.96 150.12 
2 468.45 146.89 
3 477.06 141.81 
4 485.68 136.74 
5 485.80 136.62 
6 772.05 40.12 
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7 1398.97 51.92 
~q2 -Q~ 

'"""' 8 1760.83 57.76 
"l--tJ,..,- q'f. 9 1761.21 58.16 

10 1766.29 66.78 
11 1771.36 75.39 
12 1776.44 84.01 
13 1781.51 92.63 
14 1786.59 101.24 
15 1791. 67 109.86 
16 1796.74 118.48 
17 1801.82 127.09 
18 1806.89 135.71 
19 1811.97 144.32 
20 1817.04 152.94 
21 1822.12 161.56 
22 1827.19 170.17 
23 1832.27 178.79 
24 1837.34 187.41 
25 1842.42 196.02 
26 1847.50 204.64 
27 1847.68 204.95 

** Corrected JANBU FOS = 1. 599 ** (Fo factor = 1.044) 

Failure surface No.10 specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 463.99 150.38 
2 471.82 145.76 
3 480.44 140.69 
4 489.06 135.61 
5 490.02 134.69 
6 771.81 40.71 
7 1390.15 52.34 
8 1811.88 57.58 
9 1812.47 58.19 

10 1817.54 66.81 
11 1822.62 75.42 

' 12 1827.70 84.04 
13 1832.77 92.66 
14 1837.85 101.27 
15 1842.92 109.89 
16 1848.00 118.50 
17 1853.07 127.12 
18 1858.15 135.74 
19 1863.22 144.35 
20 1868.30 152.97 
21 1873.37 161.59 
22 1878.45 170.20 
23 1883.53 178.82 
24 1888.60 187.43 
25 1893.68 196.05 
26 1898.44 204.13 

** Corrected JANBU FOS = 1. 599 ** (Fo factor = 1. 043) 
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The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Basal Failure aa 2 Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 1.595 1.043 462.63 1885.29 1.725E+06 
2. 1.595 1.042 463.22 1909.02 1.750E+06 
3 . 1. 597 1.042 463.78 1911.43 1.754E+06 
4. 1.598 1.044 462.88 1871.15 1.711E+06 
5. 1.598 1.044 462.60 1866.78 1.705E+06 
6 . 1. 598 1.044 463.77 1878.31 1.719E+06 
7. 1. 599 1.042 464.04 1910.30 1.753E+06 
8 . 1. 599 1.044 464.30 1876.93 1.720E+06 
9 . 1. 599 1.044 462.96 1847.68 1.687E+06 

10. 1.599 1.043 463.99 1898.44 1.740E+06 

* * * END OF FILE * * * 
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Infinite slope analysis spreadsheet 
Date: 04-Nov-97 
Br.: Paul Pellicer 
F tlename: Cover system stability . wq 1 

Soil Parameters 
Cohesion: 

Friction Angle: 
Gamma Motst: 

Slope Geometry: 
Slope Angle: 

Failure Plane Depth: 

15 P.Sf 
31 d.egrees 

110 pcf 

3.4 3 degrees 
2.5 ft 

Groundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

Oft 
0 no units 

Seismic Parameters 
Ground Acceleration: 0 g's 

Safety Factor: 10.9383 

tangent 

cosme 

0.054643341 
0.600860619 

0.998208638 sine 

~oz. -llZ...V 

f"""' 
4-r./rv- en 



Infinite slope analysis spreadsheet 
Date: 04-Nov-97 
Br.: Paul Pellicer 
Filename: Cover system stability Q.wq1 

Soil Parameters 
Cohesion: 

Friction Angle: 
Gamma Moist: 

Slope Geometry: 
Slope Angle: 

Failure Plane Depth: 

15 P.Sf 
31 aegrees 

110 pcf 

3.4 3 degrees 
2.5 ft 

Groundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

Seismic Parameters 

Oft 
0 no units 

Ground Acceleration: 0.04 g's 

Safety Factor: 6.54578 / 

tangent 

cos me 

0.054643341 
0.600860619 

0.998208638 sine 

~' 2.. -9U~ 
Prl-lf' 

4 -N~~-~~ 
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Gandy Cover Circular Failure 
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XSTABL File: GANC1 11-04-97 20:38 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Cover Circular Failure 

SEGMENT BOUNDARY COORDINATES 

5 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 . 0 131.7 190.1 130.5 
2 190.1 130.5 200.1 135.9 
3 200.1 135.9 1270.7 200.0 
4 1270.7 200.0 1355.5 200.0 
5 1355.5 200.0 1393.4 198.4 

2 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 190.1 130.5 411.8 57.5 
2 411.8 57.5 1393.4 59.4 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

lll..o~ Ll-'11 
4 -N • ., _cp. 

G.oZ-vLuV 
p,..,,-

Soil Unit 
Below Segment 

2 
1 
1 
1 
1 

Soil Unit 
Below Segment 

2 
2 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 

Pore Pressure 
Parameter Constant 

Water 
Surface 

No. (pcf) (pcf) Ru (psf) 



1 
2 

110.0 
110.0 

110.0 
110.0 

.0 
1100.0 

29.00 
.00 

.000 

.000 

1So t Lt1:S 
(.vz. -oz~J 

. 0 fr--1( 0 

.O 4-tJov-~Q... 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

900 trial surfaces will be generated and analyzed. 

30 Surfaces initiate from each of 30 points equally spaced 
along the ground surface between x = 190.0 ft 

and x = 500.0 ft 

Each surface terminates between 
and 

X = 
X = 

600.0 ft 
1370.0 ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = .0 ft 

20.0 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 : 

-45.0 degrees Lower angular limit .
Upper angular limit .- (slope angle - 5.0) degrees 

************************************************************* 
** 
** 
** 

Factor of safety calculation for surface # 
failed to converge within FIFTY iterations 

858 ** 
** 
** 

** The last calculated value of the FOS was 11.7258 ** 
** This will be ignored for final summary of results ** 
************************************************************* 

The trial failure surface in question is 
defined by the following 9 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 489.31 153.22 
2 503.74 139.36 
3 521.26 129.72 
4 540.68 124.95 



5 
6 
7 
8 
9 

560.68 
579.88 
596.97 
610.79 
613.42 

125.38 
130.98 
141.37 
155.83 
160.65 

************************************************************* 
** 
** 
** 

Factor of safety calculation for surface # 
failed to converge within FIFTY iterations 

874 ** 
** 
** 

** The last calculated value of the FOS was 11.7428 ** 
** This will be ignored for final summary of results ** 
************************************************************* 

The trial failure surface in question is 
defined by the following 8 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 500.00 153.86 
2 514.82 140.43 
3 532.99 132.06 
4 552.83 129.52 
5 572.51 133.04 
6 590.24 142.31 
7 604.38 156.46 
8 606.34 160.22 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces 
are displayed below - the most critical first 

Failure surface No. 1 specified by 50 coordinate 

Point x-surf y-surf 
No. (ft) (ft) 

1 200.69 135.94 
2 217.07 124.45 
3 233.76 113.44 
4 250.76 102.90 
5 268.04 92.84 
6 285.61 83.28 
7 303.44 74.21 
8 321.51 65.65 
9 339.82 57.61 

10 358.35 50.09 
11 377.09 43.09 
12 396.02 36.62 
13 415.12 30.69 
14 434.38 25.30 

examined 

points 

16olll9 
GtZ-OZ-<riJ 

p,...,p 
4 -rJ~ .. _q._ 



1"7-o\ 4~ 

15 453.78 20.46 
G9Z- -vl-.)Q 

pr-,p 
16 473.32 16.17 1 -r4vv _c, 1-
17 492.96 12.43 
18 512.71 9.25 
19 532.54 6.62 
20 552.43 4.56 
21 572.37 3.05 
22 592.35 2.11 
23 612.35 1. 74 
24 632.35 1. 93 
25 652.33 2.69 
26 672.29 4.00 
27 692.20 5.89 
28 712.05 8.33 
29 731.82 11.33 
30 751.50 14.89 
31 771. 08 19.00 
32 790.52 23.67 
33 809.83 28.88 
34 828.99 34.63 
35 847.97 40.92 
36 866.77 47.75 
37 885.37 55.10 
38 903.76 62.98 
39 921.91 71.37 
40 939.82 80.27 
41 957.47 89.67 
42 974.85 99.57 
43 991.95 109.95 
44 1008.74 120.81 
45 1025.22 132.14 
46 1041.37 143.93 
47 1057.19 156.18 
48 1072.65 168.86 
49 1087.75 181.98 
50 1095.97 189.54 

** Corrected JANBU FOS 3.040 ** (Fo factor 1.067) 

Failure surface No. 2 specified by 63 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 211.38 136.58 
2 228.99 127.09 
3 246.76 117.93 
4 264.71 109.09 
5 282.81 100.58 
6 301.06 92.41 
7 319.46 84.57 
8 338.00 77.07 
9 356.67 69.90 

10 375.47 63.08 
11 394.39 56.60 
12 413.43 50.47 
13 432.58 44.69 
14 451. 83 39.26 
15 471.17 34.18 



,.z, .. (: 4e 

16 490.61 29.46 fr>'lf 

17 510.12 25.09 4 -rhv- =1 1 

18 529.72 21.08 ~Q2 -02.00 

19 549.38 17.42 
20 569.11 14.13 
21 588.89 11.20 
22 608.72 8.62 
23 628.60 6.41 
24 648.52 4.57 
25 668.46 3.09 
26 688.43 1. 97 
27 708.42 1. 22 
28 728.41 .83 
29 748.41 .81 
30 768.41 1.15 
31 788.40 1. 86 
32 808.37 2.93 
33 828.32 4.37 
34 848.23 6.17 
35 868.12 8.33 
36 887.96 10.86 
37 907.75 13.75 
38 927.48 17.00 
39 947.15 20.61 
40 966.75 24.58 
41 986.28 28.90 
42 1005.73 33.58 
43 1025.08 38.62 
44 1044.34 44.01 
45 1063.50 49.75 
46 1082.55 55.84 
47 1101.49 62.27 
48 1120.30 69.05 
49 1138.99 76.17 
so 1157.55 83.63 
51 1175.97 91.43 
52 1194.24 99.57 
53 1212.36 108.03 
54 1230.32 116.83 
55 1248.12 125.95 
56 1265.75 135.40 
57 1283.20 145.16 
58 1300.47 155.25 
59 1317.56 165.64 
60 1334.45 176.35 
61 1351.14 187.36 
62 1367.63 198.68 
63 1368.70 199.44 

** Corrected JANBU FOS = 3.076 ** (Fo factor = 1.057) 

Failure surface No. 3 specified by 62 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 200.69 135.94 
2 218.43 126.71 
3 236.34 117.81 



I""~ 4~ 

4 254.41 109.23 
Go2- ,z., 

ymr' 
5 272.63 100.98 1-rJ'N-q7-
6 291.00 93.06 
7 309.50 85.48 
8 328.14 78.23 
9 346.91 71.33 

10 365.81 64.76 
11 384.81 58.54 
12 403.93 52.66 
13 423.15 47.13 
14 442.47 41.95 
15 461.87 37.11 
16 481.37 32.64 
17 500.94 28.51 
18 520.58 24.74 
19 540.28 21.33 
20 560.05 18.27 
21 579.87 15.58 
22 599.73 13.24 
23 619.63 11.26 
24 639.57 9.64 
25 659.53 8.39 
26 679.51 7.49 
27 699.50 6.96 
28 719.50 6.79 
29 739.50 6.99 
30 759.49 7.54 
31 779.47 8.46 
32 799.43 9.74 
33 819.36 11.38 
34 839.26 13.38 
35 859.12 15.74 
36 878.93 18.46 
37 898.70 21.54 
38 918.40 24.98 
39 938.04 28.77 
40 957.60 32.92 
41 977.09 37.42 
42 996.49 42.28 
43 1015.80 47.48 
44 1035.01 53.03 
45 1054.12 58.93 
46 1073.12 65.18 
47 1092.01 71.77 
48 1110.77 78.70 
49 1129.40 85.97 
50 1147.90 93.57 
51 1166.25 101.51 
52 1184.46 109.78 
53 1202.52 118.38 
54 1220.42 127.31 
55 1238.15 136.55 
56 1255.72 146.12 
57 1273.10 156.00 
58 1290.31 166.20 
59 1307.33 176.71 
60 1324.15 187.52 
61 1340.78 198.64 
62 1342.74 200.00 
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** Corrected JANBU FOS = 3.158 ** (Fo factor = 1.056) GQZ- Ql-11" 

pnof 

.f- N O'V- q-;. 

Failure surface No. 4 specified by 62 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 222.07 137.22 
2 239.61 127.60 
3 257.32 118.31 
4 275.20 109.36 
5 293.25 100.74 
6 311.46 92.47 
7 329.82 84.54 
8 348.32 76.95 
9 366.97 69.71 

10 385.74 62.82 
11 404.64 56.28 
12 423.66 50.10 
13 442.80 44.27 
14 462.04 38.81 
15 481.38 33.71 
16 500.81 28.97 
17 520.32 24.59 
18 539.91 20.58 
19 559.58 16.94 
20 579.31 13.67 
21 599.10 10.77 
22 618.94 8.24 
23 638.82 6.08 
24 658.74 4.29 
25 678.69 2.88 
26 698.67 1. 84 
27 718.65 1.18 
28 738.65 .89 
29 758.65 .98 
30 778.65 1.44 
31 798.63 2.27 
32 818.59 3.48 
33 838.53 5.06 
34 858.43 7.02 
35 878.30 9.35 
36 898.11 12.05 
37 917.88 15.12 
38 937.58 18.56 
39 957.21 22.37 
40 976.77 26.55 
41 996.25 31.09 
42 1015.64 35.99 
43 1034.93 41.26 
44 1054.12 46.89 
45 1073.21 52.88 
46 1092.17 59.22 
47 1111.02 65.92 
48 1129.73 72.97 

"'' 49 1148.32 80.37 
so 1166.75 88.12 
51 1185.05 96.21 
52 1203.18 104.64 



53 1221.16 
54 1238.96 
55 1256.60 
56 1274.05 
57 1291.32 
58 1308.39 
59 1325.27 
60 1341.94 
61 1358.41 
62 1364.36 

** Corrected JANBU FOS 

113.41 
122.52 
131.95 
141.72 
151.81 
162.22 
172.95 
184.00 
195.36 
199.63 

3.194 ** 
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(Fo factor = 1.058) 

Failure surface No. 5 specified by 47 coordinate points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

x-surf 
(ft) 

232.76 
248.62 
264.86 
281.47 
298.43 
315.73 
333.33 
351.23 
369.41 
387.85 
406.52 
425.42 
444.52 
463.80 
483.24 
502.82 
522.52 
542.32 
562.20 
582.14 
602.12 
622.12 
642.12 
662.09 
682.02 
701.89 
721.67 
741.34 
760.89 
780.30 
799.54 
818.59 
837.44 
856.06 
874.44 
892.56 
910.39 
927.93 
945.15 
962.03 
978.56 

y-surf 
(ft) 

137.86 
125.67 
114.00 
102.87 

92.27 
82.22 
72.73 
63.81 
55.47 
47.72 
40.56 
34.01 
28.07 
22.75 
18.05 
13.97 
10.53 

7.72 
5.55 
4.01 
3.12 
2.87 
3.27 
4.31 
5.98 
8.30 

11.25 
14.84 
19.06 
23.90 
29.37 
35.45 
42.14 
49.43 
57.31 
65.78 
74.83 
84.45 
94.63 

105.35 
116.61 
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42 994.72 128.40 G<J2 - OZ.v~ 

43 1010.49 140.70 fmt' 

44 1025.86 153.49 -4 -N.· -v-q .,. 

45 1040.81 166.78 
46 1055.32 180.54 
47 1062.22 187.52 

** Corrected JANBU FOS 3.210 ** (Fo factor 1. 070) 

Failure surface No. 6 specified by 50 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 232.76 137.86 
2 249.08 126.30 
3 265.73 115.22 
4 282.70 104.62 
5 299.95 94.52 
6 317.50 84.91 
7 335.31 75.82 
8 353.37 67.23 
9 371.68 59.17 

10 390.21 51.64 
11 408.94 44.65 
12 427.87 38.20 
13 446.98 32.29 
14 466.25 26.93 
15 485.67 22.13 
16 505.21 17.89 
17 524.87 14.22 
18 544.63 11.11 
19 564.47 8.57 
20 584.37 6.60 
21 604.32 5.20 
22 624.30 4.38 
23 644.30 4.13 
24 664.30 4.45 
25 684.28 5.35 
26 704.22 6.83 
27 724.12 8.87 
28 743.95 11.49 
29 763.69 14.68 
30 783.34 18.43 
31 802.87 22.74 
32 822.26 27.62 
33 841.51 33.05 
34 860.60 39.03 
35 879.50 45.55 
36 898.21 52.62 
37 916.71 60.22 
38 934.98 68.35 
39 953.02 77.00 
40 970.79 86.17 
41 988.30 95.84 
42 1005.52 106.01 
43 1022.44 116.68 
44 1039.05 127.82 
45 1055.33 139.44 
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46 1071.27 
~·z -"l~ 'l 

151.52 '(M~ 
47 1086.85 164.05 "''-Nrv-(j'1 
48 1102.07 177.03 
49 1116.91 190.43 
50 1117.31 190.82 

** Corrected JANBU FOS 3.234 ** (Fo factor 1.067) 

Failure surface No. 7 specified by 42 coordinate points 

Point x-surf y-,surf 
No. (ft) (ft) 

1 190.00 130.50 
2 205.52 117.88 
3 221.50 105.86 
4 237.92 94.45 
5 254.77 83.67 
6 272.01 73.54 
7 289.63 64.06 
8 307.59 55.27 
9 325.87 47.16 

10 344.45 39.74 
11 363.29 33.04 
12 382.38 27.06 
13 401.67 21.80 
14 421.15 17.28 
15 440.79 13.50 
16 460.56 10.47 
17 480.43 8.18 
18 500.37 6.66 
19 520.36 5.89 
20 540.36 5.87 
21 560.34 6.62 
22 580.29 8.12 
23 600.16 10.38 
24 619.93 13.38 
25 639.58 17.14 
26 659.07 21.64 
27 678.37 26.87 
28 697.46 32.83 
29 716.31 39.51 
30 734.90 46.89 
31 753.19 54.98 
32 771.16 63.75 
33 788.79 73.20 
34 806.05 83.31 
35 822.91 94.07 
36 839.35 105.46 
37 855.35 117.46 
38 870.88 130.06 
39 885.92 143.24 
40 900.45 156.98 
41 914.45 171.26 
42 921.57 179.10 

** Corrected JANBU FOS = 3.235 ** (Fo factor = 1.072) 
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Failure surface No. 8 specified by 40 coordinate points 1..., ... 

-I'J~'f -"1 + 
Point x-surf y-surf 

No. (ft) (ft) 

1 232.76 137.86 
2 246.92 123.73 
3 261.70 110.26 
4 277.08 97.47 
5 293.01 85.38 
6 309.47 74.03 
7 326.43 63.42 
8 343.85 53.60 
9 361.70 44.56 

10 379.93 36.34 
11 398.51 28.95 
12 417.41 22.41 
13 436.59 16.72 
14 456.00 11.90 
15 475.61 7.97 
16 495.37 4.91 
17 515.25 2.76 
18 535.22 1.50 
19 555.21 1.14 
20 575.20 1. 68 
21 595.15 3.12 
22 615.02 5.47 
23 634.75 8.70 
24 654.32 12.82 
25 673.69 17.81 
26 692.81 23.68 
27 711.65 30.39 
28 730.16 37.96 
29 748.32 46.34 
30 766.08 55.54 
31 783.41 65.53 
32 800.27 76.29 
33 816.63 87.79 
34 832.45 100.03 
35 847.71 112.96 
36 862.36 126.56 
37 876.39 140.82 
38 889.77 155.69 
39 902.46 171.15 
40 907.79 178.27 

** Corrected JANBU FOS = 3.302 ** (Fo factor = 1.078) 

Failure surface No. 9 specified by 42 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 243.45 138.50 
2 258.14 124.93 
3 273.38 111.97 
4 289.13 99.65 
5 305.37 87.98 
6 322.08 76.99 
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7 339.22 66.68 fi"'!t' 
8 356.77 57.09 A -riH- q -~ 
9 374.70 48.22 

10 392.97 40.09 
11 411.56 32.72 
12 430.44 26.11 
13 449.57 20.28 
14 468.92 15.23 
15 488.47 10.98 
16 508.17 7.53 
17 527.99 4.89 
18 547.91 3.06 
19 567.88 2.05 
20 587.88 1. 86 
21 607.87 2.48 
22 627.82 3.92 
23 647.69 6.17 
24 667.46 9.23 
25 687.08 13.10 
26 706.53 17.77 
27 725.77 23.23 
28 744.77 29.47 
29 763.50 36.48 
30 781.93 44.25 
31 800.02 52.77 
32 817.76 62.02 
33 835.10 71.98 
34 852.01 82.65 
35 868.48 94.00 
36 884.47 106.01 
37 899.96 118.67 
38 914.91 131.95 
39 929.31 145.83 
40 943.14 160.28 
41 956.35 175.29 
42 961.37 181.48 

** Corrected JANBU FOS 3.327 ** (Fo factor 1. 076) 

Failure surface No.10 specified by 46 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 190.00 130.50 
2 206.63 119.39 
3 223.58 108.78 
4 240.85 98.69 
5 258.41 89.11 
6 276.25 80.07 
7 294.35 71.57 
8 312.70 63.61 
9 331.28 56.21 

10 350.08 49.37 
11 369.07 43.10 
12 388.24 37.39 
13 407.57 32.27 
14 427.04 27.73 
15 446.65 23.77 
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16 466.36 20.40 

!/~-p 17 486.17 17.63 
18 506.05 15.45 ~Qt,- ~2-v ~ 

19 525.99 13.87 
20 545.96 12.88 
21 565.96 12.50 
22 585.96 12.71 
23 605.94 13.53 
24 625.89 14.94 
25 645.79 16.95 
26 665.62 19.56 
27 685.36 22.76 
28 705.00 26.55 
29 724.52 30.93 
30 743.89 35.89 
31 763.11 41.44 
32 782.15 47.55 
33 801.00 54.23 
34 819.64 61.48 
35 838.06 69.28 
36 856.23 77.63 
37 874.15 86.52 
38 891.79 95.94 
39 909.14 105.89 
40 926.18 116.36 
41 942.90 127.33 
42 959.29 138.79 
43 975.32 150.75 
44 990.99 163.18 
45 1006.28 176.07 
46 1015.97 184.75 

** Corrected JANBU FOS = 3.344 ** (Fo factor = 1. 066) 

******************************************************************** 
** ** 
** Out of the 900 surfaces generated and analyzed by XSTABL, ** 
** 2 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Cover Circular Failure 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) (lb) 

1. 3.040 1.067 200.69 1095.97 1.660E+06 
2. 3.076 1. 057 211.38 1368.70 2.329E+06 
3. 3.158 1. 056 200.69 1342.74 2.291E+06 
4. 3.194 1.058 222.07 1364.36 2.385E+06 
5 . 3.210 1.070 232.76 1062.22 1.589E+06 



6 . 
7. 
8 . 
9. 

10. 

3.234 
3.235 
3.302 
3.327 
3.344 

1.067 
1.072 
1.078 
1.076 
1.066 

232.76 
190.00 
232.76 
243.45 
190.00 

* * * END OF FILE * * * 

1117.31 
921.57 
907.79 
961.37 

1015.97 

z_ f...:,~ 4-~ 
.A-:\1·~-""; 

1.731E+06 py-,...f 
1. 343E+06 (,Qz_-OZiv 

1.252E+06 
1.369E+06 
1.571E+06 
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Gandy Cover Block Failure 

1000 10 most critical surfaces, MINIMUM JANBU FOS = 2.810 
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XSTABL File: GANC4 11-04-97 20:26 

****************************************** 
* X S T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 

Problem Description Gandy Cover Block Failure 

SEGMENT BOUNDARY COORDINATES 

5 SURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 . 0 131.7 190.1 130.5 
2 190.1 130.5 200.1 135.9 
3 200.1 135.9 1270.7 200.0 
4 1270.7 200.0 1355.5 200.0 
5 1355.5 200.0 1393.4 198.4 

2 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right 
No. (ft) (ft) (ft) (ft) 

1 190.1 130.5 453.1 43.8 
2 453.1 43.8 1393.4 59.4 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

2- '1 .. \- Ufs 

ilaZ.. -9?~ 

t'~l"' 

1-1'1"""-C)t-

Soil Unit 
Below Segment 

2 
1 
1 
1 
1 

Soil Unit 
Below Segment 

2 
2 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 

Cohesion 
Intercept 

(psf) 

Friction 
Angle 
(deg) 

Pore Pressure 
Parameter Constant 

Water 
Surface 

No. (pcf) (pcf) Ru (psf) 



1 
2 

110.0 
110.0 

110.0 
110.0 

• 0 
440.0 

29.00 
2.00 

.000 

.000 
.0 
. 0 

A critical failure surface searching method, using a random 
technique for generating sliding BLOCK surfaces, has been 
specified. 

500 trial surfaces will be generated and analyzed. 

3 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) (ft) 

.L 269.1 103.6 344.9 78.6 1.0 
2 450.0 42.8 470.0 43.1 1.0 
3 1100.0 53.6 1250.0 56.1 1.0 

************************************************************* 
** 
** 
** 
** 
** 

Factor of safety calculation for surface # 
failed to converge within FIFTY iterations 

387 

The last calculated value of the FOS was 9.6297 
This will be ignored for final summary of results 

** 
** 
** 
** 
** 

************************************************************* 

The trial failure surface in question is 
defined by the following 29 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 216.72 136.90 
2 219.36 134.26 
3 227.03 127.84 
4 234.10 120.77 
5 244.09 120.30 
6 254.08 120.15 
7 263.14 115.92 
8 271.15 109.92 
9 279.62 104.60 

10 286.73 97.58 
11 467.65 43.47 
12 1114.11 53.36 
13 1114.33 63.35 
14 1115.17 73.32 
15 1120.88 81.53 
16 1121.19 91.52 
17 1125.15 100.71 
18 1129.17 109.87 

so .. ~ 4'0 
b9 z. v2.1J>J 
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~-rJn- ql-



19 1131.14 119.67 
20 1131.79 129.65 
21 1137.07 138.14 
22 1144.14 145.21 
23 1148.86 154.03 
24 1154.95 161.95 
25 1161.51 169.51 
26 1168.57 176.59 
27 1175.49 183.80 
28 1182.51 190.93 
29 1186.48 194.96 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 30 coordinate points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

x-surf 
(ft) 

210.78 
219.25 
228.70 
236.86 
244.12 
251.19 
261.06 
269.72 
278.77 
453.41 

1191.28 
1198.18 
1204.84 
1211.33 
1217.47 
1223.53 
1230.55 
1237.62 
1242.65 
1249.72 
1255.89 
1260.50 
1266.42 
1272.49 
1273.41 
1280.09 
1285.99 
1292.14 
1294.37 
1295.08 

y-surf 
(ft) 

136.54 
134.15 
130.88 
125.10 
118.22 
111.15 
109.57 
104.56 
100.32 

43.18 
55.21 
62.45 
69.90 
77.51 
85.41 
93.36 

100.48 
107.55 
116.19 
123.26 
131.14 
140.01 
148.07 
156.02 
165.98 
173.41 
181.49 
189.37 
199.12 
200.00 

31•-r4tt 
oo'2-- 02-'J ~ 

Pr-,1 
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** Corrected JANBU FOS = 2.810 ** (Fo factor 1.052) 
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Failure surface No. 2 specified by 30 coordinate points 
4 -t.J w- c 1 

Point x-surf y-surf 
No. (ft) (ft) 

1 218.35 136.99 
2 222.80 133.29 
3 230.53 126.94 
4 238.53 120.94 
5 245.73 113.99 
6 255.71 113.38 
7 262.86 106.39 
8 272.17 102.74 
9 281.40 98.90 

10 291.10 96.46 
11 453.34 42.53 
12 1207.47 55.58 
13 1212.13 64.43 
14 1218.81 71.87 
15 1225.71 79.10 
16 1232.75 86.21 
17 1237.89 94.79 
18 1244.96 101.86 
19 1249.07 110.98 
20 1253.70 119.84 
21 1257.09 129.25 
22 1259.97 138.83 
23 1266.43 146.46 
24 1269.84 155.86 
25 1276.41 163.40 
26 1283.47 170.48 
27 1285.16 180.33 
28 1290.27 188.93 
29 1294.68 197.91 
30 1295.99 200.00 

** Corrected JANBU FOS = 2.848 ** (Fo factor 1.053) 

Failure surface No. 3 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 218.48 137.00 
2 224.02 134.07 
3 232.86 129.40 
4 240.00 122.39 
5 248.38 116.93 
6 255.51 109.92 
7 265.50 109.51 
8 272.58 102.45 
9 454.90 42.73 

10 1209.31 55.03 
11 1214.83 63.37 
12 1220.24 71.77 
13 1223.80 81.12 
14 1230.86 88.20 



3, 50'- 48 
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15 1237.73 95.47 (""I' 
16 1241.21 104.84 4 -N r.~ - 't' 7 
17 1248.23 111.96 
18 1253.81 120.27 
19 1260.88 127.34 
20 1266.17 135.82 
21 1268.73 145.49 
22 1274.75 153.47 
23 1278.17 162.87 
24 1285.24 169.95 
25 1291.62 177.65 
26 1296.50 186.37 
27 1302.01 194.72 
28 1304.52 200.00 

** Corrected JANBU FOS 2.859 ** (Fo factor = 1. 053) 

Failure surface No. 4 specified by 31 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 192.53 131.81 
2 199.08 125.82 
3 208.87 123.76 
4 218.65 121.68 
5 228.65 121.60 
6 238.47 119.73 
7 248.39 118.48 

' 
8 256.27 112.32 
9 264.17 106.19 

10 273.98 104.25 
11 282.55 99.10 
12 450.02 42.41 
13 1224.73 55.25 
14 1231.78 62.34 
15 1238.54 69.71 
16 1244.15 77.98 
17 1250.26 85.90 
18 1256.51 93.70 
19 1261.02 102.63 
20 1267.70 110.07 
21 1274.64 117.28 
22 1281.69 124.36 
23 1287.18 132.72 
24 1287.98 142.69 
25 1292.84 151.43 
26 1298.24 159.84 
27 1302.79 168.75 
28 1307.08 177.78 
29 1313.98 185.02 
30 1318.96 193.69 
31 1325.14 200.00 

** Corrected JANBU FOS = 2.871 ** (Fo factor = 1. 051) 

Failure surface No. 5 specified by 33 coordinate points 
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Point x-surf y-surf P~""'~l" 

No. (ft) (ft) 4- -Nw- en. 

1 206.98 136.31 
2 211.40 134.77 
3 219.80 129.36 
4 229.80 129.05 
5 236.90 122.00 
6 245.40 116.74 
7 252.47 109.67 
8 262.33 108.03 
9 270.45 102.19 

10 280.05 99.37 
11 289.81 97.23 
12 297.64 91.00 
13 307.63 90.67 
14 453.91 43.03 
15 1241.72 55.54 
16 1246.59 64.27 
17 1249.81 73.74 
18 1252.11 83.47 
19 1258.91 90.81 
20 1265.86 98.00 
21 1269.91 107.14 
22 1273.41 116.51 
23 1280.47 123.59 
24 1287.38 130.82 
25 1292.80 139.22 
26 1299.24 146.87 
27 1303.44 155.95 
28 1309.35 164.02 
29 1315.57 171.85 
30 1322.62 178.94 
31 1324.41 188.78 
32 1331.45 195.88 
33 1333.13 200.00 

** Corrected JANBU FOS = 2.926 ** (Fo factor = 1.051) 

Failure surface No. 6 specified by 34 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 182.53 130.55 
2 186.08 127.21 
3 196.06 126.60 
4 204.83 121.78 
5 214.67 120.03 
6 222.57 113.90 
7 231.27 108.97 
8 240.50 105.11 
9 250.27 102.99 

10 260.25 102.39 
11 269.83 99.51 
12 279.79 98.68 
13 289.56 96.53 
14 299.05 93.39 
15 451.02 43.08 
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16 1231.97 56.10 py-.,f 

17 1238.20 63.93 A-N~"'- ~1 18 1244.27 71.87 
19 1251.34 78.95 
20 1254.15 88.54 
21 1261.13 95.70 
22 1267.86 103.10 
23 1274.63 110.46 
24 1274.92 120.46 
25 1281.69 127.82 
26 1286.87 136.38 
27 1293.23 144.10 
28 1295.31 153.88 
29 1302.27 161.06 
30 1309.27 168.20 
31 1314.86 176.49 
32 1316.78 186.30 
33 1321.31 195.21 
34 1326.09 200.00 

** Corrected JANBU FOS = 2.934 ** (Fo factor 1.050) 

Failure surface No. 7 specified by 32 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 205.47 136.22 
2 206.47 135.25 
3 213.68 128.33 
4 223.65 127.54 
5 233.07 124.20 
6 242.14 119.99 
7 251.03 115.40 
8 258.91 109.25 
9 267.52 104.16 

10 276.15 99.11 
11 285.26 94.98 
12 295.25 94.63 
13 455.06 42.90 
14 1208.48 55.31 
15 1214.56 63.25 
16 1220.60 71.22 
17 1226.80 79.07 
18 1233.01 86.91 
19 1239.51 94.50 
20 1240.82 104.42 
21 1244.21 113.83 
22 1250.99 121.17 
23 1255.99 129.84 
24 1257.78 139.67 
25 1264.85 146.75 
26 1268.12 156.20 
27 1272.54 165.17 
28 1279.57 172.29 
29 1286.01 179.93 
30 1291.99 187.95 
31 1298.56 195.49 
32 1300.68 200.00 



** Corrected JANBU FOS = 2.958 ** (Fo factor 

Failure surface No. 8 specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 229.86 137.68 
2 233.15 135.14 
3 240.91 128.83 
4 248.09 121.87 
5 255.32 114.96 
6 264.59 111.21 
7 274.41 109.34 
8 283.06 104.31 
9 291.74 99.35 

10 300.03 93.76 
11 456.02 42.52 
12 1188.34 55.31 
13 1192.52 64.40 
14 1198.66 72.29 
15 1203.00 81.30 
16 1209.39 89.00 
17 1216.23 96.29 
18 1219.09 105.87 
19 1224.45 114.31 
20 1228.92 123.26 
21 1235.77 130.54 
22 1242.78 137.67 
23 1249.80 144.80 
24 1253.26 154.18 
25 1259.15 162.26 
26 1265.06 170.32 
27 1267.85 179.93 
28 1273.85 187.92 
29 1280.91 195.01 
30 1285.44 200.00 

** Corrected JANBU FOS = 2.964 ** (Fo factor = 

Failure surface No. 9 specified by 31 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 228.11 137.58 
2 233.60 132.73 
3 240.92 125.92 
4 248.05 118.90 
5 257.82 116.77 
6 265.22 110.05 
7 275.08 108.35 
8 282.34 101.48 
9 290.33 95.47 

10 299.49 91.45 
11 309.41 90.15 
12 453.79 42.51 
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13 1119.67 54.29 prnf' 
14 1126.53 61.57 4 -}lf.N -~ ""}-
15 1130.47 70.76 
16 1136.83 78.48 
17 1141.95 87.07 
18 1147.04 95.68 
19 1153.00 103.71 
20 1160.04 110.80 
21 1166.89 118.09 
22 1172.99 126.02 
23 1180.02 133.13 
24 1185.73 141.34 
25 1190.17 150.30 
26 1195.77 158.59 
27 1198.98 168.06 
28 1206.05 175.13 
29 1210.26 184.20 
30 1211.15 194.16 
31 1211.45 196.45 

** Corrected JANBU FOS 2.979 ** (Fo factor = 1.056) 

Failure surface No.10 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 228.82 137.62 
2 232.86 133.59 
3 239.96 126.54 
4 248.22 120.90 
5 257.60 117.45 
6 264.72 110.43 
7 273.71 106.04 
8 281.34 99.58 
9 451.60 43.25 

10 1242.47 56.37 
11 1244.78 66.10 
12 1248.94 75.19 
13 1253.60 84.04 
14 1258.56 92.72 
15 1265.13 100.26 
16 1271.58 107.91 
17 1278.60 115.02 
18 1281.31 124.65 
19 1286.49 133.21 
20 1293.24 140.58 
21 1298.20 149.26 
22 1305.11 156.49 
23 1311.26 164.38 
24 1316.82 172.69 
25 1322.04 181.21 
26 1327.92 189.30 
27 1328.99 199.24 
28 1329.44 200.00 

** Corrected JANBU FOS = 2.980 ** (Fo factor = 1. 052) 
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***************************************************************~l~** 
** ** 
** Out of the 500 surfaces generated and analyzed by XSTABL, ** 
** 1 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Cover Block Failure 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) ( lb) 

1. 2.810 1.052 210.78 1295.08 1.526E+06 
2. 2.848 1. 053 218.35 1295.99 1.472E+06 
3 . 2.859 1.053 218.48 1304.52 1.489E+06 
4. 2.871 1.051 192.53 1325.14 1.566E+06 
5. 2.926 1.051 206.98 1333.13 1.488E+06 
6 . 2.934 1. 050 182.53 1326.09 1.471E+06 
7. 2.958 1.052 205.47 1300.68 1.459E+06 
8 . 2.964 1.054 229.86 1285.44 1.497E+06 
9 . 2.979 1. 056 228.11 1211.45 1.416E+06 

10. 2.980 1.052 228.82 1329.44 1.492E+06 

* * * END OF FILE * * * 
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XSTABL File: GANC4Q 11-04-97 20:28 

****************************************** 
* X s T A B L * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 a 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 a 1216 * 
****************************************** 
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Problem Description Gandy Cover Block Failure Q 

SEGMENT BOUNDARY COORDINATES 

5 SURFACE boundary segments 

Segment x-left y-left x-right 
No. (ft) (ft) (ft) 

1 . 0 131.7 190.1 
2 190.1 130.5 200.1 
3 200.1 135.9 1270.7 
4 1270.7 200.0 1355.5 
5 1355.5 200.0 1393.4 

2 SUBSURFACE boundary segments 

Segment x-left y-left 
No. (ft) (ft) 

1 190.1 130.5 
2 453.1 43.8 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil 
Unit 

No. 

Unit Weight 
Moist Sat. 
(pcf) (pcf) 

Cohesion 
Intercept 

(psf) 

x-right 
(ft) 

453.1 
1393.4 

Friction 
Angle 
(deg) 

y-right Soil Unit 
(ft) Below Segment 

130.5 2 
135.9 1 
200.0 1 
200.0 1 
198.4 1 

y-right Soil Unit 
(ft) Below Segment 

43.8 2 
59.4 2 

Pore Pressure 
Parameter Constant 

Water 
Surface 

No. Ru (psf) 



1 
2 

110.0 
110.0 

110.0 
110.0 

.0 
440.0 

29.00 
2.00 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

.000 

.000 
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.0 0 
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A critical failure surface searching method, using a random 
technique for generating sliding BLOCK surfaces, has been 
specified. 

500 trial surfaces will be generated and analyzed. 

3 boxes specified for generation of central block base 

Length of line segments for active and passive portions of 
sliding block is 10.0 ft 

Box x-left y-left x-right y-right Width 
no. (ft) (ft) (ft) (ft) 

1 269.1 103.6 344.9 78.6 
2 450.0 42.8 470.0 43.1 
3 1100.0 53.6 1250.0 56.1 

Factors of safety have been calculated by the 

* * * * * SIMPLIFIED JANBU METHOD * * * * * 

The 10 most critical of all the failure surfaces examined 
are displayed below - the most critical first 

Failure surface No. 1 specified by 34 coordinate points 

Point 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

x-surf 
(ft) 

182.53 
186.08 
196.06 
204.83 
214.67 
222.57 
231.27 
240.50 
250.27 

y-surf 
(ft) 

130.55 
127.21 
126.60 
121.78 
120.03 
113.90 
108.97 
105.11 
102.99 

(ft) 

1.0 
1.0 
1.0 
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10 260.25 102.39 ('vY!P 
11 269.83 99.51 1-r.Jer ~+ 12 279.79 98.68 
13 289.56 96.53 
14 299.05 93.39 
15 451.02 43.08 
16 1231.97 56.10 
17 1238.20 63.93 
18 1244.27 71.87 
19 1251.34 78.95 
20 1254.15 88.54 
21 1261. 13 95.70 
22 1267.86 103.10 
23 1274.63 110.46 
24 1274.92 120.46 
25 1281.69 127.82 
26 1286.87 136.38 
27 1293.23 144.10 
28 1295.31 153.88 
29 1302.27 161.06 
30 1309.27 168.20 
31 1314.86 176.49 
32 1316.78 186.30 
33 1321.31 195.21 
34 1326.09 200.00 

** Corrected JANBU FOS = 1.512 ** (Fo factor = 1.050) 

Failure surface No. 2 specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 218.35 136.99 
2 222.80 133.29 
3 230.53 126.94 
4 238.53 120.94 
5 245.73 113.99 
6 255.71 113.38 
7 262.86 106.39 
8 272.17 102.74 
9 281.40 98.90 

10 291.10 96.46 
11 453.34 42.53 
12 1207.47 55.58 
13 1212.13 64.43 
14 1218.81 71.87 
15 1225.71 79.10 
16 1232.75 86.21 
17 1237.89 94.79 
18 1244.96 101.86 
19 1249.07 110.98 
20 1253.70 119.84 
21 1257.09 129.25 
22 1259.97 138.83 
23 1266.43 146.46 
24 1269.84 155.86 
25 1276.41 163.40 
26 1283.47 170.48 
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27 1285.16 180.33 ~Y"'(? 
28 1290.27 188.93 f -NPr ~+ 
29 1294.68 197.91 
30 1295.99 200.00 

** Corrected JANBU FOS 1.552 ** (Fo factor = 1.053) 

Failure surface No. 3 specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 210.78 136.54 
2 219.25 134.15 
3 228.70 130.88 
4 236.86 125.10 
5 244.12 118.22 
6 251.19 111.15 
7 261.06 109.57 
8 269.72 104.56 
9 278.77 100.32 

10 453.41 43.18 
11 1191.28 55.21 
12 1198.18 62.45 
13 1204.84 69.90 
14 1211.33 77.51 
15 1217.47 85.41 
16 1223.53 93.36 
17 1230.55 100.48 
18 1237.62 107.55 
19 1242.65 116.19 
20 1249.72 123.26 
21 1255.89 131.14 
22 1260.50 140.01 
23 1266.42 148.07 
24 1272.49 156.02 
25 1273.41 165.98 
26 1280.09 173.41 
27 1285.99 181.49 
28 1292.14 189.37 
29 1294.37 199.12 
30 1295.08 200.00 

** Corrected JANBU FOS = 1.553 ** (Fo factor = 1.052) 

Failure surface No. 4 specified by 31 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 192.53 131.81 
2 199.08 125.82 
3 208.87 123.76 
4 218.65 121.68 

(<;.. 5 228.65 121.60 
6 238.47 119.73 
7 248.39 118.48 
8 256.27 112.32 
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9 264.17 106.19 yY'n(J 
10 273.98 104.25 4-H-'" - ~ ,_ 
11 282.55 99.10 
12 450.02 42.41 
13 1224.73 55.25 
14 1231.78 62.34 
15 1238.54 69.71 
16 1244.15 77.98 
17 1250.26 85.90 
18 1256.51 93.70 
19 1261.02 102.63 
20 1267.70 110.07 
21 1274.64 117.28 
22 1281.69 124.36 
23 1287.18 132.72 
24 1287.98 142.69 
25 1292.84 151.43 
26 1298.24 159.84 
27 1302.79 168.75 
28 1307.08 177.78 
29 1313.98 185.02 
30 1318.96 193.69 
31 1325.14 200.00 

** Corrected JANBU FOS = 1. 558 ** (Fo factor = 1.051) 

Failure surface No. 5 specified by 33 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 206.98 136.31 
2 211.40 134.77 
3 219.80 129.36 
4 229.80 129.05 
5 236.90 122.00 
6 245.40 116.74 
7 252.47 109.67 
8 262.33 108.03 
9 270.45 102.19 

10 280.05 99.37 
11 289.81 97.23 
12 297.64 91.00 
13 307.63 90.67 
14 453.91 43.03 
15 1241.72 55.54 
16 1246.59 64.27 
17 1249.81 73.74 
18 1252.11 83.47 
19 1258.91 90.81 
20 1265.86 98.00 
21 1269.91 107.14 
22 1273.41 116.51 
23 1280.47 123.59 
24 1287.38 130.82 
25 1292.80 139.22 
26 1299.24 146.87 
27 1303.44 155.95 
28 1309.35 164.02 
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29 1315.57 171.85 
0'12.. ---'-~ 

p,...,f 
30 1322.62 178.94 1-J\\("'tl-'11 31 1324.41 188.78 
32 1331.45 195.88 
33 1333.13 200.00 

** Corrected JANBU FOS = 1.560 ** (Fo factor = 1.051) 

Failure surface No. 6 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 218.48 137.00 
2 224.02 134.07 
3 232.86 129.40 
4 240.00 122.39 
5 248.38 116.93 
6 255.51 109.92 
7 265.50 109.51 
8 272.58 102.45 
9 454.90 42.73 

10 1209.31 55.03 
11 1214.83 63.37 
12 1220.24 71.77 
13 1223.80 81.12 
14 1230.86 88.20 
15 1237.73 95.47 
16 1241.21 104.84 
17 1248.23 111.96 
18 1253.81 120.27 
19 1260.88 127.34 
20 1266.17 135.82 
21 1268.73 145.49 
22 1274.75 153.47 
23 1278.17 162.87 
24 1285.24 169.95 
25 1291.62 177.65 
26 1296.50 186.37 
27 1302.01 194.72 
28 1304.52 200.00 

** Corrected JANBU FOS = 1.566 ** (Fo factor = 1.053) 

Failure surface No. 7 specified by 32 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 205.47 136.22 
2 206.47 135.25 
3 213.68 128.33 
4 223.65 127.54 
5 233.07 124.20 ,, 6 242.14 119.99 
7 251.03 115.40 
8 258.91 109.25 
9 267.52 104.16 
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10 276.15 99.11 P""f 11 285.26 94.98 4 -N. ,.._ - q 1-12 295.25 94.63 
13 455.06 42.90 
14 1208.48 55.31 
15 1214.56 63.25 
16 1220.60 71.22 
17 1226.80 79.07 
18 1233.01 86.91 
19 1239.51 94.50 
20 1240.82 104.42 
21 1244.21 113.83 
22 1250.99 121.17 
23 1255.99 129.84 
24 1257.78 139.67 
25 1264.85 146.75 
26 1268.12 156.20 
27 1272.54 165.17 
28 1279.57 172.29 
29 1286.01 179.93 
30 1291.99 187.95 
31 1298.56 195.49 
32 1300.68 200.00 

** Corrected JANBU FOS 1. 574 ** (Fo factor 1.052) 

Failure surface No. 8 specified by 28 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 228.82 137.62 
2 232.86 133.59 
3 239.96 126.54 
4 248.22 120.90 
5 257.60 117.45 
6 264.72 110.43 
7 273.71 106.04 
8 281.34 99.58 
9 451.60 43.25 

10 1242.47 56.37 
11 1244.78 66.10 
12 1248.94 75.19 
13 1253.60 84.04 
14 1258.56 92.72 
15 1265.13 100.26 
16 1271.58 107.91 
17 1278.60 115.02 
18 1281.31 124.65 
19 1286.49 133.21 
20 1293.24 140.58 
21 1298.20 149.26 
22 1305.11 156.49 
23 1311.26 164.38 
24 1316.82 172.69 
25 1322.04 181.21 
26 1327.92 189.30 
27 1328.99 199.24 
28 1329.44 200.00 
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** Corrected JANBU FOS = 1.590 ** (Fo factor 1.052) 
fr11P 
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Failure surface No. 9 specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 186.85 130.52 
2 192.21 127.57 
3 201.72 124.49 
4 210.38 119.50 
5 219.88 116.36 
6 229.86 115.63 
7 238.40 110.43 
8 248.11 108.04 
9 257.98 106.45 

10 267.03 102.20 
11 276.93 100.82 
12 451.38 42.94 
13 1106.11 53.43 
14 1113.10 60.58 
15 1119.85 67.96 
16 1123.83 77.13 
17 1130.88 84.22 
18 1134.62 93.49 
19 1135.75 103.43 
20 1139.15 112.83 
21 1146.19 119.94 
22 1150.36 129.03 
23 1157.39 136.14 
24 1161.14 145.41 
25 1163.82 155.04 
26 1169.78 163.07 
27 1175.42 171.33 
28 1179.22 180.58 
29 1183.40 189.66 
30 1185.10 194.88 

** Corrected JANBU FOS = 1.608 ** (Fo factor = 1.055) 

Failure surface No.10 specified by 31 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 214.74 136.78 
2 215.63 136.39 
3 225.43 134.41 
4 235.02 131.57 
5 243.74 126.68 
6 250.99 119.79 
7 258.63 113.33 
8 267.51 108.74 
9 275.87 103.26 

10 283.27 96.53 
11 293.21 95.40 
12 454.35 42.48 
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13 1201.92 55.28 pW!I' 
14 1208.99 62.36 4 -r.Jn- C,l-
15 1214.93 70.40 
16 1221.43 78.00 
17 1222.85 87.90 
18 1229.49 95.38 
19 1235.95 103.01 
20 1238.82 112.59 
21 1245.54 120.00 
22 1252.55 127.12 
23 1257.59 135.76 
24 1261.05 145.14 
25 1266.53 153.51 
26 1271.22 162.34 
27 1275.85 171.20 
28 1276.78 181.16 
29 1279.60 190.76 
30 1286.25 198.22 
31 1287.86 200.00 

** Corrected JANBU FOS 1.610 ** (Fo factor = 1. 053) 

The following is a summary of the TEN most critical surfaces 

Problem Description : Gandy Cover Block Failure Q 

Modified Correction Initial Terminal Available 
JANBU FOS Factor x-coord x-coord Strength 

(ft) (ft) ( lb) 

1. 1. 512 1. 050 182.53 1326.09 1.376E+06 
2. 1.552 1. 053 218.35 1295.99 1.392E+06 
3 . 1.553 1. 052 210.78 1295.08 1.451E+06 
4. 1.558 1.051 192.53 1325.14 1.486E+06 
5. 1. 560 1. 051 206.98 1333.13 1.403E+06 
6 . 1. 566 1. 053 218.48 1304.52 1.412E+06 
7. 1. 574 1.052 205.47 1300.68 1.375E+06 
8. 1. 590 1. 052 228.82 1329.44 1.412E+06 
9. 1. 608 1.055 186.85 1185.10 1.194E+06 

10. 1.610 1.053 214.74 1287.86 1.388E+06 

* * * END OF FILE * * * 



Infinite slope analysis spreadsheet 
Date: 12-Nov-97 
Br.: Paul Pellicer 
Ftlename: Cover system stability . wq 1 

Soil Parameters 
Cohesion: 

Friction Angle: 
Gamma Motst: 

Slope Geometry: 
Slope Angle: 

Failure Plane Depth: 

15 P.Sf 
31 aegrees 

110 pcf 

3.4 3 degrees 
2.5 ft 

Groundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

2.5 ft 
0.567272727 no units 

Seismic Parameters 
Ground Acceleration: 0 g's 

Safety Factor: 5.2514 

tangent 

cosme 

0.054643341 
0.600860619 

0.998208638 sine 
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Infinite slope analysis spreadsheet 
Date: 12-Nov-97 
Br.: Paul Pellicer 
Ftlename: Cover system stability .wq1 

Soil Parameters 
Cohesion: 

Friction Angle: 
Gamma Motst: 

Slope Geometry: 
Slope Angle: 

Failure Plane Depth: 

15 P.Sf 
31 aegrees 

110 pcf 

3.4 3 degrees 
2.5 ft 

Groundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

2.5 ft 
0.567272727 no units 

Seismic Parameters 
Ground Acceleration: 0.04 g's 

Safety Factor: 3.13509 

tangent 

cos me 

0.054643341 
0.600860619 

0.998208638 sine 

~oz..- oz-Jv 
f1'1'1( 
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Infinite slope analysis spreadsheet 
Date: 13-Nov-97 
Br.: Paul Pellicer 
F 1lename: Preteeti • c covet 3t&~ility. wq 1 

ft.._.,..._~ Sf-£.d~ ~ 

Soil Parameters 
Cohesion: 

Friction Angle: 
Gamma Mo1st: 

Slope Geometry: 
Slope Angle: 

Failure Plane Depth: 

15 P.Sf 
31 aegrees 

125 pcf 

5.71 degrees 
3ft 

Groundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

Seismic Parameters 

Oft 
0 no units 

Ground Acceleration: 0 g' s 

Safety Factor: 6.41328 

tangent 

cos me 

0.040199461 
0.600860619 

0.99503822 sine 

b 0 (- '
0 

~ DZ.-02-<.)1} 

14 -Alvv-0,-:f. 

pr., t' 



Infinite slope analysis spreadsheet 
Date: 13-N ov-97 
BY.: Paul Pellicer 
F tlename: Protective cover stability. wq 1 

Soil Parameters 
Cohesion: 

Friction Angle: 
Gamma M01st: 

Slope Geometry: 
Slope Angle: 

Failure Plane Depth: 

15 P.Sf 
31 degrees 

125 pcf 

5.71 degrees 
3ft 

Groundwater Parameters 
Height of water in 

failure mass: 
Pore Pressure Ratio: 

Seismic Parameters 

Oft 
0 no units 

Ground Acceleration: 0.04 g' s 

Safety Factor: 4.56361 

tangent 

cosme 

0.040199461 
0.600860619 

0.99503822 sine 

7-ot-'0 
!4 -N $II -'11-
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Wheel Tractor-Scrapers Specifications 
., /C 0 ~ /0 

Goz.- oz.oo 
• Standard Scrapers pw-.fJ 

!4 ~NI'V -?t ..,. ~ ~ 
8218 8310 851E 

Flywheel power 248 kW 330 HP 338kW 450 HP 410 kW 550 ~ 
Operating weight (empty) ... 30205 kg 88,510 lb 42 370 kg 13,410 lb 59 420 kg 131,00 
Scraper capacity -

Struck 10.7 m3 14 yd3 18m3 21 y,P 24.5 m3 32 yc 
Heaped 15.3 m3 20ytP 23.7 m3 31 y,P 33.8 m3 44 yc 

Rated load 21 no kg 41,000 lb 34 000 kg 75,000 lb 47 170 kg 104,00! 
Weight distribution - Empty 

Drive 70% U% U% 
Rear 30% 31% 31% 

Weight distribution - Loaded 
Drive 55% 54% 54% 
Rear 45% 41% 41% 

Engine model 3401 3401 3412 
Rated engine RPM 1100 2000 1100 
Displacement 14.8 L 8131n3 18.0 L 1ottln3 27.0 L 1841" 
Top speed (loaded) 48km/h 30mph 50 kmlh 31 mph 50 kmlh 31 mp 
Non-stop turning circle 11.1 m 38'8" 12.2 m 40'1" 13.8 m 44'7' 

With ROPS restriction 14.5 m 47'7' 
Tires -Tractor drive 2t.5-2t, 28 PR (E·3) 33.25-35, 38 PR (E·3) 37.5R3t Rlldlal * * (E 

Scraper 2t.5-2t, 21 PR (E·3) 33.25-35, 38 PR (E·3) 37.5R3t Radial * * (E 
Width of cut 3.02 m I '11" 3.50 m 11'8" 3.68m 12'1' 
Maximum depth of cut 340mm 13.4" 483mm 11" 440mm 17.3' 
Maximum depth of spread 480mm 18" 425mm 18.7" 880mm 28' 
Fuel tank refill capacity 511 L 135 gal 780 L 200gal 1083 L 288 ga 
GENERAL DIMENSIONS: 

Height to top of scraper 3.83m 11'11" 4.17 m 13'8" 4.70m 15'5' 
Wheelbase 7.72 m 25'4" 8.74 m 28'8" 9.98m 32'8' 

Overall length 12.7 m 41'7" 14.25 m 41'1l" 18.13 m 52'11' 
Overall width 3.45m 11'4" 3.98m 13' 4.34 m 14'3' .. Shipping width 

(draft arm on inside of bowl) 3.88 m 12'0" 3.91 m 12'10' 

Scraper tread 2.18 m 7'2" 2.48 m 8'1" 2.82 m 9'3' 

Tractor tread 2.21 m 7'3" 2.48m 8'1" 2.84 m 1'8' 

•()pirating weltht lncludft coo1111t. lubrlcanta, lull fuel t111k, ROPS canopy llld oper•tor. 
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XSTABL File: POND1 11-14-97 15:22 

****************************************** 
* XSTABL * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 A 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 A 1216 * 
****************************************** 

Problem Description : riassic park evap pond, static 

SEGMENT BOUNDARY COORDINATES 

12 SURF ACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 49.0 53.0 103.0 35.0 1 
2 103.0 35.0 117.0 35.0 1 
3 117.0 35.0 132.0 40.0 1 
4 132.0 40.0 170.0 42.0 1 
5 170.0 42.0 192.0 53.0 1 
6 192.0 53.0 207.0 53.0 1 
7 207.0 53.0 229.0 42.0 1 
8 229.0 42.0 267.0 40.0 1 
9 267.0 40.0 282.0 35.0 1 
10 282.0 35.0 296.0 35.0 1 
11 296.0 35.0 350.0 53.0 1 
12 350.0 53.0 374.0 53.0 1 

12 SUBSURFACE boundary segments 

Segment 
No. 

x-left y-left x-right y-right Soil Unit 
(ft) (ft) (ft) (ft) Below Segment 

1 49.0 50.0 103.0 32.0 2 



2 103.0 32.0 117.0 32.0 2 
3 117.0 32.0 132.0 37.0 2 
4 132.0 37.0 170.0 39.0 2 
5 170.0 39.0 192.0 50.0 2 
6 192.0 50.0 207.0 50.0 2 
7 207.0 50.0 229.0 39.0 2 
8 229.0 39.0 267.0 37.0 2 
9 267.0 37.0 282.0 32.0 2 
10 282.0 32.0 296.0 32.0 2 
11 296.0 32.0 350.0 50.0 2 
12 350.0 50.0 374.0 50.0 2 

ISOTROPIC Soil Parameters 

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) (deg) Ru (psf) No . 

1 110.0 110.0 5000.0 
2 110.0 110.0 5000.0 

. 00 .000 

.00 .000 
.0 0 
.0 0 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

400 trial surfaces will be generated and analyzed. 

20 Surfaces initiate from each of 20 points equally spaced 
along the ground surface between x = 55.0 ft 

and x - 150.0 ft 

Each surface terminates between x ... 170.0 ft 
and x- 230.0 ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = .0 ft 

5.0 ft line segments define each trial failure surface. 

\So~ 3,.o 
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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: 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 

The most critical circular failure surface 
is specified by 26 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 110.00 35.00 
2 113.54 31.47 
3 117.35 28.23 
4 121.40 25.30 
5 125.68 22.71 
6 130.15 20.47 
7 134.78 18.59 
8 139.55 17.09 
9 144.43 15.98 
10 149.37 15.25 
11 154.36 14.93 
12 159.36 15.00 
13 164.34 15.47 
14 169.26 16.34 
15 174.10 17.60 
16 178.83 19.24 
17 183.40 21.25 
18 187.81 23.62 
19 192.00 26.34 
20 195.97 29.38 
21 199.69 32.73 
22 203.12 36.36 
23 206.25 40.26 
24 209.06 44.39 
25 211.54 48.74 
26 212.29 50.35 

**** Simplified BISHOP FOS'"" 19.186 **** 



******************************************************************** 
** ** 
** Out of the 400 surfaces generated and analyzed by XST ABL, ** 
** 393 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 

The following is a summary of the TEN most critical surfaces 

Problem Description: riassic park evap pond, static 

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. 19.186 155.95 77.49 62.58 110.00 212.29 3.811E+07 
2. 19.397 152.45 83.98 68.19 105.00 211.87 4.249E+07 
3. 19.445 152.86 90.95 76.25 100.00 216.11 5.072E+07 
4. 19.468 159.58 76.10 60.64 115.00 214.01 3.569E+07 
5. 19.614 161.07 82.69 69.88 110.00 220.62 4.492E+07 
6. 20.171 159.58 92.42 79.22 105.00 223.01 5.299E+07 
7. 20.260 158.77 91.94 81.14 100.00 224.41 5.770E+07 
8. 500.000 146.47 139.40 127.21 55.00 228.54 1.217E+08 
9. 500.000 130.36 160.60 133.00 55.00 207.89 1.083E+08 
10. 500.000 148.88 239.63 210.70 55.00 225.93 1.856E+08 

* * * END OF FILE * * * 
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XSTABL File: POND1Q 11-14-97 15:23 

****************************************** 
* XSTABL * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 A 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 A 1216 * 
****************************************** 

Problem Description : riassic park evap pond, pseudostatic 

SEGMENT BOUNDARY COORDINATES 

12 SURF ACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 49.0 53.0 103.0 35.0 1 
2 103.0 35.0 117.0 35.0 1 
3 117.0 35.0 132.0 40.0 1 
4 132.0 40.0 170.0 42.0 1 
5 170.0 42.0 192.0 53.0 1 
6 192.0 53.0 207.0 53.0 1 
7 207.0 53.0 229.0 42.0 1 
8 229.0 42.0 267.0 40.0 1 
9 267.0 40.0 282.0 35.0 1 
10 282.0 35.0 296.0 35.0 1 
11 296.0 35.0 350.0 53.0 1 
12 350.0 53.0 374.0 53.0 1 

12 SUBSURFACE boundary segments 

Segment 
No. 

x-left y-left x-right y-right Soil Unit 
(ft) (ft) (ft) (ft) Below Segment 

1 49.0 50.0 103.0 32.0 2 



2 103.0 32.0 117.0 32.0 2 
3 117.0 32.0 132.0 37.0 2 
4 132.0 37.0 170.0 39.0 2 
5 170.0 39.0 192.0 50.0 2 
6 192.0 50.0 207.0 50.0 2 
7 207.0 50.0 229.0 39.0 2 
8 229.0 39.0 267.0 37.0 2 
9 267.0 37.0 282.0 32.0 2 
10 282.0 32.0 296.0 32.0 2 
11 296.0 32.0 350.0 50.0 2 
12 350.0 50.0 374.0 50.0 2 

ISOTROPIC Soil Parameters 

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) (deg) Ru (psf) No. 

1 110.0 110.0 5000.0 .00 .000 
2 110.0 110.0 5000.0 .00 .000 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

.0 0 

.0 0 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

400 trial surfaces will be generated and analyzed. 

20 Surfaces initiate from each of 20 points equally spaced 
along the ground surface between x = 55.0 ft 

and x .. 150.0 ft 

Each surface terminates between x = 170.0 ft 
and x- 230.0 ft 

Unless further limitations were imposed, the minimum elevation 

I ~o-C- 50 
"T. ~ t\f'ti::M" 
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at which a surface extends is y = .0 ft 

5.0 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: 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 

The most critical circular failure surface 
is specified by 27 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 110.00 35.00 
2 113.54 31.47 
3 117.33 28.20 
4 121.33 25.21 
5 125.55 22.52 
6 129.94 20.13 
7 134.49 18.07 
8 139.18 16.33 
9 143.98 14.93 
10 148.87 13.89 
11 153.82 13.19 
12 158.81 12.85 
13 163.81 12.87 
14 168.80 13.24 
15 173.74 13.97 
16 178.62 15.05 
17 183.42 16.48 
18 188.09 18.25 
19 192.63 20.34 
20 197.01 22.76 
21 201.20 25.48 
22 205.19 28.50 

If~~ 3.-o 
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23 
24 
25 
26 
27 

208.95 
212.47 
215.72 
218.70 
220.62 

31.79 
35.35 
39.14 
43.16 
46.19 

**** Simplified BISHOP FOS = 15.734 **** 

******************************************************************** 
** ** 
** Out of the 400 surfaces generated and analyzed by XST ABL, ** 
** 325 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 

The following is a summary of the TEN most critical surfaces 

Problem Description: riassic park evap pond, pseudostatic 

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. 15.734 161.07 82.69 69.88 110.00 220.62 4.492E+07 
2. 15.814 152.86 90.95 76.25 100.00 216.11 5.072E+07 
3. 15.856 158.77 91.94 81.14 100.00 224.41 5.770E+07 
4. 15.870 155.95 77.49 62.58 110.00 212.29 3.811E+07 
5. 15.933 159.58 92.42 79.22 105.00 223.01 5.299E+07 
6. 16.010 152.45 83.98 68.19 105.00 211.87 4.249E+07 
7. 16.052 159.58 76.10 60.64 115.00 214.01 3.569E+07 
8. 16.085 159.76 93.24 82.75 100.00 225.89 5.934E+07 
9. 16.362 157.57 96.71 86.03 95.00 225.38 6.374E+07 
10. 16.402 163.11 90.22 80.16 105.00 227.66 5.612£+07 

* * * END OF FILE * * * 
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XSTABL File: POND2 11-14-97 15:20 

****************************************** 
* XSTABL * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 A 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 A 1216 * 
****************************************** 

Problem Description : riassic park evap pond, static 

SEGMENT BOUNDARY COORDINATES 
--------

13 SURF ACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 49.0 53.0 103.0 35.0 1 
2 103.0 35.0 117.0 35.0 1 
3 117.0 35.0 132.0 40.0 1 
4 132.0 40.0 170.0 42.0 1 
5 170.0 42.0 192.0 53.0 1 
6 192.0 53.0 207.0 53.0 1 
7 207.0 53.0 229.0 42.0 1 
8 229.0 42.0 267.0 40.0 1 
9 267.0 40.0 282.0 35.0 1 
10 282.0 35.0 296.0 35.0 1 
11 296.0 35.0 350.0 53.0 1 
12 350.0 53.0 374.0 53.0 1 
13 374.0 53.0 400.0 53.0 1 

13 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 



1 49.0 50.0 103.0 32.0 2 
2 103.0 32.0 117.0 32.0 2 
3 117.0 32.0 132.0 37.0 2 
4 132.0 37.0 170.0 39.0 2 
5 170.0 39.0 192.0 50.0 2 
6 192.0 50.0 207.0 50.0 2 
7 207.0 50.0 229.0 39.0 2 
8 229.0 39.0 267.0 37.0 2 
9 267.0 37.0 282.0 32.0 2 
10 282.0 32.0 296.0 32.0 2 
11 296.0 32.0 350.0 50.0 2 
12 350.0 50.0 374.0 50.0 2 
13 374.0 50.0 400.0 50.0 2 

ISOTROPIC Soil Parameters 

2 Soil unit(s) specified 

Soil Unit Weight Cohesion Friction Pore Pressure Water 
Unit Moist Sat. Intercept Angle Parameter Constant Surface 
No. (pcfj (pcfj (psfj (deg) Ru (psfj No. 

1 110.0 110.0 5000.0 .00 .000 .0 0 
2 110.0 110.0 5000.0 .00 .000 .0 0 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

400 trial surfaces will be generated and analyzed. 

20 Surfaces initiate from each of 20 points equally spaced 
along the ground surface between x = 280.0 ft 

and x = 300.0 ft 

Each surface terminates between x = 310.0 ft 
and x • 399.0 ft 

Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y =- .0 ft 

5.0 ft line segments define each trial failure surface. 

z_5. ~~so 
T-~ 
t,oz_-o Z- -· 

#c; v J'f-; t~if?-



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 : 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 

The most critical circular failure surface 
is specified by 27 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 280.00 35.67 
2 283.54 32.13 
3 287.33 28.88 
4 291.36 25.92 
5 295.61 23.28 
6 300.05 20.98 
7 304.65 19.02 
8 309.38 17.41 
9 314.23 16.18 
10 319.15 15.32 
11 324.13 14.83 
12 329.13 14.73 
13 334.12 15.01 
14 339.08 15.67 
15 343.97 16.71 
16 348.77 18.12 
17 353.44 19.89 
18 357.97 22.02 
19 362.32 24.48 
20 366.47 27.27 
21 370.39 30.37 
22 374.07 33.76 
23 377.48 37.42 
24 380.59 41.33 
25 383.40 45.46 
26 385.89 49.80 
27 387.40 53.00 
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**** Simplified BISHOP FOS = 15.900 **** 

******************************************************************** 
** ** 
** Out of the 400 surfaces generated and analyzed by XST ABL, ** 
** 281 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 

The following is a summary of the TEN most critical surfaces 

Problem Description : riassic park evap pond, static 

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. 15.900 327.96 80.09 65.37 280.00 387.40 4.201E+07 
2. 15.958 330.22 82.40 68.60 280.00 392.17 4.585E+07 
3. 15.971 330.32 82.70 68.88 280.00 392.42 4.610E+07 
4. 15.998 326.20 72.43 55.47 285.26 378.09 3.141E+07 
5. 16.051 329.72 79.75 63.83 284.21 387.62 3.934E+07 
6. 16.052 329.70 84.27 69.51 280.00 391.72 4.590E+07 
7. 16.070 332.56 79.81 65.92 284.21 392.76 4.290E+07 
8. 16.073 330.07 77.78 61.95 285.26 386.81 3.775E+07 
9. 16.082 333.97 84.71 72.39 281.05 399.05 5.075E+07 
10. 16.082 323.62 72.66 54.51 284.21 374.43 2.985E+07 

* * * END OF FILE * * * 
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XSTABL File: POND2Q 11-14-97 15:21 

****************************************** 
* XSTABL * 
* * 
* Slope Stability Analysis * 
* using the * 
* Method of Slices * 
* * 
* Copyright (C) 1992 A 96 * 
* Interactive Software Designs, Inc. * 
* Moscow, ID 83843, U.S.A. * 
* * 
* All Rights Reserved * 
* * 
* Ver. 5.200 96 A 1216 * 
****************************************** 

Problem Description : riassic park evap pond, pseudostatic 

SEGMENT BOUNDARY COORDINATES 

13 SURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 

1 49.0 53.0 103.0 35.0 1 
2 103.0 35.0 117.0 35.0 1 
3 117.0 35.0 132.0 40.0 1 
4 132.0 40.0 170.0 42.0 1 
5 170.0 42.0 192.0 53.0 1 
6 192.0 53.0 207.0 53.0 1 
7 207.0 53.0 229.0 42.0 1 
8 229.0 42.0 267.0 40.0 1 
9 267.0 40.0 282.0 35.0 1 
10 282.0 35.0 296.0 35.0 1 
11 296.0 35.0 350.0 53.0 1 
12 350.0 53.0 374.0 53.0 1 
13 374.0 53.0 400.0 53.0 1 

13 SUBSURFACE boundary segments 

Segment x-left y-left x-right y-right Soil Unit 
No. (ft) (ft) (ft) (ft) Below Segment 



1 49.0 50.0 103.0 32.0 2 
2 103.0 32.0 117.0 32.0 2 
3 117.0 32.0 132.0 37.0 2 
4 132.0 37.0 170.0 39.0 2 
5 170.0 39.0 192.0 50.0 2 
6 192.0 50.0 207.0 50.0 2 
7 207.0 50.0 229.0 39.0 2 
8 229.0 39.0 267.0 37.0 2 
9 267.0 37.0 282.0 32.0 2 
10 282.0 32.0 296.0 32.0 2 
11 296.0 32.0 350.0 50.0 2 
12 350.0 50.0 374.0 50.0 2 
13 374.0 50.0 400.0 50.0 2 

ISOTROPIC Soil Parameters 

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) (deg) Ru (psf) No. 

1 110.0 110.0 5000.0 .00 .000 
2 110.0 110.0 5000.0 .00 .000 

A horizontal earthquake loading coefficient 
of .040 has been assigned 

A vertical earthquake loading coefficient 
of .000 has been assigned 

.0 0 

.0 0 

A critical failure surface searching method, using a random 
technique for generating CIRCULAR surfaces has been specified. 

400 trial surfaces will be generated and analyzed. 

20 Surfaces initiate from each of 20 points equally spaced 
along the ground surface between x - 280.0 ft 

and x - 300.0 ft 

Each surface terminates between x- 310.0 ft 
and x- 399.0 ft 

2~ o~ 5-c 
_\.~~ 
60~-0'l-~ 
I tf-#0'1 -cr r 



Unless further limitations were imposed, the minimum elevation 
at which a surface extends is y = .0 ft 

5.0 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 : 

* * * * * SIMPLIFIED BISHOP METHOD * * * * * 

The most critical circular failure surface 
is specified by 30 coordinate points 

Point x-surf y-surf 
No. (ft) (ft) 

1 281.05 35.32 
2 284.59 31.78 
3 288.36 28.50 
4 292.35 25.48 
5 296.54 22.75 
6 300.90 20.31 
7 305.43 18.18 
8 310.09 16.37 
9 314.86 14.89 
10 319.73 13.73 
11 324.66 12.92 
12 329.64 12.45 
13 334.64 12.32 
14 339.63 12.54 
15 344.60 13.10 
16 349.52 14.01 
17 354.36 15.25 
18 359.11 16.82 
19 363.73 18.72 
20 368.22 20.93 



21 372.54 23.44 
22 376.67 26.25 
23 380.61 29.34 
24 384.32 32.69 
25 387.79 36.29 
26 391.00 40.12 
27 393.95 44.16 
28 396.60 48.40 
29 398.96 52.81 
30 399.05 53.00 

**** Simplified BISHOP FOS = 13.304 **** 

******************************************************************** 
** ** 
** Out of the 400 surfaces generated and analyzed by XSTABL, ** 
** 239 surfaces were found to have MISLEADING FOS values. ** 
** ** 
******************************************************************** 

The following is a summary of the TEN most critical surfaces 

Problem Description : riassic park evap pond, pseudostatic 

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. 13.304 333.97 84.71 72.39 281.05 399.05 5.075E+07 
2. 13.370 334.90 83.23 70.73 283.16 398.79 4.875E + 07 
3. 13.371 330.22 82.40 68.60 280.00 392.17 4.585E+07 
4. 13.375 330.32 82.70 68.88 280.00 392.42 4.610E+07 
5. 13.437 327.96 80.09 65.37 280.00 387.40 4.201E+07 
6. 13.454 334.85 82.35 69.32 284.21 397.65 4.691E+07 
7. 13.455 332.56 79.81 65.92 284.21 392.76 4.290E+07 
8. 13.459 329.70 84.27 69.51 280.00 391.72 4.590E+07 
9. 13.475 333.42 88.78 74.33 282.11 398.55 5.056E+07 
10. 13.568 329.72 79.75 63.83 284.21 387.62 3.934E+07 

* * * END OF FILE * * * 
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Fig. 18.4. (a) Mohr zupture diagram for calculating relation between c and p. 
for consolidated-undraiDed test. (b) Statistical relation between c/fi ratio and 
plasticity inde:a: (after Skempton 19157). 

tivity. Some natural clay deposits, moreover, consist of a mixture of 
particles of fairly uniform fine sand and clay. While sedimentation 
proceeds, the simultaneous deposition of the flaky constituents of the 
finest fraction and of the equidimensional sand grains interferes with 
the rolling of the sand grains into stable arrangements. Therefore, if 
the sand grains touch each other, their configuration may be as meta
stable as that of true quicksands. However, the interstices between the 
sand grains are occupied by the clay-size materials which acquire, as a 
result of such physico-chemical processes as thixotropy and syneresis, 
appreciable strength as sedimentation proceeds. As a consequence, 
although the clay is sensitive, it does not exhibit the properties of true 
quicksands. In many respects, the states of transition from loose sand 
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Project Name: 

Sample Location: 

Sample Source: 

Sample Description: 

t.tax. Dry Density (pcf): 

Liquid Limit {X): 
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Tore Number 

Tore Weight (gm) 

WI. of Dry Soli (gm) 

MoisluA Content (") 

15 20 25 

Moisture Content (") 

Sample No.: 

Technician: 

t.toisture (X): 1'2. 2.. Procedure: 

Plasticity Index {X):~ Natural t.toisture 

X - No. 4: X - No. 200: 

30 

Gravity = 2.80 

Gravity = 2. 70 

Gravity = 2.60 
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Stress Otstnbut1on 1nd Settlement of Sh1/low Found1t1onJ 1 71 

and less than at the edges (Fig. S.2b ). Contact stress distributions 
are important for the design of foundations and footinp 
:Bowles, l97Sa). For the structural design of footinp, a linear 
, 1tact stress distribution is often assumed although this is 

•iously incorrect from a soil mechanics point of view. 

6.4.2 Immediate Settlement of Coh .. ive 
Foundations 

For soils that are predominately cohesive. linear theory or 
elasticity is used to estimate the magnitude of initial settlements. 
Soil profiles are typically simplified, althouah some solutions 
involvina multiple layer theory are available. Homoaeneity and 
isotropy are implicitly assumed so that only two elastic 
parameters, the modulus of elasticity £ and Poisson's ratio ., 
are needed. This approach works reasonably well on clay soils 
if the applied stress level is low; that is. if the factor or safety 
is larae and we do not have plastic yieldina in the foundation. 
If foundation yieldina is likely to occur, another approach is 
recommended, which will be described below. 

In many foundations on cohesive soils, the immediate or 
distortion settlement is a relatively small part of the total 
vertical movement and. thus, rouah estimates are acceptable. 
A discussion of relative importance of immediate and consolida· 
tion settlement will be liven later in this section. 

A .......... toM at or Near ... s.fsce of a Deep Layer 
When the foundation problem can be approximated as one 
or more uniformly distributed loads actina on circular or 
rectanaular areas near the surface of a relatively deep stratum. 
the vertical settlement can be estimated by 

(
1- .,2) 

J1 -C,qB ~ 

where 

J 1 • settlement of a point on the surface 
C, • shape and ripdity factor 
q • mapitude of the uniformly distributed load 

(S.2) 

B • characteristic dimension of the loaded area as shown in 
Fiaure S.J 

E. • Youna's modulus (undrained) 
., • Poisson's ratio 

The coeftic:ieot C, accounts for the shape and ripdity of the 
loaded area and for the position of the point for which tbe 
settlemeat is beiDa c:alculated. Values of C, are pven in Table S.J. 

EXAMPL£5.1 

A structure is to be supported on a stiff reinforced concrete 
mat foundation whOle dimensions are 20m by SO m. The 
load on the mat is to be uniformly distributed; its mapitude 
is 6S kPa. The mat rests on a deep saturated deposit of 

H 

RectanaJe 

Fig. 1.3 NOUition fOf loaded arus. shown in plan view. 
(U.S. N•vy. 1982.) 

saturated clay for which the average undrained Young's ;' o '- ~ 
modulus is approximately 40 M Pa. Estimate the 1mmed1ate 
settlement at the center and corner of the mat. ~ e ,.J 

Solud011 ~-r "" 0 v'Z -vu 
Since the mat is stiff, use the rigid factors from fMI7 

Table SJa. With LIB • S0/20 • 2.S, the shape factors for,., ·N-rv .q. 
both the center and comer are determined by interpolation 
to be C, • 1.20. Thus from Equation 5.2 the immediate 
surface settlement at both the center and comer of the mat is 
s1 • t.20(6S)(20) [(1- O.S 2)] divided by [(40 x 103)]. 

0.029 m • 29 mm. 
For comparison, the shape factors for a ftexible mat would 

be determined by interpolation to be 
At the center C, • 1.63 
At the comer c. • 0.81 

Thus, the immediate surface settlemenu are 
At the center s1 .. 40 mm 
At the comer s1 .. 20 mm 

A mat foundation is usually neither completely flexible nor 
completely rigid. dependina on its size and thickness and how 
heavily reinforced it is. If it is larae. the distribution of contact 
pressure may be nearly uniform over its center ponion. At the 
comen and edps, however, the riaidity of the mat may be 
signific:ant (owing to its thickness and the amount or reinforcing), 
and settlements are likely to be less than predicted. In a 
saturated clay, because of settlement in the middle portion of 
the foundation. some heave may occur in the outer portions 
because of undrained (constant volume) loadina and shear. 

Elect of Layere4 Syst.. In actuality, most soil profilea are 
not homopneous and deep. If the thickness or the top layer is 
larae relative to the dimensions of the loaded area, immediate 
surface settlement may be calc:ulated as if the soil were a 
homogeneous layer or infinite depth. However, if the upper 
stratum is relatively thin. the effect of layerina must be taken 
into consideration. This is likely to be especially important when 
a soft compressible stratum is underlain by rock or very hard 
or dense soils. This special case may be approximated by a layer 
of elastic material of finite thickness underlain by a ripd base. 
Settlements for this case may be determined by Equation S.2, 
but usina a shape factor C, that accounts for the presence of 
the ripd base. Values for these shape facton C, are tabulated 
in Table S.Jb for the settlemeot under the center of a riaid 
circular area and under the corner of 8exible rec:taoplar areas. 
Thae shape racton depend upon both the shape or the loaded 
area and the thickoea of the compressible stratum relative to 
the width or the loaded area. as illustrated in Fipre S.J. 

Examination or Table S.J indicates the importaDce or the 
presenc:c of a riaid boUDdary. When HI 8 • O.S, the reduction 
in surface displac:cments of the center of tbe loaded area relative 
to that for the halfspiCC is lfe&ler than SO percenL 

Compute the immediate settlement at the center or the 
uniformly loaded (8exible) area measurina 6 m x 6m. The 
applied surface stress i1200 kPa and the depth to finD bottom 
is 3m. Asaume the uaclraiDcd elastic modulus is 10000 kPa 
and'- 0.5. 

Use the C, values for the corners of four equally sided 
rectanpa 3 m x 3 m. In this case. H /8 • l, L/ B • 1, and. 
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TABLE 5.3 SHAPE AND RIGIDITY FACTORS. c •. FOR CALCULATING SETTLEMENTS OF POINTS ON 
LOADED AREAS AT THE SURFACE OF AN ELASTIC HALFSPACE•. 

6o~C1 
Go.JZ -vzrv 

'('ft'717 

f 2 rJ. '11-'11-
a. Infinite Depth 

Shape and Rigidity Centw Edge/ Middle of Long Side Average 

Circle ( flex•ble) 
Circle (rigid) 

1.00 ~~ 0.85 
0.79 
0.95 
0.82 

~n ~n 
Square (flexible)-- - -
Square (rigid) 

~1.12 ---0.56----------0.76 
0.82 0.82 0.82 

~Reetan~'-: 
(fleJ901e) 
le(lgth I width 

2 
5 

10 
Rectangle: 

(rig1d) 
length 1 width 

2 
5 

10 

- 1.53 
2.10 
2.56 

1.12 
1.6 
2.0 

0.76 
1.05 
1.28 

1.12 
1.6 
2.0 

-) 1.12 
1.68 
2.10 

1.12 
1.6 
2.0 

1.30 
1.82 
2.24 

1.12 
1.6 
2.0 

b. Limited Depth Over a Rigid a ... 
Cornw of Flexible Rectangular Area 

Centtlf of Rigid CircuiM Area 
H/B o;a,.,., - B LIB • 1 LIB •2 LIB •5 LIB • 10 LIB • co (ltrip) 

v- 0.50 
0 4 0.00 0.00 0.00 0.00 0.00 0.00 
0.5 0.14 0.05 0.04 0.04 0.04 0.04 
1.0 0.35 0.15 0.12 0.10 0.10 0.10 
1.5 0.48 0.23 0.22 0.18 0.18 0.18 
2.0 0.54 0.29 0.29 0.27 0.28 0.28 
3.0 0.82 0.38 0.40 0.39 0.38 0.37 
5.0 0.69 0.44 0.52 0.55 0.54 0.52 

10.0 0.74 0.48 0.84 0.78 0.77 0.73 

v- 0.33 
0 0.00 0.00 
0.5 0.20 0.09 
1.0 0.40 0.19 
1.5 0.51 0.27 
2.0 0.57 0.32 
3.0 0.~ 0.38 
5.0 0.70 0.48 

10.0 0.74 0.49 

• Alter US. N.vy ( 1982). 

from Table S.3, C, • 0.15: 

s,- o.1S(200)(3)C ~~:~) )( 4 _ 27mm 

If the soil profile couists or a relatively thin stift'er layer 
underlain by a less stiff' layer or peater depth. then the stressa 
from the surface load must be diatributed to the top or the 
leu compressible layer. U• the stress diatribution techniques 
discusled in Section 5.6. 

Analytical and/or numerical methocb ror the determination 
or displacements in multilayered systems are available ror ca.
other than those in Table 5.3 (see Poulos and Davia, 1974~ A 
number or multilayer solutiona are now available in computer 
coda. Except for pavements and special roundatiou, however, 
the ~ or multilayered computer analyMS ia pneraUy not 
justified. becau. the material panmcten are DOt ~tely 
determined, the boundary c:onditiona and interfiCe conditiona 
betweea the strata are not that well known, and. ftnally, 
approximationa may be required to It the pometry or the 
real problem to that for which the solutioa ia available. 
In many situationa an approximate analysis or the intermediate 

0.00 0.00 0.00 o.oo 
0.08 0.08 0.08 0.08 
0.18 0.18 0.18 0.18 
0.28 0.25 0.25 0.25 
0.34 0.34 0.34 0.34 
0.44 0.48 0.45 0.45 
0.58 0.80 0.81 0.81 
0.81 0.80 0.82 0.81 

settlement is sufficient, u illustrated in the rollowina two 
examples. 

EXAMPLE 5.3 

The mat foundation or Example 5.1, 20m )( SO m supportina 
a uniform normal load or 65 k Pa, is rounded on a soil profile 
shoWD in F'tJWe 5.4. The proftle indicates a layer or stiff' clay 
over a more compressible layer that ia in tum underlain by 
shale. Assume tbele conditiona are representative or the 
entire site. Estimate the immediate surface settlement at the 
center or the mat. 

Assume the shale ICU u a riaid bue and above it a 1ingl' 
stratum or thicknea H • 15 m. Thua, 

H 15 L 25 
B • 10 • 1.5 i • 10 • 15 

The shape factor C, obtained from Table 5.3b by linear 
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186 ROCK MECHANICS 

4-14. Modulus of FJasaid•y of Rocks 
Knowledae aboulthe modulus of elasticity of rocks is an important factor 

in cvaluaaina rock deformation under various loading conditions. It is also 
na:asary in studies of seismics in rocks. The modulus of elasticity of rock 
varies from one poloaic region to another because of the existence of 
various types of rock fonnation. For this reason alone, different values of 
the modules of elasticity of different rocks can be anticipated. Hence, there 
exists a need for the delamination of lhe numerical values of the modulus of 
dlslicity of rocks. 

Generally, the modulus of elasticity of rock is affected by rock type, po
rosity, particle size, and water content. Tbe variation in the values of the 
modulus of duticity is more pronounced in clayey shales than in sandstone, 
for example. 

1be modulus of elasticity is areater perpendicular to stratification and 
fassure lhan that determined parallel to the bcddina planes and fiSSures. 

1be various modes of aenesis or formation of rocks also affect the mag
nitude of the modulus of duticity. 

The reason for hiah modulus of elasticity values of some rocks probably 
lies in their struceurcs lhemsdves, as well as in their mineral chemical com
pounds. The known values of the modulus of elasticity of various rocks may 
5UUCS1that cniptive ipcous rocks of basic nature-like basalts, for example 
-have a laraer modulus value than acidic rocks-such as aranite, for 
example. 

Technically, the modulus of elasticity of a rock can be increased con
siderably by means of rock aroutina. 

Elasticity constaDU E and p. of rocks are detennined by: 

I. swic tests · 
2. Joaaitudioal resonaoce tests 
3. electrical resistaocc (strain aauae) tests 
4. ultrasonic velocity measurements on laboratory rock test specimens, 

and 
S. dynamic tests, in which velocities of propapted eneray waves in situ 

are measured. Measuranents of the primary wave (P-wave) and 
secondary wave (S-wave) velocities thus afford the indirect 
determination of E and p. of aeoloaic materials in situ. 

Rock 

...... Neb 
Bualt 

Diabue 

Gabbro 

Granite 

Syenite 

Dolomite 

limestone 

Sandstone 

Shale (clay) 

Sandstone 

METHODS OF ROCK EXPLORATION 

TABLE 4-13 
Eluddty CGuWIII E ud ,. of SoMe Roek.l 

YouNG'S modulus or 
elasticity E PoiSSON's ratio 
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l.Ko/<:m~ N/m1 p References 

Multiply by 
10' 

2 

2.0-10.0 

3.0- 9.0 

6.0-11.0 

2.6- 7.0 

6.0- 8.0 

2.0- 8.4 

1.0- 8.0 

Multiply by Averaae values 
IP 

3 4 s 

1.96- 9.81 0.14 -0.2S 37, 63, 68, 107 
4.85-II.IS 0.22 -0.2S 18 

2.94- 8.83 0.12S-0.2S 42, 63 
0.333 68 

2.20-11.40 0.103-0.184 68 
8.00-10.7S - 18 

S.88-10.78 0.12S-0.2S 37, 63, 68 
S.84- 8.71 O.IS4-0.48 18 

2.SS- 6.86 0.12S-0.2S 37, 63 

2.13- 1.0S 

S.88- 7.U 
6.29- 8.63 

1.96- 8.24 
7.10- 9.30 

0.98- 7.U 

O.ISS -0.338 18 
O.IS0-0.240 112, 68 

18 

0.2S 37 
0.17 -0.319 18 
O.JS -0.34 68 

0.08 -0.20 37. 63 
0.08 -0.20 68, 107 
0.32 -0.37 18 

63, 107 

68 

O.S- 8.6 

0.80- 2.10 

0.49- 8.43 

0.10 -0.20 
0.16 -0.23 
0.33 -
0.14 -0.30 

0.066-0.12S 
0.230-0.300 
0.17 

63 
18 

112 
S6 \'' 

((,3 1 B1#8,..a~•/~ /. 

---0.8- 3.0 

4.s- s.2 

0.07 
0.62 I,__,, 5'/", li .. ~.- •' 

63,68 
112 
56 

0.78- 2.94 0.11 -O.S4 37, 68 

...... 

0.98- 2.3S 0.10 .. ~6 
p-~~0.23 -~0.30-~ _-___107 l -

... .-

- 0.04 -0.12 IIi': ~ 
4.41- S.IO 0.21 -0.24 63 }T ~ ~ t 

'~ ---5> -0 
I \\ 
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Filename: Gandy waste Settlement xseca.xls 

Waste Maximum Original 

Sheet1 

Post 
Settlement Horizontal Original 

Depth Settlement Settlement Elevation Elevation Slope Distance Grade 
Station (ft) Factor (ft) (ft) (ft) Segment (ft) (%) 
A 0 0.07 0 125.81 125.81 
B 7.8 0.07 0.546 131.25 130.70 A-B 10.1 54% 
c 93 0.07 6.51 144.19 137.68 B-C 216.3 6% 
D 112.4 0.07 7.868 159.07 151.20 C-D 248.1 6% 
E 120.1 0.07 8.407 171.66 163.25 D-E 209.9 6% 
F 115.5 0.07 8.085 168.07 159.99 E-F 60 6% 
G 6.3 0.07 0.441 150.00 149.56 F-G 278.2 6% 
H 0 0.07 0 146.10 146.10 G-H 7.2 54% 

Page 1 

Post Minimum 
Settlement Required 
Grade Slope 
(%) (%) 

48.5% 3.0% 
3.2% 3.0% 
5.5% 3.0% 
5.7% 3.0% 
5.4% 3.0% 
3.7% 3.0% 

48.0% 3.0% 
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Project Name: Gandy Marley Inc. 
Project Number: 602-0200 
Prepared By: Paul Pellicer Checked By: 
Filename: Gandy waste Settlement xsecc.xls 

~ 

Waste Maximum Original 

Sheet1 

Post 
Settlement Horizontal Original 

Depth Settlement Settlement Elevation Elevation Slope Distance Grade 
Station (ft) Factor (ft) (ft) (ft) Segment (ft) (%) 
A 0 0.07 0 158.82 158.82 
B 8.67 0.07 0.6069 164.27 163.66 A-B 10.08 54% 
c 115.76 0.07 8.1032 180.74 172.64 B-C 274.49 6% 
D 144.06 0.07 10.0842 202.07 191.99 C-D 355.65 6% 
E 121.68 0.07 8.5176 165.00 156.48 D-E NA NA 
F 116.18 0.07 8.1326 151.36 143.23 E-F 227.31 6% 
G 2.47 0.07 0.1729 130.00 129.83 F-G 297.81 7% 
H 0 0.07 0 128.45 128.45 G-H 2.97 52% 

Page 1 

Post Minimum 
Settlement Required 
Grade Slope 
(%) (%) 

48.0% 3.0% 
3.3% 3.0% 
5.4% 3.0% 

NA NA 
5.8% 3.0% 
4.5% 3.0% 

46.4% 3.0% 
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Project Name: Gandy Marley Inc. 
Project Number: 602-0200 
Prepared By: Paul Pellicer Checked By: 
Filename: Gandy waste Settlement xsecc.xls 

Waste Maximum Original 

Sheet1 

Post 
Settlement Horizontal Original 

Depth Settlement Settlement Elevation Elevation Slope Distance Grade 
Station (ft) Factor (ft) (ft) (ft) Segment (ft) (%) 
A 0 0.07 0 143.15 143.15 
B 8.76 0.07 0.6132 148.60 147.99 A-B 10.08 54% 
c 125.2 0.07 8.764 166.55 157.79 B-C 299.26 6% 
D 140.58 0.07 9.8406 190.00 180.16 C-D 390.9 6% 
E 135.16 0.07 9.4612 190.00 180.54 D-E 248.3 0% 
F 121.09 0.07 8.4763 191.09 182.61 E-F 30.7 4% 

G 121.54 0.07 8.5078 191.54 183.03 F-G 15.42 3% 
H 132.4 0.07 9.268 192.12 182.85 G-H 21.21 3% 

144.1 0.07 10.087 202.11 192.02 H-1 406.6 2% 
J 137.05 0.07 9.5935 194.58 184.99 1-J 125.49 6% 
K 114.34 0.07 8.0038 179.48 171.48 J-K 251.67 6% 
L 3.56 0.07 0.2492 160 159.75 K-L 278.74 7% 

M 0 0.07 0 157.68 157.68 L-M 3.79 61% 

Page 1 

Post Minimum 
Settlement Required 
Grade Slope 
(%) (%) 

48.0% 3.0% 
3.3% 3.0% 
5.7% 3.0% 
0.2% NA 
6.8% NA 
2.7% NA 
0.8% NA 
2.3% NA 
5.6% 3.0% 
5.4% 3.0% 
4.2% 3.0% 

54.6% 3.0% 
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Sheet1 

<,.,z_ -9lN ,, 
Power Creep Law Settlement 

11-Nw- q"l 

Waste Slice Over Burden Slice Culmative Percent 
Depth (ft) Thickness (m) Pressure (kPa) Settlement (m) Settlement (ft) Settlement 

0-5 1.524 13.15 0.002 0.007 0.14% 
5-10 1.524 39.45 0.007 0.0289 0.29% 
10-15 1.524 65.75 0.011 0.0650 0.43% 
15-20 1.524 92.05 0.015 0.1156 0.58% 
20-25 1.524 118.35 0.020 0.1807 0.72% 
25-30 1.524 144.65 0.024 0.2602 0.87% 
30-35 1.524 170.95 0.029 0.3541 1.01% 
35-40 1.524 197.25 0.033 0.4625 1.16% 
40-45 1.524 223.55 0.037 0.5853 1.30% 
45-50 1.524 249.85 0.042 0.7226 1.45% 
50-55 1.524 276.15 0.046 0.8744 1.59% 
55-60 1.524 302.45 0.051 1.0406 1.73% 
60-65 1.524 328.75 0.055 1.2213 1.88% 
65-70 1.524 355.05 0.059 1.4164 2.02% 
70-75 1.524 381.35 0.064 1.6260 2.17% 
75-80 1.524 407.65 0.068 1.8500 2.31% 
80-85 1.524 433.95 0.073 2.0884 2.46% 
85-90 1.524 460.25 0.077 2.3414 2.60% 
90-95 1.524 486.55 0.081 2.6088 2.75% 
95-100 1.524 512.85 0.086 2.8906 2.89% 
100-105 1.524 539.15 0.090 3.1869 3.04% -:Cv"""vlc.h've "'~I 

Se._;+ I e ........ ,. _, T" 
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Sheet1 

~l ~Z.N 

frnl' 

Sowers Method Secondary Compression 1(-l'lt't" Q'lo 

Waste Slice Slice Culmative Percent 
Depth (ft) Thickness (ft) Settlement (ft) Settlement (ft) Settlement 

0-5 5 0.111 0.111 2.22% 
5-10 5 0.111 0.2222 2.22% 
10-15 5 0.111 0.3333 2.22% 
15-20 5 0.111 0.4444 2.22% 
20-25 5 0.111 0.5556 2.22% 
25-30 5 0.111 0.6667 2.22% 
30-35 5 0.111 0.7778 2.22% 
35-40 5 0.111 0.8889 2.22% 
40-45 5 0.111 1.0000 2.22% 
45-50 5 0.111 1.1111 2.22% 
50-55 5 0.111 1.2222 2.22% 
55-60 5 0.111 1.3333 2.22% 
60-65 5 0.111 1.4444 2.22% 
65-70 5 0.111 1.5556 2.22% 
70-75 5 0.111 1.6667 2.22% 
75-80 5 0.111 1.7778 2.22% 
80-85 5 0.111 1.8889 2.22% 
85-90 5 0.111 2.0000 2.22% 
90-95 5 0.111 2.1111 2.22% 

95-100 5 0.111 2.2222 2.22% 
100-105 5 0.111 2.3333 2.22% "'" c\.J """-..J lc. h ve To h-.' 

S: e"i-4 .1.,. ..,... • -· + 
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Sheet1 
hZ ·02N 

fl'l'tl' 

Sowers Method Secondary Compression •t-Nqv-t:lr 

Waste Slice Slice Culmative Percent 
Depth (ft) Thickness (ft) Settlement (ft) Settlement (ft) Settlement 

0-5 5 0.389 0.389 7.78% 
5-10 5 0.389 0.7778 7.78% 
10-15 5 0.389 1.1667 7.78% 
15-20 5 0.389 1.5556 7.78% 
20-25 5 0.389 1.9444 7.78% 
25-30 5 0.389 2.3333 7.78% 
30-35 5 0.389 2.7222 7.78% 
35-40 5 0.389 3.1111 7.78% 
40-45 5 0.389 3.5000 7.78% 
45-50 5 0.389 3.8889 7.78% 
50-55 5 0.389 4.2778 7.78% 
55-60 5 0.389 4.6667 7.78% 
60-65 5 0.389 5.0556 7.78% 
65-70 5 0.389 5.4444 7.78% 
70-75 5 0.389 5.8333 7.78% 
75-80 5 0.389 6.2222 7.78% 
80-85 5 0.389 6.6111 7.78% 
85-90 5 0.389 7.0000 7.78% 
90-95 5 0.389 7.3889 7.78% 

95-100 5 0.389 7.7778 7.78% 
100-105 5 0.389 8.1667 7.78% = ( '-> "'""vk hV<.- +o~\ Settl-e..-('"~ t-

Page 1 



• • 
lttt 

• • • • 
• • r 

I 

SECriOR 1 

CONCLUSIONS AND REC~!fDATIONS 
'liZ Q2~~ 

fit~~,. 

''-"''". ~,.. 
CO~CtUSIO!fS 

Concluaioftl reached aa a reault of the atudy area 

.!.• 

e. -

The do.inant .. chant ... of aettl .. ent of the flll and rJbatdaeee of 
the covara of horizontally layered hazardoua waate laedfilla are 
expected to be cloeinl of the laharant dru.-placeaent vo!d apacaa 
and compraaaion of cell content• includinl intar.adiata cover aoile, 
waate, and waate eontainera. Cavity related pipin1 and ainkhole 
pheno.-na sra not expected to play a .. jor :ole in predicted 
aubatdanca. Thia concluaion ia ba~ad on review of rapraaantatiYI 
active vaata diapoaal practice• in induatry and 1ov•rn .. nt and 
analyail of doeu.ented and theoretical aubatdenea .. chant .. • re
rorted in other, .related activltiaa. 

The udiiUa atcloaura aubatdence of the cover ca of a at.u t 
azar oua waete n 11 operatina under interia RCIA auidelir.ea, 

fraa ca.preaeibility alone, ia predicted to be about 11•1/2 ~ercent 
of the total hai&ht of the fill and cover at the canter of t • 
landfill. For a 62.5-ft-thick fill an~ cover the .. xiaua expected 
aubaidence, after deterioration ~f the waate eontainera, -.a 87 in. 
!he final cover elope with that aubatdanea would be about 2 percent, 
Which ia undaairable under currant RCIA IUidelinea. An additional 8 
to 9 ptareent aubatdenea ••t be eorwt.dered if wate druaa are a•••d 
to contain the .. xtau. allowable 10 percent void apace when placed 
in the fUl. 
Actual landfill aettl .. ent and cOYer aubetdanca aay be 1111 than the 
vorat-eaae .. xiaua predicted 11-1/2 percent becauaa aore of the 
votda between eonuinera will probably be fUled aa a raault of 1111 
than optimua (tilht) atackin1 of container• durinl pYaee .. nt. Tht 
11-1/2 percent fyura h corwt.dared an effective value for daaya 
purpoaea. 

R!mHM!:cDATIORI 
cover aubat.denee fr• aettl ... nt of e•pr•attible fUl u ewpect .. to 

occur. 'lberefore, to alalalu the aevedtJ of aubaldnce, •aaaen of haud• 

oua waate landfllla ahould continue at leaat thole operational .. t~a th~t 

are bela& practlc .. at repreeeatatl .. RCIA-aulded aecure laadftlla •• deter• 

atn .. fra. field obeervation. of thia •tudJ. lec• .. ncled operattoul .. tho .. 

iacludea 

•• -

...... , .. , ...... ., ''( . .., ~ 

t.anclflll operatore ehoald .. ke aa effort to rllfuce vot.le tlhtta plactaa 
.. etea and fill wtthla the cell bJ iaaurtaa that tateraed~Atl cover 
aoUa are all.owd to eift Mtlraea wete contalnen end debrla. 
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Drum• or other eontaiaere of vaatea ehould be f111~1n1a1ae the 
volu .. of void within the containera. Much of the potential aettle
•ent fraa caapreaaib111ty caa be ell~lnated by pre.entinl the taelu• 
aion of cavttiea in the vaate place .. nt proeeaa ia the typical 
haaardoq vaate landfUl. 

Layerins of vaate aad iate~ediate cover in thta lift1 eo that 10.1 
coapacttve effort 11 achieved durin& fillina. 

Control of liquid• by inatallation of efficient leachate collection 
ayetna aad atabiliaatlon of liquid waaua to prevent aaturation of 
the fUl and to allow conaolidation to occur ae rapidly aa poaalble. 

Inatallatlon and ~nltorins of cover aettl ... nt platea ao that the 
aubafdtns aurface can be ulutalued at the proper alopa. Raaardoq 
nate landfilts ahould be docu .. nted, tnatru .. nted, and .anltored 
after cloeure. Subafdence of the cover aa well aa the aettle•ent of 
internal vaate layer• •h~uld be .anitortd vtt~ tt .. in ea effort to 
sain underatandinl of poetcloeure internal chansee, how they occur, 
and hov they affect the overall behavior of the landfill. Man; Jf 
the •chant•• at work vtthin theee landfill cella can be undereto.Jd 
only by atudy and experience vtth repreeentattve landfill cell~. 
The date obtained by field ronitorina will peratt evaluation and 
improve.ant of aettle .. nt/aubaidence prediction ~dele d•••loped in 
thil etudy. LandfUl operaton ehould r•et~ber ~ :.~t, ..C 1 the 
cover surf4ce can be -.intained at a proper run~ff elope by the 
addi f:ton of eoU or other material, the internal cover Uner, vhettt-· 
er a clay la,.r or a flexible ... brane ltaer or both, •ay have been 
defot111ed .tnd 1tn11ed by eubafdenca. tntental ~over Uner da•aae or 
de-for.tton '!!lnnot be reMdled by etaple cover •rface coa•Uc 
actiona. 

Plac•ent of a t•uffer thicknee!l of tftterll\.dlete cover toUt above 
the upper.aet vaete la,.r and beneath the final cover to J~•••n the 
potential for c~llapae of the cover directly above locally co.pree
eible zonae .uch ae detertoratina dr~•· 
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TABlE 5.3 TENSILE BEHAVIOR PROPERTIES OF 30-Mil PVC, 36-Mil CSPE, AND 30-MIL HOPE 

Narrow-width ( 1.0-in. Wide-width (8.0-in. 
Dumbbell shape (25 mmJ) shape (100-mm)) shape Three-dimensional shape 

Property (fig. 5.2) (fig. 5.3) (fig. 5.3) (fig. 5.5) 

PVC CSPE-R HOPE PVC CSPE-R HOPE PVC CSPE-R HOPE PVC CSPE-R HOPE 

muimum~ss• (lb.tin. 2) 3400 5700 3200 2900 5100 3000 2800 4300 2800 1200 3300 2300 
(megapascals) 23 39 22 20 35 21 19 30 19 8.3 23 16 

maximum strain• ('I>) 300 17 II 300 35 13 300 30 IS 120+ 100 47 
-

modulus (lb.tin.2) 9000 33,000 L 94,000 _:> 9000 IS,OOO 40,000 9000 14,000 33,000 4000 sooo 25,000 
(megapascals) 62 227 648 62 103 275 62 96 227 28 34 172 

ultimarc~ (lb.lin. 2) 3400 1300 =4000 2700 1200 =3500 2800 1100 =3000 d.n.f. 3300 2300 
(megapascals) 23 9.0 28 19 8.3 24 19 7.6 21 23 16 

ultimale strain ('I>) 300 100 =700 300 58 =600 300 51 =SOO d.n.f. 100 47 

•Na~es: 

PVC values are at ultimate 

CSPE-R values are at scrim break 

HOPE values are at yield 

d.n.f. = did not fail 
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FRICTION SBJU.rM BD GBOMBMBRANE 
QUALITY CONTROL SPECIFICATIONS 

60mil 

5 C> .,;;: s-
~ oz - H..>JV 

(# ...... t# 

/2.- tbv .;:, l-

FRICTION SEAL HO, National Seal Company's advanced textured high density polyethylene (HOPE) geomembrane, 
is manufactured by attaching a friction surface to NSC's high quality HOPE geomembrane. The friction surface is 
made from high molecular weight polyethylene resin compounded speciflcally for use in NSC geomembranes. The 
resin has been formulated to provide stress crack, chemical and ultraviolet resistance for fluid containment NSC 
produces FRICTION SEAL HO with a textured surface on one or both sides of the parent sheet. 

The following properties are tested as a part of NSC's quality control program. Certified test results for properties on 
this page are available upon request. Refer to NSC's Quality Control Manual for exact test methods and frequencies. 

RESIN PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Melt Flow lndexZ ASTM 0 1238 g/10 min 0.50 0.25 
Oxidative Induction Time ASTM 0 3895, minutes 100 120 

AI pan, 200°C, 1 atm 0 2 

SHEET PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Mass per Unit Area3 ASTM 0 3776 lb/ftZ 0.31 0.32 

Thickness4 ASTM 0 751, NSF mod. 
Average mUs 60.0 61.5 
Individual mUs 57.0 59.7 

Oensity4 ASTM 0 1505 gjcm3 0.940 0.948 
Carbon Black Content4 ASTM D 1603 percent 2.0-3.0 2.35 
Carbon Black Dispersion4 ASTM 0 3015, NSF mod. rating A1, A2, 81 A1 
Tensile Properties5 ASTM D 638 

Stress at Yield psi 2200 2750 
ppi 132 169 

Stress at Break psi 2200 3240 
ppi 132 199 

Strain at Yield 1.3• gage length (NSF) percent 13.0 17.5 
Strain at Break 2.0· gage or extensometer percent 200 540 

2.s· gage length (NSF) percent 160 432 
Dimensional Stabilttf'4 ASTM 0 1204, NSF mod. percent 1.5. 0.4 
Tear Resistance ASTM 01004 ppi 750 1000 

lbs 45 62 
Puncture Resistance ASTM D 4833 ppl 1800 2276 

lbs 108 140 
Constant Load ESCR, Single Point" GRI, GM-5a hours 200 >400 
Friction Angle, Index GRI, GS-7 degrees 40 56 

1 This ve1ue tet)t...ml the minimum ..:ceptable test value for a roll as teat.d IICCOfdlnQ 1D NSC's Manufacturing au.llty Control Manual. 
lndMdual t• specimen v.lues .,. not .cktrnsed in thia $peCiflcatiOn except ttliCicMa 

2 Indicates Maximum Value 

3 Friction Coating on both lid" of bue sheet 

• Tmlng petformed on b ... sheet 

' S1r ... and strength v.~uec .,. normaJized to the nominal baM sheet thidmeu. NSC certJflee p10pert1• based on v.iues calcutat.d using 
nominal ttrid!n ... only. S1r .. vaJuec calCulated using actual product thlclcnell is not ~ due 1D the lack of industry accepted 

thicknesa test procedu,.. for friction sheet. 
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FRICTION SEAL TM HD GEOMEMBRANE 
QUALITY CONTROL SPECIFICATIONS 

&Omil 

L; 0~ !0 

(g..:)z -o~ 

ftt-.f 

~- NiY -'lt-

FRICTION SEAL HO, National Seal Company's advanced textured high density polyethylene (HOPE) geomembrane, 
is manufactured by attaching a friction surface to NSC's high quality HOPE geomembrane. The friction surface is 
made from high molecular weight polyethylene resin compounded specifically for use in NSC geomembranes. The 
resin has been formulated to provide stress crack, chemical and ultraviolet resistance for fluid containment. NSC 
produces FRICTION SEAL HO with a textured surface on one or both sides of the parent sheet. 

The following properties are tested as a part of NSC's quality control program. Certified test results for properties on 
this page are available upon request. Refer to NSC's Quality Control Manual for exact test methods and frequencies. 

RESIN PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Melt Flow lndex2 ASTM 0 1238 g/10 min 0.50 0.25 
Oxidative Induction Time ASTM 0 3895, minutes 100 120 

Al pan, 200°C, 1 atm 0 2 

SHEET PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Mass per Unit Area3 ASTM 0 3776 lb/ttZ 0.31 0.32 

Thickness4 ASTM 0 751, NSF mod. 
Average mils 60.0 61.5 
Individual mils 57.0 59.7 

Density4 ASTM D 1505 gjcm3 0.940 0.948 
Carbon Black Content4 ASTM 0 1603 percent 2.0-3.0 2.35 
Carbon Black Dispersion4 ASTM D 3015, NSF mod. rating A1, A2, B1 A1 

Tensile Properties' ASTM 0 638 
Stress at Yield psi 2200 2750 

ppi 132 ....-- 169 

Stress at Break psi 2200 3240 
ppl 132 199 

Strain at Yield 1.3• gage length (NSF) percent 13.0 17.5 

Strain at Break 2.0• gage or extensometer percent 200 540 
2.5· gage length (NSF) percent 160 432 

Dimensional Stabilit'f4 ASTM 0 1204, NSF mod. percent 1.5. 0.4 

Tear Resistance ASTM 01004 ppi 750 1000 
lbs 45 62 

Puncture Resistance ASTM 0 4833 ppl 1800 2276 

lbs 108 140 

Constant Load ESCR, Single Point' GRI, GM-5a hours 200 >400 

Friction Angle, Index GRI, GS-7 degrees 40 56 

1 This value repreeenta the minimum .cceptable test value for a roll u tested accon:tlng 1D NSC's Manufllcturing Quality Control Manual. 
Individual tnt specimen values .,. not addrnud in this speciflcation except thlclcnesa. 

z lndic:atn Maximum Value 

3 Friction Coating on both sides of b ... sheet 

• Tes11ng petfonned on baM sheet 

' Stress and s1rength valu• are normalized 1D the nominal baM sheet thickneu. NSC cettit1es propenl• baud on value:' calculat.d using 
nominal thickneu only. Stresa valu• calculat.d using actual J)fOduct thickneu ia not guaranteed due 1D the Ia of tndul1ry accept.d 

thiclcneu test proceclur• fof friction lhHt. 
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Table 2.14: Summary of Interface Shear Strength Tests: Kettleman Hills Reoository 

-~- ~----

DIRECT SHEAR TESTS PULLOUT BOX TESTS 

Interface Components Conditions Residual Friction Residual Friction 
Ansle: fr Ansle: fr 

HOPE Liner /Geotextile Dry, Unpolished 9.s· to 12.5" 9.s· (I Test) 
Dry, Part. Polished 9.o· to 11.0· ---
Dry, Polished a.s• to to.s· a.o· ( 1 Test) 
-------------------- ------------------------------- ~----------------------------
Wet, Unpolished a.o· to to.o· 1.o· to 1o.s· 
Wet, Polished 1.o· to 9.s· 6.s• to 9.o· 

HOPE Liner/Clay Dry (As-Compacted) 11.0· to 14.o· ---
~-------------------- -------------------------------~----------------------------

Saturated (U-U) (rr • SOO to 1000 psf) ---

HOPE Liner /Geonet Dry 7.o· to a.o·(+) ---
--------------------- -------------------------------~----------------------------

(Transverse Shear) Submersed 1.o· to 1o.o· a.o· to 9.o· 

HOPE Liner /Geonet Submersed s.o· to a.o· 6.o· to a.o· 
(Aiisned Shear) 

Geotextile/Clay Saturated (U-U) ...... 24° ---

Geotextile/Geonet Dry > 20° ---
--------------------- ------------------------------ -----------------------------
Submersed ao· to 14.(+) ---

HOPE Liner/HOPE Liner Dry 6.o· to tl.o· 1.o• to 13.s· 
--------------------- ------------------------------ -----------------------------
Submersed 6.o· to 11.0· ---

---· ----- ---

Values 
Proposed 

for Stability 
Analyses 

; - 9. :t I. 

---------------------
; - a· :t •· 

; - 1r :t 1· 
---------------------

r • 900 psf t 250 psf 

; - a.s· :t •· 
---------------------

; -as :t •· 

; - 1.o· :t 1.s· 

; - 24° 

; > 20° 
---------------------

; > tr 

; - 9.s· :t 3• 
---------------------

; - as-± 2.s· 

I" 
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Survivability Requirements 473 

If the 196°C reaction took 1000 hours to complete, the comparable 90°C reaction 
would take 

R'llrc = 6587(1000) 

= 6,587,000 hours 

= 752 years 

Thus the predicted values for this particular polymer to reach 50% of its original 
impact strength at 90°C is approximately 700 years (i.e., its predicted lifetime). 

5.1.6 Summary 

This relatively long section on properties and test methods has illustrated the wealth 
of test methods available for use and characterization purposes of geomembranes. 
Most of the established tests and standardized test methods have come by way of 
the plastics and rubber industries for non-geotechnical-related uses. This is for
tunate, for it gives a base or reference plane to work from. However, many have 
some variation required for use in below-ground construction. Still other demands 
require completely new tests and test methods. With ASTM in the United States 
(as well as standard institutes over the entire world), there is an awareness and 
vibrant activity to develop such test methods and standards. Until they are available, 
however, we must act on intuition and develop procedures that model the required 
design information as closely as possible. Many of the tests and information pre
sented in this section were done in that light. It should be obvious that the com
plexity of the tests progressed from the simple thickness test to the complex deg
radation tests. Indeed, a wide range of test methods are available. 

Finally, a rather lengthy treatise on durability and aging gave insight into the 
potential service lifetime of geomembranes. In my experience with geosynthetics 
over the past 15 years, my original thoughts were that geosynthetics were easy to 
place but wouldn't last very long. My current thoughts have shifted dramatically, 
and I argue for extremely long service lifetimes, but I have very real concerns 
about the proper placement of geosynthetics. Clearly, the geosynthetic must survive 
its placement if these long predicted lifetimes are to be achieved. 

5.2 SUBVIVABWTY REQUIBEMEMTS 

For any of the design methods presented in this chapter to function properly, it is 
necessary that the geomembrane survive the packaging, transportation, handling, 
and installation demands that are placed on it. This aspect of design cannot be 
taken lightly or assumed to take care of itself. Yet there is a decided problem in 
formulating a generalized survivability design for every application, since each 
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situati~n is unique. Some of the major variables affecting a given situation are the 
followmg: pmf' 

• Storage at the manufacturing facility 

• Handling at the manufacturing facility 

• Transportation from the factory to the site 
• Offloading at the site 

• Storage conditions at the site 

• Temperature extremes at the site 

• Subgrade conditions at the site 

• Deployment at the approximate location 

• Movement into final seaming location 

• Treatment at the site during seaming 

• Treatment at the site after seaming 

• Placement of the cover material or soil backfill on the completed geomembrane 

Note that each of these topics is largely out of the hands of the designer. Only by 
rigid specifications and a complementary construction quality assurance (CQA) 
document, competent full-time inspection by CQA personnel, and the cooperation 
of a knowledgeable manufacturer's manufacturing quality control (MQC) and con
tractor's construction quality control (CQC) can the geomembrane survive to the 
point of beginning to function as designed. Although each situation is different, 
some empirical guidelines are necessary, and the following properties and their 
minimum values are offered. 

While being packaged, transported, handled, and installed, geomembranes 
are often vulnerable to tear, puncture, and impact. Such events often come about 
accidentally, by vandalism, or by poor quality of work. Typical situations are the 
dropping of tools on the liner, the driving of autos or pickup trucks on the unpro
tected liner, high winds getting beneath the liner during placement, the awkward
ness of moving large sheets of the liner into position, and so on. The geomembrane 
property most involved with resistance or susceptibility to tear, puncture, and 
impact damage is thickness. At least a linear, and sometimes exponential, increase 
in resistance to the aforementioned actions is seen as thickness increases. For this 
reason many agencies require a minimum thickness under any circumstance. For 
example, the U.S. Bureau of Reclamation requires a minimum thickness of 20 mils 
(0.50 mm) for canal liners, while the U.S. Environmental Protection Agency 
requires a minimum thickness for geomembranes for solid waste liners of 30 mils 
(0.75 mm). For similar applications in Germany, it is necessary to use an 80-mil 
(2.0-mm)-thick geomembrane. Rather than use a single regulated value for all 
conditions, however, the minimum thickness and its subsequent properties should 
be related to site-specific conditions. Using a concept similar to the placement of 
geotextiles, Table 5.11 is offered at four different required survivability levels. Note 
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tczbl• S.ll Recommended minimum properties for general geomembrane insta.llation survivability p;n/' 

Property and Required Degree of Survivability 
Test Method Low' Medium• High' Very High" 

Thickness (05199) mils 
(mm) 25 (0.63) 30 (0.75) 35 (0.88) 40 ( 1.00) 

Tensile 0882 (1.0 in. 
[25 mm) strip) lb./in. 
(kN/m) 40 (7.0) 50 (8.7) 60 (10.5) 70 (12.2) 

Tear (01004 Die C) lb. 
(N) 7.5 (33) 10 (45) 15 (67) 20 (90) 

puncture (04833 
modified) lb. (N) 25 (110) 30 (130) 35 (160) 40 (180) 

Impact (01424 modified) 
ft.-lb. (J) 12 (9) 15 (11) 20 (15) 25 (19) 

•Low refers to careful hand placement on very uniform well-graded subgrade with light loads of a static 
nature-typical of vapor barriers beneath building floor slabs. 

•Medium refers to hand or machine placement on machine-graded subgrade with medium loads-typical of 
canal liners. 

'High refers to hand or machine placement on machine-graded subgrade of poor texture with high loads
typical of landfill liners and covers. 

•very high refers to hand or machine placement on machine-graded subgrade of very poor texture with high 
loads-typical of reservoir covers and liners for. heap leach pads. 

that these values are not to be used in place of design, but as a check on design 
to see that installation can be properly assured. 

5.3 UQUID CONTAINMENT (POND) LINERS 

The U.S. EPA estimates that there are over 200,000 surface impoundments storing 
hazardous and nonhazardous liquids, the vast majority of which are unlined. This 
total does not include potable water and non-EPA-regulated reservoirs and 
impoundments. Certainly a major use of geomembranes is in the area of liquid 
containment via a surface impoundment. In fact, the name geomembrane is actually 
one that supersedes the name pond liner, reflecting the original use of the polymeric 
materials to which this section is devoted. Certainly, the agriculture industry has 
a desperate need to store water, and hence both the U.S. Department of Agriculture 
and the U.S. Bureau of Reclamation were involved in early research into synthetic 
pond liners. Staff (36) suggests that thermoset (rubber) liners may have been used 
prior to the 1930s, and cites the use of polyvinyl chloride sheeting for liners in the 
1940s. When covered with a minimum of 12 in. (30 em) of soil, these PVC liners 
have performed admirably. Uncovered, however, there was a tendency for pro
gressive brittleness and cracking. This condition was found to be caused by the 
loss of the plasticizer (used to make it flexible to begin with) from the vinyl due 
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FRICTION SEAL HO, National Seal Company's advanced textured high density polyethylene (HOPE) geomembrane, 
is manufactured by attaching a friction surface to NSC's high quality HOPE geomembrane. The friction surface is 
made from high molecular weight polyethylene resin compounded specifically for use in NSC geomembranes. The 
resin has been formulated to provide stress crack, chemical and ultraviolet resistance for fluid containment NSC 
produces FRICTION SEAL HO with a textured surface on one or both sides of the parent sheet. 

The following properties are tested as a part of NSC's quality control program. Certified test results for properties on 
this page are available upon request. Refer to NSC's Quality Control Manual for exact test methods and frequencies. 

RESIN PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Melt Aow lndex2 ASTM 0 1238 g/10 min 0.50 0.25 
Oxidative Induction Time ASTM 0 3895, minutes 100 120 

AI pan, 200°C, 1 atm 0 2 

SHEET PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Mass per Unit Area3 ASTM 0 3n6 lb/fr 0.31 0.32 

Thickness" ASTM 0 751, NSF mod. 
Average mils 60.0 61.5 
Individual mils 57.0 59.7 

Density" ASTM 0 1505 gfcm3 0.940 0.948 
Carbon Black Content" ASTM 0 1603 percent 2.0-3.0 2.35 
Carbon Black Dispersion" ASTM 0 3015, NSF mod. rating A1, A2, 81 A1 
Tensile Properties5 ASTM 0 638 

Stress at Yield psi 2200 2750 
ppi 132 169 

Stress at Break psi 2200 3240 
ppl 132 199 

Strain at Yield 1.3• gage length (NSF) percent 13.0 17.5 

Strain at Break 2.0• gage or extensometer percent 200 540 
2.5• gage length (NSF) percent 160 432 

Dimensional Stability2-" ASTM 0 1204, NSF mod. percent 1.5. 0.4 

Tear Resistance ASTM 01004 ppi 750 1000 
lbs 45 62 

Puncture Resistance ASTM 0 4833 ppl 1800 2276 
lbs 108 140 

Constant Load ESCR, Single Point GRI, GM-5a hours 200 >400 

Friction Angle, Index GRI, GS-7 degrees 40 56 

' This value represents the minimum acceptable test value for a roll u tested ICCOidlng to NSC's Man~rlng Quality Comrol Manual. 
Individual test specimen values .,. not addrnaed in this specification except thiclcnea. 

1 Indicates Maximum Value 

3 Friction Coating on both sid" of baM sheet 

• Testing petformed on b ... sheet 

' Stress and strength valu" .,. normalized to the nominal bue sheet thickness. NSC ceftiflft prof*ti" baaed on val~ calCulated using 
nominal thickneu only. Streea values calculated using actual product thickness is not~ due to the Ia of •nduatry accepted 

thiclcnas test procedurea for friction sheet. 
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The properties on this page are not part of NSC's Manufacturing Quality Control program and are not included on 
the material certifications. Seam testing is the responsibility of the installer and/or CQC personnel. 

PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Multi-Axial Tensile Elongation GRI, GM-4 percent 20.0 22.3 
Critical Cone Height GRJ, GM-3, NSC mod. em 1.0 1.5 
Wide Width Tensile ASTM 0 4885 

Stress at Yield psi 2000 2110 
Strain at Yield % 15.0 20.0 

Brittleness Temp. by Impact ASTM D 746 oc -75 <-90 
Coef. of Unear Thermal Exp. 2 ASTM 0 696 oc-t 1.5 X 10_. 1.2 X 10_. 
ESCR, Bent Strip ASTM D 1693 hours 1500 >10,000 
Hydrostatic Resistance ASTM D 751 psi 450 550 
Modulus of Elasticity ASTM D 638 psi 80,000 116,000 
Ozone Resistance• ASTM D 1149, 168 hrs P/F p p 
Permeabilitf4 ASTM E 96 cmjsec· Pa 2.3x10"14 8.1 X 10"11 

Puncture Resistance FTMS 101, method 2065 ppi 1300 1570 
lbs 78 97 

Soil Burial Resistance2 ASTM D 3083, NSF mod. %change 10 0 
Tensile Impact ASTM 0 1822 ft lbsjln2 130 160 
Volatile Loss2 ASTM D 1203, A percent 0.10 0.08 
Water Absorptionz.• ASTM D 570, 23°C percent 0.10 0.04 
Water Vapor Transmissionz.• ASTM E 96 gjday· m2 0.024 0.009 

SEAM PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Shear Strength ASTM D 4437, NSF mod. psi 2000 2700 
ppl 120 166 

Peel Strength ASTM D 4437, NSF mod. psi 1500 1870 
(hot wedge fusion) ppl 90 115 

Peel Strength ASTM 0 4437, NSF mod. psi 1300 1590 
(fillet extrusion) ppi 78 98 

STANDARD ROLL DIMENSIONS 

Length 850 feet Area 12,750 tr 
Width 15 feet Weight 3,950 lbs 

This information contained herein hu been compiled by National Seal Company and is, to the belt of our knowledge, true and accu,.... All 
suggestions and recommendations are offered without guarantM. Final determination of suitability for use buec:t on any information provided, 
is the sole responsibility of the user. There is no implied or expressed warranty of merchantability of fltn ... of the product for the oontM'Iplated 
use. 

NSC.....,... the right1D -the;,.,.,._..,_ .. -=-...,--..... -~ 
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National Seal Company's High Density Polyethylene (HOPE) Geomembranes are produced from virgin, first quality, 
high molecular weight resins and are manufactured specifically for containment in hydraulic structures. NSC HOPE 
geomembranes have been formulated to be chemically resistant, free of leachable additives and resistant to ultraviolet 
degradation. 

The following properties are tested as a part of NSC's quality control program. Certified test results for properties on 
this page are available upon request. Refer to NSC's Quality Control Manual for exact test methods and frequencies. 

All properties meet or exceed NSF Standard Number 54. 

RESIN PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Melt Flow lndex2 ASTM 01238 g/10 min 0.50 0.25 
Oxidative Induction Time ASTM 0 3895, minutes 100 120 

AI pan, 200°C, 1 atm 0 2 

SHEET PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Thickness ASTM D 751, NSF mod. 
Average mHs 60.0 61.5 
Individual mils 57.0 59.7 

Density ASTM D 1505 gjcm3 0.940 0.948 
Carbon Black Content ASTM D 1603 percent 2.0-3.0 2.35 
Carbon Black Dispersion ASTM D 3015, NSF mod. rating A1, A2, B1 A1 
Tensile Properties ASTM D 638 

Stress at Yield psi 2200 2550 
ppi 132 157 

Stress at Break psi 3800 4850 
ppi 228 298 

Strain at Yield 1.3• gage length (NSF) percent 13.0 16.9 
Strain at Break 2.o• gage or extensometer percent 700 890 

2.5· gage length (NSF) percent 560 710 
Dimensional Stabilitt ASTM D 1204, NSF mod. percent 1.5 0.4 
Tear Resistance ASTM D 1004 ppi 750 860 

lbs 45 53 
Puncture Resistance ASTM D 4833 ppl 1800 2130 

lbs 108 131 
Constant Load ESCR, Single Point GRI, GM-5a hours 200 >400 

1 This value represents the minimum acceptable test value for a roll as tested according to NSC's Manufacturing 
Quality Control Manual. Individual test specimen values are not addressed in this specification except thickness. 

2 Indicates Maximum Value 
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PHYSICAL PROPERTIES t.f -N M _, 1 
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The properties on this page are not part of NSC's Manufacturing Quality Control program and are not included on 
the material certifications. Seam testing is the responsibility of the installer and/or CQA personnel. 

PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Multi-Axial Tensile Elongation GRI, GM-4 percent 20.0 28.0 
Critical Cone Height GRI, GM-3, NSC mod. em 1.0 1.5 
Wide Width Tensile ASTM D 4885 

Stress at Yield psi 2000 2110 
Strain at Yield % 15.0 20.0 

Brittleness Temp. by lmpacf ASTM D 746 oc -75 <-90 
Coef. of Unear Thermal Exp. 2 ASTM D 696 oc-t 1.5 X 10~ 1.2 X 10~ 
ESCR, Bent Strip ASTM D 1693 hours 1500 >10,000 
Hydrostatic Resistance ASTM D 751 psi 450 510 
Modulus of Elasticity ASTM D 638 psi 80,000 135,000 
Ozone Resistance ASTM D 1149, 168 hrs P/F p p 
Permeabil~ ASTM E 96 em/sec· Pa 2.3x10"14 8.1 X 10"15 

Puncture Resistance FTMS 101, method 2065 ppl 1300 1700 
lbs 78 105 

Soil Burial Reslstance2 ASTM D 3083, NSF mod. %change 10 0 
Tensile Impact ASTM D 1822 ft lbs/ln2 250 420 
Volatile Loss2 ASTM D 1203, A percent 0.10 0.06 
Water Absorption2 ASTM D 570, 23°C percent 0.10 0.04 
Water Vapor Transmission2 ASTM E 96 g/day· m2 0.024 0.009 

SEAM PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Shear Strength ASTM D 4437, NSF mod. psi 2000 2700 
ppl 120 166 

Peel Strength ASTM D 4437, NSF mod. psi 1500 1870 
(hot wedge fusion) ppi 90 115 

Peel Strength ASTM D 4437, NSF mod. psi 1300 1590 
(fillet extrusion) ppl 78 98 

STANDARD ROLL DIMENSIONS 

Length 1110 feet Area 16,650 ft2 
Width 15 feet Weight 5,000 lbs 

This information contained herein has been compiled by National Seal Company and Ia, to the beat of our knowledge, true and accurate. All 
suggestions and recommendations are offered without guarantee. Final determination of suitability for use based on any information provided, 
is the sole responsibility of the user. There Ia no implied or expressed warranty of merchantability of fitness of the product for the contemplated 
use. 

NSC reserves the right to update the information contained herein in accordance with technological advances In the material properties. 
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17-4 BRIDGE ENGINEERING 

Forces resulting from elastic deformations, including rib shortening R 

Forces resulting from thermal deformations T. including shrinkage S 

Hlabway Bridge Loads • Vehicular live load of highway bridges is expressed in terms lJI 
design lanes and lane loadings. The number of design lanes depends on the width of LIK 
roadway. 

Each lane load is represented by a standard truck with trailer (Fig. 17-3) or, alternative!). 

STANDARD H ~~UCK LOADINGS 
H20- 44 8 KIPS 32 KIPS 
H15- 44 6 KIPS 24 KIPS 
H 10-44 4 KI~S 16 KIPS 

STAN()ARO HS TRUCK LOADINGS 
HS20-44 8 KIPS 32 KIPS 
H$15-44 6KIPS 24 K1PS 

32 KIPS 
24KIPS 

~ v 
~~------~~--------~----------~------------~» "' ~ ,.. 
ci ~ ~ 
O.IW 

O.lW 

10' CLEARANCE AND 
LOAD LANE WIDTH 

2' 6' 2' OADING ..o1 
ALTERNATIVE L Jotd.-

. f truck and f(ll tf 
Fig. 17·3. Standard truck loading. For H trucks, W • total we~ght 0 weiJIII t1 v. 
for HS trucks, W • combined weight on the first two axles, which 1s the sa~~o produce til# 
trucks. V indicates a variable spacing from 14 to 30 ft that should be selecte 
mum stress. 
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Designing for Separation 165 

Solution: (a) Using a maximum strain of 33%, the value off(e) = 0.52. Thus the 
required grab tensile strength is as follows: 

Treqd = p'(dv) 2(0.52) 

= p'(0.33 d.)2(0.52) 

= 0.057 p'd; 

= 0.057(100)(2.0)2 

= 22.6lb. 

(b) The global factor of safety on a 125-lb. ultimate grab tensile geotextile 
with partial factors of safety of 2.5 is as follows: 

FS = T.ttow 

Treqd 

2.5.4 Puncture Resistance 

= 
125/2.5 

22.6 

= 2.2, which is acceptable. 

Although not only related to the separation function, the geotextile during its 
placement must survive the installation process. Indeed, fabric survivability is crit
ical in all types of applications; without it, the best of designs are futile (recall 
Section 2.2.5.1). In this regard, sharp stones, tree stumps, roots, miscellaneous 
debris, and other things on the ground beneath the geotextile could puncture 
through the geotextile after stone base and traffic loads are imposed above it. The 
design method suggested for this situation is shown schematically in Figure 2.29. 
For these conditions, the vertical force exerted on the geotextile (which is gradually 
tightening around the protruding object) is as follows: 

(2.30) 

where Freqd = the required vertical force to be resisted, 
p' = the pressure exerted on the geotextile (approximately 100% of tire 

inflation pressure at the ground surface for small stone thicknesses), 
d. = the average diameter of the puncturing aggregate or sharp object, 
S, = protrusion factor = h,!d., 
h" = protrusion height s d., 
S2 = scale factor to adjust ASTM 04833 test value using 5/16-in. -diameter 

puncture probe to actual puncturing object = 0.31/d., 
S3 = shape factor to adjust flat puncture probe of ASTM 04833 to actual 

shape of puncturing object = 1 - A,,Ac (values of A,,Ac to be used 

Uo~ 8' 
Go?-o~ 

pml' 
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Goz~U'U11 

pmi? 

f{ft/('(·'11 

Figure Z.zt Visualization of a stone puncturing a geotextile as pressure is applied from 
above. 

range from 0.8 for Ottawa sand, 0.7 for run-of-bank gravel, 0.4 for 
crushed rock, and 0.3 for shot rock), 

Ap = projected area of particle, and 
Ac = area of smallest circumscribed circle. 

E~~: --------------------------------------------
What is the factor of safety against puncture of a geotextile from a 2.0-in. stoar 
by a loaded truck with tire inflation pressure of 80 lb./in.2 traveling on the surface 
of the stone base? The geotextile has an ultimate puncture strength of 45 lb. 
according to ASTM 04833. 

Solution: Using the full stress on the geotextile of 80 lb./in.2 and factors of 0.33, 
0.155, and 0.6 for S~o S2, and S3, respectively, 

= 80 X (2.0)2(0.33)(0.155)(0.6) 

= 9.82lb. 

Assuming that the cumulative partial factor of safety is 2.0, the global factor~ 
safety is as follows: 

FS = Fa~._ 
F,.qd 

45/2.0 
=--

9.82 

= 2.3, which is acceptable. 
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174 WASTE CONTAINMENT FACILITIES 

Some items recommended for a specification or CQA document include 
the following: 

The soil subgrade shall be of the specified grading, moisture 
content, density and surface finish as required by the installer 
and as approved by the CQA engineer for placement of the 
geomembrane. See Chapter 3 for these details for compacted 
clay liner subgrades. 

• Construction equipment deploying the rolls or pallets shall not 
deform or rut the soil subgrade excessively. Tire or track defor
mations beneath the geomembrane should not be greater than 
25 mm (1 in.) in depth. The geomembrane shall not be deployed 
on frozen subgrade where ruts are greater than 12 mm (0.5 in.) 
in depth. 

• The plans, specifications, and/or QA documents should be very 
specific about the maximum allowable size stone protruding 
from the soil subgrade, or alternatively, lying on the surface of 
the subgrade. This issue is related to the type of geomembrane, 
with HOPE and CSPE-R being the most sensitive {maximum size 
~enerally being 12 mm (0.5 in.)], and VLDPE and PVC being less 
.,;en,:rive in this regard. 
When placing the geomembrane on another geosynthetic mate
rial (geotextile, geonet, etc.), construction equipment should not 
be permitted to ride directly on the lower geosynthetic material. 
In cases where rolls must be moved over previously placed 
geosynthetics it is necessary to move materials by hand or by 
,;,:ng small pneumatic tired lifting units. Tire inflation pressures 
. -.~.<id be limited to a maximum value of 40 kPa (6 psi). 
,; .~,,~o?r!ving geosynthetic materials (such as geotextiles or 
geone~s; should have all folds, waves and other undulations 
removed before placement of the geomembrane. 

• Care, and planning, should be taken to unroll or unfold the 
geomembrane close to its intended, and final, position. 

4.3.4.2 Tempenture Effects-Sticking/Cracking High temperatures 
can cause geomembrane surfaces on rolls, or accordion folded on pallets, to 
stick together, a process commonly called "blocking." At the other extreme, 
low temperatures can cause geomembrane sheets to crack when unrolled or 
unfolded. Comments on unrolling, or unfolding of geomembranes at each of 
these temperature extremes follow. 

When preparing a specification or CQA.document, some items to con
sider include the following: 



FRICTION SEAL™ BD GEOMEMBII.AKE 
PHYSICAL PBOPEBTJBS 

&Omil 
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The properties on this page are not part of NSC's Manufacturing Quality Control program and are not included on 
the material certifications. Seam testing is the responsibility of the installer andjor CCC personnel. 

PROPERTIES METHOD UNITS MINIMUM1 TYPICAL 

Multi-Axial Tensile Elongation GAl, GM-4 percent 20.0 22.3 
Critical Cone Height GRI, GM-3, NSC mod. em 1.0 1.5 
Wide Width Tensile ASTM D 4885 

Stress at Yield psi 2000 2110 
Strain at Yield % 15.0 20.0 

Brittleness Temp. by lmpact2 ASTM 0 746 oc -75 <-90 
Coef. of Unear Thermal Exp. 2 ASTM D 696 oc-1 1.5 X 10-4 1.2 X 10-4 
ESCR, Bent Strip ASTM D 1693 hours 1500 >10,000 
Hydrostatic Resistance ASTM D 751 psi 450 550 
Modulus of Elasticity ASTM D 638 psi 80,000 116,000 
Ozone Resistance4 ASTM 0 1149, 168 hrs P/F p p 
PermeabilitY-4 ASTM E 96 cmjsec· Pa 2.3x10'14 8.1 X 10"15 

Puncture Resistance FTMS 101, method 2065 ppi 1300 1570 
lbs 78 97 

Soil Burial Resistance2 ASTM 0 3083, NSF mod. %change 10 0 
Tensile Impact ASTM 01822 ft lbsjin2 130 160 
Volatile Loss2 ASTM 0 1203, A percent 0.10 0.08 
Water Absorptlon2.4 ASTM D 570, 23°C percent 0.10 0.04 
Water Vapor Transmissionz.4 ASTM E 96 gjday· m2 0.024 0.009 

SEAM PROPERTIES METHOD UNITS MINIMUM1 TYPICAL 

Shear Strength ASTM 0 4437, NSF mod. psi 2000 2700 
ppi 120 166 

Peel Strength ASTM 0 4437, NSF mod. psi 1500 1870 
(hot wedge fusion) ppi 90 115 

Peel Strength ASTM 0 4437, NSF mod. psi 1300 1590 
(fillet extrusion) ppl 78 98 

STANDARD ROLL DIMENSIONS 

Length 850 feet Area 12,750 ft2 
Width 15 feet Weight 3,950 lbs 

This informatiOn contained herein hu been compiled by National SMI Company lnCI is, to the belt of our knowledge, true lnCI accurat8. All 
suggestions and recommendations are offered without guarantee. Final determination of IUitablllty for use baed on MY infonnatlon pnMded, 
is the sole responsibility of the u..,. There is no implied or expressed wwranty of metcMIItabillty of fltn ... of the product for the contwnplated 
use. NSC_.,oriQI1tlO_ ... ;nfom1.--nod-=----klllo-~ 
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Table 2.20 Required degree of survivability as a function of subgrade conditions and construction equipment• 

Construction equipment and 6 to 12 in. of 
col'er material: initial lift thickness 

Low ground- Medium 
pressure ground-pressure 

equipment equipment 
Subgrade conditions (s4 lb./in.) (>4 lb./in. 2, sB lb./in. 2) 

Subgrade has been cleared of all obstacles except grass, weeds, leaves, and fine wood 
debris. Surface is smooth and level such that any shallow depressions and humps 
do not exceed 6 in. in depth or height. All larger depressions are filled. Alternatively 
a smooth working table may be placed. 

Low 

Subgrade has been cleared of obstacles larger than small to moderate-sized tree limbs 
and rocks. Tree trunks and stumps should be removed or covered with a partial 
working table. Depressions and humps should not exceed 1 in. in depth or height. 
Larger depressions should be filled. 

Moderate 

Minimal site preparation is required. Trees may be felled, delimbed, and left in place. 
Stumps should be cut to project not more than 6 in. ± above subgrade. Fabric may 
be draped directly over the tree trunks, stumps, large depressions and humps, holes, 
stream channels, and large boulders. Items should be removed only if placing the 
fabric and cover material over them will distort the finished road surface. 

*Recommendations are for 6to 12 in. initial lift thickness. For other initial lift thicknesses: 
12 to 18 in.: reduce survivability requirement one level;}-
18 to 24 in.: reduce survivability requirement two levels; 
>24 in.: reduce survivabi_lity requirement three levels. 
Survivability levels are in increasing order: low, moderate, high, and very high. 

High 

For special construction techniques such as prerutting, increase fabric survivability requirement one level. 
Placement of excessive initial cover material thickness may cause bearing failure of soft subgrade. 

Source: After Christopher and Holtz (146). 

Moderate 

High 

Very high 

High ground-
pressure 

equipment 
(>8 lb./in. 2) 

Hi2h 

Very high 

Not recommended 

1;:."> 
' ~ ~~ < 
' ~ 

--t--1 

6' ... 
~ "'-> 
0 () s 't') 

~ 



G o 2- -o 2iJ'l 
Chap. 2: Designing with ~11-n_ 

1-f _,.Jo--v -~ 1 

Table 2.21 AASHTO-AGC-ARBTA Joint Committee minimum geotextile properties recommended for 
survivability (reference 4) 

Physical Property Requirements' 
Geotextiles < 50% Elongation/Geotextiles > 50% Elongation'·' 

Grab Puncture 
Strength Resistance 

Survivability ASTM 04632 ASTM 04833 
Level (lb.) (lb.) 

Medium 1801115 70/40 
High 270/180 100/75 

'Values shown are minimum average roll values. Strength values are in the weaker principal direction. 

'Elongation (strain) at failure as detennined by ASTM 04632, Grab Tensile. 

'The values of geotextile elongation do not imply the allowable consolidation properties of the subgrade SOil. 
These must be determined by a separate investigation. 

price indexes, site and climate variations, type and quantity of geotextile, and so 
on, a few comments are in order. 

The cost of the geotextile itself is reasonably related to its mass per unit area. 
Heavier geotextiles cost proportionately more than lighter ones. Note, however 
that the installation cost may not be significantly higher for the heavier geotextilca: 
The type of manufacture is also a factor, with woven slit film generally being the 
least expensive, then nonwoven heat bonded and needle-punched nonwoven, aDd 
then woven monofilament, which is the most expensive on the basis of an equivalent 
mass per unit area. These comments, however, should in no way sway a desip 
toward preference of one geotextile over another. They are offered only to give a 
feeling for the costs involved. As of this writing, these costs ranged from $0.40 to 
$1.50/yd.2 for geotextiles in the range 4.0 to 16.0 oz./yd.2

, with installation costs 
being an additional $0.15 to $0.60/yd.2 depending on the site conditions, quantity 
involved, and particular application. 

Geotextile availability is sometimes very important. In aggressively marketed 
areas, many geotextiles are available and the free-market system will sort thinp 
out. In more remote areas, however, where only one or two geotextiles are avail
able, design must necessarily reflect this situation. It is unrealistic to think tbal 
manufacturers will "tailor-make" a geotextile to your design specification if it 
involves only a small quantity for a remote area. 

In a similar vein, union situations have been known to affect costs, as hal 
patent infringement in certain select areas. 

2.1l.t Summary 

At the heart of any well-designed facility is its proper and careful construction. 1D 
my personal investigations of geotextile-related failures, only nine failures were 
design related (five were clogging problems, two retention problems, and two low
strength problems); all the others (approximately 25) were construction related. 
Of the latter group, two were loss of strength due to excessive UV exposure, 
were from lack of proper overlap on soft soils (sewing would have un<loubt~IJIIIIIII 



IF· li!Q21Spoa 
10/10197-,1 

PRELl MINAR Y DRAFT Triassic Park Hazardous Waste Facility 
Section 02714: Filter or Cushion Geotextile 

3.05 PROTECTION OF WORK 

A. The Contractor shall use all means necessary to protect all prior. work, 
materials and partially-completed and completed work of these General 
Specifications. 

B. The CQA Engineer will identify any areas requiring repair. The Contractor 
shall make repairs and replacements as necessary, to the approval of the Owner, 
and at no additional cost to Owner. 

C. The CQA Engineer will issue an approval of geotextile filter, cushion, 
separator, or sacrificial layer installation in accordance with the CQA Plan 
prior to placement of material over the geotextile. 

TAIL£ 02'714-1 
REQUIIIED FILTER GEOTIXTU PIIOPERTES 

ProDertiee Unita S ·~·-""' _.Values 141 
" .. Test Method 

Polymer composition % 95 [polypropylene, polyester. or 
polyethvlene bv weiahtl . 

!Mass per unit area oz/ydz 8 . . ASTM D 3776 
~pparent opening size mm 098 < 0.212mm. ASTM 0 4751 

Permitivity sec·1 0.1 ASTM D. 44.91 
!Grab strength lb 200 ·- ASTM D. 4SJ2111 

~ear strength lb 85 ,.,,, . A.S.TM 0 453J1z1 

Puncture strenath lb 100- ASTM 0 4833 131 

~otes: 

1. Minimum values for both machine and cross machine direction with 1 inch clamp on constant 
rate of extension ICRE) machine. 

2. Minimum value measured in machine and cross machine direction. 
3. Tension testing machine with a 1. 75-inch diameter ring clamp, the steel ball being replaced with 

f4. 
a 0.31-inch diameter solid steel cylinder with flat tip centered within the ring chimp. 

Values represent minimum average roll values (i.e •• any roll in a lot should meet or exceed th• 
values in this table). 

-
IPolymer composition 

!Mass per unit area 

!Grab strength 

Tear strenath 

Puncture strenath 

The specified apparent opening size is a maxim'!"' liverag8' rolf value_. . 

. .. 

TA&I 02714-2 
REOUIRED CUSHION GEOTEXTII.E PROPER'tiE8 ... 

Clu8lifler Unia ... S. "-- ~v~~ues•~ 

minimum % 9'5 [polypr'opylene. 
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Trevira• Spunbond nonwoven engineering products 
are highly needled fabrics with excellent tensile properties, 

high filtration potential and outstanding permeability. 
Trevira• Spunbond Type 11 products 
are 100% continuous filament 
polyester nonwoven needlepunched 
engineering fabrics. They deliver a 
combination of advantages 
unmatched by any other spunbonded 
geotextiles. They're resistant to 
freeze-thaw, soil chemicals and 
ultraviolet light exposure. 

Trevira• Spunbond nonwoven 
engineering fabrics offer excellent 
performance where the requirement 
is tensile reinforcement, planar 
flow, filtration, or separation. They 
are ideal for roadways, railbeds, 
drainage systems, lining systems, 
retaining walls. And much more. 

The inlonnalion contained herein ia offeNd lrH ol c:Ntge. end ia, 10 
our IIHIIUlowledge, true endiiGCinle; however, .. ~ 
or IUggHiioM .,. lll8de wilhout gueriiiiiH, .._ .. condiliona o1 
... .,. beyond our control. TheN ia no.....,..... warrMty end no 
impliecl.-.nty ol ~or ol.._ for PUfiiOH ol .. 
pRiducl or pnlducta dHcribed '-rein. In IUbmilllng lhle lnformalion, 
no~ •-• or llc:enH or oilier rtg111a implied ~ willl 
rwepec~ tn eny ..-;ng or pending pellnl, J*enl..,..._ or 
lr .......... The obHMinc:e ol ........ ~lion8 end ......... ia lhe 
~ol ... _. 

e 

mm 

•JMD • Machine Direction, CD = Croaa Machine Direction. 

•IOther widltl and length rolla are available upon request. 

MINIMUMt PHYSICAL PROPERTIES OF TREVIRA• TYPE 11 PRODUCTS 
~~,......,.~Ct.'"'lft1~ .... ~,......_fC .. ,"~tl"'\~ i~~-f" "f l"ti"' •wo~ ·~, ···~..,,~,.,·"""'*"'tf~H!S~·· 
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Glib Elongation % ASTM D-4632 60 60 60 60 60 60 60 65 70 \J ;-

Trapezoid Tear Strength 1bs ASTM D-4533 30 40 60 75 80 100 120 130 150 ~ Z... 

Punclure Re8i8tance lbs ASTM 0-4833 45 50 80 95 100 130 150 155 195 "\i ~ 
-.- --- - ·- ~-- S> 

....... 

. .. .. ~ 

.. ,k='txt ~ 

ADS .J.N 
1'1 0 

d-r'l •These minimum values represent minimum teat valuea ea determined from Quality Control (Q.C.) testing. 
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Trevirae Spunbond nonwoven engineering products 
are highly needled fabrics with excellent tensile properties, 

high filtration potential and outstanding permeability. 
Trevira• Spunbond Type 11 products 
are 100% continuous filament 
polyester nonwoven needlepunched 
engineering fabrics. They deliver a 
combination of advantages 
unmatched by any other spunbonded 
geotextiles. They're resistant to 
freeze-thaw, soil chemicals and 
ultraviolet light exposure. 

Trevira• Spunbond nonwoven 
engineering fabrics offer excellent 
performance where the requirement 
is tensile reinforcement, planar 
flow, filtration, or separation. They 
are ideal for roadways, railbeds, 
drainage systems, lining systems, 
retaining walls. And much more. 

TYPICAL PHYSICAL PROPERTIES OF TREVIRA11 TYPE 11 PRODUCTS 

I illi liim r • ~iii ~jtl!i ~ •'ril ii5h'f-5#ipm51 

•lMD - M8chine Direction, CD - Cross Machine Direction. 

llOther widlh and length rolla are available upon requast. 

MINIMUMt PHYSICAL PROPERTIES OF TREVIRA• TYPE 11 PRODUCTS 
~!_~~~ ...... ~- ... ,: .. IW"' ..... ~ ,.....w. ... ,. ....... ~ .......... ~ ... ~7-"'tl!:'9-it""......_.h~r 
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Puncture Ae1istance lbs ASTM 0-4833 45 50 80 95 100 130 150 155 195 ~ 
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Implied warranty ol ~or ol'*- tor J1U1J10M ollhe 
PloduCI or ptOducla ~~~erwin. In 1U11mi11inQ tllia inlorniUon, 
no Ullilily ia .-.rued or licenM or Oilier righla implied gMrl willl 
rwpect tn ~ exi8ling or pending.,...,.., J*elll~ or 
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Mullen Burst Str8nglh psi ASTM 0.37~ 170 19() 285 360 380 5_1_0 5~ ~ 7~ ~ t 
IDS Sie::zel ASTM 0-4751 I .::0 50 
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Designing for Separation 165 

Solution: (a) Using a maximum strain of 33%, the value off(e) = 0.52. Thus the 
required grab tensile strength is as follows: 

Treqd = p'(d.)2(0.52) 

= p'(0.33 d.)2(0.52) 

= 0.057 p'd~ 

= 0.057( 100)(2.0)2 

= 22.6lb. 

(b) The global factor of safety on a 125-lb. ultimate grab tensile geotextile 
with partial factors of safety of 2.5 is as follows: 

FS = T.,to .. 
r Treqd 

2.5.4 Puncture Resistcmc:e 

= 
125/2.5 

22.6 

= 2.2, which is acceptable. 

Although not only related to the separation function, the geotextile during its 
placement must survive the installation process. Indeed, fabric survivability is crit
ical in all types of applications; without it, the best of designs are futile (recall 
Section 2.2.5.1). In this regard, sharp stones, tree stumps, roots, miscellaneous 
debris, and other things on the ground beneath the geotextile could puncture 
through the geotextile after stone base and traffic loads are imposed above it. The 
design method suggested for this situation is shown schematically in Figure 2.29. 
For these conditions, the vertical force exerted on the geotextile (which is gradually 
tightening around the protruding object) is as follows: 

(2.30) 

where Freqd = the required vertical force to be resisted, 
p' = the pressure exerted on the geotextile (approximately 100% of tire 

inflation pressure at the ground surface for small stone thicknesses), 
d. = the average diameter of the puncturing aggregate or sharp object, 
S1 = protrusion factor = h,Jd., 
h" = protrusion height ~ d., 
S2 = scale factor to adjust ASTM 04833 test value using 5/16-in.-diameter 

puncture probe to actual puncturing object = 0.31/d., 
S3 = shape factor to adjust flat puncture probe of ASTM 04833 to actual 

shape of puncturing object = 1 - A.JAc (values of A/Acto be used 

(;oZ -Q~K) 

1-f ~"',.., 11-
PMf 
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Chap. 2: Designing with Geote:rtu._ 

;1-NN -'lf. 
P~P 

Figuft 2.29 Visualization of a stone puncturing a geotextile as pressure is applied from 
above. 

range from 0.8 for .Ottawa sand, 0.7 for run-of-bank gravel@or 
crushed rock, and 0.3 for shot rock), 

Ap = projected area of particle, and 
Ac = area of smallest circumscribed circle. 

Eumple: 

What is the factor of safety against puncture of a geotextile from a 2.0-in. stone 
by a loaded truck with tire inflation pressure of 80 lb./in. 2 traveling on the surface 
of the stone base? The geotextile has an ultimate puncture strength of 45 lb. 
according to ASTM 04833. 

Solution: Using the full stress on the geotextile of 80 lb./in.2 and factors of 0.33, 
0.155, and 0.6 for St. Sz, and SJ, respectively, 

= 80 X (2.0)2(0.33)(0.155)(0.6) 

= 9.82lb. 

Assuming that the cumulative partial factor of safety is 2.0, the global factor ol 
safety is as follows: 

FS = Fa~.,., 
Freqd 

45/2.0 
= 9.82 

= 2.3, which is acceptable. 
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PRELIMINARY DRAfT TO.Wi< Puk "'=dow W.n• Fo<ili<y ~- f1Z;1) 
Sectton 02780: Geosynthetic Clay Liners 

3.07 PROTECTION OF THE WORK 

A. The Contractor shall use all means necessary to protect all materials and 
partially completed and completed work. 

B. In the event of damage, the Contractor shall make repairs and replacements 
necessary to the approval of the Owner and at no additional cost to the Owner. 

C. The CQA Engineer will issue an approval of the GCL liner installation to the 
Owner in accordance with the CQA Plan prior to placement of any material 
over the GCL. 

Geotextile 
Properties 

Nonwoven 
Mass/Unit Area 

Woven 

BENTONITE 

Swell Index 

Moisture Content 

Fluid Loss 

FINISHED GCL 141 

Bentonite Mass 
Per Unit Area 1 

Grab Strength2 

Grab Elongation2 

Peel Strength 

Permeabilitr 

Notes: 
1. 
2. 
3. 
4. 

TABLE 0278~1 
REQUIRED GCL PROPERTIES"" 

Test Method Manufacturer's Value Value 
QC Minimum Test -English- -SI-

Frequency 

ASTM D 5261 1 I 200,000 sq. ft 7.4 oz./yd2 Typical 250 g/m2 Typical 
(1/20,000 sq. m) 6.0 oz./yd2 MARV 200 g/m2 MARV 

ASTM D 5261 1 I 200,000 sq. ft 3.4 oz./yd2 Typical 11 5 g/m2 Typical 
(1 /20,000 sq. m) 3.1 oz./yd2 MARV 1 05 g/m2 MARV 

ASTM D 5890 1/100,000 lbs. 24 ml/2g min. 24 ml/2g min. 
(50,000 kg) 

ASTM D 4643 1/100,000 lbs. 12% max. 12% max. 
(50,000 kg) 

ASTM D 5891 1/100,000 lbs. 18 ml max. 18 ml max. 
(50,000 kg) 

ASTM D 5261 1 I 40,000 sq. ft 0.90 lb./sq. Ft 4.39 kg/m2 

(1/4,000 sq. m) MARV MARV 

ASTM D 4362 1 I 40,000 sq. ft 951bs MARV 422 N MARV 
(1/4,000 sq. m) 

ASTM D 4632 1 I 40,000 sq. ft 75% Typical 75% Typical 
( 1 /4,000 sq. m) 

ASTM D 4632 1 I 40,000 sq. ft 15 lbs. min. 68 N min. 
(1 /4,000 sq. m) 

ASTM D 5084 1/100,000 sq. ft 5 )( 1 a·• cm/secec 5 x 1o·• 
(1/10,000 sq. m) max cm/secec max 

Oven-dried measurement reflecting a moisture content of zero. 
Measured at maximum peak, in the weakest principal direction. 
De-Aired Tap Water@ 5 psi maximum effective confining stress and 2 psi head. 
Internal shear strength testing (ASTM D 5321) of QA conformance samples or 
proposed equal material will be performed by the CQA Engineer as described in this 
specification. 

[ END OF SECTION] 

02780-10 lll"'iJian No. 0 
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Wheel Tractor-Scrapers Specifications L+-=>~r 
• Standard Scrapers Gv-z..-o~ 

py.....f .,.. ~ ~ n-rJ~-crt 

8218 8310 651E 
Flywheel power 246 kW 330 HP 336 kW 450 HP 410 kW 550 HP Flywheel power 

Operating weight (empty)• 30 205 kg 88,580 lb 42 370 kg 93,410 lb 59 420 kg 131,000 lb operating welg~ 
Scraper capacity - scraper capacit· 

Struck 10.7 m3 14 yft'J 16m3 21 yft'J 24.5 m3 32 yQ3 
Heaped 15.3 m3 20yft3 23.7 m3 31 yft'J 33.6 m3 44yQ3 Rated load 

Rated load 21 770 kg 48,000 lb 34 000 kg 75,000 lb 47 170 kg 104,000 lb Weight dlstribu 
Weight distribution - Empty 

Drive 70% 68% 88% Weight dlstribu 

Rear 30% 31% 31% 
Weight distribution - Loaded Engine model: 

Drive 55% 54% 54% Rated engine F 
Rear 45% 44% 44% 

Engine model 34041 3401 3412 Displacement: 
Rated engine RPM 1900 2000 1900 
Displacement 14.6 L 883in3 16.0 L 10ft ln3 27.0 L 184tln3 Top speed (loa 
Top speed (loaded) 46 kmlh 30mph 50 km/h 31 mph 50 kmltl 31 mph Non-atop turn1 

Non-stop turning circle 11.1 m 38'11" 12.2 m 40'1" 13.6 m 44'7" With ROPS 

With ROPS restriction 14.5 m 47'7" Tires: Tractor 

~ ~ Tires - Tractor drive 29.5-29, 21 PR (E·3) 33.25·35, 31 PR (E·3) 37.5R31 Radial * * (E-3) 
Scraper 

Width of cut 
Scraper 29.5·29, 21 PR (E·3) 33.25-35, 31 PR (E·3) 37.5R3t Radial * * (E·3) Maximum dep 

Width of cut 3.02 m 9'11" 3.50m 11'11" 3.68 m 12'1" Maximum dep 
Maximum depth of cut 340 mm 13.4" 483 mm 18" 440mm 17.3" Fuel tank refll 
Maximum depth of spread 460mm 18" 425mm 18.7" 660mm 211" 
Fuel tank refill capacity 511 L 135 gal 760 L 200 gal 1083 L 281 oat GENERAL Dlt 

GENERAL DIMENSIONS: Height to I• 

Height to top of scraper 3.63 m 11'11" 4.17 m 13'8" 4.70 m 1s· s· Wheelbase 

Wheelbase 7.72 m 25'4" 6.74 m 28'8" 9.96 m 32'8" 
Overall len• 

Overall width 
Overall length 12.7 m 41'7" 14.25 m 44'9" 16.13 m 52'11" Shipping wid 

Overall width 3.45m 11'4" 3.96 m 13' 4.34 m 14'3" (draf1 arms 
Shipping width Scraper treat 

(draft arm on inside of bowl) 3.66 m 12'0" 3.91 m 12'10" Tractor tread 
Scraper tread 2.18 m 7'2" 2.46 m 8'1" 2.82 m 9'3" PUSH-PULL· 
Tractor tread 2.21 m 7'3" 2.48m 8'1" 2.84 m 1'8" Operating 

<00!N'IItlng welgllt Includes c:oolent, lubrlc:ante, full fuel tank, ROPS canopy and operator. OVeralller 
Weight dlstr 

Weight dlstr 

228 "'()peralfng ....,. 
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Tlres 
Standard Cold Inflation Pressures 

bvl- -o-z-..n 
y;~f 
/3 -rlN ~')-

600 ••• WHEEL TRACTOR.SCRAPERS - Radial Tires 

600 ... 
WHEEL TRACTOR.SCRAPERS -
Bias and Bias Belted Tires 

Preseunt 

strenGth Mlctwlln 
GoociYMr 

Firestone 

Model Tire &In IndeX Front A.- Front 
,..., Front A .. r 

kPI psi kPI psi kPa psi kPa psi kPa psi kPa p 

813C 18.00R25 413 110 448 6S - - - - - - -

23.5R25 * 310 u 34!1 so 310 u 34!1 so - - -

815 :ze.5R25 ** 413 110 379 56 - - - - - - -
29.5R25 ** 34!1 so 310 u - - - - - - -

8211 29.5R29 ** 448 6S 379 56 482 70 34!1 so - - -

29.5R35 ** 448 6S 379 56 - - - - - - -
33.25~ ** 413 110 34!1 so - - - - - - -

8238 29.5R29 ** 482 70 413 110 517 75 413 10 - - -

29.5R35 ** 448 16 379 56 - - - - - - -

8271 29.5R29 ** 413 10 413 110 448 6S 448 16 - - -
29.5R35 ** 413 10 413 110 - - - - - - -

33.25R29 ** 379 56 379 56 - - - - - - -

1310 33.25R35 ** 551 10 517 75 551 10 448 15 551 10 517 

37.25R35 ** 517 75 413 10 - - - - - - -

1330 33.25R35 ** 551 10 517 75 588 6S 517 75 588 15 517 

37.25R35 ** 517 75 482 70 - - - - - - -

1370 33.25R35 ** 551 10 551 10 588 15 551 10 588 15 51> 

37.25R35 ** 517 75 517 75 - - - - - - -

6S1E 37.5R39* ** 689 100 551 10 551 10 482 70 551 10 51 

40.51 
75R39 ** 517 75 482 70 482 70 482 70 - - -

167E 37.5R39* ** 689 100 -100 588 15 620 10 588 6S s: 

40.51 
75R39 ** 517 75 511 75 517 75 517 75 - -

Ply Pressure 

Model Tire Sin Rating Front Rear 

kPa psi kPa psi 

813C 18.00·25* 18 34!1 so 379 55 

23.5-25 18 241 36 278 40 

815 28.5-25* 28 413 10 345 so 

29.5-25 22 276 40 241 36 

1211 29.5-29* 28 413 10 278 40 

29.5-29 34 413 10 278 40 

29.5-35 28 34!1 so 241 36 

33.25-29 28 310 u 207 30 

8231 29.5-29* 28 448 15 34!1 so 

29.5-29 34 448 6S 34!1 so 

29.5-35 28 379 55 310 u 

8271 29.5-29* 28 413 10 413 10 

29.5-29 34 413 10 413 10 

29.5-35 28 34!1 so 34!1 so 

33.25·29 28 310 u 310 u 

8310 33.25-35* 38 482 70 379 55 

37.25-35 30 345 so 276 40 

8330 33.25-35* 38 517 75 448 6S 

37.25-35 30 379 55 310 .s 

1370 33.25-35* 38 517 75 482 70 

37.25-35 30 379 56 34!1 so 

6S1E 37.5-39 31 482 70 413 10 

37.5-39 ~ 482 70 413 10 

157E 37.5-39 ~ 517 75 551 10 

37.5-39 52 517 75 551 10 



FRICTION SEALTM HD GEOMEMBRANE 
QUALITY CONTROL SPECIFICATIONS 

&Omll 

(" 0 \: 7-
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FRICTION SEAL HO, National Seal Company's advanced textured high density polyethylene (HOPE) geomembrane, 
is manufactured by attaching a friction surface to NSC's high quality HOPE geomembrane. The friction surface is 
made from high molecular weight polyethylene resin compounded specifically for use in NSC geomembranes. The 
resin has been formulated to provide stress crack, chemical and ultraviolet resistance for fluid containment NSC 
produces FRICTION SEAL HO with a textured surface on one or both sides of the parent sheet 

The following properties are tested as a part of NSC's quality control program. Certified test results for properties on 
this page are available upon request. Refer to NSC's Quality Control Manual for exact test methods and frequencies. 

RESIN PROPERTIES METHOD UNITS MINIMUM1 TYPICAL 

Melt Flow lndex-2 ASTM D 1238 g/10 min 0.50 0.25 
Oxidative Induction Time ASTM D 3895, minutes 100 120 

AJ pan, 200°C, 1 atm 0 2 

SHEET PROPERTIES METHOD UNITS MINIMUM1 TYPICAL 

Mass per Unit Area3 ASTM D 3n6 lb/tri 0.31 0.32 

Thickness• ASTM D 751, NSF mod. 
Average mils 60.0 61.5 
Individual mUs 57.0 59.7 

Density' ASTM D 1505 gjcm3 0.940 0.948 
Carbon Black Content'' ASTM D 1603 percent 2.0-3.0 2.35 
Carbon Black Dispersion' ASTM D 3015, NSF mod. rating A1, A2, B1 A1 
Tensile Properties5 ASTM D 638 

Stress at Yield psi 2200 2750 
ppi 132 169 

Stress at Break psi 2200 3240 
ppl 132 199 

Strain at Yield 1.3• gage length (NSF) percent 13.0 17.5 
Strain at Break 2.0• gage or extensometer percent 200 540 

2.s• gage length (NSF) percent 160 432 
Dimensional Stabilit'f4 ASTM 0 1204, NSF mod. percent 1.5. 0.4 
Tear Resistance ASTM 01004 ppl 750 1000 

lbs 45 62 
Puncture Resistance ASTM 0 4833 ppl 1800 2276 

lbs 108 140 
Constant Load ESCR, Slngte Poi~ GRI, GM-5a hours 200 >400 
Friction Angle, Index GRI, GS-7 degrees 40 56 

1 This value repreunts the minimum acceptable tat value for a roll u teat.d according to NSC's Manufacturing Quality Control Manual. 
Individual tnt specimen valu .. ate not addreued in thia specification except lhiclcneiL 

2 lndicatn Maximum Value 

3 Friction Coating on both sid .. of bale sheet 

• Testing performed on bue sheet 

' Strnallld strength valu .. ate normalized to the nominal bale sheet thlckn.... NSC cef1lfles propertl .. baed on val~ calculated using 
nominal thickn ... only. Stresa valu .. calculated using actual product thicknna is not g~ due to the lack of 1ndustry accepted 
thicknesa tnt procedur .. for friction shHt. 
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stant··rate-of extension (CRE) type, with autographic re
cordt:r conforming to the requirements of Specification 
D 76. See Fig. I. 

6.2 Ring Clamp Attachment. consisting of concentric 
plates with an open internal diameter of 45 ± 0.025 mm 
( 1.772 ± 0.00 l in.), capable of clamping the test specimen 
without slippage. A suggested clamping arrangement is 
shown in Figs. l and 2. The external diameter is suggested to 
be 100 ± 0.025 mm (3.937 ± 0.001 in.). The diameter of the 
six holes used for securing the ring clamp assembly is 
suggested to be 8 mm (0.135 in.) and equally spaced at a 
radius of 37 mm (2.95 in.). The surfaces of these plates can 
consist of grooves with 0-rings or coarse sandpaper bonded 
onto opposing surfaces. 

6.3 Solid Steel Rod, with a diameter of 8 ± 0.0 l mm (0.35 
± 0.005 in.) having a flat end with a 45• = 0.8 mm (0.315 in.) 

.p,-...-.~ 

chamfered edge contacting the test specimen's surface. See 
Figs. l and 3. 

7. Sampling 
7.1 Lot Sample-Divide the product into lots and take 

the lot sample as directed in Practice D 4354. 
7.2 Laboratory Sample-For the laboratory sample take a 

swatch extending the full width of the geotextile, of sufficient 
length along the selvage from each sample roll so that the 
requirements of 7.3 and 8.1 can be met. Take a sample that 
will exclude material from the outer wrap and inner wrap 
around the core unless the sample is taken at the production 
site, then inner and outer wrap material may be used. 

7.3 Test Specimens-Select from the laboratory sample 
the number of specimens directed in Section 8. Minimu111 
specimen diameter is 100 mm (4 in.) to facilitate clamping. 
Space the specimens along a diagonal on the unit of the 
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TITLE' DEPTH OF FREEZE CALCULATIONS FOR MULTIPLE LAYERED SOIL 

JOB NAME, GANDY/TRIASSIC PARK LANDFILL 

JOB NUMBER, 602 

PREPARED BY, JOHN PELLICER 

DATE PREPARED' 24 OCT 1997 

FILENAME' H, \jOHN PELLICER \GANDY\SPREAD\FROST DEPTH CALCULATION FOR TRIASSIC PARK LANDFILL2 

REF, CALCULATION METHODS FOR DETERMINATION 

OF DEPTHS OF FREEZE AND THAW IN SOILS 

DEPARTMENT OF THE ARMY TECHNICAL MANUAL TM 5-852-0 

JANUARY 1966 

MUL Tl-LA YERED SOLUTION OF MODIFIED B 

c 

uw w d Sd Volumetric 
Unit Water Thick Sum Heat 

Weight Content ness Thick. Capacity 

l 

VoL 

K K Kave Latent 

Thermal Thermal Thermal Heat of 
Conduct. Conduct. Cond. Fusion L•d 

Au Temperature Oat;~ 

B1tter lakes Wildlife Refuge, New Me .. co 

1950-1997 

MEAN ANNUAL TEMPERATURE, 

n-factor: 

59 

0.5 

air freezing index (F): 1138 

SURFACE FREEZING INDEX nF = 569 
length of Freezing Season (t): 136 

Vs (nF/t) 4.2 

Vo, I Tmean-T(32)1 27 

"Alpha" (Vo/Vs) - 6.46 

Lave 
l:(l•d) Ave. 

Material pcf % Ft Ft BTU/Ft·3-F unfrou:n frozen BTU/Ft-Hr-F BTU/Ft•3 BTU/Ft•2 BTU/Ft•2 BTU/Ft•3 c•d l:(C•d) Cave 

V egetatlVe Cover 100.00 10.00 2.3220 2.32 24.50 0.92 0.90 0.91 1440.00 3343.68 

THE DEPTH OF FROST IS DETERMINED WHEN THE SUM OF THE FROST INDICES IS EQUAL TO THE FREEZE INDEX. 

THE THICKNESS OF THE LAYERS CAN BE MANIPULATED TO DETERMINE THE EXACT DEPTH OF FROST. 

3343.68 1440.00 56.89 56.89 24.50 

(days) 

II a 

[(C/L)•Vs) (Vo/Vs) ~ 

0.07 6.46 0.56 

Zo{-

FreeZJ.ng Surface 

n-factor Type 

1 Snow 

0.9 Pavement (1ce/soow-free) 

0.9 Sand & gravd 

0.7 Pavement (II) 

0.5 Turf 

Rn 
~·2 (d/K) l:Rn l:Rn+Rn/1 

0.31 2.56 156 118 

nl 2:nl 

569.17 569 



MEASURED DAILY TEMPERATURES BITTER LAKES WILDLIFE REFUGE, NEW MEXICO 1950 to 1997 

AIR TEMPERATURE 

DAY MONTH DAY HIGH 
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192 4 10 58 28 43 11 -782 0 0 ~a~ 
193 4 11 60 23 42 9.5 -773 0 0 
194 4 12 61 23 42 10 -763 0 0 
195 4 13 57 20 39 6.5 -756 0 0 
196 4 14 57 19 38 6 -750 0 0 
197 4 15 52 26 39 7 -743 0 0 
198 4 16 54 26 40 8 -735 0 0 
199 4 17 55 30 43 10.5 -725 0 0 
200 4 18 58 31 45 12.5 -712 0 0 
201 4 19 52 26 39 7 -705 0 0 
202 4 20 58 25 42 9.5 -696 0 0 
203 4 21 56 28 42 10 -686 0 0 
204 4 22 59 30 45 12.5 -673 0 0 
205 4 23 62 30 46 14 -659 0 0 
206 4 24 56 24 40 8 -651 0 0 
207 4 25 57 31 44 12 -639 0 0 
208 4 26 63 30 47 14.5 -625 0 0 
209 4 27 60 28 44 12 -613 0 0 
210 4 28 57 27 42 10 -603 0 0 
211 4 29 63 27 45 13 -590 0 0 
212 4 30 64 30 47 15 -575 0 0 

MAXIMUM 279 
MINIMUM -859 

FREEZING INDEX: 1138 
FREEZING SEASON: 136 
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BITTER LAKES WL REFUGE, NEW 10 0~ 

MEXICO (290992) 
Period of Record Monthly Climate Summary 

Period of Record : 12/111950 to 6/30/1997 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Average Max. 56.7 62.6 69.9 79.1 86.9 95.1 95.7 93.8 87.1 78.2 65.7 57.9 77.4 Temperature (F) 
Average Min. 20.5 25.1 31.2 40.2 49.6 59.0 63.2 61.5 53.8 40.6 28.3 21.0 41.2 Temperature (F) 
Average Total 0.41 0.43 0.32 0.47 1.06 1.36 2.18 2.22 1.79 1.17 0.50 0.44 12.35 Precipitation (in.) 
Average Total 2.2 2.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.6 1.7 7.4 SnowFall (in.) 

- ·--·---·-------

Average Snow 0 0 0 0 0 0 0 0 0 0 0 0 0 Depth (in.) 

Western Regional Climate Center, Greg McCurdy, gmwrcc@sage.dri.edu 

1 of 1 10/24/97 12:02 PM 



BITTER LAKES WL REFUGE, NEW MEXICO NCDC 1961-1990 Monthly h&qmmvw.wrcc.sage.dri.eduJcgi-bin/cliNORMNCDC.pl?nmbitt 

l of2 

BITTER LAKES WL REFUGE, NEW 
MEXICO 
NCDC 1961-1990 Monthly Normals 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 
Mean Max. 
Temperature (F) 
Highest Mean 
Max. 
Temperature (F) 
Year Highest 
Occurred 
Lowest Mean 
Max. 
Temperature (F) 
Year Lowest 
Occurred 
Mean 
Temperature (F) 
Highest Mean 
Temperature (F) 
Year Highest 
Occurred 

55.7 61.1 69.3 78.4 86.4 94.1 95.2 92.9 85.6 77.5 65.4 56.9 

64.8 69.9 78.5 83.0 92.1 102.5 102.0 97.7 91.5 84.0 71.6 67.0 

1967 1962 1967 1986 1962 1980 1980 1983 1983 1963 1981 1970 

46.4 53.0 57.9 71.0 82.3 89.9 88.6 87.1 76.3 71.2 55.5 48.5 

1979 1964 1969 1983 1976 1986 1975 1971 1974 1984 1961 1983 

37.6 42.6 50.3 59.4 67.8 76.4 79.2 77.2 69.9 59.0 47.3 38.7 

44.5 49.0 56.5 64.1 72.3 83.7 83.6 81.6 74.6 62.6 51.4 45.7 

1969 1962 1967 1967 1989 1990 1980 1969 1983 1963 1965 1970 

76.5 

79.3 

1963 

74.5 

1978 

58.8 

60.1 

1967 

Lowest Mean 
Temperature (F) 31.1 35.0 42.1 53.3 62.7 72.8 73.6 73.4 63.1 52.3 40.9 32.3 56.3 

Year Lowest 
Occurred 
Mean Min. 
Temperature (F) 
Highest Mean 
Min. 
Temperature (F) 
Year Highest 
Occurred 
Lowest Mean 
Min. 
Temperature (F) 
Year Lowest 
Occurred 
Mean 
Precipitation 
(in.) 
Highest 
Precipitation 
(in.) 

1966 1964 1969 1983 1975 1979 1975 1974 1974 1976 1976 1989 1975 

19.4 24.1 31.1 40.3 49.3 58.6 63.2 61.5 54.2 40.4 29.1 20.5 41.0 

24.8 28.4 35.7 45.9 53.4 65.5 67.2 65.6 59.0 46.7 37.4 27.6 42.9 

1965 1987 1985 1967 1989 1990 1966 1969 1990 1983 1978 1984 1986 

9.4 17.0 26.3 34.0 41.2 53.4 56.6 56.1 48.1 32.8 22.4 12.8 36.7 

1963 1964 1969 1975 1975 1975 1988 1975 1975 1976 1975 1989 1975 

0.43 0.48 0.33 0.46 0.97 1.75 1.89 2.52 1.96 1.10 0.62 0.49 13.00 

2.15 1.54 1.63 2.41 3.81 5.96 5.15 7.19 5.68 5.61 2.02 2.11 23.72 

Year Highest 1968 1975 1968 1966 1981 1978 1968 1977 1974 1983 1961 1969 1986 
Occurred 
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BITTER LAKES WL REFUGE, NEW 
MEXICO 
Period of Record Daily Climate Summary 

Daily Records for station 290992 BITTER LAKES WL REFUGE state: nm 

For temperature and precipitation, multi-day accumulations 
are not considered either for records or averages. 

The year given is the year of latest occurrence. 

Period requested -- Begin 
Period used -- Begin 

Cooling degree threshold 

1/ 1/1890 -- End : 12/31/2000 
12/ 1/1950 -- End : 6/30/1997 

65.00 Heating degree threshold 

AVG Multi-year unsmoothed average of the indicated quantity 
HI Highest value of indicated quantity for this day of year 
10 Lowest value of indicated quantity for this day of year 
YR Latest year of occurrence of the extreme value 
NO Number of years with data for this day of year. 

Units: English (inches and degrees F) 

65.00 

!---Maximum Temperature---1---Minimum Temperature---1----Precipitation---1------
MO DY AVG 

1 1 55 
1 2 52 
1 3 54 
1 4 53 
1 5 53 
1 6 55 
1 7 57 
1 8 54 
1 9 55 
1 10 53 
1 11 53 
1 12 54 
1 13 55 
1 14 58 
1 15 58 
1 16 57 
1 17 57 
1 18 58 
1 19 57 
1 20 56 
1 21 55 
1 22 57 
1 23 57 
1 24 60 
1 25 60 
1 26 62 
1 27 60 
1 28 61 
1 29 63 
1 30 61 
1 31 59 
2 1 57 
2 2 59 
2 3 57 
2 4 60 
2 5 59 

NO 
37 
39 
44 
46 
44 
46 
41 
42 
45 
46 
46 
46 
45 
41 
40 
41 
45 
44 
45 
44 
43 
43 
43 
44 
44 
46 
44 
43 
42 
43 
44 
44 
45 
44 
42 
42 

HI YR 
78 1966 
81 1997 
86 1997 
70 1954 
70 1989 
82 1994 
80 1969 
85 1969 
77 1969 
77 1953 
73 1953 
74 1953 
7 9 197 6 
79 1957 
77 1980 
74 1967 
80 1974 
83 1974 
83 1953 
75 1985 
80 1953 
80 1974 
73 1971 
83 1972 
82 1952 
79 1969 
84 1975 
80 1956 
78 1986 
80 1963 
83 1963 
84 1963 
79 1963 
78 1987 
80 1963 
80 1963 

LO YR AVG 
24 1979 20 
20 1979 19 
26 1979 17 
26 1971 19 
22 1971 19 
24 1971 20 
25 1971 21 
27 1971 22 
31 1979 18 
13 1962 18 
11 1962 18 
13 1963 20 
20 1997 20 
38 1963 20 
32 1984 19 
30 1992 19 
25 1982 21 
29 1981 21 
26 1984 21 
32 1984 23 
28 1978 22 
23 1966 22 
30 1966 20 
36 1966 19 
31 1978 20 
33 1961 23 
32 1961 24 
29 1961 22 
42 1966 23 
29 1951 23 
29 1951 23 
11 1985 24 
20 1985 22 
19 1956 22 
18 1956 24 
27 1982 24 

NO 
38 
39 
44 
45 
45 
46 
41 
42 
45 
46 
46 
46 
45 
42 
41 
42 
46 
45 
45 
45 
43 
45 
45 
42 
45 
47 
45 
43 
41 
43 
45 
44 
45 
44 
41 
41 

HI YR 10 YR AVG NO 
41 1952 5 1990 0.002 46 
34 1952 -18 1979 0.010 45 
34 1997 -18 1979 0.012 47 
42 1997 -1 1974 0.016 47 
38 1989 -9 1971 0.020 46 
32 1982 -4 1970 0.011 46 
49 1965 -3 1971 0.032 46 
49 1965 2 1971 0.010 46 
49 1957 -2 1964 0.008 47 
32 1991 -4 1977 0.017 47 
44 1960 -22 1962 0.011 47 
44 1960 -11 1962 0.005 46 
38 1980 -22 1963 0.022 46 
45 1952 -14 1963 0.010 46 
43 1969 -4 1982 0.000 47 
32 1969 3 1964 0.005 47 
53 1996 0 1957 0.000 47 
41 1952 2 1957 0.020 47 
49 1952 0 1984 0.030 47 
39 1983 5 1963 0.028 47 
42 1969 7 1976 0.042 45 
37 1974 -12 1966 0.030 45 
35 1977 -6 1980 0.004 46 
36 1967 -5 1980 0.008 45 
41 1962 0 1980 0.013 46 
38 1954 5 1966 0.006 47 
49 1953 8 1963 0.013 46 
44 1968 3 1963 0.000 46 
42 1969 5 1961 0.000 46 
41 1954 8 1951 0.010 46 
40 1954 7 1977 0.011 46 
44 1963 -12 1951 0.003 47 
48 1963 -12 1951 0.015 47 
43 1992 -1 1972 0.015 47 
41 1957 9 1956 0.039 47 
41 1958 0 1956 0.031 47 

HIGH YR 
0.07 1979 
0.19 1973 
0.13 1973 
0.56 1958 
0.62 1958 
0.50 1997 
0.53 1986 
0.36 1968 
0.14 1974 
0.66 1973 
0.31 1960 
0.17 1963 
0.70 1982 
0.25 1960 
0.00 1997 
0.22 1960 
0.01 1991 
0.39 1979 
0.66 1990 
0.50 1968 
0.95 1968 
0.88 1980 
0.17 1980 
0.32 1961 
0.34 1962 
0.08 1976 
0.32 1989 
0.00 1996 
0.00 1996 
0.48 1964 
0.42 1978 
0.06 1990 
0.52 1975 
0.45 1964 
1.30 1956 
1. 43 1988 

AVG 
0.10 
0.10 
0.02 
0.09 
0.04 
0.11 
0.17 
0.11 
0.05 
0.00 
0.01 
0.08 
0.26 
0.23 
0.00 
0.05 
0.00 
0.06 
0.11 
0.08 
0.16 
0.20 
0.00 
0.03 
0.00 
0.01 
0.04 
0.00 
0.00 
0.00 
0.10 
0.00 
0.03 
0.17 
0.33 
0.36 
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L. 6 59 45 80 1995 20 1982 22 44 36 1951 2 1956 0.007 47 0.29 197 9 0.08 
'> L. 7 58 46 84 1963 18 1989 22 45 48 1957 2 1956 0.010 47 0.39 1997 0.00 ,, 
L 8 61 47 85 1957 28 198 9 22 46 43 1966 5 1956 0.015 47 0.41 1973 0.15 
2 9 62 46 86 1957 28 1980 24 46 50 1960 4 1967 0.010 47 0.29 1980 0.11 
2 10 61 43 86 1957 29 1973 23 44 40 1976 1 1956 0.007 47 0.26 1986 0.07 
2 11 64 43 83 1962 33 1986 24 44 40 1976 2 1981 0.016 47 0.29 1963 0.04 
2 12 62 43 85 1962 29 1986 24 44 42 1957 6 1981 0.030 47 0.62 1968 0.18 
2 13 63 42 84 1962 30 1986 26 43 45 1991 -2 1963 0.018 46 0.41 1997 0.00 
2 14 67 43 86 1967 37 1951 27 44 4 9 1962 6 1966 0.021 46 0.44 1962 0.00 
2 15 64 44 86 197 9 31 1978 26 44 50 1967 8 1951 0.001 46 0.04 1978 0.02 
2 16 64 45 80 1986 45 1990 25 45 45 1986 8 1990 0.010 47 0.18 1975 0.05 
2 17 63 45 78 1982 29 1979 27 45 41 1986 9 1990 0.006 47 0.25 1989 0.07 
2 18 64 43 86 1970 33 1980 27 43 44 1955 16 1966 0.009 46 0.32 1957 0.02 
2 19 63 42 85 198 6 42 1978 28 42 41 1994 13 1964 0.016 46 0.39 1987 0.00 
2 20 63 43 88 1986 39 1987 27 42 44 1980 6 1953 0.019 46 0.26 1964 0.13 
2 21 62 42 89 1986 34 1971 25 42 42 1958 4 1964 0.019 47 0.45 1997 0.05 
2 22 63 44 84 1996 42 1966 24 45 45 1958 7 1987 0.062 47 1. 04 1973 0.13 
2 23 63 46 87 1996 27 1975 25 46 43 1958 4 1976 0.006 47 0.14 197 5 0.25 
2 24 63 45 82 1982 37 1953 26 45 50 1951 -5 1965 0.009 47 0.19 1992 0.02 
2 25 65 44 82 1976 36 1997 26 43 46 1951 -5 1960 0.006 46 0.19 1951 0.01 
2 26 67 43 87 198 6 37 1982 28 43 46 1996 6 1952 0.000 46 0.00 1997 0.00 
2 27 67 42 88 198 6 43 1984 29 42 49 1981 15 1964 0.006 45 0.11 1997 0.00 
2 28 67 43 79 1976 48 1990 28 43 46 1981 9 1962 0.023 46 0.34 1968 0.00 
2 29 67 12 85 1972 42 1996 27 12 42 1952 14 1984 0.000 12 0.00 1996 0.00 
3 1 65 45 84 1972 31 1960 29 46 48 1973 17 1984 0.009 47 0.22 1993 0.00 
3 2 67 45 84 1967 34 1995 29 47 48 1976 13 1962 0.000 47 0.01 1971 0.02 
3 3 66 46 89 1974 35 1965 29 47 47 1986 5 1971 0.001 47 0.04 1958 0.00 
3 4 65 44 86 1974 29 1978 27 45 45 1974 12 1971 0.007 47 0.19 1981 0.00 
3 5 64 42 86 1956 34 1969 27 42 45 1983 11 1953 0.010 46 0.18 1958 0.03 
3 6 66 44 85 1991 34 1984 28 43 50 1991 9 198 9 0.029 46 1.13 1958 0.00 
3 7 69 43 86 1972 52 1984 29 45 43 1968 6 1996 0.001 47 0.03 1996 0.01 
3 8 69 43 87 1972 48 1996 29 45 47 1962 12 1967 0.009 47 0.19 1994 0.00 
3 9 70 46 86 1986 36 1996 29 44 49 1986 8 1996 0.004 46 0.11 1994 0.00 
3 10 70 44 86 1954 44 1994 31 46 51 1990 16 1964 0.038 47 1. 35 1973 0.00 
3 11 69 43 85 1982 40 1969 32 44 49 1980 15 1979 0.024 46 0.52 1968 0.00 
3 12 69 43 88 1972 41 1958 31 44 54 1982 10 1959 0.004 46 0.07 1981 0.03 
3 13 69 43 89 1972 37 1993 30 44 49 1990 17 1959 0.003 47 0.12 1975 0.00 
3 14 69 45 85 1971 40 1962 30 46 49 1967 11 1988 0.006 47 0.16 1982 0.01 
3 15 70 45 86 1972 49 1969 31 46 4 9 1972 17 1988 0.003 47 0.09 1969 0.02 
3 16 69 44 89 1974 36 1969 31 46 43 1987 14 1976 0.006 47 0.19 1969 0.04 
3 17 70 45 86 1984 48 1969 30 45 44 1953 16 1959 0.004 46 0.13 1961 0.00 
3 18 71 41 90 1974 45 1988 30 43 46 1994 16 1980 0.003 46 0.12 1958 0.00 
3 19 72 44 89 1982 39 1965 32 44 47 1994 11 1965 0.014 46 0.55 1961 0.00 
3 20 72 43 88 1995 46 1965 32 44 55 1994 11 1965 0.049 47 0.81 1957 0.06 
3 21 70 43 86 1988 37 1968 31 44 44 1979 13 1965 0.023 47 0.42 1974 0.16 
3 22 73 45 92 1995 46 1952 33 46 52 1954 16 1955 0.008 47 0.22 1958 0.00 
3 23 74 46 86 1978 51 1952 33 47 52 1972 12 1952 0.003 47 0.08 1958 0.00 
3 24 73 46 88 1971 53 1957 34 47 49 1994 20 1980 0.006 47 0.13 1958 0.00 
3 25 71 45 84 1993 40 1990 33 45 51 1995 20 1996 0.003 47 0.14 1958 0.00 
3 26 72 42 88 197 6 49 1987 34 42 53 1953 18 1959 0.004 47 0.12 1987 0.00 
3 27 73 46 90 1967 50 1982 34 47 50 1972 21 1955 0.009 47 0.37 1977 0.00 
3 28 74 46 95 1971 38 1994 35 46 54 1985 14 1994 0.016 47 0.45 1966 0.00 
3 29 73 45 90 1967 35 1975 35 45 55 1985 20 1975 0.005 46 0.14 1987 0.02 
3 30 71 45 86 1989 30 1987 35 45 57 1968 9 1987 0.013 46 0.19 1975 0.04 
3 31 73 45 92 1974 50 1991 35 45 52 1956 17 1972 0.005 46 0.11 1992 0.00 
4 1 76 44 91 1986 59 1992 36 44 53 1964 20 1955 0.004 47 0.11 1988 0.00 
4 2 76 44 91 1959 44 1988 35 44 51 1965 18 1970 0.004 47 0.18 1992 0.00 
4 3 75 45 88 1959 51 1987 35 46 47 1997 19 1987 0.026 47 0.94 1997 0.00 
4 4 74 44 92 1961 53 1973 35 43 54 1985 16 1979 0.005 47 0.22 1995 0.00 
4 5 74 44 92 1959 36 1983 35 44 52 1953 20 1973 0.004 47 0.11 1983 0.00 
4 6 76 44 93 1954 41 1987 35 45 52 1967 22 1994 0.016 47 0.29 1983 0.00 
4 7 79 46 98 1972 42 1983 40 46 60 1967 24 1971 0.002 47 0.08 1983 0.00 
4 8 78 46 96 1963 35 1983 38 46 52 1967 21 1973 0.012 47 0.18 1984 0.00 
4 9 77 45 92 1963 42 1973 38 45 55 1967 19 1973 0.004 47 0.09 1997 0.00 
4 10 76 44 94 1963 55 1997 38 44 58 1972 28 1988 0.003 47 0.09 1997 0.00 
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4 11 78 45 93 1972 50 1989 39 45 60 1967 23 1995 0.027 47 0.48 1969 0.00 
4 12 77 47 93 1972 43 1997 39 46 61 1960 23 1953 0.015 47 0.48 1980 0.00 
4 13 76 46 96 1972 40 1980 39 46 57 1981 20 1959 0.026 47 0.52 1958 0.00 
4 14 79 46 93 198 6 52 1980 39 46 57 1992 19 1959 0.021 47 0.52 1977 0.00 
4 15 79 46 95 1963 51 1981 39 46 52 1971 26 1996 0.021 47 0.50 1981 0.00 
4 16 81 47 96 1962 58 1981 40 47 54 197 9 26 1961 0.002 47 0.07 1976 0.00 
4 17 81 47 92 1978 63 1988 43 47 55 1979 30 1960 0.007 46 0.22 1958 0.00 
4 18 81 45 94 1987 49 1990 42 45 58 197 9 31 1953 0.016 47 0.39 1952 0.00 
4 19 82 45 95 1987 51 1990 44 45 52 1977 26 1953 0.006 47 0.22 1992 0.00 
4 20 80 46 93 1954 57 1992 42 46 58 1962 25 1995 0.009 47 0.22 1992 0.00 
4 21 80 45 97 1965 58 1982 40 45 56 1965 28 1964 0.012 47 0.57 1959 0.00 
4 22 81 46 100 1965 56 1987 43 46 59 1957 30 1967 0.023 47 0.50 1990 0.00 
4 23 80 44 98 1965 47 1982 43 45 62 1958 30 1963 0.014 46 0.62 1953 0.00 
4 24 82 46 98 1989 49 1982 42 46 56 1965 24 1995 0.026 47 0.79 1966 0.00 
4 25 83 44 97 1996 67 1980 45 44 57 1955 31 1995 0.063 47 1. 53 1997 0.00 
4 26 83 45 96 1996 46 1997 45 45 63 1951 30 1980 0.033 47 0.95 1965 0.00 
4 27 82 46 93 1974 64 1973 45 46 60 1959 28 1973 0.007 47 0.16 1997 0.00 
4 28 81 46 96 1996 64 1995 43 45 57 1993 27 1975 0.028 47 1. 26 1985 0.00 
4 29 83 46 96 1996 60 1957 46 46 63 1990 27 197 5 0.013 47 0.21 1985 0.00 
4 30 82 45 95 1962 59 1994 44 45 64 1955 30 1968 0.021 47 0.33 1955 0.00 
5 1 82 41 93 1995 59 1974 45 41 60 1981 32 1970 0.026 47 0.48 1976 0.00 
5 2 80 43 95 1992 62 1990 44 42 61 1986 25 1967 0.037 47 1. 07 1981 0.00 
5 3 82 45 97 1964 48 1978 45 45 57 1986 28 1983 0.043 47 1. 40 1981 0.00 
5 4 82 43 97 1971 57 197 9 46 42 61 1965 30 197 9 0.004 45 0.13 1980 0.00 
5 5 85 44 99 1962 67 1953 46 44 61 1977 32 1953 0.019 46 0.58 1976 0.00 
5 6 84 44 98 1962 63 197 6 46 45 58 1952 24 1959 0.056 47 1. 22 1981 0.00 
5 7 85 43 98 1979 67 1951 48 44 60 1979 27 1975 0.021 47 1. 01 1959 0.00 
5 8 87 44 100 1952 60 1976 48 44 60 1996 32 1984 0.010 47 0.24 1959 0.00 
5 9 86 44 104 198 9 60 1976 48 43 58 1985 31 1975 0.000 47 0.01 1992 0.00 
5 10 87 43 101 1962 71 1981 50 43 64 1991 36 1981 0.018 47 0.45 1955 0.00 
5 11 86 45 102 1974 69 1994 48 44 67 1991 36 198 6 0.023 47 0.45 1972 0.00 
5 12 87 44 102 1984 68 1997 49 45 60 198 9 38 1957 0.041 47 0.70 1955 0.00 
5 13 88 44 102 1996 60 1953 48 44 60 1995 37 1957 0.026 47 0.69 1977 0.00 
5 14 87 40 100 1974 66 1996 49 42 61 1951 34 1975 0.009 47 0.38 1973 0.00 
5 15 86 42 99 1988 52 1973 50 41 61 1960 34 1973 0.023 47 0.37 1959 0.00 
5 16 88 40 101 1978 67 1973 50 39 61 1995 33 1983 0.033 46 1.10 1984 0.00 
5 17 88 44 100 1996 67 1984 49 42 60 1996 40 1986 0.035 46 0.70 1979 0.00 
5 18 85 45 100 1974 52 1986 50 45 62 1966 32 1986 0.085 47 1. 33 1954 0.00 
5 19 86 43 97 1991 63 1997 51 43 65 1972 34 1971 0.062 47 i. 20 1963 0.00 
5 20 88 41 100 1974 70 1988 51 42 61 1991 38 1963 0.050 46 1. 22 1951 0.00 
5 21 89 43 101 1953 74 1997 50 44 65 1991 35 1967 0.059 47 1. 20 1992 0.00 
5 22 90 44 106 1996 67 1979 52 42 64 1989 40 1974 0.122 47 3.14 1992 0.00 
5 23 89 43 105 1996 68 1963 52 41 68 1984 40 1960 0.027 47 0.58 1992 0.00 
5 24 89 45 103 1989 70 1992 52 44 64 1984 39 1975 0.022 47 0.52 1987 0.00 
5 25 89 44 104 1989 62 1992 53 44 63 1984 42 1954 0.027 47 1.11 1992 0.00 
5 26 90 44 101 198 9 62 1997 52 44 60 1964 40 1960 0.043 47 1. 04 1966 0.00 
5 27 89 42 104 1951 66 1997 53 41 62 198 9 40 1960 0.024 47 0.63 1964 0.00 
5 28 90 41 102 1951 74 1986 54 40 68 1991 40 1973 0.019 46 0.37 1953 0.00 
5 29 91 43 104 1951 67 1992 54 43 68 1989 39 1973 0.040 47 0.38 1972 0.00 
5 30 90 40 103 1968 63 1992 53 39 69 1989 38 1975 0.014 47 0.45 1960 0.00 
5 31 90 41 102 1977 70 1975 53 40 65 1985 32 1975 0.046 47 0.91 1986 0.00 
6 1 89 45 103 1969 58 1983 54 43 62 1994 39 1964 0.016 47 0.29 1986 0.00 
6 2 91 43 102 1993 71 1979 54 42 62 1994 44 1992 0.046 47 0.78 1989 0.00 
6 3 91 45 102 1990 67 1978 55 44 63 1956 44 1970 0.044 47 1. 35 1978 0.00 
6 4 90 44 103 1990 64 1951 56 43 68 1990 42 1957 0.111 47 3.00 1967 0.00 
6 5 92 44 104 1961 71 1970 56 43 71 1990 40 1962 0.055 47 1. 29 1997 0.00 
6 6 93 45 108 1990 71 1985 56 44 70 1956 45 1985 0.077 47 1. 82 1985 0.00 
6 7 94 45 110 1980 70 1983 57 45 65 1980 48 1971 0.019 46 0.55 1976 0.00 
6 8 95 44 105 1980 81 1997 58 43 70 1980 48 1975 0.005 47 0.14 1992 0.00 
6 9 94 44 110 1981 80 1997 56 42 67 1990 45 1993 0.063 47 0.76 1987 0.00 
6 10 92 43 110 1981 76 1997 56 43 65 1980 44 1951 0.023 46 0.52 1985 0.00 
6 11 93 42 105 1959 79 1991 57 41 68 1952 43 1979 0.074 46 1.19 1975 0.00 
6 12 94 45 106 1981 77 1975 58 44 72 1958 44 1979 0.060 47 1. 59 1985 0.00 
6 13 94 45 103 1958 73 1985 60 44 69 1954 46 1979 0.057 47 0.74 1978 0.00 
6 14 96 47 105 1980 81 1969 59 45 71 1990 49 1969 0.054 47 1.71 1984 0.00 
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6 15 96 46 107 1980 81 1996 59 44 70 1952 49 1969 0.010 47 0.29 1961 0.00 
6 16 95 45 106 1980 69 1961 59 43 74 1960 45 1981 0.015 47 0.39 1967 0.00 
6 17 96 42 109 1977 76 1997 59 40 71 1965 44 1997 0.019 47 0.48 1984 0.00 
6 18 98 43 110 1960 82 1997 60 42 71 1990 45 1997 0.010 47 0.25 1953 0.00 
6 19 98 44 106 1974 78 1984 61 42 69 1993 53 1975 0.037 47 0.55 1982 0.00 
6 20 97 46 107 1996 79 1984 61 44 70 1993 48 1979 0.036 47 0.65 1984 0.00 
6 21 98 45 109 1981 80 1982 61 44 70 1990 46 1953 0.025 47 0.50 1993 0.00 
6 22 98 46 113 1981 77 1970 61 45 71 1996 so 1969 0.012 47 0.22 1993 0.00 
6 23 97 45 107 1958 65 1989 62 44 72 1976 49 1973 0.015 47 0.38 1981 0.00 
6 24 98 45 109 1980 69 1986 62 43 70 1972 51 1973 0.042 47 0.61 1986 0.00 
6 25 97 44 110 1990 73 1986 62 43 69 1987 so 1973 0.094 47 1. 67 1986 0.00 
6 26 96 46 110 1990 79 1986 62 45 69 1990 52 1976 0.030 47 0.51 1987 0.00 
6 27 97 46 112 1994 82 1966 62 46 72 1990 46 1983 0.030 47 0.77 1996 0.00 
6 28 97 47 114 1994 78 1996 63 47 72 1991 48 1983 0. 092 47 2.00 1978 0.00 
6 29 98 45 112 1980 82 1966 63 45 71 1991 48 1983 0.031 47 0.72 1988 0.00 
6 30 98 47 107 1957 84 1978 62 47 72 1993 41 1995 0.158 47 1. 89 1989 0.00 
7 1 96 45 108 1957 77 1970 63 45 72 1968 52 1975 0.026 46 0.34 1970 0.00 
7 2 97 43 108 1994 84 1988 63 43 72 1955 53 1985 0.050 45 1. 83 1986 0.00 
7 3 97 42 109 1994 78 1986 64 42 74 1990 55 1975 0.032 45 0.63 1968 0.00 
7 4 97 43 108 1980 75 1968 63 44 75 1990 40 1988 0.069 45 1.15 1976 0.00 
7 5 96 44 109 1994 71 1968 63 44 69 1994 54 1995 0.107 46 2.96 1968 0.00 
7 6 96 44 106 1971 75 1972 63 44 72 1966 56 1985 0.055 46 1. OS 1960 0.00 
7 7 97 45 106 1992 71 1960 63 45 72 1993 53 1958 0.095 46 2.46 1960 0.00 
7 8 97 44 110 1951 72 1952 63 44 72 1993 54 1952 0.060 46 0.88 1952 0.00 
7 9 96 42 109 1951 82 1952 64 42 72 1996 56 1985 0.078 46 2.25 1981 0.00 
7 10 96 42 106 1951 78 1981 64 42 70 1991 57 1995 0.064 46 1.11 1988 0.00 
7 11 96 42 106 1963 79 1988 64 42 71 1990 57 1994 0.049 46 0.88 1975 0.00 
7 12 96 46 106 1970 83 1975 64 46 71 1951 56 1975 0.063 46 0.96 1959 0.00 
7 13 95 46 112 1958 74 1991 63 46 71 1996 53 1975 0.088 45 1. 04 1959 0.00 
7 14 95 45 112 1958 73 1991 63 45 71 1958 54 1962 0.063 45 1. 43 197 6 0.00 
7 15 95 45 106 1958 78 1991 62 45 70 1970 52 1959 0.158 45 1. 42 1993 0.00 
7 16 96 44 106 1980 85 1991 63 44 73 1970 53 1975 0.061 44 1. 42 1993 0.00 
7 17 96 45 108 1980 83 1975 63 45 73 1983 so 1955 0.104 46 1. 30 1959 0.00 
7 18 95 43 108 1978 84 1984 63 43 71 1996 52 1988 0.020 46 0.48 1953 0.00 
7 19 95 45 lOS 1978 84 1984 64 45 73 1965 49 1988 0.025 44 0.24 1984 0.00 
7 20 96 44 106 1963 80 1979 64 44 74 1970 48 1988 0.092 45 1. 22 1988 0.00 
7 21 95 45 105 1951 75 1988 63 45 69 1966 43 1988 0.049 46 1. 38 198 9 0.00 
7 22 95 44 lOS 1996 78 1975 63 44 73 1996 55 1988 0.103 45 1. 57 1953 0.00 
7 23 95 45 108 1963 82 1976 63 45 69 197 9 57 1988 0.063 45 0.65 1978 0.00 
7 24 95 44 108 1963 81 1978 63 44 72 1963 51 1961 0.104 45 1.13 1978 0.00 
7 25 96 44 106 1963 77 1991 63 43 73 1969 54 1975 0.088 46 1. 90 1991 0.00 
7 26 95 45 106 1995 77 1991 62 45 73 1969 46 1988 0.092 46 1. 63 1985 0.00 
7 27 96 45 109 1995 83 1973 63 45 71 1966 47 1988 0.037 46 0.41 1992 0.00 
7 28 95 45 110 1995 85 1955 63 45 75 1954 51 1988 0.117 46 1.15 1981 0.00 
7 29 95 45 104 1983 84 1981 63 45 73 1966 48 1988 0.049 46 0.62 1962 0.00 
7 30 95 45 106 1995 81 1990 63 45 70 1966 56 1953 0.052 46 1. 70 1971 0.00 
7 31 95 46 104 1972 70 1971 64 46 77 1969 47 1988 0. 071 45 2.03 1965 0.00 
8 1 95 44 107 1966 83 1973 64 44 75 1972 55 1990 0.083 45 1. 00 1971 0.00 
8 2 95 45 103 1987 85 1995 64 45 73 1972 56 1971 0.062 46 2.05 1974 0.00 
8 3 96 45 106 1980 83 1971 64 45 70 1970 56 1961 0.091 46 1. 44 1984 0.00 
8 4 95 44 103 1980 76 197 4 63 44 72 1969 51 1988 0.087 46 2.54 1993 0.00 
8 5 95 46 107 1977 78 197 4 63 46 74 1989 51 1988 0.029 46 0.36 1991 0.00 
8 6 97 45 103 1980 86 1971 62 44 67 1993 50 1975 0.017 46 0.35 1980 0.00 
8 7 97 43 104 1985 73 1990 62 44 69 1996 48 1988 0.067 46 1. 67 1972 0.00 
8 8 95 44 105 1994 75 1990 62 44 70 1987 49 1990 0.070 46 1. 68 1996 0.00 
8 9 95 45 103 1977 71 1984 62 45 70 1995 53 1990 0.102 46 1. 42 1984 0.00 
8 10 94 44 lOS 1977 71 1984 61 43 70 1951 so 1988 0.155 46 2.02 1967 0.00 
8 11 93 43 102 1992 74 1984 62 43 69 1983 48 1988 0.019 46 0.35 1955 0.00 
8 12 92 46 100 1969 77 1981 60 46 69 1993 52 1988 0.148 46 2.80 1977 0.00 
8 13 93 45 102 1969 72 1980 61 46 70 1989 48 1988 0.017 46 0.28 1980 0.00 
8 14 94 45 103 1969 83 1981 62 44 67 1991 55 1960 0.051 45 1.10 1990 0.00 
8 15 94 44 103 1962 81 1991 62 44 69 1986 54 1960 0.051 46 0.51 1980 0.00 
8 16 94 45 104 1982 82 1991 62 45 70 1982 48 1988 0.050 46 1.17 1986 0.00 
8 17 95 44 107 1978 80 1979 62 45 68 1991 50 1973 0.095 46 1. 67 1981 0.00 
8 18 95 41 105 1969 79 197 9 62 42 70 1969 53 1962 0.040 46 0.69 1990 0.00 
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8 19 94 44 107 1969 82 1961 62 45 67 1994 55 1962 0.029 46 0.29 1961 0.00 
8 20 93 44 104 1970 80 1961 62 44 71 1995 54 197 9 0.111 46 2.80 1977 0.00 
8 21 93 44 103 1986 82 1979 61 44 71 1982 47 1988 0.073 46 l. 00 1977 0.00 
8 22 93 43 104 1983 82 1958 61 43 69 1952 53 1967 0.156 46 2.02 1951 0.00 
8 23 92 44 104 1985 66 1966 61 44 68 1952 53 197 6 0.090 46 2.04 1966 0.00 
8 24 92 44 102 1985 67 1974 60 44 68 1992 52 1960 0.079 45 0.83 1974 0.00 
8 25 93 45 103 1985 74 1974 61 45 68 1969 51 197 3 0.110 46 2.50 1971 0.00 
8 26 92 46 103 1985 76 1974 60 46 67 1977 49 1975 0.053 46 2.16 1972 0.00 
8 27 93 45 102 1985 74 1972 60 43 68 1977 49 1970 0.062 46 l. 64 198 6 0.00 
8 28 93 42 104 1962 78 1980 61 42 69 1952 53 1980 0.103 46 2.00 198 9 0.00 
8 29 93 40 102 1962 82 1974 59 43 67 1969 40 1988 0.010 46 0.19 1951 0.00 
8 30 92 45 103 1962 71 1963 60 44 68 1969 44 1988 0.038 46 0.97 1968 0.00 
8 31 92 44 101 1964 74 1963 59 43 65 1989 41 1988 0. 071 46 l. 29 1963 0.00 
9 1 91 42 103 1952 74 1993 60 42 69 1983 46 1988 0.050 44 0.85 1953 0.00 
9 2 91 43 101 1982 80 1969 58 43 68 1989 48 1988 0.075 45 l. 7 5 1962 0.00 
9 3 92 41 101 1979 64 1972 59 41 68 1979 47 1955 0.038 46 0.65 1982 0.00 
9 4 91 42 104 1983 69 1974 58 42 67 1983 42 1961 0.025 46 0.48 1991 0.00 
9 5 91 43 102 1992 77 1967 57 43 67 1983 44 1961 0.117 46 l. 40 1963 0.00 
9 6 91 41 106 1983 70 1981 57 41 65 1990 43 1984 0.047 45 0.79 1981 0.00 
9 7 90 42 105 1983 72 1973 57 42 66 1990 44 1952 0.088 45 l. 04 1993 0.00 
9 8 90 40 100 1970 65 1973 57 41 65 1979 45 1952 0.108 46 2.30 1969 0.00 
9 9 89 44 101 1970 70 1981 57 44 66 1991 41 1953 0.058 46 l. 10 1995 0.00 
9 10 88 45 102 1992 57 197 6 57 45 67 1983 42 1956 0.086 45 l. 04 1990 0.00 
9 11 89 43 99 1963 69 1980 56 42 64 1972 42 1960 0.030 46 0.42 1964 0.00 
9 12 88 42 99 1974 75 1989 56 42 65 1993 40 1959 0.070 46 0.91 1961 0.00 
9 13 87 45 98 1956 52 1975 55 45 63 1991 40 1959 0.075 46 0.83 1983 0.00 
9 14 87 44 98 1960 55 1975 55 44 64 198 6 37 1959 0.060 45 l. 25 1980 0.00 
9 15 86 43 104 1956 62 1979 54 43 63 1992 36 1959 0.065 45 0.66 1985 0.00 
9 16 86 44 101 1956 64 1979 53 44 63 1985 41 1951 0.017 46 0.29 1995 0.00 
9 17 88 43 99 1956 61 1979 53 43 63 1970 37 1951 0.030 46 0.75 1965 0.00 
9 18 88 43 98 1983 59 1971 53 43 64 1995 37 1951 0.018 46 0.33 1991 0.00 
9 19 87 43 99 1954 49 1971 54 43 66 1960 39 1968 0.075 ·46 0.94 1974 0.00 
9 20 87 44 99 1951 49 1991 53 44 63 1990 34 1971 0.041 46 0.56 1985 0.00 
9 21 85 44 98 1977 52 1991 52 44 63 1990 34 1983 0.057 46 0.95 1988 0.00 
9 22 82 43 97 1959 50 1995 51 43 64 1990 33 1975 0.063 46 0.88 1974 0.00 
9 23 82 44 97 1961 53 1974 51 44 67 1993 36 1975 0.058 45 l. 02 1974 0.00 
9 24 83 39 98 1953 54 1974 51 40 65 1993 39 1975 0.059 44 0.90 1971 0.00 
9 25 84 42 97 1951 58 197 4 49 41 59 1964 38 197 5 0.081 46 0.97 1962 0.00 
9 26 85 42 101 1953 62 1978 50 42 61 1967 40 1975 0.162 46 4.11 1955 0.00 
9 27 84 42 99 1982 59 1980 48 41 59 1982 37 1989 0. 071 46 l. 80 1958 0.00 
9 28 84 43 98 1953 62 1980 48 43 62 1982 33 1973 0.035 45 0.72 1984 0.00 
9 29 84 43 .?8 1994 52 1984 48 43 60 1983 34 1976 0.025 46 0.65 1995 0.00 
9 30 84 43 97 1994 54 1985 48 42 62 1983 34 1996 0.010 45 0.29 1990 0.00 

10 1 84 38 99 1977 53 1985 48 38 62 1983 35 1963 0.034 46 l. 45 1982 0.00 
10 2 84 41 94 1969 56 1985 47 41 67 1954 35 1975 0.051 46 l. 25 1955 0.00 
10 3 83 42 95 1973 67 1959 47 42 59 1981 30 1961 0.044 46 0.72 1955 0.00 
10 4 82 44 93 1991 69 1959 46 42 61 1955 31 1961 0.035 46 l. 24 1984 0.00 
10 5 82 42 94 1993 62 1966 46 43 59 1954 30 1959 0.014 46 0.28 1962 0.00 
10 6 81 44 95 1967 62 1986 46 44 62 1977 30 1995 0.044 46 0.93 1954 0.00 
10 7 80 45 94 1956 62 1986 44 46 62 1977 30 1952 0.117 46 3.92 1954 0.00 
10 8 82 45 98 197 9 54 1976 44 44 59 1968 19 1976 0.018 45 0.62 1994 0.00 
10 9 83 42 98 197 9 60 1970 44 42 62 1961 24 1970 0.032 46 0.37 1985 0.00 
10 10 82 42 93 1969 62 1990 43 42 57 1954 27 1992 0.032 46 l. 25 1986 0.00 
10 11 83 43 93 1969 67 1982 42 44 57 1972 29 1976 0.017 46 0.37 1974 0.00 
10 12 82 44 93 1996 58 1986 42 44 58 1972 28 1977 0.073 46 l. 30 1974 0.00 
10 13 81 45 95 1968 48 1986 42 44 56 1953 30 1977 0.016 46 0.28 1974 0.00 
10 14 81 42 94 1996 57 1969 41 43 56 1996 30 1969 0.010 46 0.44 1974 0.00 
10 15 79 42 94 1962 57 1974 40 41 53 1996 30 1952 0.033 46 0.90 1994 0.00 
10 16 77 40 90 198 9 42 1970 39 41 53 1981 25 1975 0.018 46 0.55 1960 0.00 
10 17 78 41 95 1979 61 1969 40 41 56 1993 27 1976 0.093 46 3.53 1960 0.00 
10 18 77 44 95 1988 53 1989 40 44 59 1972 21 1966 0.020 46 0.53 1956 0.00 
10 19 77 44 88 1995 55 1989 39 45 58 1969 19 1989 0.033 46 0.42 1951 0.00 
10 20 75 45 89 1979 42 1972 38 45 55 1986 17 1976 0.078 46 2.55 1983 0.00 
10 21 76 44 92 1979 46 1972 38 44 56 1985 21 1989 0. 071 46 0.85 1969 0.00 
10 22 75 42 90 1961 52 1996 38 41 55 1985 24 1990 0.040 46 0.90 1969 0.00 
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10 23 75 41 90 1959 47 1984 37 41 52 1974 23 1996 0.050 46 1. 15 1974 0.00 
10 24 74 41 85 1973 43 1978 37 42 56 1992 25 1996 0.044 46 1.11 1978 0.00 
10 25 75 42 94 1959 43 1984 38 42 so 1992 23 1993 0. 017 46 0.29 1992 0.00 
10 26 74 45 91 1959 so 1957 38 45 51 1951 25 1981 0.022 46 0.48 1951 0.00 
10 27 74 45 89 197 9 53 1993 37 45 51 1974 25 1953 0.032 46 1.17 1969 0.00 
10 28 73 44 88 1988 38 1976 35 44 52 1977 17 1970 0.012 46 0.28 1969 0.07 
10 29 73 42 87 1987 38 1976 35 42 49 1956 17 1980 0.026 46 0.34 1958 0.02 
10 30 72 41 87 1968 43 1993 34 41 49 1977 20 1993 0.016 46 0.22 1979 0.00 
10 31 71 44 86 1968 34 1991 33 44 51 1983 10 1991 0.025 46 0.50 1961 0.04 
11 1 72 44 85 1975 45 1991 36 45 54 1987 13 1993 0. 017 45 0.24 1963 0.00 
11 2 68 44 89 1973 40 1951 33 45 54 1983 14 198 9 0. 017 45 0.48 1987 0.01 
11 3 68 45 82 1988 33 1991 31 46 56 1994 13 1989 0.050 46 0.95 1983 0.00 
11 4 67 44 80 1984 37 1991 32 44 53 1983 12 1991 0.033 46 0.84 1986 0.00 
11 5 67 40 84 1973 so 1992 32 40 51 1983 22 1991 0.033 46 0.75 1983 0.00 
11 6 68 41 87 1988 45 1961 30 40 46 1983 10 1959 0.002 46 0.04 1987 0.00 
11 7 69 41 85 1975 so 1993 33 41 45 1977 11 1959 0.013 46 0.45 1977 0.00 
11 8 67 41 86 1980 33 1990 32 42 48 1981 13 1993 0.003 46 0.07 1990 0.01 
11 9 71 43 89 1980 49 1990 31 43 48 1965 16 1962 0.014 46 0.35 1961 0.00 
11 10 69 43 84 1985 50 1957 30 43 45 1982 17 1953 0.000 46 0.02 1957 0.00 
11 11 69 39 84 1956 52 1957 29 39 45 1982 15 1968 0.009 46 0.32 1978 0.00 
11 12 69 42 82 1956 47 1991 30 42 45 1958 15 1987 0.010 46 0.37 1994 0.00 
11 13 68 41 84 1955 34 1976 30 41 49 1958 9 1975 0.035 46 0.78 1961 0.11 
11 14 68 41 84 1973 27 1976 30 42 49 1968 11 1975 0.026 46 0.59 1961 0.00 
11 15 68 43 85 1988 35 1976 28 44 50 1962 -3 1961 0.002 46 0.04 1968 0.00 
11 16 65 46 86 1963 38 1961 28 46 43 1971 -1 1961 0.046 46 1. 24 1991 0.00 
11 17 64 45 85 1981 33 1980 28 45 49 1967 4 1959 0.031 45 0.42 1957 0.00 
11 18 64 45 82 1981 39 1980 27 45 43 1986 9 1959 0. 011 46 0.14 1964 0.00 
11 19 66 42 80 1981 44 1980 27 43 42 1992 9 1987 0.005 46 0.14 1962 0.00 
11 20 65 42 87 1996 47 1991 26 42 50 1977 13 1987 0.002 45 0.07 1991 0.00 
11 21 65 42 87 1996 40 1972 26 41 44 1978 9 1953 0.006 46 0.12 1972 0.00 
11 22 64 43 77 198 9 36 1992 26 43 45 1978 7 1953 0.003 46 0.08 1957 0.07 
11 23 65 45 83 1965 42 1984 26 44 45 1978 5 1957 0.000 46 0.01 1992 0.00 
11 24 62 43 79 1993 36 1952 27 43 48 1951 10 1979 0.014 45 0.29 1972 0.04 
11 25 63 40 83 1959 30 1982 25 40 45 1978 13 197 5 0. 021 45 0.66 1980 0.00 
11 26 65 40 83 1990 32 1980 25 40 47 1985 1 1975 0.037 45 0.18 1982 0.01 
11 27 63 39 84 1995 34 1982 25 40 42 1977 3 1980 0.022 45 0.72 1982 0.15 
11 28 57 37 77 1954 32 1976 23 38 42 1981 8 1992 0.010 45 0.25 1976 0.09 
11 29 58 42 78 1966 26 1976 20 43 44 1981 2 1976 0.017 46 0.38 1976 0.09 
11 30 58 44 76 1966 40 1976 23 44 43 1970 8 1976 0. 011 46 0.29 1981 0.00 
12 1 62 46 82 1970 37 1991 22 45 44 1962 7 1975 0.008 47 0.14 1971 0.00 
12 2 62 47 78 1951 31 1991 22 46 43 1955 10 1991 0. 011 46 0.19 1971 0.04 
12 3 61 43 78 1973 35 1971 23 43 38 1955 8 1979 0.001 47 0.03 1964 0.00 
12 4 62 42 85 1958 37 1964 24 43 42 1962 8 1990 0.007 47 0.18 1967 0.00 
12 5 62 45 80 1958 32 1992 22 45 39 1969 4 1990 0.016 47 0.45 1992 0.10 
12 6 62 45 75 1975 30 1992 22 46 49 1956 2 1950 0. 021 47 0.97 1969 0.02 
12 7 58 45 76 1981 29 1960 23 46 47 1980 6 1992 0.007 47 0.14 1961 0.03 
12 8 61 45 78 1958 28 1978 23 45 37 1961 12 1978 0.039 47 0.48 1960 0.11 
12 9 58 45 83 1950 17 1978 23 45 39 1965 -11 1978 0.029 47 0. 71 1960 0.29 
12 10 58 42 77 1970 29 1978 22 43 49 1965 -11 1978 0. 011 47 0.26 1982 0.00 
12 11 59 42 79 1950 31 1986 20 43 36 1965 7 1960 0.005 47 0.13 1986 0.01 
12 12 57 41 84 1950 26 1972 20 42 38 1981 -3 1989 0.020 47 0.55 1991 0.09 
12 13 61 45 82 1950 31 1985 22 47 40 1984 2 1989 0.007 47 0.19 1981 0.00 
12 14 56 44 82 1950 31 1987 22 44 38 1951 3 1985 0.043 47 0.65 1984 0. 41 
12 15 56 43 74 1956 29 1987 19 44 37 1950 -8 1987 0.020 46 0.22 1970 0.09 
12 16 55 44 74 1957 24 1967 18 45 32 1990 -7 1987 0.010 45 0.45 1959 0.00 
12 17 56 40 75 1977 25 1989 20 41 38 1957 4 1979 0.006 46 0.18 1986 0.00 
12 18 55 43 75 1980 32 1964 20 44 41 1962 0 1996 0. 011 47 0.37 1986 0.00 
12 19 57 44 81 1980 23 1983 20 43 40 1962 1 1996 0.007 47 0.33 1991 0.00 
12 20 57 43 74 1994 19 1983 21 43 38 1991 -4 1973 0.012 47 0.31 1984 0.00 
12 21 57 45 75 1981 34 1980 21 45 36 1962 0 1973 0. 027 47 0.85 1967 0.00 
12 22 56 45 83 1981 22 1989 20 46 38 1959 3 1963 0.022 46 0.58 198 6 0.00 
12 23 56 43 81 1964 21 198 9 19 43 44 1965 -5 1990 0.005 47 0.19 1983 0.05 
12 24 57 43 75 1969 33 1953 20 41 48 1964 -10 1953 0.000 47 0.00 1996 0.00 
12 25 56 40 81 1955 21 1983 19 40 46 1959 3 1990 0.003 46 0.08 1962 0.00 
12 26 55 40 74 1996 25 1987 20 40 42 1959 -3 1990 0.027 47 0.35 1982 0.19 
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L. 27 55 42 75 1980 23 1983 20 42 36 1979 1 1973 0.008 47 0.19 1968 0.00 
1 r, .::. 28 57 45 73 1980 35 1965 21 45 39 1984 -6 1987 0.005 47 0.19 1990 0.03 
12 29 58 46 76 1980 29 1982 22 46 42 1984 2 1966 0.026 47 0.57 1969 0.16 
12 30 56 44 80 1965 23 1983 20 44 so 1951 -7 1983 0.016 46 0.37 1969 0.08 
12 31 57 41 75 1965 19 1969 20 41 54 1951 -2 1983 0.007 46 0.12 1974 0.03 

Western Regional Climate Center, Greg McCurdy, gmwrcc@sage.dri.edu 
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Goz.- oz.oo 

GEOTECHNICAL PROPERTIES: TESTING: INDEX SETTLEMENT. STRENGTH CORRELATIONS 99 

Typical range of values for the static stress-strain 
modulus E, for selected soils 
Field values depend on stress history, water content. density, etc. 

E, 

Soil ksf Mpa 

Clay 
Very soft 5~250 2-15 
Soft 100-500 5-25 
Medium 300-1000 15-50 
Hard 1~2000 5~100 
Sandy 500-5000 25-250 

Glacial till 
Loose 200-3200 1~150 
Dense 3~15000 15~720 
Very dense 10~30000 ~1440 

Loess 300-1200 15-60 

Sand 
Silty 150--450 5-20 
Loose 200-500 1~25 
Dense 1~1700 5~81 

Sand and gravel 
Loose 1~3000 5~150 
Dense 2000-4000cr 100-200 

Shale 3~300000 1~5000 

Silt 40-400 2-20 

/<;' - "'-"' -11 
PYIIIP 

The modulus of subgrade reaction k, is defined as the ratio of stress to 
deformation as shown on Fig. 2-37c. The units of k, are the same as unit weight. 

The shear modulus G' (and may be subscripted) is defined as the ratio of 
shear stress to shear strain. It is related to E. and f' as 

G' = ~ = E. 
• t"s 2(1 + f') (b) 

The shearing strain e-. is the change in right angle at any corner of an element as in 
Fig. 2-37b such that 

e-, = angle BCD -angle B'C'D' 

Another concept occasionally used is the volumetric strain, defined as 

av 
t" 0 = V = t"1 + fl + fJ 

(c) 

(d) 
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%RING DEFLECTION - ( 1- D~N) X 100% 

NOTE: 596 deflection decreases flow-area by 
~96. 1096 deflection decreases flow-area 
by 196. 

55 

~o~'i)' 
~QC---OZ..VIl 

f')-N .f'tt -~1--

Desian by Ring Deflection: Ring deflection is definedra~~he 
ratio of the vertical change in diameter to the origmal diameter. 
It is often expressed as a percentage. Ring deflection for 
buried Driscopipe is conservatively the same as (no more 4 
than) the vertical compression of the soil envelope around the 
pipe. Design by ring deflection matches the ability of 
Driscopipe to accommodate, without structural distress, the 
vertical compression of the soil enveloping the buried 
pipeline. Design by ring deflection comprises a calculation of 
vertical soil strain to insure it will be less than the allowable 
ring deflection of the pipe. See Chart 27. The tabulation shows 
that with lower values of SDR, the allowable deflection is less. 
For installations which require this thicker wall to resist the 
external soil pressure, actual ring deflection can easily be 
limited to the tabular values by proper compaction of the 
backfill around the pipe. The recommended allowable 
deflection for the various SDR's are: 

CHART27 
SDR ALLOWABLE RING DEFLECTION 

32.5 8.1% 
26.0 6.5% 
21.0 5.2% 
19.0 4.7% 
17.0 4.2% 
15.5 3.9% 
13.5 3.4% 
11.0 2.7% 

The allowable ring deflection of polyethylene pipe is a function 
of the allowable tangential strain in the outer surface of the 
pipe wall. A conservative limit of 1 - 1 ~% tangential strain in the 
outer surface of the pipe wall due to vertical deflection of the 
pipe "ring" by soil compression can be understood by 
comparing two pipes of the same diameter but different wall 
thickness. 

Assume each of the pipes is equally deflected under loads 
required to achieve that result. The tangential surface strain 
developed in the thickwall pipe is much greater than the 
surface strain in the thinwall pipe. The tangential strain varies 
directly as the wall thickness (i.e.: distance from the neutral 
axis) and is proportional to the amount of ring deflection. For a 
given ring deflection, the thicker the wall, the higher the strain. 

Alternately, assume that each of the pipes are subjected to 
loads such that the tangential surface strain in the pipe's wall 
surface is equal for both pipes. For equal surface strain, the 
degree of vertical deflection of the pipe ring is different for the 
two pipes. Under these circumstances, the degree of 
deflection would be less for the thickwall pipe and greater for 
the thinwall pipe . 

' 
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KXGH-DEMSI'n PQLYETHYLENI PIPES UNDER HIGB SOIL COVEll 

Subaitted. ta: 1C1nq eounty lolid Wute · ·.,. 
C01 FX McRo~ Bu114int 
4 ~ t Occidental Avenue sout.IL 

Attentions Mr. Gerald D. Walken, P.E.,_Senior Engineer 

l..)eC.. 6 
C;ol-OUV 
I~- ,.J""'- C(J 

{t11t' 

Subait~ed by: Departa•nt of Civil and Environ.ental ln9ineerin9 
Utah •~•~• University 
Lo9&ft, ~ ·~322 

Principal tnv••ti9ator: Reynold x. wat.ldns, Profe,,,or 

Dat•: 

%ntZ'041unian: · 

. Hi9h d•naity polyethylene pipes are an a~trac~ve . 
alterna~ive for the collect.ion an4 aanaisslon- ot·lluide undeJ:> 
••nitary·xand tllla. Polyetbylene pipes are elaawtt1e4·aa 
flexible. They do not have pipe st,i.!fneea•·equal t~ clay 'til• · 
pipee, con~~·~• p1pea, dUctlle pip .. , etc. Meve~l .. a, deapite 
the lav pipe stitfne .. , if polyethlene pipe is buried 1ft a select 
9ranul~ •oil backtill, 1~ can prov14e a auccessfQl condu1t·by 
the illtaraction of pipe and aoil. Tbe beipt. of sanitary land 
fill• 1• often ao 9r-t that pipes undemea1:Jl a:ra .Uject•d to 
eno~oua aail preaev.n. fte quut.ion baa be.n raised aa to th• 
coape~ence of po1yethy1.ne pipes ~o resia~ Cha external soil 
pnsnra. So11 ·preaave is tile prassure caused by the bi;h 
4dlbaftbent: of •o11 and rataae. Tests ~ a~ Otab Sta~• 
Univarsity reveal ~- vhea ba~ied ift vell-ca.pac:tect, Hlec:t, 
pipe\ aone tN~J.ll, bifb oenaiV polyetllyl•• pipq perfcma well 
uncJ•r very bip Mil cover - -.n irtto the bQIIdreda of ft. 
Moreovezo, t.be polye~lene 1• not corroded bf =-ic:ala tbat. 
perc:olat.e · cnat of the Ani ury land ~111. · 

• • 

· In o~el' to collect and drua off ~· 11qaicts and aet.bane 
qas that ls genettated in tbe Anitazoy land· ~ill,· '!he pipell caft be 
perforated or slott.ct. 11-.ve, it. ia not 1alaWft Vhat effect 
pertoratione or alota .. , bav• on tbe at.~~tal pel'fo~ of 
the pipe under hip ao11 eover. Clearly. sU..a eonc:entntiona 
will ~c:v.r, tut. the polyethylene .. y ralax encNijft tut fnctul'e 
does n~ oecar. '!'he beat invat.iqat.ion l• act.ual bfti"9. 
'l'herefcr• testa s1•11a:r to the t .. u on non..,_.fonted pipes, 
vere c:onduc:t.t on .. .,1.. of pertonted aftd •lft-.1 pipe• in ~· 
USU .. 11 ao11 cell. Tbe pipe •one backfill vas washed, pit-run 
qzoavel pa••iiMI a three•fouftll• •ieve. lfhl• 1• typieal of ••11 
uaed in •oat inatallatlon• of polyethy;lene pipe. 
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. 'l'h• priury obj active of the t .. tll vaa to ob .. rve the , 

atructural perfor.ance under high ao1l pr .. surea of hi9h-densi~y 
polyethylene pip•• that are perfora~ and alotted. Pipe zone· 
backfill was ahov•l-liced under tha haunChes o~ the pi.,-a. 

A secondary objective vaa to ob8erve tbe atruceural 
perforaance of a non-perforated pipe under high aoil pr .. aure if 
pipe zone backfill is .. rely du.ped over the pipe in a v1narow 
vith no atteapt to place the soil UDder the haunch .. of the pipe. 

. ~ . ' . '• 

Procedure: 

Four •peci111ens or six inch diueter, SDR 9.33, hiqb denaity 
polyethylene pipea, each 5.5 ft lcng, vere provided by ~ing 
county Solid Waste. one of theae pipes was unparforated. It 
served as a control for ccaparison of the othe~·pipes. It a1ao ~ 
provided inforaation as to the pertomance of the pipe. if' no soil 
is placed under the haunchu. one of the other speci'8ena · wa• 
perforated and twa "•r• slotted as described ·in Appendix A. Soil 
vas placacl under tha haunc:hu of th- pipea by shoval-alicincJ. 

. . 
Teat. were . conducted in the usa ••all soil cell. 1'be 

badc11nCJ vas vell-c:o•pacted soil on vbich the pipe apec:iatlft vas 
laid. Pipe zone backtill vas.vashe4 pit-run gravel that paaaed a 
thr .. -tourths incb aieve.· The pipe zone backfill was not 
compacte4. TVo 4itferent •thoc!s of pipe installa~ion vere used. 
aa shown on Piqures 2 and 3. loth p.rforat.ed and alott.ed pipe 
specillens wen tested in a trench •• shawn ia Figure 2. Wlth the 
first lift of backfill placed to appraxillat.ely the top of the 
pipe, a hand shovel 'Was used to ahovel•slic. tbe aoil under the 
haunch... Aft:.er sbovel-slicincJ, pipe zone backfill· vu placed 
over the pi~ to a depth of abou~ 1.25 ft. ln the .. nitary land 
fill, the overtNrden vCNld be refa- and/or soil. ln tb .. e 
testa,· uneoapacted soil vaa uaed. • Tile unperfora~ed pipe apeciaen 
vas tutecl ia an abanDent as shown in Fipre 3. Atur the pipe 
vaa placad Clll e coapactad Wdbc), pipe zone bac~ill vaa poured 
onto tbe tGp of. the pipe utU a vlndrov reached a haiCJht of 1. o 
tt abGYe tba top of the pipe. lfo effort vaa ude to place aoil 
uNI•1" the hatlncba. 'ftlia ailmlat.eA a very ~yplcal Mtbod of 
inat.allation of piJM18. An eabanaent of overburden va• tben 
bPaUpt up to t:M ~op of the Mil cell and leveled atf. 'fbe 
overb\a.r'den vaa unc:aapacted aoU uaed 1ft the teat to aialate the 
rttfu- averburdan in the sai t.a~ land t 111. P1pr• 4 and 5 are 
pllot09J:&pha of the aoU call u a pipe apac:iMft 'i• placed and 
bac:kfillecl fol!' test:ift9. ~fur ~h• call vaa filled to tiM toP 
vitll overbeden, tha laadiiMJ bea• war• placed and load~· 
app11 .. t:.o ~· overba'l'clen in i.nc1:'8aen~a. A.ft•r eat-..h i.ftCr-nt.. 
the pipe vas carefully obServed tor any evidence of distr .. s. 
Vart:.ical an• hori1ontal 41 .. etera v~ ••••urad naar th• •ld
lenqtb of the pipe speciMn. 

. ..... 
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Pi~ Di•anaionss 

Nominal •ix inch dia .. tar, SDR • 9.3 
Me«eu~eda.SDR- 8.5 atandard di .. naien ratin 

OD • 6.555 in averaqa outside dia•atar 
XD • 5.013 in avero9c incid• diaaat•r 

t • 0.771 in average wall thickness 
• • o.03t in •tandard devia~iOft of vall 

thickness (plu. or •inu•) 
Minia\m vall thickna- - 0. 731 in 
Maxi•ua wall thickna .. • o.a47 in 

Perforation•: Dia .. ~•r • 0.475 in 

6 0~ <t; 
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Orientation when buried i• •uoh that tvo 
row. ot slots are on the aprin9 lines. 

Slots: Widths • 0.106 in 
Orientation vben buried ia auab thet the 
ends of the. slots are at the aprinq line, 
i.e. at the horiaontal 4ia•eter. ' 

See Appendix A for location and orian~atian of perforations 
and slots. The naaaan fer positi~nin9 tvo J:OVa at perforations 
and one end of each row of •lota on tbe •p~ing linea i• to assu~e 
the worst condition• for stress concentration. ~e .. ximua 
coapreaaive •t~••• oc:c:ur• aii. the spz;iJ•':f line, an4 the aa~iJDum 
stress concentration occuzs at the side of a perforation and the 
c:onaazo of a saved alot. on the aau"raca o.C the pi.,- wall • 

. 
'l'heore~ic::al s~n••••: 

Por plastic• in 9eneral, ancl !or pulyuU1yl.ane in part.itoular, 
the stress theory· of d .. ifJI' is not app~apriate. IVan if stresses 
exceed ~ propol:"t1ona1 liai~, tl:t.e JMt..El•l only yield•, au~ 
creeps, and ca.ea ~a ~il..U»riua. Nevertheless, • tbeoretic:al 
•~r••• analy•l• 1a poaaU.le •• inc1udad 1n Appen41x A. usuaiNJ 
a haiqht of cover of 200 ft a~ 'so lbe per cuio ft, the avera9e 
c:o•preaa1v• au-• at tba apzo111CJ 11ne 1s 2.6 Jcai for perforations 
and fozo ~ot8 ia 2.3 bi for four slots par tt, and 2.5 kai far 
fourteen al~ par tt. Tld.a le Ue aua of bOQ r1ft9 ccmpresalon 
st.raae and naval atraaa based on rincJ deflection. TIM. riftCJ 
def1ect.1on 18 asaUJied to 11e ;s. ' ' m•- ..,.rave etr•••• are 
clotae to yielcl point but an not ac•aiva 1ft lipt of the 
relaJCa~ion properc1M o~ polyethylene. Incla41NJ stress 
concentrationa, stl:esa at t.be sidea of tbe perforations would be 
1.45 JCai if the at.erial didn't. yi.td. At the eda ot the slots, 
the atress coaeutra~ona vould not be aipiflcant.ly CJJ:•at.ar thaft 
tM avara9e atr•-•· %f any stress van conaldered excessive, 
it vould be the stress at. tbe eid .. of the parforat.iona. ·· But no 
avidenc:a of cSisu-• vaa •-"•cS froa the physlc:al testa. 

. 
' •! .. :' 

...... · 
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Resul~s of the tests are reported below for vertical soil. 
·pr•~•ure up to juat over 10 ki~A per sq ft. 10 ksf is equivalent 
to 200 ft of cpver at a unit veiqht of 50 lbs per cu ft. 

1. There wes no distress in any of tbe.test specimens. No 
plastic flow coul~ be 4ateeta4 adjae•n~ to the perforations or at 
the ends of the slots. This can be explained in part by the very 
small, localised aonca of hi9h stress. enncentrated stresses 
develop only at sides of perforations and •aybe at ends or slots. 
~oreover the aona• occu~ only at or n~A~ the surfaced of the wall 
becau•e the flexural stresses reverse tbe•selves throu9hout the 
thickness of the wall and •o are maxi~sm only at the surfaces of 
the wall. Localized stre• .. • cause the material to creep locally 
and co•e to equilibrium. The zone of e~~-P is so s .. ll as to be 
invisible. rroa ~ppendix A, at 10 ksf soil pressure, the hiqhest 
••~i•u~ avoraga str••• occurred at the ~rrinq line on the inside 
surface ot the perforated ~ipe, and was 2.34 ksi. At this 
st~esa, ~he polyathylene creepc, but within a f~w heurs comes to 
equilibriWI at .a lover stras8. .. "' 

·. 
2. Rin9 4ef1ection vas less than 3.3, for all of the tests." 

Rin9 deflaction ia dafinecl ae docrcaoo · in v'ert.ical cU.atteter 
divided by the circular .. an dia .. ter of 5.714 inches. The 
~ia~raas plotted on Fi9Qrea & to 10 show pipe deflection as a 
runction of •oil load. Pipe deflection is decrease in vertical 
diam•t•r divided by ~he ineide cli~•~tcr of 5.013 inches. To 
convert from pipe deflection to rinq dotlection, multiply the 
pipe deflection ~y 0.1&,~. The •aximu• pipe ~efleetion W&4 ,.At. 
Recorded on riqures a to 10 are the pipe deflections at v•rtical 
eoil pre••ur• of 10 kip• per •quare ft. This allows eo•paricnn 
ot pipe deflections for the four test speci•ens. No statistical 
conclu•iOft• are available bacau•• of the caall nuaber of caapl~s. 

3. F•1lure to chovel-cliee 9ravel und•~ ~h• haunches do•• 
not •ake a si9niticant difference in perforaance of the pipe when 
buried in loose ~avel. A !reoter "uMber of taate ••Y r•v•al a 
statistical difference. The .OSt iaportant observation froa 
th••e teats is the ability of the pipe to pertora adequately 
whether ar not gravel 1a abovel-sliced under the haunches. Th• 
exp~anatlon ot thla surprlsinq ob .. rvetion is probably ~. 
ability of the heavy pi~ eros• section to oaapress the 
uncompacted toptill and evwn ~· eaa~clwd beddin9 in euch • vay 
that the pipe shapes its own soil support. · Also circu.ferential 
creep allows tbe pipe croaa section to adju~t to the aoil 
eonfiqur"ation vithc:Mrt. pipe fractura. 'l'his adiu•taent of pipe 
anape ~o ao11 and ao11 co pipe anape ••Y be Galled oontot~tion. ... . . . . . .. . . . ' . .. . . .. : . 

4. 1'he effect of tiM on pipe perforune• 1s ~o allow creep 
ahd relaxation of s~rasses toward ulti.ate stres• •quili~riua. 
See r iqur• 9. This vaa cont intecl on t.he pipe v1 ~1'1 four a lots per 
tt. It vas allowed to r ... 1n in the test cell loft9 enouqh for 
pipe detlection to co.e to equ~libriua. Th18 occurred 1n lass 
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than a day. u the pipe deflec:t.ion ccn~ea t.o •fl'lilihriwa. the 
stresses in the pipe relax, and the gravel backCill ia forced to 
take a greater snare of the load. even locso 9ravel i• able tn 
support high vertical pressure with little compression. • 

5. Performance liaita for the test apeci••n• were not 
reacned. LOa4 limits w•r• no~ aoh1eved. Conaequont.ly, a •••ple 
cf the perforated pipe was tested by parallel plate teat to 
observe pertoraance at hiih ring deflection •. The re.ulta are 
shown in the load-deflect on diagraa of Fiqure 11. Localized 

5. j(;"~~ 

str .. • a~ 1:be s14es or the perforat.lona was not. viaibl.e eveft at a 
rinq deflection of 30,. It woul4 be !.possible fer gravel to 
co11press enOUCJh ta all~ 30• ring defle~\.luu without. c:nuahin• of 
the gravel particl••· cruahinq could not occur for typical 
qravel• at leas than some 400 uC wbi~h is equivalen~ to 4000 f~ 
of soil cover at 100 pet. ~is is tar above any anticipated fill 
heights for sanitary land fill• at. pr•»•u\.. Furthermore, 
yieldinq of polyethylene is not a performance li•it. It does not 
ro~ebode plpe failur•• It. alluws ~i}'e t.u .,;;unt'ora v.t.t.b t.he •oil. 

conclusions: 

1.. Wben buried in washed 9rave1, i1x i'~ soa '. 33 
polyethylene pipes perfon satisfactorily under cover of 200 ft 
ot fill a~ 50 lbs per cubic rt even thoU~h the 9rave1 is not 
compacted. Shovel•slicinq travel under the haunches ••Y be 
aov1sable. I~ aasur .. a be~ter beddin9 for tne pipe, esp•cially 
if the surface on which the pipe 1• laid is not a plane. Shovel
slic:in~c:ould be ~ecified. Meverthelesa, pipe lai~ on • plane 
surface, without gravel bei119 sbovel-•licecS under the haunches,· 
still perforas adequately. With the p1pe on a tira plane 
surface, shovel-alicint onlJ ••rvea to increase the •argin of 
safety by some ... 11, UnknOWn ..aunt. 

2. Tfte Uppe% 11•1t of vertical soil pressure on six 1ncb 
SDR 9. 33 polyethylene pipe lNrl.S in 9rave1 is unlcnovn, but a 
parallel plate te8t on the perforated pipe indicates that the 
upper liait is .any tiaea treater tban.200 tt at 50 pcf. 

3 • llint 4eflect1on of six incb soa • • 3 l polyethylene pipe 
bUried 1ft loo••, vaah.,. .,rwel ia leas than the vertical 
cC~Spresaicm af the 91:ave1. Uncler a fill heiCJht of 200 rt at 50 
lba per cublc ft, ~1ft9 deflection ia less than about l·''· 

4. Oistreu, auc:b •• COftCentrated stress at the aides of 
pertoratiCMts, ia ~ a perfor.ance lilllt in theM testa. There 
is na evidence of crackiftl or tear i"', or even that c:racklncJ or 
tearincr could oc:cu if tbe pipe 1• con~inecl by bUrial in vnvel. 

s. Six lncb SDR t.33'polyathylene pipes ar• an attractive 
alternative •• drain pipes •nd•r aanitary land fill•· 
Perforations and slots do not reduce load carryinv capacity 
aiqnif1can'!ly except fol' tbe s .. ll reduction 1n c~ou HCtional 
area of the pipe vall. 
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Chap. 5: Designing with Geomembr' 

difficult to make. The latter point is perhaps the most significant aspect of 
conditions. The proposed seaming method should be attempted at site-installa~ 
temperatures on test strips on simulated subgrades and evaluated to see thatOt! 
satisfactory seam strength will indeed result. They are called "trial seams." a 

5.1.4.5.3 Coefficient of Thermal Expansion. There are a number of proeedur 
that can be used to determine the coefficient of thermal contraction or expansi~ 
of a material; for example, ASTM 02102 and 02259 for contraction, and 0104

2 and 01204 for expansion and dimensional changes. All of them subject the teq 
specimen to a constant source of cold (or heat) and carefully measure the separation 
distance between two given initial locations. Some typical data are presented in 
Table 5.10. An example using this data in adding slack during the installation Of 
a geomembrane follows. 

Exmu~e: --------------------------------------------------------
Calculate the amount of slack to be added during the installation of an MDPE 
liner for a surface impoundment anticipating a 100"F temperature change. Base 
the calculations on a 100-ft. side slope distance and a coefficient of thermal linear 
expansion of Table 5.10. 
Solution: 

Minimum slack: 8 x 10-s (100)(100)(12) = 9.6 in. 

Maximum slack: 9 x 10-s (100)(100)(12) = 10.8 in. 

The calculated amounts are very significant, and the importance of adding slact 
for temperature compensation cannot be overemphasized. 

5.1.4.6 Oxidation Degradation Whenever a free radical is created (e.g., on a 
carbon atom in the polyethylene chain), oxygen can create progressive, long-term 

Table 5.10 Coefficients of linear thermalexpcmaion (Various references) 

Thermal Linear Expansivity X w-' 
Polymer Type per l"F ptr rc 

Polyethylene 
High density 
Medium density 
Low density 
Very low density 

Polypropylene 
Polyvinyl chloride 

U nplasticized 
35% plasticizer 

Polyamide 
Nylon 6 
Nylon 66 

Polystyrene 
Polyester 

6-7C:-
8-9 
6-7 
8-14 
3-5 

3-6 
4-14 

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

11-13 
14-16 
10-12 
15-25 
5-9 

5-10 
7-25 

7-9 
7-9 
3-7 
9-9 



FRICTION SEAL TM BD GEOMEMBRANE 
PHYSICAL PBOPEBTJBS 
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The properties on this page are not part of NSC's Manufacturing Quality Control program and are not included on 
the material certifications. Seam testing is the responsibility of the installer and/or CQC personnet. 

PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Multi-Axial Tensile Elongation GAl, GM-4 percent 20.0 22.3 
Critical Cone Height GAl, GM-3, NSC mod. em 1.0 1.5 
Wide Width Tensile ASTM 0 4885 

Stress at Yield psi 2000 2110 
Strain at Yield % 15.0 20.0 

Brittleness Temp. by Impact ASTM 0 746 oc -75 <·90 
Coef. of Unear Thermal Exp. 2 ASTM 0 696 oc-t 1.5 X 10_. 1.2 X 10_. 
ESCA, Bent Strip ASTM 0 1693 hours 1500 >10,000 
Hydrostatic Resistance ASTM 0 751 psi 450 550 
Modulus of Elasticity ASTM 0 638 psi 80.000~ 116,000 
Ozone Resistance• ASTM 0 1149, 168 hrs P/F p p 
PermeabiiJrt• ASTM E 96 cmjsec· Pa 2.3x1o·'• 8.1 X 10"11 

Puncture Resistance FTMS 101, method 2065 ppi 1300 1570 -
lbs 78 97 

Soil Burial Resistance2 ASTM 0 3083, NSF mod. %change 10 0 
TensUe Impact ASTM 01822 ft lbs/lnZ 130 160 
Volatile Loss2 ASTM 0 1203, A percent 0.10 0.08 
Water Absorptlon2.• ASTM 0 570, 23°C percent 0.10 0.04 
Water Vapor Transmission2.• ASTM E 96 gjday· m2 0.024 0.009 

SEAM PROPERTIES METHOD UNITS MINIMUM' TYPICAL 

Shear Strength ASTM 0 4437, NSF mod. psi 2000 2700 
ppi 120 166 

Peel Strength ASTM 0 4437, NSF mod. psi 1500 1870 
(hot wedge fusion) ppl 90 115 

Peel Strength ASTM 0 4437, NSF mod. psi 1300 1590 
(fillet extrusion) ppl 78 98 

STANDARD ROLL DIMENSIONS 

Length 850 feet Area 12,750 ft2 
Width 15 feet Weight 3,950 lbs 

This information contained herein hu been compiled by National S... Company and 1-. tD the bat of our knawtedge, true and accurate. All 
suggestions and recommendations are offered without guarantee. FIMI determination of suitability for use baud on any informdon ptOVidec:t, 
is the sole responsibility of the user. There is no implied or expressed warranty of merchantability of tltnna of the ptOduot for the contemplated 
use. 

NSC ,...,_.,. riglltto u_.,. ;""""'ation oonta;nad-~ --..._ .. .,.-~ 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGIONS 

1445 ROSS AVENUE, SUITE 1200 
DALLAS, TX 75202-2733 

March 14, 1996 

Mr. Benito Garcia, Chief 
Hazardous and Radioactive Bureau 
New Mexico Environment Department 
P.O. Box 26110 
Santa Fe, New Mexico 87502 

RE: Gandy Marley Inc., Triassic Park Hazardous Waste Facility, 
Part B Application and the Correspondinq Revisions 

Dear Mr. Garcia: 

The Environmental Protection Agency (EPA) has completed a 
technical review of the landfill design for Gandy Marley Inc. and 
has determined that it meets the requirements of 40 CFR 264.300 
thru 264.317. If you have any further questions, please contact 
Mr. Rich Mayer at (214) 665-7442. 

s~~erely yours, 

--J(,rJa cy(&Jp) 
P~c David Neleig~, section Chief 
J~ New Mexico - Federal Facilities 

Recycled/Recyclable • PriniDd with Vegetable Oil Based Inks on 100" Recycled Paper (40" Postconsumer) 
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GARY E. JOHNSON 
GOVERNOR 

Stn tc ol New Me.-rico 

ENVIRONMENT DEPARTMENT 
Harold Runnels Building 

1190 St. Francis Drive, P. 0. Box 26110 
Santa Fe, New Mexico 87502 

(505) 827-0169 

DATE: March 11, 1996 

MEMORANDUM 

TO: Bob Sweeney, Ha~dous Waste Bureau 

FROM: Rich Stafford, Solid Waste Bureau 

SUBJECT: Triassic Park liner and cover design 
HELP model review 

MARK E. WEIDLER 
SECRETARY 

EDGAR T. THORNTON, III 
DEPUTY SECRETARY 

The HELP model output files dated February 28, 1996 submitted by 
TerraMatrix in a report dated March, 1996 in fulfillment of the 
requirements for an alternate liner demonstration show a leakage 
rate of 0.008 cubic feet per year and 0.002 cubic feet per year for 
the bottom and the slope, respectively. The comparable values for 
the §264. 301 (c) ( 1) ( i) (B) liner are 2. 587 and 0. 042. This satisfies 
the "alternative design" requirement of §264.30l(b). 

Attached are the final cover HELP model output files submitted by 
TerraMatrix on March 8 and 9. The copy received by the Solid Waste 
Bureau by FAX dated March 9 is modeled with (1) a minimum grade of 
5%, (2) a maximum drainage distance of 1000 feet, and (3) poor 
grass. This cover shows an infiltration rate through the FML of 
0.001 cubic feet per year. This is less than the percolation rate 
through the alternate liner, 0.008 cubic feet per year through the 
bottom and 0.002 on the slope, and thus meets the requirements of 
§264.310(5). 

Please note these comments are restricted to the demonstrations 
required by §264 and do not specifically address the other design 
items we discussed last week. It is my understanding the Solid 
Waste Bureau has no further outstanding issues pertaining to the 
Triassic Park facility. 

:xc: Dale Gandy, Gandy Marley, Inc. 
John J. Kendall, TerraMatrix 
Mark l-Jeidler, NHED Secretary 
Pete Maggiore 
Ed Kelley 
Gerald Silva 
J. David Duran 

attachment:s 
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1.0 INTRODUCTION 

In conjunction with engineering design and permitting tasks associated with the Gandy Marley Incorporated 
Triassic Park Hazardous Waste Facility RCRA Part B Permit Application, TerraMatri.x Inc. has conducted a 
hydrologic evaluation of a potential landfill liner design alternative. This analysis was performed using the 
Hydrologic Evaluation of Landfill Performance (HELP) model, a computer program developed by the United 
States Environmental Protection Agency (EPA). Contained herein are descriptions of the liner alternatives, a 
discussion of the HELP program input parameters and modeling methodologies employed, and a discussion of 
the modeling results. 

1.1 BACKGROUND 

The proposed Triassic Park Facility is a full service hazardous waste treatment, storage, and disposal facility. 
Its primary disposal t.mit will be a large multi-phase lined landfill with an expected life of 30 years. A conceptual 
design for the proposed landfill liner system and a request and justification for a waiver from minimum 
technology requirements (MTR) was submitted in the RCRA Part B Permit Application. Per the request of 
Gandy Marley Inc., an additional waiver justification report was prepared and submitted to the New Mexico 
Environmental Department (NMED) to clarifY hydrologic concerns related to the liner. F oliO\,ing review of these 
documents, NMED rejected the original proposed landfill liner presented in the Part B Application. TerraMatrix 
then prepared an analysis of five potential liner alternatives using EPA's HELP model, three of\vhich were shown 
to provide equivalent leakage protection as the MTR liner system. This report, revision 1 of the above mentioned 
HELP analysis, presents the alternative landfill liner design selected by Gandy Marley, Inc. and the Revision 0 
results of the hydrologic modeling conducted to compare its effectiveness in preventing leakage of hazardous 
constituents to that of the MTR liner system defmed in 40 CFR 264.301(c). This report presents an alternative 
cover performance demonstration requested by NMED. 

1.2 HELP PROGRAM DESCRIPTION 

The HELP model is a computer program which models the water movement into, through, and out oflandfills. 
The model accepts climatic, soil, and design data, and utilizes a solution technique that accounts for the effects 
of surface storage, run-off, infiltration, percolation, evapotranspiration, soil moisture storage, and lateral drainage. 
Landfill systems including various combinations of vegetation, cover soils, waste cells, special drainage layers, 
and lo'.•l penneabi!ity barrier soils, as '.veil as, special synt.a~etic membrane covers and liners, may be mcde!ed. 

HELP was developed by the U.S. Army Corps of Engineers Waterways Experiment Station (WES) for the EPA 
Municipal Research Laboratory, Cincinnati, OH. HELP Version 3.04a dated July, 1995 was used in this analysis. 
HELP version 3.03 dated December 1994 was used in the Revision 0 analysis. The latest version, HELP Version 
3. 04a, incorporates new weather data handling capabilities , drainage layer routines, peak daily head routines, 
and evapotranspiration routines. 

1.3 REPORT ORGANIZATION 

Including this section, this report is organized into seven Sections. Section 2.0 presents the landfill liner designs 
including detailed descriptions of the construction materials contemplated. Section 3.0 discusses the HELP 
modeling methodologies used to evaluate the liner alternative and MTR. Section 4.0 presents the HELP inputs 
and selection rationale. Section 5.0 discusses the HELP analysis results. Section 6.0 presents the conclusions 
of the analysis and Section 7.0 presents report references. Summary tables, figures, and appendices follow the 
report. 
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2.0 TRIASSIC PARK LANDFILL LINER ALTERNATIVES 

The liner designs considered in this analysis include the RCRA Subtitle C minimum technology liner system 
described in 40 CFR 301 and proposed alternative. Figures l and 2, following the text, illustrate the slope and 
floor liner material components for each design approach. 

The MTR consists of primary and secondary liners with leachate collection and removal systems (LCRS) above 
and between the liners. The LCRS system between the liners is also referred to as a leak detection system (LOS). 
The LCRS and LOS drainage systems consist of a sand drainage layer surrounded by geotextile filter fabric where 
required The primary barrier layer consists of a single flexible membrane liner (FML). The secondary barrier 
layer is a composite liner consisting of 3 feet of compacted clay overlain by an FML. 

The proposed alternative is a double high density polyethylene (HOPE) liner design with LCRS and LOS which 
incorporate geocomposite drainage layers instead of sand geotextile layers. Additionally, a geosynthetic clay liner 
(GCL) and a 6 inch layer of prepared sub grade is used instead of 3 feet of compacted clay in the bottom barrier 
layer. 

The cover design shown in Figure 3 consists of, from the top down, a vegetative cover, a geocomposite drainage 
layer, a HDPE flexible membrane cover (FMC), a GCL, 6 inches of prepared sub grade, and 1.5 feet of cover soil. 
It should be noted that a GCL in combination with 6 inches of prepared sub grade is substituted for a processed 
clay layer in the cover section. 

The sections below present additional design details and discuss the materials contemplated for use in each 
alternative. 

2.1 RCRA SUBTITLE C MINIMUM TECHNOLOGY LINER SYSTEM 

40 CFR 30 l ( 1 )(I) defines what is nominally referred to as the minimum technology liner system , or MTR. The 
liner system must include the following: 

• A top liner (e.g., a geomembrane). 

• A composite hottom liner, consisting of at least two components (e.g., a geomembrane upper 
component with a 3 foot thick clay bottom layer with a maximum hydraulic conductivity of 
1x10-7cm/sec). 

• A LCRS on top of the top liner and a leachate collection and detection system between the liners 
(also referred to as a LOS). 

The MTR system presented in this analysis consists of the following components, from the top down: 

• A 2 foot protective soil layer . 

• LCRS: geotextile- 1 foot thickness of drainage sand- geotextile (optional) . 

• FML top liner: HOPE . 

• LOS: geotextile- 1 foot thickness of drainage sand- geotextile (optional) . 

• Composite bottom liner: HOPE- 3 foot clay layer (lx10"7cm/sec) . 

TerraMatrix Inc. • 165 South Union Boulevard, Suite 460 • Lakewood, Colorado 80228 • (303) 763-5140 
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2.2 PROPOSED ALTERNATIVE LINER SYSTEM 

The proposed alternative is a double liner system similar to MTR with material substitutions made for the bottom 
clay barrier layer and the LCRS and LOS drainage layers. A GCL replaces the 3 foot thick clay layer in the MTR 
and 6 inches of prepared subgrade is included below the GCL for structural support. The sand/geotextile LCRS 
and LOS drainage layers are replaced with geotextile/geonet/geotextile materials. The protective soil and FMLs 
are as described above in the MTR design. 

The geocomposite drainage material contemplated for all alternatives consists of a non-woven geotextile bonded 
to a geonet webbing. The geotextile component of this material acts as a filter allowing moisture to pass to the 
geonet \\ilile keeping soil sediments out. Moisture flows along the ribs of the geonet transporting water to the 
sump collection areas. The geocomposite provides an effective drainage medium with transmissivities in the 
order of lxl0"3 m2/sec. Sand material can be processed to achieve hydraulic conductivities of lx10.2cm/sec while 
gravels can achieve lO.Ocm/sec. Because the geonet and geotextile materials are essentially inert, they offer 
greater resistance to clogging due to biological activity or chemical reactions with leachate than do sand and 
gravel materials which typically contain small factions of organic materials. Sand and gravel layers, however, 
offer a greater cushioning to the FML than do geocomposites which under very high loading conditions (which 
are not expected for the Triassic Park Landfill) can deform the FML. 

2.3 COVER 

40 CFR 264.310 outlines several performance criteria which landfill cover designs must meet once constructed. 
These criteria include the following: 

• Provide long term minimization migration of liquids through the closed landfill; 

• Function with minimum maintenance; 

• Promote drainage and minimize erosion or abrasion of the cover; 

• Accommodate settling and subsidence so that the cover's integrity is maintained; and, 

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

The cover design proposed here for the Triassic Park Landfill was used in this HELP analysis. It consists of the 
following components, from top domt: 

• 2 foot thick vegetative cover layer 
• Geocomposite drainage layer: geotextile/geonet 
• Flexible membrane cover: HOPE 
• Geosynthetic clay liner (geotextilelbentonite/geotextile) 
• 6 inches of prepared sub grade 
• 1.5 foot thick cover soil 

This cover section differs from the cover section originally presented in the Part B Application. In this case, a 
GCL and 6 inches of prepared sub grade replaces a 3 foot layer of processed clay. Because this clay is near to 
the surface in a cover application, it may be subject to desiccation and frost cracking. This problem is avoided 
with the use of a GCL. 
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3.0 HELP ANALYSIS METHODOLOGY 

The HELP modeling approach used to evaluate the hydrologic performance of the proposed liner alternative and 
MTR follows the NMED's Draft Guidance Document for Performance Demonstration for an Alternative Liner 
Design Using the HELP Modeling Program Under the New Mexico Solid Waste Management Regulations (20 
NMAC 9.1). This approach was selected because it allows a direct comparison between MTR and an alternative 
liner system, the results can be used to demonstrate performance equivalency required under 40 CFR 264.30 1(d). 
This methodology is paraphrased below. A complete version of these protocols is presented in Appendix C. 

3.1 ALTERNATE LINER EQUIVALENCY DEMONSTRATION METHOD 

1. In order to demonstrate that the alternative liner design provides equivalent protection as the MTR composite 
liner, a computer modeling analysis of the MTR and the proposed alternative liner must be performed. 
Equivalent protection in terms ofleakage through the secondary liner must be demonstrated through a comparison 
of the alternative liner with the MTR. 

2. Justification for all input parameters in the model must be provided. Characteristics of soils proposed for the 
construction and operation of the landfill and the parameter values used in the model must be consistent. Soil 
and waste moisture content parameters as well as geomembrane liner data and storm water run-off fraction must 
also be consistent with the expected conditions and materials contemplated for use. 

3. Actual design conditions and operation development of the landfill must be simulated as closely as possible 
by doing a succession of model simulations. This succession must attempt to simulate moisture conditions in 
the landfill by using the previous simulation's moisture content output as the input for the following simulation. 
The duration of the simulation periods must be consistent with the landfill's expected filling rates as follows: 

3.1 Initial simulation of the open landfill at start-up when landfill has little to no waste. The time period 
should extend for the anticipated duration of this condition, a minimum of one year and a probable 
maximum of five years. 

3.2 A succeeding simulation to model conditions of the partially full landfill for some anticipated time 
period, most probably five years. This would incorporate daily cover and intermediate cover. 

3.3 Perform subsequent computer simulations to model the landfill in the closed condition for the 
duration of the entire post-closure care period. 

3.3.1 Model bare ground for the time period expected until vegetation becomes established. 

3.3.2 Model the vegetated condition for the remainder of the post-closure care period. 

4. Compliance with the regulatory requirement of not exceeding a 12-inch hydraulic head on the bottom liner 
must be demonstrated given design drainage layer slopes and drainage distances. 

5. If the infiltration through the alternative liner system for the simulation(s) is less than or equal to infiltration 
through the MTR liner system, then these HELP Model simulation(s) will serve to demonstrate equivalent 
performance of the alternative liner system compared to the MTR. 
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In addition to demonstrating performance equivalency with MTR, the performance of the proposed alternative 
liner must also be compared to the performance of the proposed fmal cover. 40 CFR 264.310 (a) (5) requires 
that the final cover must be designed and constructed to have a permeability less than or equal to the permeability 
of any bottom liner system or natural subsoils present. 

3.2 ALTERNATE COVER DEMONSTRATION METHOD 

As in the above case, a proposed alternate landfill cover must achieve the equivalent protection as the liner. If 
an alternative final cover is proposed for the landfill, it must be demonstrated that the proposed fmal cover design 
includes an infiltration layer that achieves an equivalent reduction in infiltration as the bottom liner. A HELP 
Model simulation comparison is acceptable for this demonstration for a 5 year period with vegetation. 
Precipitation, evapotranspiration, temperature, and solar radiation data must be site specific and identical for both 
liner and cover design simulations. Justification for all input parameters in the model must be provided. It is 
expected that the cover's design slopes and run-off distances will be modeled. 

Further descriptions of the HELP program inputs for both of these modeling approaches is presented in Section 
4.0. 
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4.0 HELP PROGRAM INPUTS 

Inputs for the HELP program are made in a series of data files which the main program uses during its simulation 
runs. Default inputs are available for most data categories and these were used where appropriate. In certain 
cases default inputs were not used, for example, the initial soil moisture contents were manually set for each run 
as mentioned above. The following sections describe the inputs used and their selection rationale for both HELP 
modeling approaches. HELP input data sheets which summarize inputs for each run are presented in Appendix 
A, HELP Data Input Sheets. 

4.1 CLIMATIC DATA 

The HELP program provides a weather generator to simulate changing weather conditions over time for various 
locations in the United States based on historical weather data. The location selected for this analysis was 
Roswell. NM. Roswell is located 42 miles west of the Triassic Park site and is the closest default city available 
in the HELP program. 

Once the default city has been selected, weather inputs for precipitation and temperature can be automatically 
assigned by the program or input by the user. For the original analysis in Revision 0 of this report, the default 
values for precipitation and temperature for Roswell, NM were used. For this analysis, weather inputs for 
precipitation and temperature for the Roswell, NM area were obtained from the ~ational Oceanic and 
Atmospheric Association (NOAA). Thirty year averages (period 1964 to 1994) for precipitation and temperature 
were used instead of the HELP default values for Roswell. These weather records indicate a slightly wetter 
environment and inputting them would tend to make the results of HELP runs slightly higher, but would not 
change the relative performance of the various liner alternatives. 

Evapotranspiration inputs to defme the vegetation conditions and evaporative zone depth can also be input into 
the HELP model. For this analysis, these inputs were changed to represent likely vegetative conditions. During 
the operational period of the landfill when there is no cover present and for a short period immediately after the 
cover is installed there will be little vegetation present. The vegetation input used for this period was "bare 
ground". In selecting this option, the program provides Roswell area default values for an evaporative zone depth 
of 14 inches, growing season start and end on days 76 and 310, and maximum leaf area index ofO. After cover 
vegetation is established on the cover, typically after l year, the vegetative input was changed to "poor stand or 
grass". Vegetation at the Triassic Park site is sparse and this input was felt to best approxi._mate the semi-arid 
site conditions. The evaporative zone depth was changed to 24 inches which corresponds to the design thickness 
of the vegetative cover layer and the maximum leaf area index was changed to l which was also felt to be 
appropriate for the site. 

4.2 SOIL AND DESIGN OAT A 

Inputs for soil characteristics and design data include the percent run-off expected and the physical characteristics 
for each layer in the landfill model. In this analysis, l 00 percent potential run-off was assumed when the landfill 
was covered and 0 percent run-off was assumed during the operational periods when the landfill cover was not 
in place. The layer characteristics are summarized below and in Appendix A . 

4.2.1 Waste 

The waste layer type, soil "texture" number, initial moisture content, and thickness define how moisture will 
percolate through waste layer and how much will be stored there. Because the waste layer is typically the thickest 
layer present, the outcome of landfill water flow analysis can be influenced greatly by its hydrologic properties. 
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The hydrologic properties of hazardous waste have not been studied to the same extent that municipal waste has 
been studied and therefore literature information is limited. The HELP model does not.provide specific default 
values for hazardous waste and it is left to the program user to defme these characteristics. 

The waste was assigned soil texture numbers, initial moisture contents, and hydraulic conductivities which reflect 
expected actual conditions. The soil texture number of 7 corresponds to a silty sand material (SM) with default 
porosity of0.473, field capacity of0.222, wilting point of 0.104, and hydraulic conductivity of 5.4 x 10""'cmlsec. 
The initial moisture content was set at 0.2055. 

The hydraulic properties of the waste fill will depend on the characteristics of the incoming waste and the nature 
of the daily cover soil used. The physical characteristics of landfilled hazardous waste can vary widely from 
sludges to solids and debris. Contaminated soils and bulk solid materials, however, will make up a major 
proportion of these materials. Typically, the waste material is placed and compacted and covered with daily cover 
soil material. Since the surface of the waste fill must be trafficable to waste hauler trucks and other heavy 
earthmoving equipment, it is not an uncommon practice to increase the amount of daily cover soil placed when 
softer or sludgy type wastes are received. At the Triassic Park site sand and siltstone will be predominantly used 
as daily cover materials and incoming contaminated soils are also likely to have a high sand content. Bulk solid 
wastes such as filter cake material, bag house wastes, and other process wastes are fme grained with particle sizes 
in the silt range. Based on this, the soil texture corresponding to a sandy silt was selected for the waste material. 

Based on previous experience at hazardous waste sites, the initial moisture contents of the waste for Years 0 
through 1 were set at 0.2055 which corresponds to a moisture content of 15 percent. 

4.2.2 Protective Soil 

The protective soil layer placed on top of the liner prior to waste filling will be the same material used for daily 
soil cover with the exception that it will be screened to remove oversize rocks and cobbles. Based on evaluation 
of bulk samples taken at the site from the upper sand unit, a soil texture number of 4 corresponding to a silty sand 
was selected to model the protective soil layer. This soil texture has the following defaults: porosity of0.473, 
field capacity of 0.0105, wilting point of 0.047, and hydraulic conductivity of 1. 7 x I0·3cm/sec. The initial 
moisture content for this layer was set at 0.0863 which is consistent with the average moisture contents of 5.9 
percent for the site's silty sand samples. 

4.2.3 Lateral Drainage (Sand) 

The lateral drainage sand material considered for use at the site will have to meet minimum hydraulic 
conductivities of 1 x 1 o·2cm/sec. Although no hydraulic testing of candidate site materials has been conducted, 
it is believed that this performance standard can be met with available material sources either in their natural state 
or with a minimal amount of screening and washing. The soil texture number of 1 which corresponds to a poorly 
graded sand was selected for this layer. This soil texture has the following defaults: porosity of 0.417, field 
capacityof0.045, wilting point of0.018, and hydraulic conductivity of 1 x 10"2cm/sec. Initial moisture content 
for this layer was set at 0.045 which equals the field capacity and therefore does not allow for water storage in 
the lateral drainage layer. It should be noted that the geotextile components of the sand drainage layer were not 
included in the this evaluation. Transmissities of this material exceeds those of the sand material and therefore 
this assumption is conservative. 

4.2.4 Lateral Drainage (Geocomposite) 

The geocomposite drainage material used in this analysis was a geotextile bonded to a geonet. The HELP model 
does not have a specific default for geocomposites so the default for the geonet was selected for this layer. The 
added capacity of the geotextile in this case is ignored and, as above, this assumption is conservative. The soil 
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texture number of 20 which corresponds to a drainage net was selected for this layer. This soil texture has the 
following defaults: porosity of 0.850, field capacity of 0. 0 l 0, wilting point of 0. 005, an~ hydraulic conductivity 
of 10.0cm/sec. The initial moisture content for this layer was set at 0.010 which equals the field capacity and 
therefore does not allow for water storage in the lateral drainage 

4.2.5 Barrier (FML: HOPE) 

The FML barrier layer considered is a 60 mil HDPE geomembrane. HELP model defaults for this layer are 
thickness 0.06 inch and soil texture number 35. For geomembranes, the HELP model also provides input 
capabilities for pinhole density, installation defects, and installation quality assurance. Input values for these 
parameters are recommended in the HELP Manual. Values used in this analysis were pinhole density of 1.0, 
geomembrane defect number 3, and liner installation quality of 3. All of these inputs correspond to a good 
geomembrane installation under good construction quality control. 

4.2.6 Barrier (Clay) 

The clay barrier layer material considered is a typical fine grained clay material which when moisture conditioned 
and compacted under controlled conditions is capable of achieving an in-place hydraulic conductivity of 1 x l o-7 

em/sec. HELP program defaults for soil texture number 26 with porosity of 0.445, field capacity of 0.393, 
wilting point of0.445, and modified hydraulic conductivity of 1 x l0-7cmlsec were used for the clay layer. The 
moisture content was set equal to the porosity to allow for immediate saturated flow through the clay layer. 

For the MTR case, the thickness of the clay barrier layer was set at 3 feet. 

Permeability testing of the clay material samples gathered at the site indicate that hydraulic conductivities of 1 
x 10'7cmlsec can be achieved. 

4.2. 7 Barrier (GCL) 

The GCL material considered is a composite geotextilelbentonite/geotextile layer. These liner products, although 
relatively new compared to geotextiles and geomembranes, have become popular substitutes for clay layers in 
cover systems and recently in liner systems. The soil texture number of 17 was selected for the GCL with a 
porosity of0.750, field capacity of0.747, wilting point of0.400, and hydraulic conductivity of3 x 10-9cmlsec. 
The initial moisture content for this layer was set at 0.7500 which equals the porosity to allow for immediate 
saturated flow thought the clay layer. 

4.2.8 Prepared Subgrade 

The prepared subgrade material considered is essentially the same material considered for the clay barrier material 
described above. The difference between these materials is the level processing and moisture conditions prior 
to placement and the resultant increased permeability of the prepared subgrade. The primary function of this 
layer is to provide a smooth stable surface upon which to install the overlying geosynthetics but it is not envisaged 
that extensive moisture conditioning or processing will be done. However, because this material is the same 
material proposed for the clay barrier layer, it will exhibit some barrier layer characteristics by inhibiting flow 
through holes in the FML. 

For the prepared sub grade layer, the same soil texture number and defaults were input as the clay layer described 
above including the conductivity. Permeability tests done on samples from the Upper Dockum Unit indicated 
hydraulic conductivities in this range. 
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4.3 LANDFILL COVER DATA 

Landfill cover data inputs include the cover layer materials, the type of vegetative cover on the surface of the 
cover, the percentage of moisture that is subject to run-off, the slope of the cover and maximum drainage distance. 
Materials contemplated for the cover design are discussed above and their arrangement is illustrated in Figure 
3. As discussed previously for covered conditions, 100 percent potential run-off was input, the vegetative 
condition for the newly installed cover assumed a "bare ground" and a 14 inch evaporative zone depth for the first 
year, and "poor stand of grass" with a 24 inch evaporative zone for the remaining years. A maximum drainage 
distance of 550 feet at 4H: 1 V slope (25 percent) was computed from conceptual drawings in the presented RCRA 
Permit Application for the Triassic Park Facility. The HELP soil texture classification number 6 was selected 
for the vegetative cover for the cover performance demonstration. This soil type is consistent with the Alma 
series soil found at the site. It should be noted that the vegetative soil type used in the Re.,·ision 0 HELP analysis 
has a soil texture number of 4 with a porosity of0.4270, field capacity of0.1050, wilting point of0.0470, and 
hydraulic conductivity of 1. 7 x 1 o-3 em/sec. These lateral drainage values are consistent with the Roswell -
Association also found at the Triassic Park site. The material is a silty sand with default porosity of0.453, field 
capacity of 0.190, wilting point of 0.085, and saturated hydraulic conductivity of 7.2 x 10...... Initial moisture 
content for the vegetative soil was set at 0.0863. 
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5.0 HELP PROGRAM RESULTS 

5.1 ALTERNATE LINER EQUIVALENCY DEMONSTRATION 

Results for the individual HELP model runs are summarized in Tables 5 and 6. Actual printouts of the HELP 
model summary output files are presented in Appendi.x B. As previously mentioned, these results were originally 
presented in Revision 0 of this report. For completeness, they are also included in this revision. 

Review of the results presented in the summary table below and Tables 5 and 6 indicates there is little difference 
in leakage rates between the various liner alternatives for the final closed landfill. Further inspection of the 
modeling results for the operational phase, Years 0 through 10, reveals insignificantly small leakage in the 
proposed alternate liner. For this period the proposed alternate and MTR liners are considered equivalent and 
leakages are rowtded to three decimal points in the table below. For Years ll though 40 with the landfill cover 
in place, very little precipitation enters the system and the waste mass begins to drain with this water being 
removed from the system in the LCRS layer. Bottom barrier layer leakage rates at this point become negligible 
for both the proposed liner alternative and MTR. 

MODELING APPROACH LEAKAGE RATE SUMMARY 
Operational Period (Years 0 -10) 

Floor Slope 
Alternatives Leakage Leakage 

(gfald) (gfald) 

Proposed Alternate 0.000 0.000 

MTR 0.000 0.000 

NOTE: I. Values shown are final leakage rates after period Years 0 through 10 
2. Results shown are from Revision 0 ofthe Alternative Liner System HELP 
Analvsis 

MODELING APPROACH LEAKAGE RATE SUMMARY 
Covered Period (Years 11 - 40) 

Floor Slope 
Alternatives Leakage Leakage 

(ltfa/d) {g/_a/«!}_ 

Proposed Alternate 0 0 

MTR 0 0 

NOTE: I. Values shown are final leakage rates after period Y cars 31 through 40 
2. Results shown are from Revision 0 of the Alternative Liner System HELP 
Analvsis 
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Review of Tables 5 and 6 show head values for both the proposed alternate and MTR indicate pressure 
development on the primary and secondary liners in the range of 0. 000 to 0. 001 inches which are well below the 
regulatory maximum of 12 inches. 

5.2 ALTERNATE COVER DEMONSTRATION 

Results of HELP model nms for the alternate cover demonstration of Years 0 through 5 are summarized in Tables 
1 through 4. Actual printouts of the HELP model summary output are presented in Appendix B. 

Review of these results indicated leakages through the proposed cover in the order of 0. 00002 g/a/d while leakage 
through the proposed alternate liner are 0.000164 for the floor area and 0.000041 for the slope area. Once again, 
the difference between these two leakage rates is insignificantly small and the proposed cover can be considered 
at least as impermeable as the proposed alternate liner. 
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6.0 CONCLUSIONS 

Based on the HELP model results, the following conclusions can be made: 

• 

• 

• 

There is little difference between the proposed alternative and MTR in terms of percolation rates 
through the bottom liner over the life of the facility. The differences that exist in Years 0 
through 10 are insignificantly small. The proposed alternate liner performance can therefore 
be considered equivalent to the MTR liner performance. 

Hydraulic pressure on the primary and secondary liners of both the MTR and proposed alternate 
liner system is well below the regulatory maximum of 12 inches. 

The cover system leakage is less than or equal to the leakage of the liner system. It effectively 
reduces precipitation infiltration which will the waste to drain once the cover is in place. 

L(t..u~ 
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I TABLE 1 

PRIMARY PRIMARY SECONDARY SECONDARY 
LATERAL LINER LATERAL LINER 

LINER DRAINAGE LEAKAGE DRAINAGE LEAKAGE 
YEARS SECTION (gal/acrelday)(1) (gal/acre/day)(1) (gal/acre/day)(1) (gallacre/day)(1) COMMENTS 

FLOOR 

MTR 33.704579 64.212128 58.712736 0.053019 

0-5 2 48.011289 51.814221 51.801597 0.000164 

SLOPE 

MTR 87.717213 11.815266 11.772023 0.000861 

0-5 2 544.995355 43.131039 43.131018 0.000041 

COVER 

0-5 COVER 18.240582 0.000020 NA NA 

"Jotes: 
(1) Values based on average annual totals. 
(2) Liner section 2 is referred to as Proposed Alternate in the text. 
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TABLE 2 I 

GANDY LANDFILL FLOOR LINER ALTERNATIVE #2 (PROPOSED ALTERNATE) 

INITIAL FINAL LATERAL HEAD ON 
PRECIPITATION LAYER THICKNESS M.C.(3) M.C.(3) DRAINAGE PERCOLATION LAYER 

YEARS (gallacrelday}{1} LAYER TYPE {inches) (vollvol) (vollvol) (gallacrelday)(1) (gallacre/day)(1) (inches)(1) COMMENTS 

963.716416 1 Soil 24 0.0863 0.1240 NA NA NA 

2 Geocomposite 0.2 0.0100 0.0120 48.011289 NA NA 

3 Geomembrane 0.06 0.0000 0.0000 NA 51.814221 0.0010 
0-5 4 Geocomposite 0.2 0.0100 0.0142 51.801597 NA NA 

5 Geomembrane 0.06 0.0000 0.0000 NA NA 0.0001 

6 GCL 0.24 0.7500 0.7500 NA 0.000164 NA 

Notes: 
(1) Values based on average annual totals. 
(2) Peak daily values may be higher due to storm events. 



TABLE 2 
GANDY LANDFILL SLOPE LINER ALTERNATIVE # 2 ( PROPOSED ALTERNATE) 

INITIAL FINAL LATERAL HEAD ON 
PRECIPITATION LAYER THICKNESS M.C.(3) M.C.(3) DRAINAGE PERCOLATION LAYER 

YEARS (gaUacre/day)( 1) LAYER TYPE (inches) (voUvol) (voUvol) (gaUacre/day){ 1) (gaUacre/day)( 1) . {inches)(1) COMMENTS 

963.716416 1 Soil 24 0.0863 0.1007 NA NA NA 

2 Geocomposite 0.2 0.0100 0.0112 544.995355 NA NA 

3 Geomembrane 0.06 0.0000 0.0000 NA 43.131039 0.0000 

0-5 4 Geocomposite 0.2 0.0100 0.0100 43.131018 NA NA 

5 Geomembrane 0.06 0.0000 0.0000 NA NA 0.0000 

6 GCL 0.24 0.7500 0.7500 NA 0.000041 NA 

Notes: 
(1) Values based on average annual totals. 
(2) Peak daily values may be higher due to storm events. 





) ) I 

I 
TABLE 3 

I GANDY LANDFILL FLOOR MTR LINER 

INITIAL FINAL LATERAL HEAD ON 
PRECIPITATION LAYER THICKNESS M.C.(3) M.C.(J) DRAINAGE PERCOLATION LAYER 

YEARS (gallacrelday)(1) LAYER TYPE (Inches) (vollvol) (vollvol) (gallacrelday)(1) (gallacrelday)(1) (lnches)(1) COMMENTS 

963.716416 1 Soil 24 0.0863 0.1240 NA NA NA 

2 Sand 12 0.0450 0.0557 33.704579 NA NA 

3 Geomembrane 0.06 0.0000 0.0000 NA 64.212128 0.5230 
0-5 4 Sand 12 0.0450 0.0755 58.712736 NA NA 

5 Geomembrane 0.06 0.0000 0.0000 NA NA 0.9120 

6 Clay 36 0.4450 0.4450 NA 0.053019 NA 

Notes: 
(1) Values based on average annual totals. 
(2) Peak daily values may be higher due to storm events. 
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TABLE 3 
GANDY LANDFILL SLOPE MTR LINER 

INITIAL FINAL LATERAL HEAD ON 
PRECIPITATION LAYER THICKNESS M.C.(3) M.C.(3) DRAINAGE PERCOLATION LAYER 

YEARS (gaUacre/day)(1) LAYER TYPE (inches) (voUvol) (voUvol) (gaUacre/day)(1) (gaUacrelday)(1) (inches)(1) COMMENTS 

963.716416 1 Soil 24 0.0863 0.1240 NA NA NA 

2 Sand 12 0.0450 0.0467 87.717213 NA NA 

3 Geomembrane 0.06 0.0000 0.0000 NA 11.815266 0.0600 
0-5 4 Sand 12 0.0450 0.0452 11.772023 NA NA 

5 Geomembrane 0.06 0.0000 0.0000 NA NA 0.0080 

6 Clay 36 0.4450 0.4450 NA 0.000861 NA 

Notes: 
(1) Values based on average annual totals. 
(2) Peak daily values may be higher due to storm events. 
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TABLE4 
GANDY LANDFILL COVER ALTERNATIVE 

INITIAL FINAL LATERAL HEADON' 
PRECIPITA liON LAYER THICKNESS M.C.(3) M.C.(3) DRAINAGE PERCOLATION LAYER 

YEARS (gaUacre/day)(1) LAYER TYPE (inches) (voUvol) (voUvol) (gaUacrelday)(1) (gaUacre/day)(1) (lnches)(1) COMMENTS 

963.716416 1 Veg. Soil 24 0.0863 0.0866 NA NA NA 

2 Geocomposite 0.2 0.0100 0.0150 18.240582 NA 0.0000 

0-5 3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

4 GCL 0.24 0.7500 0.7500 NA 0.000020 NA 

5.00000 Soil 6 0.0863 0.0860 NA NA NA 

6.00000 Soil 18 0.0863 0.0860 NA NA NA 

Notes: 
(1) Values based on average annual totals. 
(']\ p.,.,.lt rt,.ilv v"'h'""~ m,.v h .. hinh""r 1'111.,. tn dnrm .,.v.,.nt~ 
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TABLE 5 

ALTERNATE 2 (PROPOSED ATERNATE) 

FLOOR/SLOPE LINER SUMMARY TABLES 

(ALTERNATIVE LINER SYSTEM HELP ANALYSIS REVISION 0) 
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TABLE 5 
I 

GANDY LANDFILL SLOPE LINER ALTERNATIVE #2 {PROPOSED ALTERNATE) 

INITIAL FINAL LATERAL HEAD ON 
PRECIPITATION LAYER THICKNESS M.C.(3) M.C.(3) DRAINAGE PERCOLATION LAYER 

YEARS (gal/acre/day)( 1) LAYER TYPE _(inches] {vollvol) {vollvol) {gal/acre/day){ 1) (gallacre/day)(1) (inches)( 1) COMMENTS 

647.239184 1 Waste 60 0.2055 0.2080 NA NA NA 

2 Soil 24 0.0863 0.1406 NA NA NA 

3 Geocomposite 0.2 0.0100 0.0100 0.000000 NA NA 

0-1 
4 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

5 Geocomposite 0.2 0.0100 0.0100 0.000000 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 GCL 0.24 0.7500 0.7500 NA 0.000000 0.0000 

718.472179 1 Waste 840 0.2080 0.2192 NA NA NA 

2 Soil 24 0.1406 0.1131 NA NA NA 

3 Geocomposite 0.2 0.0100 0.0100 6.574209 NA NA 

2-5 
4 Geomembrane 0.06 0.0000 0.0000 NA 5.722065 0.0000 

5 Geocomposite 0.2 0.0100 0.0100 5.770240 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 GCL 0.24 0.7500 0.7500 NA 0.000041 0.0000 

718.808290 1 Waste 1080 0.2192 0.2284 NA NA NA 

2 Soil 24 0.1131 0.1488 NA NA NA 

3 Geocomposite 0.2 0.0100 0.0102 25.495047 NA NA 

6-10 
4 Geomembrane 0.06 0.0000 0.0000 NA 7.833662 0.0000 

5 Geocomposite 0.2 0.0100 0.0100 7.833642 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 GCL 0.24 0.7500 0.7500 NA 0.000041 0.0000 
- -- - --- ··------------- --

,_ 
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TABLE 5 
GANDY LANDFILL SLOPE LINER ALTERNATIVE #2 (PROPOSED ALTERNATE) 

647.239184 1 Veg. Soil 24 0.0863 0.0938 NA NA NA 
2 Geocomposite 0.2 0.0100 0.0110 539.163562 NA NA 
3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
4 Clay 36 0.4450 0.4450 NA 0.000205 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 
6 Waste 1440 0.2284 0.2269 NA NA NA 

11 7 Soil 24 0.1488 0.1712 NA NA NA 
8 Geocomposite 0.2 0.0102 0.0100 116.866483 NA NA 
9 Geomembrane 0.06 0.0000 0.0000 NA 5.764161 0.0010 

10 Geocomposite 0.2 0.0100 0.0100 5.764161 NA NA 
11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
12 GCL 0.24 0.7500 0.7500 NA 0.000020 0.0000 

673.203761 1 Veg. Soil 24 0.0938 0.0709 NA NA NA 
2 Geocomposite 0.2 0.0110 0.0166 538.388928 NA NA 
3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
4 Clay 36 0.4450 0.4450 NA 0.000246 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 
6 Waste 1440 0.2269 0.2220 NA NA NA 

12-31 7 Soil 24 0.1712 0.1050 NA NA NA 
8 Geocomposite 0.2 0.0100 0.0100 30.262782 NA NA 
9 Geomembrane 0.06 0.0000 0.0000 NA 1.893904 0.0000 

10 Geocomposite 0.2 0.0100 0.0100 1.893883 NA NA 
11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
12 GCL 0.24 0.7500 0.7500 NA 0.000000 0.0000 

--



TABLE 5 
GANDY LANDFILL SLOPE LINER ALTERNATIVE t12 (PROPOSED ALTERNATE) 

699.481906 1 Veg. Soil 24 0.0709 0.0652 NA NA NA 

2 Geocomposite 0.2 0.0166 0.0109 560.267933 NA NA 

3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

4 Clay 36 0.4450 0.4450 NA 0.000266 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 

6 Waste 1440 0.2220 0.2220 NA NA NA 

32-40 7 Soil 24 0.1050 0.1050 NA NA NA 

8 Geocomposite 0.2 0.0100 0.0100 0.000000 NA NA I 

9 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 I 
10 Geocomposite 0.2 0.0100 0.0100 0.000000 NA NA 

11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

12 GCL 0.24 0.7500 0.7500 NA 0.000000 0.0000 

Notes: (1) Values based on average annual totals. 
(2) Peak daily values may be higher due to storm events. 
(3) Final moisture contents from each run were used as initial moisture contents for subsequent runs. 
(4) Results from Alternative Liner System HELP Analysis Revision 0 



TABLE 5 
GANDY LANDFILL FLOOR LINER ALTERNATIVE #2 (PROPOSED ALTERNATE) 

THICKNES INITIAL FINAL LATERAL HEAD ON 
PRECIPITATION LAYER s M.C.(3) M.C.(3) DRAINAGE PERGOLA TION LAYER 

YEARS (gal/acre/day)( 1) LAYER TYPE (inches) (vollvol) (vollvol) (gal/acre/day)( 1) (gal/acre/day)(1) (inches}{1l COMMENTS 

647.239184 1 Waste 60 0.2055 0.2080 NA NA NA 

2 Soil 24 0.0863 0.1406 NA NA NA 

3 Geocomposite 0.2 0.0100 0.0100 0.000000 NA NA 

0-1 
4 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

5 Geocomposite 0.2 0.0100 0.0100 0.000000 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 GCL 0.24 0.7500 0.7500 NA 0.000000 0.0000 

718.472179 1 Waste 840 0.2080 0.2192 NA NA NA 

2 Soil 24 0.1406 0.1131 NA NA NA 

3 Geocomposite 0.2 0.0100 0.0100 1.239286 NA NA 

2-5 
4 Geomembrane 0.06 0.0000 0.0000 NA 11.056946 0.0000 

5 Geocomposite 0.2 0.0100 0.0103 11.055676 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 GCL 0.24 0.7500 0.7500 NA 0.000184 0.0000 

718.808290 1 Waste 10130 0.2192 0.2284 NA NA NA 

2 Soil 24 0.1131 0.1488 NA NA NA 

3 Geocomposite 0.2 0.0100 0.0122 10.902438 NA NA 

6-10 
4 Geomembrane 0.06 0.0000 0.0000 NA 22.420307 0.0000 

5 Geocomposite 0.2 0.0103 0.0144 22.408092 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 GCL 0.24 0.7500 0.7500 NA 0.000164 0.0000 
-·-·------ - --- - --- -- ---- -- L____ _______ - --··---- -··-·-



TABLES 
GANDY LANDFILL FLOOR LINER ALTERNATIVE #2 (PROPOSED ALTERNATE) 

647.239184 1 Veg. Soil 24 0.0863 0.0938 NA NA NA 
2 Geocomposite 0.2 0.0100 0.0110 539.163562 NA NA 
3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
4 Clay 36 0.4450 0.4450 NA 0.000205 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 
6 Waste 1440 0.2284 0.2269 NA NA NA 

11 7 Soil 24 0.1488 0.1712 NA NA NA 
8 Geocomposite 0.2 0.0122 0.0149 50.885120 NA NA 
9 Geomembrane 0.06 0.0000 0.0000 NA 71.702075 0.0010 

10 Geocomposite 0.2 0.0144 0.0165 71.670903 NA NA 
11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
12 GCL 0.24 0.7500 0.7500 NA 0.000164 0.0010 

673.203761 1 Veg. Soil 24 0.0938 0.0709 NA NA NA 
2 Geocomposite 0.2 0.0110 0.0166 538.388928 NA NA 
3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
4 Clay 36 0.4450 0.4450 NA 0.000246 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 
6 Waste 1440 0.2269 0.2220 NA NA NA 

12-31 7 Soil 24 0.1712 0.1050 NA NA NA 
8 Geocomposite 0.2 0.0149 0.0100 12.279714 NA NA 
9 Geomembrane 0.06 0.0000 0.0000 NA 19.880619 0.0000 

10 Geocomposite 0.2 0.0165 0.0100 19.885333 NA NA 
11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
12 GCL 0.24 0.7500 0.7500 NA 0.000123 0.0000 



TABLES 
GANDY LANDFILL FLOOR LINER ALTERNATIVE #2 (PROPOSED AL TERNATEJ 

699.481906 1 Veg. Soil 24 0.0709 0.0652 NA NA NA 

2 Geocomposite 0.2 0.0166 0.0109 560.267933 NA NA 

3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

4 Clay 36 0.4450 0.4450 NA 0.000266 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 

6 Waste 1440 0.2220 0.2220 NA NA NA I 

32-40 7 Soil 24 0.1050 0.1050 NA NA NA 

8 Geocomposite 0.2 0.0100 0.0100 0.000000 NA NA 

9 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 I 

10 Geocomposite 0.2 0.0100 0.0100 0.000000 NA NA 

11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

12 GCL 0.24 0.7500 0.7500 NA 0.000000 0.0000 

Notes: (1) Values based on average annual totals. 
(2) Peak daily values may be higher due to storm evenls. 
(3) Final moisture contents from each run were used a1~ initial moisture contents for subsequent runs. 
(4) Results from Alternative Liner System HELP Analysis Revision 0 
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TABLE 6 
GANDY LANDFILL FLOOR MTR LINER 

INITIAL FINAL LATERAL HEAD ON 
PRECIPITATION LAYER TliiCKNESS M.C.(3) M.C.(3) DRAINAGE PERCOLA liON LAYER 

YEARS (gal/acrelday)(1) LAYER TYPE (inches) (vollvol) (vollvol) (gallacrelday)(1) (gal/acre/day)( 1) (lnches)(1) COMMENTS 

0.000000 1 Waste 60 0.2055 0.2092 NA NA NA 
2 Soil 24 0.0863 0.1065 NA NA NA 
3 Sand 12 0.0450 0.0450 0.000000 NA NA 

0-1 
4 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

5 Sand 12 0.0450 0.0450 0.000000 NA NA 
6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
7 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 

0.000000 1 Waste 840 0.2092 0.2128 NA NA NA 
2 Soil 24 0.1065 0.1050 NA NA NA 
3 Sand 12 0.0450 0.0450 0.084028 NA NA 

2-5 4 Geomembrane 0.06 0.0000 0.0000 NA 0.585530 0.0010 

5 Sand 12 0.0450 0.0450 0.582927 NA NA 
6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
7 Clay 36 0.4450 0.4450 NA 0.000902 0.0090 

0.000000 1 Waste 1080 0.2128 0.2164 NA NA NA 
2 Soil 24 . 0.1050 0.1050 NA NA NA 
3 Sand 12 0.0450 0.0450 0.000000 NA NA 

6-10 4 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

5 Sand 12 0.0450 0.4500 0.000000 NA NA 
6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
7 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 

-·-- ----- ------ ---- ---- ----- ·-



TABLE 6 
GANDY LANDFILL FLOOR MTR LINER 

0.000000 1 Veg. Soil 24 0.0863 0.0938 NA NA NA 
2 Geocomposite 0.2 0.0100 0.0110 539.163562 NA NA 
3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
4 Clay 36 0.4450 0.4450 NA 0.000205 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 
6 Waste 1440 0.2164 0.2164 NA NA NA 

11 7 Soil 24 0.1050 0.1050 NA NA NA 
8 Sand 12 0.0450 0.0450 0.000000 NA NA I 

9 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 
I 

0.0000 

10 Sand 12 0.4500 0.0450 0.000000 NA NA I 

11 Geomembrane 0.06 0.0000 0.0000 NA NA NA ! 

12 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 

0.000000 1 Veg. Soil 24 0.0938 0.0709 NA NA NA ! 

2 Geocomposite 0.2 0.0110 0.0166 538.388928 NA NA I 

3 Geomembrane 0.06 0.0000 0.0000 NA NA NA I 

4 Clay 36 0.4450 0.4450 NA 0.000246 0.0010 I 

5 Soil 24 0.0863 0.0863 NA NA NA 
6 Waste 1440 0.2164 0.2164 NA NA NA 

12-31 7 Soil 24 0.1050 0.1050 NA NA NA 
8 Sand 12 0.0450 0.0450 0.000000 NA NA 
9 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

10 Sand 12 0.0450 0.0450 0.000000 NA NA 
11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
12 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 

--- --~---- '--------- - --- --- ----~----



,' 

TABLES 
GANDY LANDFILL FLOOR MTR LINER 

0.000000 1 Veg. Soil 24 0.0709 0.0652 NA NA NA 

2 Geocomposite 0.2 0.0166 0.0109 560.267933 NA NA 

3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

4 Clay 36 0.4450 0.4450 NA 0.000266 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 

6 Waste 1440 0.2164 0.2164 NA NA NA 

32-40 7 Soil 24 0.1050 0.1050 NA NA NA 

8 Sand 12 0.0450 0.0450 0.000000 NA NA I 

9 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 I 

10 Sand 12 0.0450 0.0450 0.000000 NA NA 
! 

11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

12 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 

Nots: (1) Values based on average annual totals. 
(2) Peak daily values may be higher due to storm events. 
(3) Final moisture contents from each run were used as initial moisture contents for subsequent runs. 
(4) Results from Alternative Uner System HELP Analysis Revsision 0 



TABLE 6 
GANDY LANDFILL SLOPE MTR LINER 

INITIAL FINAL LATERAL HEAD ON 
PRECIPITATION LAYER THICKNESS M.C.(J) M.C.(l) DRAINAGE PERCOLATION LAYER 

YEARS (gaUacrelday)( 1) LAYER TYPE (Inches) (voUvol) (voUvol) (gaUacrelday)( 1) (gaUacrelday)( 1) (lnches)(1) COMMENTS 

0.000000 1 Waste 60 0.2055 0.2092 NA NA NA 

2 Soil 24 0.0863 0.1065 NA NA NA 

3 Sand 12 0.0450 0.0450 0.000000 NA NA 

0-1 
4 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

5 Sand 12 0.0450 0.0450 0.000000 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 

0.000000 1 Waste 840 0.2092 0.2128 NA NA NA 

2 Soil 24 0.1065 0.1050 NA NA NA 

3 Sand 12 0.0450 0.0450 0.467215 NA NA 

2-5 4 Geomembrane 0.06 0.0000 0.0000 NA 0.202343 0.0000 

5 Sand 12 0.0450 0.0450 0.202240 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 Clay 36 0.4450 0.4450 NA 0.000123 0.0000 

0.000000 1 Waste 1080 0.2128 0.2164 NA NA NA 

2 Soil 24 0.1050 0.1050 NA NA NA 

3 Sand 12 0.0450 0.0450 0.000000 NA NA 

6-10 4 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

5 Sand 12 0.0450 0.4500 0.000000 NA NA 

6 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

7 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 



TABLE 6 
GANDY LANDFILL SLOPE MTR LINER 

i 

0.000000 1 Veg. Soil 24 0.0863 0.0938 NA NA NA I 

2 Geocomposite 0.2 0.0100 0.0110 539.163562 NA NA I 

3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
4 Clay 36 0.4450 0.4450 NA 0.000205 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA ; 

6 Waste 1440 0.2164 0.2164 NA NA NA 
11 7 Soil 24 0.1050 0.1050 NA NA NA 

8 Sand 12 0.0450 0.0450 0.000000 NA NA 
9 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

10 Sand 12 0.4500 0.0450 0.000000 NA NA 
11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
12 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 

0.000000 1 Veg. Soil 24 0.0938 0.0709 NA NA NA 
2 Geocomposite 0.2 0.0110 0.0166 538.388928 NA NA 
3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
4 Clay 36 0.4450 0.4450 NA 0.000246 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 
6 Waste 1440 0.2164 0.2164 NA NA NA 

12-31 7 Soil 24 0.1050 0.1050 NA NA NA 
8 Sand 12 0.0450 0.0450 0.000000 NA NA 
9 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

10 Sand 12 0.0450 0.0450 0.000000 NA NA 
11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 
12 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 



TABLES 
GANDY LANDFILL SLOPE MTR LINER 

0.000000 1 Veg. Soil 24 0.0709 0.0652 NA NA NA 

2 Geocomposite 0.2 0.0166 0.0109 560.267933 NA NA 

3 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

4 Clay 36 0.4450 0.4450 NA 0.000266 0.0010 

5 Soil 24 0.0863 0.0863 NA NA NA 

6 Waste 1440 0.2164 0.2164 NA NA NA 

32-40 7 Soil 24 0.1050 0.1050 NA NA NA 

8 Sand 12 0.0450 0.0450 0.000000 NA NA 

9 Geomembrane 0.06 0.0000 0.0000 NA 0.000000 0.0000 

10 Sand 12 0.0450 0.0450 0.000000 NA NA 

11 Geomembrane 0.06 0.0000 0.0000 NA NA NA 

12 Clay 36 0.4450 0.4450 NA 0.000000 0.0000 

Notes: 
(1) Values based on average annual totals. 
(2) Peak daily values may be higher due to storm events. 
(3) Final moisture contents from each run were used as initial moisture contents for subsequent runs. 
(4) Results from Alternative Liner System HELP Analysis Revision 0 
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TABLE 1 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
•••c(I~A~-dLdGI~~I_ ti~t~ <C < ·•· · ..• -••.•. ·. ·< ····.· · .. · / . . <.•. ·-··· .. .. ·<·· .•. .... ... •.•...... . .. -.• · .. ·.· ·····•·-·········.····· . C 

city Roswell, NM Nearby City 

precipitation & source of data Synthetic Only option for Roswell, NM 
(default or synthetic) 

temperature & source of data Synthetic Roswell, NM 

latitude 33.24 HELP default for Roswell, NM 

maximum leaf area Index 0 Bare Ground 

evaporate zone depth 14 in. HELP default for Roswell, NM 

growing season start and end day 76/310 HELP default for Roswell, NM 
•• · .•. ····<·······•.:·.<<······· ...... ·.··-.:::> •••• ·• <····::.: .. · .. .. . ·• ·::··.·· 
· LANDFILL COVER DATA . •- · .. 

type of vegetative cover NA Bare Ground 

SCS runoff curve number NA 0% allowable runoff CN does not affect results 

active (uncovered) Yes 

% of surface runoff that drains from landfill 0% 

surface area 1 acre Unit area, (outputs to be converted togallons/acre/day) 
•··•· > ...... .• .••• •<····· .• . •• . . •..• •• <" •·. ·.•· . .•· ·• ... · .· • • .. . ........... ·• ••• · ..•• 

SOIL AND DESIGN DATA •·· •.•.. • ·••·· -.. ·. --.·. •-• .··.. .· / -.. . .. _ ._ ·-··· -.• 

source of soil characteristics HELP defaults, useing lab data for onsite soils 

number of layers 6 

NOTES; 

PROJECT: Triassic Park Disposal Facility. Altnrnativo #2 Floor Liner System 

H:\602\TABLES\mL.I 
02129/96 5:46pm WPSJ/tls 



TABLE 2 
LANDFILL AL TI:RNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
.:...... '.::'':: :< ': ............ ..... · .. ,·>:: ., · . .><:' , . <> ......... > .< 
LAYER NUMBER: 1 ... ,,. ·,· .. . .. : 

layer type 1 Protective soil, (Vertical percolation layer) 

thickness 241n See liner section 

I 

soil texture 4 HELP Default for a SM, (lab data Indicates onsite soil to be a SM) 

porosity 0.473 HELP default for texture 4 

field c~aclt~ 0.0105 HELP default for texture 4 

wilting point 0.047 HELP default for texture 4 

moisture content 0.0863 Based on a avg. M.C. = 5.9% for Natural moisture contents of Silty Sands 
tested from the site. 

saturated hydraulic conductivity 1.7E-3cm/s HELP default for texture 4 

Is layer compacted? No 

slope (If lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density NA 

. aeomembrane Installation defects NA 

liner Installation quality NA 
(If geomembrane) 

geotextlle transmissivity NA 

NOTES: (make additional copies for each layer as required) 

PROJECT: Triassic Park Dlsoosal Facility. Alternative #2 floor liner system 

H:\6021TABLES\TBL.2 
02/29/96 5:45pm WP51/th 

I 



TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
: .. ,.,. "'' ,,. ·><' '',·· .·>:> :··,.··',· .. :·. .<,. . .· 

•• 

·. 

LAYER NUMBER: 2 .·. ·. '·· ·. : ··'' 

layer type 2 Geocomposlte (lateral drainage layer) 

thickness 0.21n HELP default thickness for texture 20(consistant w/ materials on the market) 

soil texture 20 HELP Default for drainage net.(conservative, Ignores added capacity of 
geotextile 

porosity 0.850 HELP default for texture 20 

field capacity 0.010 HELP default for texture 20 

wilting point 0.005 HELP default for texture 20 

moisture content 0.010 Moisture content equal to field capacity, does not allow for water storage In 
Lateral drainage layer 

saturated hydraulic conductivity 1.0E1cm/s HELP default for texture 20 

Is layer compacted? NA 

slope (if lateral drainage layer) 2.3% Floor grade from cell layout drawing 

maximum horizontal drainage distance 550ft Maximum drainage length for phase 1 floor ( scaled from drawings) 
Cif lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner Installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NOIES; (make additional copies for each layer as required) 

PROJECT: Irfasslc Park Disposal Facility. Alternative #2 floor Liner system 

H:\602\T ABLES\mL.2 
02129/% S:4Spm WPSI/tla 
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I TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
····::.::·······: :·• .. ·····:. >::•·· .. :::•: .•. :.·· .. .. .· .· 
LAYER NUMBER: 3 ..• · ... ·· .. 

layer type 4 FML, (HOPE Geomembrane) 

thickness 0.06in 60 mil (typjcal geomembrane thickness) 

soil texture 35 HELP Default texture for HOPE _geomembrane. 

porosity NA 

field capacity NA 

wilting point NA 

moisture content NA 

saturated hydraulic conductivity 2.0E-13cm/s HELP default for texture 35 

Is layer compacted? NA 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density 1 Typical value recommended by HELP manual. 

geomembrane Installation defects 3 Typical value recommended by HELP manual for good installation. 

liner Installation quality 3 Good Installation 
(if geomembrane) 

geotextile transmlsslvi!Y_ NA 

NQIES; (make additional copies for each layer as required) 

PROJECT: Triassic Park Plsposal Facility. Alternative #2 floor liner system 

H:\602\TABLES\TBL.2 
02/29/96 5:45pm WP51/tlo 

>:• : 
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!.· 

" 

---- ---· ----- ----- -~ - -- --- -- --- ----------------

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 

I -tAY~R~~M~ER: 4<···-·· -· --

·---
--

/ / - ··---·-

layer type 2 Geocomposite (lateral drainage layer) 

thickness 0.21n HELP default thickness for texture 20(conslstant w/ materials on the market) 

soil texture 20 HELP Default for drainage net.(conservatlve, Ignores added capacity of 
geotextile 

porosity 0.850 HELP default for texture 20 

field capacity 0.010 HELP default for texture 20 

wilting point 0.005 HELP default for texture 20 

moisture content 0.010 Moisture content equal to field capacity, does not allow for water storage in 
Lateral drainage layer 

saturated hydraulic conductivity 1.0E1cm/s HELP default for texture 20 

Is layer compacted? NA 

slope (if lateral drainage layer) 2.3% Floor grade from cell layout drawing 

maximum horizontal drainage distance 550ft Maximum drainage length for phase 1 floor I scaled from drawings) 
(if lateral drainage layer) 

_geomembrane pinhole density NA 

geomembrane Installation defects NA 

liner Installation quality NA 
(if geomembrane) 

geotextlle transmissivity NA 

NOTES: (make additional copies for each layer as required) 

PROJECT: Tdosslc Park Disposal Faci!itv. Alternative #2 floor Liner svstem 

ll\602\TABLES\TBL.2 
02/29/96 S:4Svn• WPSI/tls 
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TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
. : .... _.··. . .. : .·· . : : 
LAYER NUMBER: 5 ·.•· ••••••••.•.••. _ •.. ·_. . .·. :· 

layer type 4 FML, (HOPE Geomembrane) 

thickness 0.06in 60 mil (typical geomembrane thickness) 

soil texture 35 HELP Default texture for HOPE geomembrane. 

porosity NA 

field capacity NA 

wilting point NA 

moisture content NA 

saturated hydraulic conductivity 2 .OE-13cm/s HELP default for texture 35 

Is layer compacted? NA 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density 1 Typical value recommended by HELP manual. 

geomembrane installation defects 3 Typical value recommended by HELP manual for good installation. 

liner Installation quality 3 Good installation 
(If geomembrane) 

geotextile transmissivity NA 

Nlll t::s: (make additional copies for each layer as required) 

PROJECT: Triassic Park Pisposal Facility. Alternative #2 floor liner system 

H:\602\T ABLES\TBL 2 
02/29/96 5:45pm WPSI/tla 



TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
.••. < .··•··· 

LAYER NUMBER: 6 •···•· · .. 
. · .... >; .:.·· .. . ........ . . · ..... 

.. 

layer type 3 GCL 

thickness 0.241n HELP default thickness for bentonite mat 

soil texture 17 HELP Default texture for bentonite mat 

porosity 0.750 HELP default for texture 17 

field capacity 0.747 HELP default for texture 17 

wilting point 0.400 HELP default for texture 17 

moisture content 0.750 Moisture content equal to porosity, allows for imediate saturated flow (HELP 
default). 

saturated hydraulic conductivity J.OE-9cm/s HELP default for bentonite mat 

Is layer compacted? No 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane Installation defects NA 

liner Installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

Nu 1 t:~~ (make additional copies for each layer as required) 

PROJECT: Triassic Park Plsposal Eacmty. Alternative #2 floor liner system 

H:\602\TABLESITBL 2 
02129/96 S:4Spm WPSI/tb 

>. 
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TABLE 1 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
.:>: ': :: :: :'' :''::::':· :, :: ':;:;: :'}:;:_:::: :.::. :. : ,: .. :-· : \ ::·· 

).: .. ,:: \: : / ._:· 
I CLIMATOLOGICAL DATA :;;::.:.:.· :::·":::;:: ._: .. .·:• 

;I 
city Roswell, NM Nearby City 

precipitation & source of data Synthetic Only option for Roswell, NM 
{default or synthetic) 

temperature & source of data Synthetic Roswell, NM 

latitude 33.24 HELP default for Roswell, NM 

maximum leaf area Index 0 Bare Ground 

evaporate zone depth 14 in. HELP default for Roswell, NM 

growing season start and end day 76/310 HELP default for Roswell, NM 
•. <·. . -:::,.<:.: : / <: :: ':: .. :·:.· .. : .:·_'::_·. · .. 

. .• _ .. ,_ ... · .,.,· .· <-·· . .·LANDFILL COVER DATA, .. ·::··. . -:· '.: : .. , .. _'': . . 

type of vegetative cover NA Bare Ground 

SCS runoff curve number NA 0% allowable runoff CN does not affect results 

active {uncovered) Yes 

% of surface runoff that drains from landfill 0% 

surface area 1 acre Unit area, {outputs to be converted to gallons/acre/day) 
:::<'>.'',',;:.,.: .• ,:_·.:::::_:.: : >i:,::::_·· :::·: <<···:,:::;:.::·.· .. ,··:_,:·.·:.; •.•. ,:· : ;:::', .·,.··· :;:: .·. ,::. :·· .,·:.::··_:.· __ :·.· ? ···::· :-:'. ::· ... ·· . 

SOIL AND DESIGN DATA .... ·. _ :':::.' ' < : : : .. ' .· : :::::, ,:· . :: :. . ::.: -.· . 

source of soil characteristics HELP defaults, useing lab data for onsite soils 

number of layers 6 

NOTES: 

PROJECT: Triassic Perk Disposal Facility. Alternative 112 slooe Liner System 

H:\602\TABLES\TBL.l 
02/29/96 5:46pm WPSI/tlo 
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TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
? ....... ·.····· ; ___ >> ><. ) . . . ..... > ) ··•···· . . · .. <.:::.:: ·.-:::;...;-:.~:::<~_::·.(: . ···· ............ 

. · .. .. .·... ..c··· <.· ........... 
······>· .····> ••••.•. ·•••• / \ -i LAYER NUMBER: 1 ... ... _.. ..... . ... 

layer type 1 Protective soil, (Vertical percolation layer) 

thickness 24in See liner section 

soil texture 4 HELP Default for a SM. (lab data Indicates onsite soil to be a SM) 

porosity 0.473 HELP default for texture 4 

field capacity 0.0105 HELP default for texture 4 

wilting point 0.047 HELP default for texture 4 

moisture content 0.0863 Based on a avg. M.C. = 5.9% for Natural moisture contents of Silty Sands 
tested from the site. 

saturated hydraulic conductivit}'_ 1.7E-3cm/s HELP default for texture 4 

Is layer compacted? No 

slope (if lateral drainage l~:~yerl NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner installation quality NA 
(if _geomembrane) 

geotextile transmissivity NA 

NQIES: (make additional copies for each layer as required) 

PROJECT: Ir!asslc Park Disposal facility. Alternative #2 slope liner system 

ll\602\TABLES\mL.2 
02129/96 5:45pm WP51/tla 

I 

i 



TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

i INPUT PARAMETER VALUE JUSTIFICATION 

~~~~ NlJrJa~ER:>2 } . 
. ... .... · .· ··: .. . . ..... · 

: > 

layer type 2 Geocomposite (lateral drainage layer) 

thickness 0.2 in HELP default thickness for texture 20(consistant w/ materials on the market) 

soil texture 20 HELP Default for drainage net.(conservative, Ignores added capacity of 
geotextile 

porosity 0.850 HELP default for texture 20 

field capacity 0.010 HELP default for texture 20 

wilting point 0.005 HELP default for texture 20 

moisture content 0.010 Moisture content equal to field capacity, does not allow for water storage In 
lateral drainage layer 

saturated hydraulic conductivity 1.0E1cm/s HELP default for texture 20 

Is layer compacted? NA 

slope (if lateral drainage layer) 33% slope grade from cell layout drawing 

maximum horizontal drainage distance 316ft Maximum drainage length for phase 1 slope ( scaled from drawings) 
(If lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane Installation defects NA 

liner Installation quality NA 
(if geomembrane) 

aeotextlle transmissivity NA 

Nl t:~~ (make additional copies for each layer as required) 

PROJECT: Triassic Park Disposal Eacmty. Alteroatlyo #2 slope Liner system 

H:\602\TABLES\TBL.2 
02129196 5:45pm WP51/tls 



TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
'i<,: .::::: ·•·• ... i::: ·,.,.'·'•':: :::: ·::· .:·:: .· : •:·.·.· . :.:::: ... .:· :.:: .· 

LAYER NUMBER: 3 . 

layer type 4 FMl, (HOPE Geomembrane) 

thickness 0.06 in 60 mil (typical geomembrane thickness) 

soil texture 35 HELP Default texture for HOPE geomembrane. 

porosity NA 

field capacity NA 

wilting point NA 

moisture content NA 

saturated hydraulic conductivity 2.0E-13cm/s HELP default for texture 35 

Is layer compacted? NA 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density 1 Typical value recommended by HELP manual. 

geomembrane installation defects 3 Typical value recommended i!'l HELP manual forjlood installation. 

liner Installation quality 3 Good installation 
(if geomembrane) 

geotextile transmissivity NA 

NOTES: (make additional copies for each layer as required) 

PROJECT: Triassic Park Pisposal facilitv. Alternative #2 slope liner system 

H:\602\T ABLESITBL.2 
02/29/96 S:4Spm WP51/tls 

: 
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TABLE 2 I LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
... · ... ·.• 

LAYER NUMBER: 4 ' 

layer type 2 Geocomposlte (lateral drainage layer) 

thickness 0.2 in HELP default thickness for texture 20(consistant w/ materials on the market) 

soil texture 20 HELP Default for drainage net.(conservative, Ignores added capacity of 
_g_eotextile 

porosity 0.850 HELP default for texture 20 

field capacity 0.010 HELP default for texture 20 

wilting point 0.005 HELP default for texture 20 

moisture content 0.010 Moisture content equal to field capacity, does not allow for water storage in 
lateral drainage layer 

saturated hydraulic conductivity 1.0E1cm/s HELP default for texture 20 

Is layer compacted? NA 

slope (if lateral drainage layer) 33% Slope grade from cell layout drawing 

maximum horizontal drainage distance 316ft Maximum drainage length for phase 1 slope ( scaled from drawings) 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner installation quality NA 
(If geomembrane) 

geotextile transmissivity NA 

NOTES: (make additional copies for each layer as required) 

PROJECT: Triassic Park Disposal facility. Alteroatlye #2 slope Liner system 

H:\6021TABLESIWL.2 
02129/96 S:4Spm WP51/IIo 

; 
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T6.BLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
': ,.,. .,. . .. >·<'· 

.,. 

LAYER NUMBER: 5 
.. 

layer type 4 FML. (HOPE Geomembrane) 

thickness 0.061n 60 mil (typical geomembrane thickness) 

soil texture 35 HELP Default texture for HOPE geomembrane. 

porosity NA 

field capacity NA 

wilting point NA 

moisture content NA 

saturated hydraulic conductivity 2.0E-13cm/s HELP default for texture 35 

Is layer compacted? NA 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density 1 Typical value recommended by HELP manual. 

geomembrane installation defects 3 Typical value recommended by HELP manual for good installation. 

liner Installation quality 3 Good installation 
(if geomembrane) 

geotextile transmissivity NA 

. NOIES: (make additional copies for each layer as reaulred) 

PROJECT: Iriassic Park Pisposal Facility. A!terontjye #2 slope !jner svstem 

H:I6021TABLES\TBL.2 
02129/96 S:4Spm WPSI/IIa 

. 
' 



J; 

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 
'':'>:· .,,/. <:.}' .,,·,.,,,,,· · ... ,>.· .. ,<. ,,:·/.<·:'"' ·'···· '· ·.·,,, ,.... .,.,, ,:,<'.'> :: .·,. . ('<>'::'' '·· .· 

... ',·············· ······'·', ..... , ... ,'. 

·, . , •..•. ' ·. ·... ., •.•••. , .. ,,.,..... > .·. •. < . , .. ·.· ........ '.,..... .· i ? i / LAYER NUMBER: 6 < .·· .. ,':'· .. '':'·,:. ,:· .. ,. .·· < < . 

layer type 3 GCL 

i thickness 0.24in HELP default thickness for bentonite mat 

soil texture 17 HELP Default texture for bentonite mat 

porosity 0.750 HELP default for texture 17 

field capacity 0.747 HELP default for texture 17 

wilting point 0.400 HELP default for texture 17 

moisture content 0.750 Moisture content equal to porosity, allows for imediate saturated flow (HELP 
default). 

saturated hydraulic conductivity 3.0E-9cm/s HELP default for bentonite mat 

Is layer compacted? No 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner Installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NOTES: (make additional copies for each layer as required) 

PROJECT: Triassic Park Disposal Facility. Altern&•tive #2 slope liner system 

H:\6021TABLES\TBL.2 
02129/96 5:46pm WP5J/lls 

I 

I 
I 

! 

. 

I 



-------- ----- -------- ---- ---

TABLE 1 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 

CLIMATOLO~IC~L DATA --·- .-.--. -.--. 
... ·-··· . 

city Roswell, NM 

precipitation & source of data Synthetic 
(default or synthetic) 

I temperature & source of data Synthetic 

latitude 33.24 

I 
maximum leaf area index 1 

evaporate zone depth 24in. 

growing season start and end day 76/310 

>•• ••• > <>··· > / _-·.··-···· ·>······· \<>)- >·-··· < <_--.-.-.. -..• LANDFILL COVER OAT A --- - -- -•• ·• --_-... · -.-

type of vegetative cover 1 

SCS runoff curve number 74.9 

active (uncovered) No 

% of surface runoff that drains from landfill 100% 

surface area 1 acre 

s()ll.A~o ~~~~~~ ~krA····-········•-- ·-·---_ ··----·-····- <• .-. __ .- .. _ ... -.. - -- •. > <--··-·-.········· 

source of soil characteristics 

number of layers 6 

rroiE~ 

PROJECT: Triassic Park Disposal Facility. Coyar Liner System 

H:\602\T ABLES\ffiL.l 
03/01/96 9:28am WP51/tls 

-. 

JUSTIFICATION 
.. . 

·_._· 

Nearby City 

Only option for Roswell, NM, using 30 yr mean monthly inputs 

Roswell, NM using 30yr mean monthly inputs 

HELP default for Roswell, NM 

Poor stand of grass 

Maximum depth of vegetative soil 

HELP default for Roswell, NM 
. .· -· -•· _·. . 

.. -···--·· ·. .· -·- > ••••...•.••••. _ •... ·-.•.- .•. .. 
·- .. 

Poor stand of grass 

HELP model generated, Soil texture 4, 25% slope, poor stand of grass 

Unit area, (outputs to be converted to gallons/acre/day) 

·-········ -. __ 

.... ·· 
·-··-· 

.·. ··-·····-··>·-·-···.·····-····-
._ .... _· ····-··· > . >>-·-···----·--·-··_/ -····--····-· 

··~..::. 
.. ·.-_- ......... - .... > ....... -................... -...... _ 

HELP defaults, usei'!9 lab data for onsite soils 



,-

---- ----- --- -- ------ -- ---

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
: ,,·-::: ',' >: ''. >·. 

LAYER NUMBER: 1 ,._, 

layer type 1 

! thickness 24in 

I 
soil texture 6 

porosity 0.453 

field capacity 0.190 

wilting point 0.085 

moisture content 0.0863 

saturated hydraulic conductivi!Y_ 7.2E-4cm/s 

Is layer compacted? No 

slope (If lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane Installation defects NA 

liner installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NOIES: (make additional copies for each layer as required) 

PROJECT: Ir!asslc Park Pisposal Facility. Coyer Alternative 

H:\6021TABLES\TBL.2 
02129196 5:48pm WPSI/tla 

JUSTIFICATION 
·_·:·.,.· ..... 

Vegetative soil, (Vertical percolation layer) 

See liner section 

HELP Default for a SM. (geologic data indicates some onsite soil to be a SM w/ 
a lower permeability than other SM's on site) 

HELP default for texture 6 

HELP default for texture 6 

HELP default for texture 6 

Based on a avg. M.C. = 5.9% for Natural moisture contents of Silty Sands 
tested from the site. 

HELP default for texture 4 



-- --- ------ -·--

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
,':·,· ':"'·· .,. ', .. , '.,.,,.,:.:>.,> " .. , .... , 

LAYER NUMBER: 2· .. 

layer type 2 

thickness 0.21n 

soil texture 20 

porosity 0.850 

field capacity 0.010 

wilting point 0.005 

moisture content 0.010 

saturated hydraulic conductivity 1.0E1cm/s 

Is layer compacted? NA 

slope (if lateral drainage layer) 25% 

maximum horizontal drainage distance 550ft 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NOIES: (make additional copies for each layer as reguired) 

PROJECT: Triassic Park Plsposal Facility. Cover Alternative 

H:\6021TABLESITBL.2 
02129/96 5:48pm WPSI/tb 

JUSTIFICATION 
',, .. /• .. 

Geocomposite (lateral drainage layer) 

HELP default thickness for texture 20(consistant w/ materials on the market) 

HELP Default for drainage net.(conservatlve, Ignores added capacity of 
geotextile 

HELP default for texture 20 

HELP default for texture 20 

HELP default for texture 20 

Moisture content equal to field capacity, does not allow for water storage In 
lateral drainage layer 

HELP default for texture 20 

See cover section 

Estimate 



TABLE 2 

I LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 

·····. ' 
LAYER NUMBER: 3 

layer type 4 

thickness 0.06 in 

soil texture :~5 

porosity lilA 

field capacity NA 

wilting point NA 

moisture content NA 

saturated hydraulic conductivity 2.0E-13cm/s 

Is layer compacted? NA 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density 1 

geomembrane installation defects 3 

liner installation quality 3 
(if geomembrane) 

geotextile transmissivity NA 

NOIES; (make additional copies for each layer as required) 

PROJECT: Irlasslc Park Pisposal Facility. Cover Alternative 

H:\602\T ABLESiffiL.2 
02129/96 5:49pm WPS I /tlo 

JUSTIFICATION 

FMC, (HOPE Geomembrane) 

60 mil (typical geomembrane thickness) 

HELP Default texture for HOPE geomembrane. 

HELP default for texture 35 

Typical value recommended by HELP manual. 

Typical value recommended by HELP manual for good installation. 

Good installation 



--- --

TABlE 2 
lANDFill AlTERNATIVE liNER OR COVER DESIGN MODEliNG INPUT PARAMETERS 

INPUT PARAMETER VAlUE 
.. 

lAYER NUMBER: 4 

layer type 3 

thickness 0.24 in 

I soil texture 17 

porosity 0.750 

field capacity 0.747 

wilting point 0.400 

moisture content 0.750 

saturated hydraulic conductivity 3.0E-9cm/s 

Is layer compacted? No 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainag_e layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NQIES: (make additional copies for each layer as required) 

PROJECT: Iriassic Park Disposal Facility. Coyer Alternative 

H:\6021 TABLES\ TBL 2 
02129/96 5:49pm WP51/tla 

JUSTIFICATION 

GCl 

See Cover section 

HElP Default for bentonite mat 

HElP default for texture 17 

HElP default for texture 17 

HElP default for texture 17 

Moisture content equal to porosity, allows for imediate saturated flow (HElP 
default). 

HElP default for bentonite mat. 



,r 

---- --- ------- ------- -

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 

LAYER NU~~ER: 5 .·· . · .. 

layer type 1 

I 
thickness 6in 

soil texture 4 

f!Orosity 0.473 

field capacity 0.0105 

wilting point 0.047 

moisture content O.OB63 

saturated hydraulic conductivity 1.7E-3cm/s 

Is layer compacted? Yes 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NOTES~ (make additional copies for each layer as reguired) 

PROJECT: Tr!assjc Park pjsposal facility. Coyer Alternative 

H:\602\TABLES\TBL.2 
02129/96 5:49pm WPSI /tla 

JUSTIFICATION 

Protective soil, (Vertical percolation layer) 

See cover section 

HELP Default for a SM, (lab data indicates onsite soil to be a SMI 

HELP default for texture 4 

HELP default for texture 4 

HELP default for texture 4 

Based on a avg. M.C. = 5.9% for Natural moisture contents of Silty Sands 
tested from the site. 

HELP default for texture 4 

I 

I 

I 

I 



~-~ ---- ---~ -- ----------- -- ---------· --

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
. . . : . ~ . . . . ': . . '. ·.· ,_, .. ,._ 

LAYER NUMBER! 6 

I 
layer we 1 

thickness 18 in 

soil texture 4 

porosity 0.473 

field capacity 0.0105 

wilting point 0.047 

moisture content 0.0863 

saturated hydraulic conductivity 1.7E-3cm/s 

Is layer compacted? No 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner Installation quality NA 
(if geomembrane) 

geotextile transmissivi!}' NA 

I'll.! 1 t::t; (make additional copies for each layer as required) 

PROJECT: Triassic Park pjsposal Facility. Coyer Alternatjye 

H:\602\T ABLES\TBL.2 
02/29/96 5:49pm WPSI/IIs 

JUSTIFICATION 
_,· 

Protective soil, (Vertical percolation layer) 

See cover section 

HELP Default for a SM, (lab data indicates onsite soil to be a SMI 

HELP default for texture 4 

HELP default for texture 4 

HELP default for texture 4 

Based on a avg. M.C. = 5.9% for Natural moisture contents of Silty Sands 
tasted from the site. 

HELP default for texture 4 

I 



! 

TABLE 1 
LANDFILL ALTEBNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE JUSTIFICATION 

CLIMATOLOGICAL DATA 

city Roswell, NM Nearby City 

precipitation & source of data Synthetic Only option for Roswell, NM Using 30yr avg mean monthly Inputs 
(default or synthetic) 

temperature & source of data Synthetic Roswell, NM using 30 yr avg. mean monthly inputs 

latitude 33.24 HELP default for Roswell, NM 

maximum leaf area index 0 Bare Ground 

evaporate zone depth 14 in. HELP default for Roswell, NM 

growing season start and end day 76/310 HELP default for Roswell, NM 
,, ,., >< ::.:: ·. '. . 

LANDFILL COVER DATA· 

type of vegetative cover NA Bare Ground 

SCS runoff curve number NA 0% allowable runoff CN does not affect results 

active (uncovered) Y as 

% of surface runoff that drains from landfill 0% 

surface area 1 acre Unit area, (outputs to be converted to gallons/acre/day) 
''> <> ,· .. · ·,: .. · ' <: .. ·.> '· . '·. :· ' • '· ,. :' .:: > ,, :; ; '.·.' ·. ' ·, .·, . ' :': .. :''' '. :· : ':·::>:: . ' > .. :·· . : . ' ., :' ::: . ·,; . ( ' ' . ::. 

SOIL AND DESIGN DATA ·., .... :··,. ·, ·· .:·. • .. '' ' · ··:·,· ' ·,,.,. 

source of soil characteristics HELP defaults, useing lab data for onsite soils 

number of layers 6 

NOTES: 

PROJECT: Trjassjc Park Disposal Facilitv. MTR Floor Liner System 

H:\602\T ABI.ES\TBL.I 
03/01/96 9:31am WP51/tla 



.t 

-- ------ ---------------------- -

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
,, ',. 

LAYER NUMBER: 1 

layer type 1 

thickness 24in 

soil texture 4 

porosity 0.473 

field capacity 0.0105 

wilting point 0.047 

moisture content 0.0863 

saturated hydraulic conductivity 1.7E-3cm/s 

Is layer compacted? No 

slope Uf lateral drainage layer) NA 

maximum horizontal drainage distance NA 
Uf lateral drainage layerl 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner Installation quality NA 
(if geomembrane! 

geotextile transmissivity NA 

NOTES: lmake additional copies for each layer as required) 

PROJECT: Triassic Park Disposal Facility. MTR flpor liner system 

11:16021TABLESITBL.2 
02129/96 5:Slpm WP51/tlo 

JUSTIFICATION 

Protective soil, !Vertical percolation layerl 

See liner section 

HELP Default for a SM. llab data indicates onsite soil to be a SMI 

HELP default for texture 4 

HELP default for texture 4 

HELP default for texture 4 

Based on avg moisture content of bulk samples taken from site 

HELP default for texture 4 

'·. 



! 

---·-------·-·---·- --

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 

LAYER NUM;ER: 2 .••.•.•.•• 
... 

layer type 2 

thickness 121n 

soil texture 1 

porosity 0.417 

I field capacity 0.045 

wilting point 0.018 

moisture content 0.045 

saturated hydraulic conductivity 1.0E-2cm/s 

Is layer compacted? No 

slope (if lateral drainage layer) 2.3% 

maximum horizontal drainage distance 550ft 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane Installation defects NA 

liner installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NQIE;S; (make additional copies for each layer as required) 

PROJECT: Ir!assic Park Pisposal Facility. MIR floor liner system 

H 1602\T ABLES\TBL2 
02/29/96 5:51pm WP51/tb 

JUSTIFICATION 
. . 

Sand lateral drainage layer 

See liner section, (ignore geotextile cushion & separation layers) 

HELP Default for a poorly graded sand, (typical drainage material). 

HELP default for texture 1 

HELP default for texture 1 

HELP default for texture 1 

Moisture content equal to field capacity (does not allow storage) 

HELP default for texture 1 (also EPA minimum required value) 

Floor grade from cell layout drawing 

Maximum drainage length for phase 1 floor (scaled from drawings) 

... 



-- - -- - ----------- ---

TABLE 2 
LANDFILL AL HRNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 

LAYER NUMBER: 3 

layer type 4 

thickness 0.06 in 

soil texture 35 

porosity NA 

field Cfll)aci!}' NA 

wilting point NA 

I moisture content NA 

I saturated hy9raulic conductivity 2.0E-13cm/s 

Is layer com_1!8cted7 NA 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density 1 

geomembrane installation defects 3 

liner installation quality 3 
(if geomembrane) 

_ geotextile transmissivity NA 

NOI~ (make additional copies for each layer as required) 

PROJECT: Triassic Park Pisposal Facmty. MTR floor liner system 

Jlta),tT ABLES\TBL.2 
o2129f6 5:51pm WP5t/tt• 

JUSTIFICATION 

FML, (HOPE Geomembrane) 

60 mil (typical geomembrane thickness) 

HELP Default texture for HOPE geomembrane. 

HELP default for texture 35 

Typical value recommended by HELP manual. 

Typical value recommended by HELP manual for good installation. 

Good installation 



~ --

TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
' , .. :.<:: ,''.:···· .. : , .. ,. ,. 
LAYER NUMBER: 4 

layer !fpe 2 

thickness 12ln 

soil texture 1 

porosity 0.417 
I 

field capacity 0.045 

I wilting point 0.018 

moisture content 0.045 

saturated hydraulic conductivity 1.0E-2cm/s 

Is layer compacted? No 

slope (if lateral drainage layer) 2.3% 

maximum horizontal drainage distance 550ft 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner installation quality NA 
(if geomembrane) 

geotextile transmissivi!Y NA 

NOTES: (make additional copies for each layer as required) 

PROJECT: Triassic Park Pisposal Facility. MTR floor liner system 

H:\602\T ABLESITBL.2 
02129/96 S.Slpm WPSI/tla 

JUSTIFICATION 
., 

Sand lateral drainajJe lay_er 

See liner section, (ignore geotextile cushion & separation l~ers) 

HELP Default for a poorly graded sand, (typical drainage material). 

HELP default for texture 1 

HELP default for texture 1 

HELP default for texture 1 

Moisture content equal to field capacity (does not allow storage) 

HELP default for texture 1 (also EPA minimum required value) 

Floor grade from cell layout drawing 

Maximum drainage length for phase 1 floor (scaled from drawings) 



f ! 

TABLE 2 I LANDFILL ALHRNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
. 

·• .. · 

LAYER NUMBER: 5 

layer type 4 

thickness 0.06 in 

soil texture 35 

porosity NA 

field capacity NA 

wilting point NA 

moisture content NA 

saturated hydraulic conductivity 2.0E-13cm/s 

Is laver compacted? NA 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density 1 

geomembrane Installation defects 3 

liner installation quality 3 
(if geomembrane) 

geotextile transmissivity NA 

NOTES: (make additional copies for each layer as required) 

PROJECT: Triassic Park Disposal FacilitY. MIR floor liner system 

H\6021TABLESITBL.2 
02/29/96 5:51pm WP51/tb 

JUSTIFICATION 

FML, (HOPE Geomembrane) 

60 mil (typical geomembrane thickness) 

HELP Default texture for HOPE geomembrane. 

HELP default for texture 35 

Typical value recommended by HELP manual. 

Typical value recommended by HELP manual for good installation. 

Good installation 



TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
::: ··.:·: .: : .:::: ::··.::· .·: .. : : ., ·: . : 

LAYER NUMBER! 6: . .·::. ::. 

layer type 3 

thickness 36in 

soil texture 0 

porosity 0.445 

field c~acity 0.393 

wilting point 0.445 

moisture content 0.445 

saturated hydraulic conductivity 1.0E-7cm/s 

Is layer compacted? YES 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral draini!D_e layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NOTES.: (make additional copies for each layer as required) 

PROJECT: Triassic Park Djsoosal facility. MTR floor ljner system 

H:\602\T ABLESITBL2 
02129/96 5:51pm WP5lltb 

JUSTIFICATION 
::. 

Compacted Clay Liner 

See liner section 

HELP Default texture 26 (compacted CLI w/ a modified k value. (lab data 
indicates soil to be a CLI 

HELP default for texture 26 

HELP default for texture 26 

HELP default for texture 26 

Moisture content equal to porosity (allows for immediate saturated flow) 

Lab data indicates this permeability is possible w/ this soil. 

.. 
~ 

' 

: 
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TABLE 1 
lANDFill ALTERNATIVE liNER OR COVER DESIGN MODEliNG INPUT PARAMETERS 

INPUT PARAMETER VALUE ,, _·. ··:·· ·. ' 
1 CliMATOLOGICAL DATA 

city Roswell. NM 

precipitation & source of data Synthetic 
(default or synthetic) 

temperature & source of data Synthetic 

latitude 33.24 
. 

maximum leaf area index 0 

evaporate zone depth 14 in. 

growing season start and end day 76/310 
·.'><::'::>· . <·-':''.· ' --. ·,' 

lANDFill COVER DATA · .. ·_., .. :.-. ., '} ::-' 

type of vegetative cover NA 

SCS runoff curve number NA 

active (uncovered) Yes 

% of surface runoff that drains from landfill 0% 

surface area 1 acre 
. :,_. ' .. -·: ., ·, 

SOIL AND DESIGN DATA ,. ,. 

source of soil characteristics 

number of lavers 6 

NOTES~ 

PROJECT: Triassic Park Disposal Facility. Slope MTR liner System 

H:\602\T ABLES\TBL.I 
02/29/96 5:56pm WP51 /tla 

JUSTIFICATION 

Nearby City 

Only option for Roswell, NM using 30 yr avg. mean monthly Inputs 

Roswell, NM using 30 yr avg. mean monthly Inputs 

HELP default for Roswell, NM 

Bare Ground 

HELP default for Roswell, NM 

HELP default for Roswell, NM 

, .... ::. 
.,. 

,. 
. ., 

Bare Ground 

0% allowable runoff CN does not affect results 

Unit area, (outputs to be converted to _g_allons/acre/da_yJ 
__ ,-: _. i >•·'' .•• ',·,,. ,,, .... 

·' . .. , 
HELP defaults, useing lab data for onslte soils 

. _..-' ._',_ 

·'' ,· 
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TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 

LAYER NUMBER: 1 

layer type 1 

thickness 241n 

soil texture 4 

porosity 0.473 

field capacity 0.0105 

wilting point 0.047 

moisture content 0.0863 

saturated hydraulic conductivity 1.7E-3cm/s 

Is layer compacted? flo 

slope (If lateral drainage layer) PIA 

maximum horizontal drainage distance PIA 
(If lateral drainage layer) 

geomembrane pinhole density PIA 

geomembrane Installation defects PIA 

liner installation quality PIA 
(if geomembrane) 

geotextile transmissivity PIA 

Nu rt:;:,: (make additional copies for each layer liS required) 

PROJECT: Triassic Park pjsposal Facility. MTR slope liner system 

H:I6021TABLES\TBL.2 
02/29/96 S:Sipm WPSI/Ua 

JUSTIFICATION 

Protective soil, (Vertical percolation layer) 

See liner section 

HELP Default for 8 SM, (lab data indicates onsite soil to be 8 SMI 

HELP default for texture 4 

HELP default for texture 4 

HELP default for texture 4 

Based on a avg. M.C. = 5.9% for Natural moisture contents of Silty Sands 
tested from the site. 

HELP default for texture 4 

' 

1: 
! 
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TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
:. ·. '.'· '> ·.: .:: :· ·:> :::· ::: (':> ·>. 

LAYER NUMBER: 2 :· .,·•·:···,· .. ·.'• :: · ... 

layer type 2 

thickness 121n 

soil texture 1 

porosity 0.417 

field capacity 0.045 

wilting point 0.018 

moisture content 0.045 

saturated hydraulic conductivity 1.0E-2cm/s 

Is layer compacted? No 

slope (if lateral drainage layer) 33% 

maximum horizontal drainage distance 316ft 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane Installation defects NA 

liner Installation quality NA 
(if geomembrane) 

geotextile transmissivity NA 

NOIES: (make additional copies for each layer as required) 

PROJECT: Irlasslc Park pisposal Facility. MIR slope liner system 

H:\602\TABLES\TBL 2 
02/29/96 5:51pm WP51/tla 

JUSTIFICATION 
..: 

. .. 

Sand lateral drainage laver 

See liner section, (ignore aeotextile cushion & separation layers) 

HELP Default for a poorly graded sand, (typjcal draln~~ge material). 

HELP default for texture 1 

HELP default for texture 1 

HELP default for texture 1 

Moisture content equal to field capacity, does not allow for water storage In 
lateral drainage laver. 

HELP default for texture 1 (also EPA minimum required value) 

slooe arade from cell lavout drawing 

Maximum drainage length for phase 1 slope (scaled from drawings) 



------- --

TABLE 2 
LANDFILL AL TEFlNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
. 

LAYER NUMBER: 3 .· . ., 
layer type 4 

thickness 0.06in 

soil texture 35 

porosity "A 

field capacity t~A 

wilting point "A 

moisture content "A 

saturated hydraulic conductivity 2.0E-13cm/s 

Is layer compacted? NA 

slope (If lateral drainage layer) t~A 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density 1 

geomembrane installation defects 3 

liner installation quality 3 
(If geomembrane) 

geotextile transmissivity t~A 

NOTES: (make additional copies for each layer liS required) 

PROJECT: Triassic Park Disposal Facility. MTR slgpeliner system 

H:\602\T ABLES\TBL.2 
02129/96 S:Sipm WP51/tlo 

JUSTIFICATION 

FML, (HOPE Geomembrane) 

60 mil (typical geomembrane thickness) 

HELP Default texture for HOPE geomembrane. 

HELP default for texture 35 

Typical value recommended b_y HELP manual. 

Typical value recommended by HELP manual for good installation. 

Good installation 



y " ~ 
' 
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TABLE 2 
LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
::.:': ':;::c: ::,,.-,-.:::;: >: :: : :::: -.. : .. -:-<-:- -:, -·:-·-:-

,: LAYER NUMBER: 4 --- -----_-;: 

layer type 2 

thickness 121n 

soil texture 1 

I 

porosity 0.417 

field capacity 0.045 

wilting point 0.018 

moisture content 0.045 

saturated hydraulic conductivity 1.0E-2cm/s 

Is layer compacted? No 

slope lif lateral drainage layer) 33% 

maximum horizontal drainage distance 316ft 
Uf lateral drainage layer) 

geomembrane pinhole density I~ A 

geomembrane Installation defects NA 

liner Installation quality NA 
Uf geomembrane) 

geotextile transmissivity NA 

r.~u • ~:~: lmake additional copies for each layer as required) 

PROJECT: Triassic Park Dlsoosal Facility. MTR slope liner system 

ll16021TABLES\TBL.2 
02129/96 5:51pm WPSI/tla 

JUSTIFICATION 
··:•:;;· ::: / :· < : / ·.:··:'--:-:' 
- _: :._ 

Sand lateral drainage layer 

See liner section, (ignore geotextile cushion & separation layers) 

HELP Default for a poorly graded sand, !typical drainage material). 

HELP default for texture 1 

HELP default for texture 1 

HELP default for texture 1 

Moisture content equal to field capacity, does not allow for water storage in 
lateral drainage layer. 

HELP default for texture 1 lalso EPA minimum required value) 

Slope grade from cell la_y_out drawing 

Maximum drainage length for phase 1 slope lscaled from drawings) 
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TABLE 2 
lANDFill AlTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
··: ::' :··: " " " ':>'': .•. :./ ""'.··:·· ",, 
LAYER NUMBER: 5 > > > 

layer type 4 

thickness 0.061n 

soil texture 35 

i porosity NA 

field capacity f~A 

wilting point filA 

moisture content f~A 

saturated hydraulic conductivity 2.0E-13cm/s 

Is layer compacted? NA 

slope (If lateral drainage layer) filA 

maximum horizontal drainage distance lilA 
(if lateral drainage layer) 

geomembrane pinhole density 'I 

geomembrane Installation defects :! 

liner Installation quality 3 
(if geomembranel 

geotextile transmissivity r~A 

NOIES; (make additional copies for each layer us required) 

PROJECT: Iriass!c Park Plsposal Facility. MIR slope ljner system 

H:I6021TABLES\ffiL.2 
02129/96 S:Sipm WPSI/tla 

JUSTIFICATION 

FML. (HOPE Geomembrane) 

60 mil (typical geomembrane thickness) 

HELP Default texture for HOPE geomembrane. 

HELP default for texture 35 

Typical value recommended by HELP manual. 

Typical value recommended by HELP manual for good Installation. 

Good Installation 

! ) 

'.: 
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TABLE 2 

f ~ 
f 

LANDFILL ALTERNATIVE LINER OR COVER DESIGN MODELING INPUT PARAMETERS 

INPUT PARAMETER VALUE 
, .. ',,' ,·': .. ··.'·' ·.< ' · .. ,·.,·. ·,':': 
. LAYER NUMBER: 6 ' > . : ·,. · . 

layer type 3 

thickness 36in 

soil texture 0 

porosity 0.445 

field capacity 0.393 

wilting point 0.445 

moisture content 0.445 

saturated hydraulic conductivity 1.0E-7cm/s 

Is layer compacted? YES 

slope (if lateral drainage layer) NA 

maximum horizontal drainage distance NA 
(if lateral drainage layer) 

geomembrane pinhole density NA 

geomembrane installation defects NA 

liner installation quality NA 
(If geomembrane) 

geotextile transmissivity NA 

NOTES: (make additional copies for each layer as required) 

PROJECT: Triassic Park Plsposal Facility. MTR slgpe liner system 

H:\602\T ABLES\ffiL.2 
02129/96 5:51pm WP51/tla 

JUSTIFICATION 

Compacted Clay Liner 

See liner section 

HELP Default texture 26 (compacted CLI w/ a modified k value. (lab data 
indicates soil to be a CL) 

HELP default for texture 26 

HELP default for texture 26 

HELP default for texture 26 

Moisture content equal to porosity, allows for !mediate saturated flow (HELP 
default). 

Lab data Indicates this permeability is possible w/ this soil. 



APPENDIXB 

HELP SIMULATION SUMMARY PRINTOUTS 



****************************************************************************** 
****************************************************************************** ... ** 

** 
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 

'.tc~: HELP NOOEL VERSION 3.04a ( 10 JULY 1995) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 

d:\602\in\flr.D4 
d:\602\in\flr.D7 
d:\602\in\flr.D13 
d:\602\in\flr.D11 
d:\602\in\ALT2FLR.D10 
d:\602\out\alt2flr.OUT 

EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 15: 5 DATE: 2/28/1996 

****************************************************************************** 

TITLE: gandy alternative 2, year 0·5, floor 

'************************************************************************* 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER 
WERE SPECIFIED BY THE USER. 

LAYER 

TYPE 1 • VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 4 

THICKNESS = 24.00 INCHES 
POROSITY = 0.4370 VOL/VOL 
FIELD CAPACITY = 0.1050 VOL/VOL 
WILTING POINT = 0.0470 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0863 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.170000002000E·02 CM/SEC 



Path: C:\ 
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LAYER 2 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 

THICKNESS • 0.20 INCHES 
POROSITY • 0.8500 VOL/VOL 
FIELD CAPACITY • 0.0100 VOL/VOL 
WILTING POINT = 0.0050 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC 
SLOPE "' 2.30 PERCENT 
DRAINAGE LENGTH = 550.0 FEET 

LAYER 3 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS = 0.06 INCHES 
POROSITY = 0.0000 VOL/VOL 
FIELD CAPACITY = 0.0000 VOL/VOL 
WILTING POINT = 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 

THICKNESS = 0.20 INCHES 
POROSITY = 0.8500 VOL/VOL 
FIELD CAPACITY = 0.0100 VOL/VOL 
WILTING POINT = 0.0050 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC 
SLOPE = 2. 30 PERCENT 
DRAINAGE LENGTH = 550.0 FEET 



Path: C:\ 
File: ALT2FLR .OUT 18,056 .a •• 2-28-96 3:05:40 pM 

LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

MATERIAL TEXTURE NUMBER 35 
= 0.06 INCHES 
= 0.0000 VOL/VOL 
z 0.0000 VOL/VOL 
a 0.0000 VOL/VOL 
= 0.0000 VOL/VOL 

Page 3 

INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE 
FML INSTALLATION DEFECTS 
FML PLACEMENT QUALITY 

a 3.00 HOLES/ACRE 
= 3 - GOOD 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

THICKNESS = 0.24 INCHES 
POROSITY = 0.7500 VOL/VOL 
FIELD CAPACITY = 0.7470 VOL/VOL 
WILTING POINT = 0.4000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE I 4 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 2.l AND 
A SLOPE LENGTH OF 550. FEET. 

SCS RUNOFF CURVE NUMBER = 80.50 
FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES 
EVAPORATIVE ZONE DEPTH = 14.0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE • 1.208 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.118 INCHES 



.,,~ 
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LOWER LIMIT Of EVAPORATIVE STORAGE = 0.658 INCHES 
INITIAL SNOW WATER = 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS .. 2.255 INCHES 
TOTAL INITIAL WATER = 2.255 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION ANO WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
ROSWELL NEW MEXICO 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 

= 33.24 DEGREES 
0.00 = 

START OF GROWING SEASON (JULIAN DATE) = 
ENO OF GROWING SEASON (JULIAN DATE) = 

76 
310 

EVAPORATIVE ZONE DEPTH = 14.0 INCHES 
AVERAGE ANNUAL WIND SPEED = 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 

8.70 MPH 
49.00 " 
40.00 " 
53.00 " 
52.00 " 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0.42 0.47 0.49 0.69 1.14 1.43 
1.99 1.90 1.87 1.13 0.57 0.53 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

JAN/JUL 

39.60 
79.30 

COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FEB/AUG 

44.10 
n.90 

MAR/SEP 

51.30 
71.00 

APR/OCT 

59.80 
60.10 

MAY/NOV 

68.30 
48.00 

JUN/DEC 

76.80 
40.10 
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
,,.. · COEFFICIENTS FOR ROSWELL NEW MEXICO 

AND STATION LATITUDE = 33.24 DEGREES 

******************************************************************************* 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 

-------------------------------------------------------------------------------
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

-------------
TOTALS 0.30 0.29 0.54 0.49 1.17 0.99 

2.39 1.68 1.79 0.90 1.44 0.97 

STD. DEVIATIONS 0.34 0.07 0.47 0.39 1.10 1.20 
1.12 1.16 1.14 1.04 1.76 0.67 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

. APOTRANSPIRATION 

------------------
TOTALS 0.438 0.303 0.412 0.280 1.097 0.882 

1.825 1.797 1.517 1.018 1.082 0.779 

STD. DEVIATIONS 0.190 0.068 0.364 0.162 0.930 1.074 
0.881 1.256 o.n1 0.663 0.810 0.425 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

----------------------------------------
TOTALS 0.0416 0.0342 0.0209 0.0120 0.0095 0.0120 

0.0301 0.0626 0.0505 0.0703 0.2054 0.0964 

STD. DEVIATIONS 0.0397 0.0333 0.0164 0.0092 o.oon 0.0110 
0.0406 0.0592 0.0375 0.0667 0.2849 0.1230 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

------------------------------------
TOTALS 0.0569 0.0502 0.0434 0.0307 0.0252 0.0237 

0.0399 0.0n2 0.0681 o.ono 0.1117 0.0973 
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r- STD. DEVIATIONS 0.0402 0.0412 0.0311 0.0230 0.0179 0.0196 
0.0460 . 0.0552 0.0445 0.0424 0.0755 0.0673 

""· 
LATERAL DRAINAGE COLLECTED FROM LAYER 4 

-------·--------------------------------
TOTALS 0.0568 0.0505 0.0434 0.0308 0.0254 0.0237 

0.0396 0.0716 0.0685 0.0768 0.1109 0.0983 

STD. DEVIATIONS 0.0400 0.0416 0.0312 0.0231 0.0180 0.0194 
0.0452 0.0549 0.0448 0.0424 0.0746 0.0684 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

------------------------------------
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-------------------------------------------------------------------------------
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

-------------------------------------------------------------------------------

DAILY AVERAGE HEAD ON TOP Of LAYER 3 

-------------------------------------
AVERAGES 0.0006 0.0005 0.0003 0.0002 0.0001 0.0002 

0.0004 0.0009 0.0007 0.0010 0.0029 0.0013 

STD. DEVIATIONS 0.0005 0.0005 0.0002 0.0001 0.0001 0.0002 
0.0006 0.0008 0.0005 0.0009 0.0040 0.0017 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 

-------------------------------------
AVERAGES 0.0008 0.0008 0.0006 0.0004 0.0003 0.0003 

0.0005 0.0010 0.0010 0.0010 0.0016 0.0013 

STD. DEVIATIONS 0.0005 0.0006 0.0004 0.0003 0.0002 0.0003 
0.0006 0.0007 0.0006 0.0006 0.0010 0.0009 

******************************************************************************* 

******************************************************************************* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 

INCHES CU. FEET PERCENT 
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""~CIPITATION 12.95 2.076) 47023.0 100.00 

IOFF 0.000 0.0000) 0.00 0.000 
'~,;._,_r/ 

EVAPOTRANSPIRATION 11.431 1.9467) 41494.45 88.243 

LATERAL DRAINAGE COLLECTED 0.64535 ( 0.56767) 2342.634 4.98189 
FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH 0.69647 ( 0.36897) 2528.192 5.37650 
LAYER 3 

AVERAGE HEAD ON TOP 0.001 ( 0.001) 
OF LAYER 3 

LATERAL DRAINAGE COLLECTED 0.69630 ( 0.36874> 2527.576 5.37519 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.008 0.00002 
LAYER 6 

AVERAGE HEAD ON TOP 0.001 ( 0.000) 
OF LAYER 5 

CHANGE IN WATER STORAGE 0.181 ( 0.4414) 658.36 1.400 

******************************************************************************* 



****************************************************************************** 

""-

"· 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 

(INCHES) (CU. FT.) 

---------- -------------
PRECIPITATION 1.40 5082.000 

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 2 0.10664 387.11032 

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.022506 81.69557 

AVERAGE HEAD ON TOP OF LAYER 3 0.045 

MAXIMUM HEAD ON TOP OF LAYER 3 0.088 

LOCATION OF MAXIMUM HEAD IN LAYER 2 
(DISTANCE FROM DRAIN) 11.6 FEET 

DRAINAGE COLLECTED FROM LAYER 4 0.02105 76.40586 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000 0.00003 

AVERAGE HEAD ON TOP OF LAYER 5 0.009 

MAXIMUM HEAD ON TOP OF LAYER 5 0.025 

LOCATION OF MAXIMUM HEAD IN LAYER 4 
(DISTANCE FROM DRAIN) 0.0 FEET 

SNOW WATER 1.36 4944.3652 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2317 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470 

*** Maximum heads are computed using McEnroe's equations. *** 

Reference: Maximum Saturated Depth over Landfill Liner 
by Bruce M. McEnroe, University of Kansas 
ASCE Journal of Environmental Engineering 
Vol. 119, No. 2, March 1993, pp. 262-270. 

****************************************************************************** 



****************************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 
J~~ ----------------------------------------------------------------------

LAYER (INCHES) (VOL/VOL) 
-------- ---------

2.9768 0.1240 

2 0.0024 0.0120 

3 0.0000 0.0000 

4 0.0028 0.0142 

5 0.0000 0.0000 

6 0.1800 o. 7500 

StOI WATER 0.000 

****************************************************************************** 
****************************************************************************** 



****************************************************************************** 
****************************************************************************** 
** ** 

** 
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 

~' HELP MODEL VERSION 3.04a ( 10 JULY 1995) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 

d:\602\fn\flr.D4 
d:\602\in\flr.D7 
d:\602\fn\flr.D13 
d:\602\in\flr.D11 
d:\602\in\ALT2slp.D10 
d:\602\out\alt2slp.OUT 

EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 15: 6 DATE: 2!28/1996 

****************************************************************************** 

TITLE: gandy alternative 2, year 0-5, slope 

'~" ************************************************************************** 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER 
WERE SPECIFIED BY THE USER. 

LAYER 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 4 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

= 24.00 INCHES 
a 0.4370 VOL/VOL 
= 0.1050 VOL/VOL 
= 0.0470 VOL/VOL 

INITIAL SOIL WATER CONTENT = 0.0863 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC 
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LAYER 2 

TYPE 2 • LATERAL DRAINAGE LAYER 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

MATERIAL TEXTURE NUMBER 20 
= 0.20 INCHES 
• 0.8500 VOL/VOL 
= 0.0100 VOL/VOL 
= 0.0050 VOL/VOL 
= 0.0100 VOL/VOL 

Page 2 

INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONO. = 10.0000000000 CM/SEC 
SLOPE = 33.00 PERCENT 
DRAINAGE LENGTH = 316.0 FEET 

LAYER 3 

TYPE 4 • FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS = 0.06 INCHES 
POROSITY = 0.0000 VOL/VOL 
FIELD CAPACITY • 0.0000 VOL/VOL 
WILTING POINT = 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E·12 CM/SEC 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE 
FML INSTALLATION DEFECTS ,. 3.00 HOLES/ACRE 
FML PLACEMENT QUALITY :a 3 • GOOD 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
EFFECTIVE SAT. HYD. CONO. 
SLOPE 
DRAINAGE LENGTH 

= 0.20 INCHES 
= 0.8500 VOL/VOL 
= 0.0100 VOL/VOL 
= 0.0050 VOL/VOL 
= 0.0100 VOL/VOL 
= 10.0000000000 CM/SEC 
= 33.00 PERCENT 
= 316.0 FEET 
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LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS = 0.06 INCHES 
POROSITY = 0.0000 VOL/VOL 
FIELD CAPACITY = 0.0000 VOL/VOL 
WILTING POINT = 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 

Page 3 

EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE 
FML INSTALLATION DEFECTS • 3.00 HOLES/ACRE 
FML PLACEMENT QUALITY • 3 - GOOO 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

THICKNESS = 0.24 INCHES 
POROSITY = 0. 7500 VOL/VOL 
FIELD CAPACITY • 0.7470 VOL/VOL 
WILTING POINT = 0.4000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 

'<, EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS CCJIIPUTED FRCJII DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE t 4 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 33.X AND 
A SLOPE LENGTH OF 316. FEET. 

SCS RUNOFF CURVE NUMBER = 82.40 
FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES 
EVAPORATIVE ZONE DEPTH = 14.0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE = 1.208 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.118 INCHES 
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LOWER LIMIT OF EVAPORATIVE STORAGE = 0.658 INCHES 
INITIAL SNOW WATER • 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS = 2.255 INCHES 
TOTAL INITIAL WATER = 2.255 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION ANO WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
ROSWELL NEW MEXICO 

STATION LATITUDE = 33.24 DEGREES 
MAXIMUM LEAF AREA INDEX = 0.00 
START OF GROWING SEASON (JULIAN DATE) = 76 
END OF GROWING SEASON (JULIAN DATE) = 310 
EVAPORATIVE ZONE DEPTH = 14.0 INCHES 
AVERAGE ANNUAL WINO SPEED = 8.70 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 49.00 X 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 40.00 X 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 53.00 X 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 52.00 X 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0.42 0.47 0.49 0.69 1.14 1.43 
1.99 1.90 1.87 1.13 0.57 0.53 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

JAN/JUL 

39.60 
79.30 

COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FEB/AUG 

44.10 
77.90 

MAR/SEP 

51.30 
71.00 

APR/OCT 

59.80 
60.10 

MAY/NOV 

68.30 
48.00 

JUN/DEC 

76.80 
40.10 
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
"< COEFFICIENTS FOR ROSWELL NEW MEXICO 

AND STATION LATITUDE = 33.24 DEGREES 

******************************************************************************* 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

-------------
TOTALS 0.30 0.29 0.54 0.49 1.17 0.99 

2.39 1.68 1.79 0.90 1.44 0.97 

STD. DEVIATIONS 0.34 0.07 0.47 0.39 1.10 1.20 
1.12 1.16 1.14 1.04 1.76 0.67 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

APOTRANSPIRATION 

------------------
TOTALS 0.223 0.121 0.144 0.096 0.318 0.413 

1.261 0.557 0.702 0.341 0.405 0.398 

STD. DEVIATIONS 0.157 0.088 0.153 0.175 0.325 0.765 
0.644 0.326 0.848 0.432 0.413 0.439 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

----------------------------------------
TOTALS 0.2838 0.1530 0.3144 0.1666 0.7463 0.5542 

0.7122 1.3258 0.9034 0.5961 1.1245 0.4454 

STD. DEVIATIONS 0.2299 0.1388 0.3029 0.0962 0.6884 0.5561 
0.5288 0.9396 0.3697 0.3540 1.3388 0.2356 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

------------------------------------
TOTALS 0.0338 0.0244 0.0337 0.0259 0.0528 0.0428 

0.0557 0.0793 0.0653 0.0540 0.0660 0.0459 
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STD. DEVIATIONS 0.0218 0.0167 0.0253 0.0152 0.0350 0.0287 
0.0235 0.0266 0.0129 0.0137 0.0312 0.0100 

"'' 
LATERAL DRAINAGE COLLECTED FROM LAYER 4 

----------------------------------------
TOTALS 0.0338 0.0244 0.0337 0.0259 0.0528 0.0428 

0.0557 0.0793 0.0653 0.0540 0.0660 0.0459 

STD. DEVIATIONS 0.0218 0.0167 0.0253 0.0152 0.0350 0.0287 
0.0235 0.0266 0.0129 0.0137 0.0312 0.0100 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

------------------------------------
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-------------------------------------------------------------------------------
AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

--------··----------------------------------------------------------------------

DAILY AVERAGE HEAD ON TOP OF LAYER 3 

-------------------------------------
AVERAGES 0.0002 0.0001 0.0002 0.0001 0.0005 0.0003 

0.0004 0.0008 0.0006 0.0004 0.0007 0.0003 

STD. DEVIATIONS 0.0001 0.0001 0.0002 0.0001 0.0004 0.0003 
0.0003 0.0006 0.0002 0.0002 0.0008 0.0001 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 

-------------------------------------
AVERAGES 0.0001 0.0001 0.0001 0.0001 0.0002 0.0001 

0.0002 0.0003 0.0002 0.0002 0.0002 0.0001 

STD. DEVIATIONS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.0001 0.0001 0.0000 0.0000 0.0001 0.0000 

******************************************************************************* 

******************************************************************************* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 

INCHES CU. FEET PERCENT 
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~"r:CIPITATION 

JFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON TOP 
OF LAYER 3 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ON TOP 
OF LAYER 5 

CHANGE IN ~TER STORAGE 

12.95 2.076) 

0.000 0.0000) 

4.979 0.8403) 

7.32567 ( 2.24924) 

0.57975 ( 0.16004) 

0.000 ( 0.000) 

0.57975 ( 0.16004) 

0.00000 ( 0.00000) 

0.000 ( 0.000) 

0.069 ( 0.3656) 

47023.0 100.00 

0.00 0.000 

18074.46 38.437 

26592.176 56.55140 

2104.510 4.47549 

2104.509 4.47549 

0.002 0.00000 

251.88 0.536 

******************************************************************************* 



****************************************************************************** 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 

(INCHES) (CU. FT.) 
---------- -------------

PRECIPITATION 1.40 5082.000 

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 2 0.55831 2026.65674 

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.010151 36.84814 

AVERAGE HEAD ON TOP OF LAYER 3 0.010 

MAXIIUI HEAD ON TOP OF LAYER 3 0.094 

LOCATION OF MAXIMUM HEAD IN LAYER 2 
(DISTANCE FROM DRAIN) 0.0 FEET 

DRAINAGE COLLECTED FROM LAYER 4 0.01015 36.84814 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000 0.00001 

AVERAGE HEAD ON TOP OF LAYER 5 0.001 

MAXIMUM HEAD ON TOP OF LAYER 5 0.000 

LOCATION OF MAXIMUM HEAD IN LAYER 4 
(DISTANCE FROM DRAIN) 0.0 FEET 

SNOW WATER 1.36 4944.3652 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1804 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470 

*** Maximum heads are computed using McEnroe's equations. *** 

Reference: Maximum Saturated Depth over Landfill Liner 
by Bruce M. McEnroe, University of Kansas 
ASCE Journal of Environmental Engineering 
Vol. 119, No. 2, March 1993, pp. 262·270. 

****************************************************************************** 



****************************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 

LAYER 

2 

3 

4 

5 

6 

SNOW WATER 

(INCHES) 
--------

2.4179 

0.0022 

0.0000 

0.0020 

0.0000 

0.1800 

0.000 

(VOL/VOL) 
---------

0.1007 

0.0112 

0.0000 

0.0100 

0.0000 

0.7500 

****************************************************************************** 
****************************************************************************** 



****************************************************************************** 
****************************************************************************** .... ** 

** 
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 

'><., HELP MODEL VERSION 3.04a (10 JULY 1995) ** 
** DEVELOPED IY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 

d:\602\in\cov.D4 
d:\602\in\cov.D7 
d:\602\in\cov.D13 
d:\602\in\cov.D11 
d:\602\fn\coverU.D10 
d:\602\out\coverU.OUT 

EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 8:31 DATE: 2/29/1996 

****************************************************************************** 

TITLE: gandy cover alternative, year 0·5 

'************************************************************************* 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER 
WERE SPECIFIED BY THE USER. 

LAYER 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 6 

THICKNESS = 24.00 INCHES 
POROSITY = 0.4530 VOL/VOL 
FIELD CAPACITY = 0.1900 VOL/VOL 
WILTING POINT = 0.0850 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0863 VOL/VOL 
EFFECTIVE SAT. HYD. CONO. = 0.720000011000E·03 CM/SEC 
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NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 1.80 
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 20 

THICKNESS = 0.20 INCHES 
POROSITY = 0.8500 VOL/VOL 
FIELD CAPACITY = 0.0100 VOL/VOL 
IJILTING POINT = 0.0050 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0100 VOL/VOL 
EFFECTIVE SAT. HYD. COND. .. 10.0000000000 
SLOPE = 25.00 PERCENT 
DRAINAGE LENGTH .. 550.0 FEET 

LAYER 3 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS = 0.06 INCHES 
POROSITY 
FIELD CAPACITY 
IJILTING POINT 
INITIAL SOIL IJATER CONTENT 

= 
= 
= 
= 

0.0000 VOL/VOL 
0.0000 VOL/VOL 
0.0000 VOL/VOL 
0.0000 VOL/VOL 

CM/SEC 

EFFECTIVE SAT. HYD. COND. 
FML PINHOLE DENSITY 
FML INSTALLATION DEFECTS 

= 
= 
= 

0.199999996000E-12 CM/SEC 
1.00 HOLES/ACRE 
3.00 HOLES/ACRE 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 4 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

THICKNESS = 0.24 INCHES 
POROSITY = 0. 7500 VOL/VOL 
FIELD CAPACITY = 0.7470 VOL/VOL 
IJILTING POINT = 0.4000 VOL/VOL 
INITIAL SOIL IJATER CONTENT • 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 
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LAYER 5 

TYPE 1 · VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 4 

THICKNESS = 6.00 INCHES 
POROSITY = 0.4370 VOL/VOL 
FIELD CAPACITY • 0.1050 VOL/VOL 
WILTING POINT • 0.0470 VOL/VOL 
INITIAL SOIL WATER CONTENT • 0.0863 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.170000002000E·02 CM/SEC 

LAYER 6 

TYPE 1 · VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 4 

THICKNESS = 18.00 INCHES 
POROSITY • 0.4370 VOL/VOL 
FIELD CAPACITY • 0.1050 VOL/VOL 
WILTING POINT = 0.0470 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0863 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.170000002000E·02 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE t 6 WITH A 
POOR STAND OF GRASS, A SURFACE SLOPE OF 25.X 
AND A SLOPE LENGTH OF 550. FEET. 

SCS RUNOFF CURVE NUMBER = 80.50 
FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE = 2.071 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE = 10.8n INCHES 
LOWER LIMIT OF EVAPORATIVE STORAGE = 2.040 INCHES 
INITIAL SNOW WATER = 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS = 4.324 INCHES 
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TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

= 
= 

4.324 INCHES 
0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FR(J4 
ROSWELL NEW MEXICO 

STATION LATITUDE = 33.24 DEGREES 
MAXIMUM LEAF AREA INDEX = 1.00 
START OF GROWING SEASON (JULIAN DATE) = 76 
END OF GROWING SEASON (JULIAN DATE) = 310 
EVAPORATIVE ZONE DEPTH = 24.0 INCHES 
AVERAGE ANNUAL WINO SPEED = 8. 70 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 49.00 X 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 40.00 X 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 53.00 X 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 52.00 X 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0.42 0.47 0.49 0.69 1.14 1.43 
1.99 1.90 1.87 1.13 0.57 0.53 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

JAN/JUL 

39.60 
79.30 

COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FEB/AUG 

44.10 
77.90 

MAR/SEP 

51.30 
71.00 

APR/OCT 

59.80 
60.10 

MAY/NOV 

68.30 
48.00 

JUN/DEC 

76.80 
40.10 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR ROSWELL NEW MEXICO 

AND STATION LATITUDE = 33.24 DEGREES 
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******************************************************************************* 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 

--------·----------------------------------------------------------------------
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

-------------
TOTALS 0.30 0.29 0.54 0.49 1.17 0.99 

2.39 1.68 1.79 0.90 1.44 0.97 

STD. DEVIATIONS 0.34 0.07 0.47 0.39 1.10 1.20 
1.12 1.16 1.14 1.04 1.76 0.67 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.001 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.001 
0.001 0.000 0.000 0.001 0.000 0.000 

EVAPOTRANSPIRATION 

------------------
TOTALS 0.660 0.265 0.558 0.266 1.236 1.117 

"" 
2.254 1.850 1.519 0.938 1.055 0.987 

STD. DEVIATIONS 0.399 0.087 0.467 0.422 1.021 1.293 
1.297 1.206 1.094 0.856 0.675 0.419 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

----------------------------------------
TOTALS 0.0161 0.0040 0.0138 0.0068 0.0091 0.0063 

0.0347 0.0368 0.0203 0.0122 0.0433 0.0417 

STD. DEVIATIONS 0.0295 0.0059 0.0168 0.0102 0.0110 0.0087 
0.0224 0.0189 0.0086 0.0077 0.0579 0.0250 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

------------------------------------
TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
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RCOLATION/LEAKAGE THROUGH LAYER 6 

··--------------------------------
TOTALS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

STD. DEVIATIONS 0.0001 0.0001 0.0001 0.0001 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS CINCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 3 

-------------------------------------
AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0001 0.0001 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0001 0.0000 

******************************************************************************* 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 

PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FR~ LAYER 2 

PERCOLATION/LEAKAGE THROUGH 
LAYER 4 

AVERAGE HEAD ON TOP 
OF LAYER 3 

PERCOLATION/LEAKAGE THROUGH 
LAYER 6 

CHANGE IN WATER STORAGE 

INCHES 

12.95 2.076) 

0.001 0.0023) 

12.706 1. 7289) 

0.24518 ( 0.12170) 

0.00000 ( 0.00000) 

0.000 ( 0.000) 

0.00153 ( 0.00028) 

0.000 ( 0.5820) 

CU. FEET 
-------------

47023.0 

4.94 

46122.80 

890.020 

0.001 

5.554 

-0.29 

5 

PERCENT 
---------
100.00 

0.011 

98.086 

1.89273 

0.00000 

0.01181 

-0.001 
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*************************************************************************** 



•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PEAK DAILY VALUES FOR YEARS 

PRECIPITATION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH LAYER 4 

AVERAGE HEAD ON TOP OF LAYER 3 

MAXIMUM HEAD ON TOP OF LAYER 3 

LOCATION OF MAXIMUM HEAD IN LAYER 2 
(DISTANCE FROM DRAIN) 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1 THROUGH 5 

(INCHES) (CU. FT.) 

---------- -------------
1.40 5082.000 

0.003 12.1114 

0.04743 172.17372 

0.000000 0.00003 

0.002 

0.192 

0.0 FEET 

0.000005 0.01711 

1.36 4944.3652 

0.2101 

0.0850 

*** Maximum heads are computed using McEnroe's equations. *** 

Reference: Maximum Saturated Depth over Landfill Liner 
by Bruce M. McEnroe, University of Kansas 
ASCE Journal of Environmental Engineering 
Vol. 119, No. 2, March 1993, pp. 262-270. 

****************************************************************************** 



****************************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 

LAYER (INCHES) (VOL/VOL) 
-------- ..................... 

2.0774 0.0866 

2 0.0030 0.0150 

3 0.0000 0.0000 

4 0.1800 0.7500 

5 0.5159 0.0860 

6 1.5477 0.0860 

SNOW WATER 0.000 

****************************************************************************** 
****************************************************************************** 



****************************************************************************** 
****************************************************************************** 
•• ** 

** 
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 

** HELP MODEL VERSION 3.04a (10 JULY 1995) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 

d:\602\in\flr.D4 
d:\602\in\flr.D7 
d:\602\in\flr.D13 
d:\602\in\flr.D11 
d:\602\in\MTRFL.D1D 
d:\602\out\mtrfl.OUT 

EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 14:59 DATE: 2/28/1996 

****************************************************************************** 

TITLE: Gandy Landfill - MTR - Floor (0-5 yrs) 

~' ·~************************************************************************** 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER 
WERE SPECIFIED BY THE USER. 

LAYER 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 4 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

= 24.00 INCHES 
= 0.4370 VOL/VOL 
= 0.1050 VOL/VOL 
= 0.0470 VOL/VOL 

INITIAL SOIL WATER CONTENT = 0.0863 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC 
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LAYER 2 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 1 

THICKNESS = 12.00 INCHES 
POROSITY = 0.4170 VOL/VOL 
FIELD CAPACITY = 0.0450 VOL/VOL 
WILTING POINT = 0.0180 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL 

Page 2 

EFFECTIVE SAT. HYD. COND. " 0.999999978000E-02 CM/SEC 
SLOPE = 2.30 PERCENT 
DRAINAGE LENGTH = 550.0 FEET 

LAYER 3 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS :o: 0.06 INCHES 
POROSITY = 0.0000 VOL/VOL 
FIELD CAPACITY = 0.0000 VOL/VOL 
WILTING POINT = 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E·12 CM/SEC 
FML PINHOLE DENSITY 1.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 1 

THICKNESS = 12.00 INCHES 
POROSITY = 0.4170 VOL/VOL 
FIELD CAPACITY = 0.0450 VOL/VOL 
WILTING POINT = 0.0180 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.999999978000E·02 CM/SEC 
SLOPE = 2.30 PERCENT 
DRAINAGE LENGTH = 550.0 FEET 
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LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS = 0.06 INCHES 
POROSITY = 0.0000 VOL/VOL 
FIELD CAPACITY = 0.0000 VOL/VOL 
WILTING POINT = 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 

Page 3 

EFFECTIVE SAT. HYD. COND. "' 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 36.00 INCHES 
POROSITY = 0.4450 VOL/VOL 
FIELD CAPACITY = 0.3930 VOL/VOL 
WILTING POINT = 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4450 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000E-06 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE t 4 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 2.X AND 
A SLOPE LENGTH OF 550. FEET. 

SCS RUNOFF CURVE NUMBER = 80.50 
FRACTION OF AREA ALLOWING RUNOFF = 0.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES 
EVAPORATIVE ZONE DEPTH = 14.0 INCHES 
INITIAL WATER IN EVAPORATIVE ZONE = 1.208 INCHES 
UPPER LIMIT OF EVAPORATIVE STORAGE = 6.118 INCHES 
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LOWER LIMIT OF EVAPORATIVE STORAGE = 0.658 INCHES 
INITIAL SNOW WATER = 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS = 19.171 INCHES 
TOTAL INITIAL WATER = 19.171 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
ROSWELL 

STATION LATITUDE 
MAXIMUM LEAF AREA INDEX 

NEW MEXICO 

START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
EVAPORATIVE ZONE DEPTH 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 
= 
= 
= 
= 
= 
= 
= 
= 

33.24 DEGREES 
0.00 

76 
310 

14.0 INCHES 
8.70 MPH 

49.00 " 
40.00 " 
53.00 " 
52.00 " 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0.42 0.47 0.49 0.69 1.14 1.43 
1.99 1.90 1.87 1.13 0.57 0.53 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

JAN/JUL 

39.60 
79.30 

COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FEB/AUG 

44.10 
77.90 

MAR/SEP 

51.30 
71.00 

APR/OCT 

59.80 
60.10 

MAY/NOV 

68.30 
48.00 

JUN/DEC 

76.80 
40.10 
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR ROSWELL NEW MEXICO 

AND STATION LATITUDE = 33.24 DEGREES 

******************************************************************************* 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 
~·-------·----------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION ______ .. ______ 

TOTALS 0.30 0.29 0.54 0.49 1.17 0.99 
2.39 1.68 1.79 0.90 1.44 0.97 

STD. DEVIATIONS 0.34 0.07 0.47 0.39 1.10 1.20 
1.12 1.16 1.14 1.04 1.76 0.67 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

"'~APOTRANSPI RAT ION 
------------------

TOTALS 0.438 0.303 0.412 0.280 1.097 0.882 
1.825 1.797 1.517 1.018 1.082 o.n9 

STD. DEVIATIONS 0.190 0.068 0.364 0.162 0.930 1.074 
0.881 1.256 o.n1 0.663 0.810 0.425 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

----------------------------------------
TOTALS 0.0621 0.0457 0.0407 0.0298 0.0227 0.0161 

0.0169 0.0237 0.0320 0.0360 0.0495 o.om 

STD. DEVIATIONS 0.0705 0.0472 0.0388 0.0260 0.0188 0.0130 
0.0100 0.0158 0.0204 0.0216 0.0344 0.0n2 

PERCOLATION/LEAKAGE THROUGH LAYER 3 
------------------------------------

TOTALS 0.1049 0.0816 0.0768 0.0603 0.0495 0.0378 
0.0402 0.0519 0.0652 0.0729 0.0922 0.1296 
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STD. DEVIATIONS 0.1025 o.on3 0.0638 0.0470 0.0373 0.0279 
0.0233 0.0328 0.0394 0.0399 0.0523 0.1029 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 
----------------------------------------

TOTALS 0.0693 0.0661 0.0750 0.0716 0.0707 0.0638 
0.0611 0.0582 0.0568 0.0606 0.0623 0.0737 

STD. DEVIATIONS 0.0625 0.0590 0.0659 0.0617 0.0598 0.0530 
0.0492 0.0428 0.0379 0.0375 0.0358 0.0413 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

------------------------------------
TOTALS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 

STD. DEVIATIONS 0.0001 0.0001 0.0001 0.0001 0.0001 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 3 

-------------------------------------
AVERAGES 0.8312 0.6892 0.5543 0.4196 0.3096 0.2268 

0.2301 0.3233 0.4497 0.4901 0.6959 1.0576 

•"'" STD. DEVIATIONS 0.9305 0.7113 0.5279 0.3656 0.2563 0.1824 
0.1359 0.2155 0.2866 0.2939 0.4840 1.0507 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 

-------------------------------------
AVERAGES 0.9310 0.9967 1.0206 1.0072 0.9627 0.8973 

0.8323 0.7929 0.7990 0.8257 0.8757 1.0028 

STD. DEVIATIONS 0.8338 0.8893 0.8971 0.8686 0.8136 0.7451 
0.6699 0.5832 0.5332 0.5109 0.5034 0.5618 

******************************************************************************* 

******************************************************************************* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 

INCHES CU. FEET PERCENT 
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JFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON TOP 
OF LAYER 3 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ON TOP 
OF LAYER 5 

CHANGE IN WATER STORAGE 

12.95 2.076) 

0.000 0.0000) 

11.431 1.9467) 

0.45305 0.31273) 

0.86312 ( 0.52877) 

0.523 ( 0.361) 

0.78920 ( 0.59140) 

0.00071 ( 0.00051) 

0.912 ( 0.683) 

0.280 ( 0.8130) 

47023.0 100.00 

0.00 0.000 

41494.45 88.243 

1644.561 3.49735 

3133.128 6.66297 

2864.794 6.09232 

2.587 0.00550 

1016.64 2.162 

******************************************************************************* 



****************************************************************************** 

'-" 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 

CINCHES) (CU. FT.) 

---------- -------------
PRECIPITATION 1.40 5082.000 

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 2 0.00669 24.27183 

PERCOLATION/LEAKAGE THROUGH LAYER 3 0.009581 34.77909 

AVERAGE HEAD ON TOP OF LAYER 3 2.822 

MAXIMUM HEAD ON TOP OF LAYER 3 5.131 

LOCATION OF MAXIMUM HEAD IN LAYER 2 
(DISTANCE FROM DRAIN) 49.7 FEET 

DRAINAGE COLLECTED FROM LAYER 4 0.00517 18.76339 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000004 0.01610 

AVERAGE HEAD ON TOP OF LAYER 5 2.181 

MAXIMUM HEAD ON TOP OF LAYER 5 4.028 

LOCATION OF MAXIMUM HEAD IN LAYER 4 
(DISTANCE FROM DRAIN) 41.9 FEET 

SNOW WATER 1.36 4944.3652 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.2317 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0470 

*** Maximum heads are computed using McEnroe's equations. *** 

Reference: Maximum Saturated Depth over Landfill Liner 
by Bruce M. McEnroe, University of Kansas 
ASCE Journal of Environmental Engineering 
Vol. 119, No. 2, March 1993, pp. 262-270. 

****************************************************************************** 



****************************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 

LAYER 

2 

3 

4 

5 

6 

SNOW WATER 

CINCHES) 
·-------

2.9768 

0.6687 

0.0000 

0.9060 

0.0000 

16.0200 

0.000 

(VOL/VOL) 
---------

0.1240 

0.0557 

0.0000 

0.0755 

0.0000 

0.4450 

****************************************************************************** 
****************************************************************************** 



****************************************************************************** 
****************************************************************************** 
** ** 

** 
HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 

''liiv HELP MODEL VERSION 3.04a ( 10 JULY 1995) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
****************************************************************************** 
****************************************************************************** 

PRECIPITATION DATA FILE: 
TEMPERATURE DATA FILE: 
SOLAR RADIATION DATA FILE: 

d:\602\in\flr.D4 
d:\602\in\flr.D7 
d:\602\in\flr.D13 
d:\602\in\flr.D11 
d:\602\in\MTRSLP.D10 
d:\602\out\mtrslp.OUT 

EVAPOTRANSPIRATION DATA: 
SOIL AND DESIGN DATA FILE: 
OUTPUT DATA FILE: 

TIME: 15: 5 DATE: 2/28/1996 

****************************************************************************** 

TITLE: Gandy Landfill - MTR • Side Slope (0-5yrs) 

·************************************************************************** 

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER 
WERE SPECIFIED BY THE USER. 

LAYER 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 4 

THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

= 24.00 INCHES 
= 0.4370 VOL/VOL 
= 0.1050 VOL/VOL 
= 0.0470 VOL/VOL 

INITIAL SOIL WATER CONTENT = 0.0863 VOL/VOL 
EFFECliVE SAT. HYD. COND. = 0.170000002000E-02 CM/SEC 
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LAYER 2 

TYPE 2 • LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 1 

THICKNESS = 12.00 INCHES 
POROSITY = 0.4170 VOL/VOL 
FIELD CAPACITY = 0.0450 VOL/VOL 
WILTING POINT 0.0180 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.999999978000E·02 CM/SEC 
SLOPE = 33.00 PERCENT 
DRAINAGE LENGTH = 316.0 FEET 

LAYER 3 

TYPE 4 • FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS = 0.06 INCHES 
POROSITY = 0.0000 VOL/VOL 
FIELD CAPACITY = 0.0000 VOL/VOL 
WILTING POINT = 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY = 1.00 HOLES/ACRE 
FML INSTALLATION DEFECTS = 3.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 • GOOO 

LAYER 4 

TYPE 2 • LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 

THICKNESS = 12.00 INCHES 
POROSITY = 0.4170 VOL/VOL 
FIELD CAPACITY = 0.0450 VOL/VOL 
WILTING POINT = 0.0180 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0450 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.999999978000E·02 CM/SEC 
SLOPE = 33.00 PERCENT 
DRAINAGE LENGTH = 316.0 FEET 
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LAYER 5 

TYPE 4 • FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS = 0.06 INCHES 
POROSITY 
FIELD CAPACITY 
!JILTING POINT 
INITIAL SOIL WATER CONTENT 

= 
= 
= 
= 

0.0000 VOL/VOL 
0.0000 VOL/VOL 
0.0000 VOL/VOL 
0.0000 VOL/VOL 

Page 3 

EFFECTIVE SAT. HYD. COND. 
FML PINHOLE DENSITY 
FML INSTALLATION DEFECTS 

= 
= 
= 

0.199999996000E-12 CM/SEC 
1.00 HOLES/ACRE 
3.00 HOLES/ACRE 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 6 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS = 36.00 INCHES 
POROSITY = 0.4450 VOL/VOL 
FIELD CAPACITY = 0.3930 VOL/VOL 
!JILTING POINT = 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4450 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000E-06 CM/SEC 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER liAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE # 4 IJITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE Of 2.X AND 
A SLOPE LENGTH Of 316. FEET. 

SCS RUNOFF CURVE NUMBER = 81.00 
FRACTION Of AREA ALLOWING RUNOFF = 0.0 PERCENT 
AREA PROJECTED ON HORIZONTAL PLANE = 1.000 ACRES 
EVAPORATIVE ZONE DEPTH = 14.0 INCHES 
INITIAL IJATER IN EVAPORATIVE ZONE = 1.208 INCHES 
UPPER LIMIT Of EVAPORATIVE STORAGE = 6.118 INCHES 



\'~<,-,.. 
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LOWER LIMIT OF EVAPORATIVE STORAGE = 0.658 INCHES 
INITIAL SNOW WATER = 0.000 INCHES 
INITIAL WATER IN LAYER MATERIALS = 19.171 INCHES 
TOTAL INITIAL WATER = 19.171 INCHES 
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
ROSWELL NEW MEXICO 

STATION LATITUDE = 33.24 DEGREES 
MAXIMUM LEAF AREA INDEX = 0.00 
START OF GROWING SEASON (JULIAN DATE) = 76 
END OF GROWING SEASON (JULIAN DATE) = 310 
EVAPORATIVE ZONE DEPTH = 14.0 INCHES 
AVERAGE ANNUAL WIND SPEED = 8.70 MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 49.00 " 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 40.00 " 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 53.00 " 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 52.00 " 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY PRECIPITATION CINCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

0.42 0.47 0.49 0.69 1.14 1.43 
1.99 1.90 1.87 1.13 0.57 0.53 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 

JAN/JUL 

39.60 
79.30 

COEFFICIENTS FOR ROSWELL NEW MEXICO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

FEB/AUG 

44.10 
77.90 

MAR/SEP 

51.30 
71.00 

APR/OCT 

59.80 
60.10 

MAY/NOV 

68.30 
48.00 

JUN/DEC 

76.80 
40.10 
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR ROSWELL NEW MEXICO 

AND STATION LATITUDE = 33.24 DEGREES 

******************************************************************************* 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 
-------------------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

-------------
TOTALS 0.30 0.29 0.54 0.49 1.17 0.99 

2.39 1.68 1.79 0.90 1.44 0.97 

STD. DEVIATIONS 0.34 0.07 0.47 0.39 1.10 1.20 
1.12 1.16 1.14 1.04 1.76 0.67 

RUNOFF 

TOTALS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

STD. DEVIATIONS 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

APOTRANSPIRATION 

------------------
TOTALS 0.438 0.303 0.412 0.280 1.097 0.882 

1.825 1.797 1.517 1.018 1.082 0.779 

STD .. DEVIATIONS 0.190 0.068 0.364 0.162 0.930 1.074 
0.881 1.256 o.n1 0.663 0.810 0.425 

LATERAL DRAINAGE COLLECTED FROM LAYER 2 

-----·----------------------------------
TOTALS 0.0900 0.0779 0.0593 0.0394 0.0317 0.0282 

0.0550 0.1046 0.1121 0.1128 0.2302 0.2378 

STD. DEVIATIONS 0.0779 0.0721 0.0454 0.0298 0.0225 0.0211 
0.0613 0.0858 0.0789 0.0732 0.2175 0.2939 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

------------------------------------
TOTALS 0.0130 0.0113 0.0096 0.0070 0.0060 0.0053 

0.0086 0.0144 0.0156 0.0159 0.0253 0.0268 
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STD. DEVIATIONS 0.0099 0.0093 0.0068 0.0048 0.0040 0.0036 
0.0082 0.0109 0.0101 0.0087 0.0188 0.0253 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

----------------------------------------
TOTALS 0.0143 0.0113 0.0103 0.0075 0.0063 0.0050 

0.0081 0.0128 0.0159 0.0151 0.0214 0.0300 

STD. DEVIATIONS 0.0124 0.0091 0.0074 0.0052 0.0042 0.0033 
0.0066 0.0097 0.0103 0.0085 0.0156 0.0300 

PERCOLATION/LEAKAGE THRWGH LAYER 6 
------------------------------------

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS CINCHES) 

DAILY AVERAGE HEAD ON TOP OF LAYER 3 

-------------------------------------
AVERAGES 0.0536 0.0521 0.0359 0.0246 0.0191 0.0176 

0.0332 0.0632 0.0700 0.0682 0.1437 0.1437 

STD. DEVIATIONS 0.0456 0.0482 0.0275 0.0186 0.0136 0.0132 
0.0370 0.0519 0.0493 0.0442 0.1358 0.1776 

DAILY AVERAGE HEAD ON TOP OF LAYER 5 
-------------------------------------

AVERAGES 0.0085 0.0076 0.0062 0.0047 0.0038 0.0031 
0.0049 0.0077 0.0099 0.0091 0.0134 0.0181 

STD. DEVIATIONS 0.0073 0.0061 0.0045 0.0032 0.0025 0.0020 
0.0040 0.0059 0.0064 0.0051 0.0097 0.0181 

******************************************************************************* 

******************************************************************************* 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THRWGH 5 

INCHES CU. FEET PERCENT 
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""ECIPITATION .. ,(··"~~ 
.OFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH 
LAYER 3 

AVERAGE HEAD ON TOP 
OF LAYER 3 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ON TOP 
OF LAYER 5 

CHANGE IN WATER STORAGE 

12.95 2.076) 

0.000 0.0000) 

11.431 1.9467) 

1.17907 ( 0.81329) 

0.15882 ( 0.09008) 

0.060 ( 0.042) 

0.15824 ( 0.08907) 

0.00001 ( 0.00001) 

0.008 ( 0.005) 

0.186 ( 0.4322) 

47023.0 100.00 

0.00 0.000 

41494.45 88.243 

4280.021 9.10197 

576.507 1.22601 

574.397 1.22152 

0.042 0.00009 

674.12 1.434 

******************************************************************************* 



****************************************************************************** 

PEAK DAILY VALUES FOR YEARS 

'PRECIPITATION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 2 

PERCOLATION/LEAKAGE THROUGH LAYER 3 

AVERAGE HEAD ON TOP OF LAYER 3 

MAXIMUM HEAD ON TOP OF LAYER 3 

LOCATION OF MAXIMUM HEAD IN LAYER 2 
(DISTANCE FROM DRAIN) 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

AVERAGE HEAD ON TOP OF LAYER 5 

MAXIMUM HEAD ON TOP OF LAYER 5 

LOCATION OF MAXIMUM HEAD IN LAYER 4 
(DISTANCE FROM DRAIN) 

SNOJ WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

MINIMUM VEG. SOIL WATER (VOL/VOL) 

1 THROUGH 5 

(INCHES) (CU. FT.) 
---------- -------------

1.40 5082.000 

0.000 0.0000 

0.05930 215.27205 

0.004617 16.76041 

1.111 

2.196 

0.0 FEET 

0.00353 12.80457 

0.000000 0.00068 

0.066 

0.189 

0.0 FEET 

1.36 4944.3652 

0.2317 

0.0470 

*** Maximum heads are computed using McEnroe's equations. *** 

Reference: Maximum Saturated Depth over Landfill Liner 
by Bruce M. McEnroe, University of Kansas 
ASCE Journal of Environmental Engineering 
Vol. 119, No. 2, March 1993, pp. 262·270. 

****************************************************************************** 



****************************************************************************** 

FINAL ~TER STORAGE AT END OF YEAR 5 

\,~, ,, LAYER (INCHES) (VOL/VOL) 
-------- ---------

2.9768 0.1240 

2 0.5601 0.0467 

3 0.0000 0.0000 

4 0.5428 0.0452 

5 0.0000 0.0000 

6 16.0200 0.4450 

SNOW ~TER 0.000 

****************************************************************************** 
****************************************************************************** 
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Performance Demonstration for an Alternative Cover Design 
L"sing the HELP ~[odeling Program Under the New )le:rico 

Solid \V aste :\[anagement Regulations (20 Nl\'l-\C 9.1) 

and 

Performance Demonstration for an Alternative Liner Design 
csing the HELP ~[odeling Program Under the New )!e:rico 

Solid \Vaste ~[anagement Regulations (20 Nl\'L-\C 9.1) 

Prepared by the 
New Mexico Environment Department 

Solid Waste Bureau 
Permit Section 
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Performance Demonstration for an Alternative C2v~r Design lJ (}' j 
Using the HELP ~Iodeling Program Under the New :\Iexico 

Solid \Vaste ~Ianagement Regulations (20 N~l-\.C 9.1) 

l. Existing Solid Waste Landfills without a Liner System: 
-:.- .•" 

A oresc:iotive landfill~ svstem must in accordance wi.th·Seetion: 502 .. oo\.l consist of an 
inEitrat!o~ !ayer comprised oi a minimum of 18 inches ot• eanher; material '),i~1 the :-equired 
hydr:u;.lic :onduc!ivity (K) and a minimum of 6 inches of soil that is capable d 3t:suining native 
plant 3!v\v~h as an erosion layer (Figure I). The cover component of 18 inc::es of emhen · 
marer:al :nust be equivalent ~o the least hydraulically -conductive natural subsoils or a saturated 
hydraulic .::onductivity of no greater than l x: 1 o·' em/sec. For example, if :.1e :-tydraulic 
conduc:ivity of the narural subsoils is l x: 1 o..o em/sec, then the K of the irulltrltion layer material 
must ~e equivalent to these soils. If the hydraulic conductivity of the natural subsoils is greater 
than 1 x to·' em/sec (e.g., 1 x 10~ em/sec), the K of the infiltration· layer mater:al must equate to 
the 1 :<: l c·' c-:nJ sec requirement. 

If :he :nilr:ltion layer meets the minimum hydraulic conductivity of l x: l o·! c::-:/se-: or that of the 
narural 3t:bsoiis and the minimum l8 inch condition then a HELP ~!odel s~ulation is not 
required. If m alternative cover design is proposed, it must achieve an equivalent reduction in 
infiltration :.s :he inrlltration layer specined in Section 502.A l.a. TherefOre. a HELP ~fodel. 
simulation [s required to demonstrate that the design of such a cover provides equivalent 
redu~.ion in nfiitration as the ?resc:iptive cover design. If the natural subsoils have a hydraulic 
conduc:iv1ry of less than l :<: to·' em/sec (e.g., l x: lO..o em/sec), then the cove:- :nust achieve 
equivaie::t :-ecuction in iru!Itration as that of the prescriptive cover but 'Nith a.n 13 inch infiltration 
layer •),iti a :rydraulic conduc~ivity of l :< lO..o em/sec. 

Presnpnve Cover System 

~::--=~~::.~. ~·::: :1::;~:,~;·~ ~~ --~f:·}<?~ ~,;v.<;:, ... :..:: 
..,..,....,. ................ vJ«.·.;~~ .... :;;,yf"<"'t> .. ·,.,.r.-, ~-
• ·: ""';':. --:..~ .... -~_~-""'':' .. , .:-:::~ . :~:. ,_ .: "". :..-:: ... --:~::'2 6 inch Erosion/V' egetacive Layer 

18 inch (K = l x lOE-5 or less) Layer 

Figure 1. Prescriptive Cover System 

A demonstration of equivalent reduction in infiltration is determined by using the EPA HELP 
~-!ode!. Tae HELP Model simulations need to compare the prescriptive cover and the alternative 
cover design (Figure 2). The simulation for the prescriptive cover must include the erosion, 
infiltration and intermediate layers. The alternative cover design simulation includes the 

l~Mt91 1 
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intermediate and alternative cover layers. The two designs are to be simulated for years 1 through 
5 with vegetation during the post-closure care period to demonstrate equivalency. Precipitation, 
evapotranspiration, temperature, and solar radiation data must be site specific and identical for 

·both alternative and prescriptive cover designs simulations. Provide jUstification for all input 
pararne!ers in the model utilizing the attached forms. Demonstrate the relationship of the 
characteristics of on-site or ether sources of soil proposed for the constru~..ion of cover or liner 
and the pararr.eter values in the modeL It is anticipated that the entire area of the landfill or ceil 
1Nill be modelled. 

?:csaiptive F!IW Cover 
Section 502--\.1 

Altcmarive U>~ System 
Section 502.A.2 

F. , 
tgure -· 

For example. comparing the prescriptive cover of. 
1) 6 inches of :opsoil 
2) 13 inches of compacted soil (K = 5 x 1 a-o~ to meet narural subsoils K = 5 x 1 a-o) 

with a proposed alternative cover system of. 
1) 6 !.nches of :opsoils 
2) JO inches of compacted (K = 1 X 10"5) 

3) l: inches of uncompacted intermediate cover 

2. New Solid Waste Landfills: 

As in the above case, the cover for the proposed landfill with a the prescriptive or alternative liner 
must achieve the equivalent protection as the liner. If an alternative final cover is proposed for 
the landfill, then a demonstration must be submitted to the Bureau for approval pursuant to 
Section 502.A2.a. It must be determined by this demonstration that the proposed final cover 
design includes an infiltration layer that achieves an equivalent reduction in infiltration as the 
bottom liner (Figure 3). A HELP Model simulation comparison is acceptable for this 
demonstration for a 5 year period with vegetation. Precipitation, evapotranspiration, temperature, 
and solar radiation data must be site specific and identical for both liner and cover design 
simulations. Provide justification for all input parameters in the model utilizing the attached 
forms. Demonstrate the relationship of the characteristics of on-site or other sources of soil 
proposed for the construction of cover or liner and the parameter values in the model. It is 
anticipated that the entire area of the landfill or ceil will be modelled. 

llml91 2 
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For example. the comparison must include a HELP Model simulation for the liner and the 
proposed final cover systems as below. 

The simulation for an alternative liner system • could include: 
1) the drainage/protective layer of the liner with leachate collection system, 
2) the 60-mil HDPE BtU.., 
3) the 0.2 mch (K = 1 x: lO-~ GCL (geosynthetic clay liner), 

~S; .ts:::::::6 inches of compacted in situ soil used as the prepared subgr::.ce. md 
5) with the solid waste ceU open and no runoff. 

• .-l .. .ny altemative liner system must meet the demonstration as desc::ced in the 
~Per:crmance Demonstration For An .~ternative ~Design Using T:1e HELP Modeling 
Program under the ~ew ~fexico Solid Waste ~fanagement Regulations (20 ~1t£.AC 9.1)." 

A liner system is compared with a. HELP ~fodel simulation for a proposed 5nal cover: 

I~ 

1) t 3 inches uncompa~ed material ( 6 inches of topsoil with poor gnss and 12 inches of 
uncompac-:ed soil), 

:) the 0.2 inch GCL (K =:: x lO-\ 
3) 12 mches of intermediate cover (6 inches of compacted soil and 5 :nches of 

uncompacted soil), and 
4) ·;r,.ith the solid waste ce!l closed and final placement of the cover :o include runoff. 

Prescriptive or 
Alt::marive Fmal <Ava: 

Presriptive Liner System 

Prescriptive (Fig. 4) or 
Altemative LiDcr s~ 

Figure 3. 

24 inch Drainage Layer 

60-mil HDPE or 40-rnil PVC FML 

24 inch (K = 1 x 1 OE-7) Clay Layer 

Figure 4. 

3 



.. 
Performance Demonstration for an Alternative Liner Design 
Using the HELP ~Iodeling Program Under the New ~Iexico 

Solid \Vaste ~Ianagement Regulations (20 N~l-\C 9.1) 

l. Section 306 . .-\.2 of the regulations requires the design of the alternative m must provide 
equivalent protection as the composite~ defined in Section 306.A 1. Two computer modeling 
analyses must be performed - an analysis of the composite liner speciiied in Sec:ion 306.A l and 
an analysis of the proposed alternative liner as specified in Section 306.A.:. E-1uivalent 
proteC::cn ~Ust be demonstrated through a comparison of the performance or :he Section 
306.A.: llte~ative liner with the performance of Section 306 . .-\.1 composi•e :.iner (Figure 5). 

Presaipcive Liners~ 
Section 306_-\.l 

Alternative Liner System 
Sc:tion 306.A2 

Figure 5. 

2. Provide justilication for ill input parameters in the model utilizing the ar:ac~ed forms. 
Demonst:ate :he relationship of the characteristics of on-site or other sources of soil proposed for 
the const::!C::on and operation of the landfill and the parameter values used ~ 'd1e model. Show 
justmcat:on :Or the soil and waste moisture content parameters as well as geomembrane liner data 
and storm water runoff frac:ion. 

3. Simulate acrual design conditions and operational development of the land..fill as closely as 
possibie by coing a succession of modei simulations. This succession must ane:npt to simulate 
moisrure conditions in the landfill as closely as possible. To aid in accomplishing this, each 
successive computer simulation must use the previous simulation's moisrure content output as the 
input fur the fuilowing simulation. Describe the design approach modelled. 

11/lMS 

3. 1 Initial simulation of the open landfill at start-up when landfill has little to no waste. 
The time period should extend for the anticipated duration of this condition, a minimum of 
one year and a probable ma."<imum of five years. 

3.2 A succeeding simulation to model conditions of the partially full landfill for some 
anticipated time period. most probably five years. This would incorporate daily cover and 
intermediate cover. 

3.3. Perform subsequent computer simulations to model the landfill in the closed 

4 
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condition for the duration of the entire post-closure care period. 
3.3.1 Model bare ground for the time period expected until vegetation becomes 
established. 
3.3.2 Model the vegetated condition for the remainder of the post-closure care 
period. 

4. Compliance with Ll!e regulatory requirement of not exceeding a i2 inch hydraulic head on the 
bottom liner must be demonstrated. Consequently, the area m9deled must incorporated, at a 
mi.cimllll1. one leachate collection ~watershed" in order to simulate the leachate drainage distance. 
It is anticipated that the entire area of the landfill or cell will be modelled. 

5. If there is no infiltration through the alternative liner system for the simularion(s), then these 
HELP ~fodel simulation(s) will serve to demonstrate the concentration values listed in Section 
1110 (Appendix K Effi/SWMR-4) will not be exceeded in the uppermost aquifer or the relative 
point of compliance. 

llnfm s 



ATTAc.....rlMENT 1 LANDFILL AlTERNATIVE LINEH OH COVER DESIGN MODELING INPUT PARAMETERS11/23/94 sheet no. 1 

rev.1 1122/96 · 
. INPt,JT PJ,\Rf\~~TER; 1\. 

; .~I j •VALUE I : :1: ' '' I I < JUSTIFICATION ' . " I ' ,_ 
:-.. .' ,"i ! I 1; l" I~ j ' . 

I :• ,II, 

·~ v :: ':: ' . I I '' 
., 

I , ... r .. 
~ ''t Oo • 1 i· I 1, .. •1 • 

g__UMA TOLOGICAL DATA 
city 

preclpllatlon & source of data 
{default or S)'nthellc} 

temperature & source of data 

latitude 

maximum leaf area Index 

evaporative zone depth 

growing season start and end day 

LANDFILL COVER DATA 
type of vegetative cover 

SCS runoff curve number 

active (uncovered)? 

% of surface runoff 
that drains from landfill 

surface area 

SOIL AND DESIGN OA TA 
source of soil characterslllcs 

number of layers 

NOTES: 

I 
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ATTt, • tMENT 1 LANDFILL ALTERNATIVE LINER OR Cui./ER DESIGN MODELING INPUT PARAMETERS 11/23/94 sheet no. 2 

rev. 1 1/22/96 · 
.. :. ~.· ;_i.' ~ 'INPUT.P,RAMETER?i•l I·~ (l ~~ ·~J, Vft-LUE '' i!; ~~i ~~I I·' ,~: ti' 1: i : i ~ .1 ,., ;·JUSTIFICATION. .... i: • . i 

' ' I • > . ' -~ . ' . I ~· 'I \1 ·. . ' I ·I .. , n· 1· J.! ~ 1 .. lj :.l 'i r • • "I . :· ~ ~,'6 L" 
I ;; ' . 4 ' ·. ·I ·:, ·' . . I -' •' '' " : ' ' · ~ m j i'' ~1 ~ . I 

\I fi. jl l!i I' '• . • I' ~·, H ., ' I •' i 
. );. i.· : . ) ~·- l· ~· ·;-I ~f .I tl U. (1 ~l J~l 'l~ ii! h tJ 1 !.•, 'I !j l i \I i :!: I :, : ~~~i \;1: '1: i ' '· 1 ~ '~ ~ -· . 1 •I • ·" I I ' . ' 

LAYER NUMBER: 
layer type 

-----
thickness 

- --
soil texture 

porosity 

netd capacity 

willing point 

moisture content . 
I 

saturated hydraulic conductivity 

Is layer compacted? 

slope ( if lateral drainage layer) 

maximum horizontal drainage distance 
(If lateral drainage layer) 

geomembrane pinhole density 

I 

geomembrane Installation defects 

liner Installation quality I 
Ctr neomembrane) 

geotextlle transmissivity 

(make additional copies for each layer as required) 
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How to Build Better Haul Roads 
Making sure the haul road is going to hold up under traffic planned for it means 
considering a variety of construction pa:-ame!ers, including subbase and surface 
materials, thicknesses, road-adhesion characteristics and hauling widths. 

N irholas P. Chi ron is, senior ni itm· 

Surface mine opcratorl! ofll'n avuici plarin~ suhltase mate
rial!! unrler th<' haul-road surface in th!' interl'st of t'l'Ont~my. 
They may believe it is less costly to Jlt'rmit Roma haul 
Sf'gments that hampt>r the flow of trallic rather than incur 
the cost of constructing a good road base. The eventual 
results, however, often lead to more costly opt>ration. 

If the sub-standard road is not constantly maintained, 
rutting, sinking and overall deterioration u!'ually ocrurs, and 
vehicles must slow down considerably to n£'gotiate these 
conditions. Over a pt>riod of time surh slow-downs reprC'SPnt 
a considerable time loss to the production cycle, and r.an 
result in the nceJ for additional vehicles and operators. 

Need for good subbase 
At some mine sites, the road surfact> is und£'rlain by 

natural strata rapal.Jie of supportin~ tlw w£'il-!ht of any 
haulagf' \'ehicle. For example, in the case of bedcil'd stonr 
formations, it is only n•·ccssary to place th£' dt!sirl'd road 
surface material directly on the lx>dtlecl stone to have a J!OOd 
road. llut frequently such base materials arr not naturally 
available and the enKin£'£'r builciing the road must look to the 
possibility of using other materials. Thf' bt>aring eapadty of 
potential subbase materials has been analyz~d as part of a 
research study for the U.S. Burrau of Mines. The result is a 
table J..riving the bearing caparitit•s of rock and other subsur
face materials in terms of vehicle tire loads (Table 1 ). 

To usc this table, keep in mind that tire loadinl! for most 
haulage vehicles, when inflated to r~commt>ndt'd pressure, 
will rarely exceed 16,000 psi. A I though the tire loading may 
be somt>what less clepcncling on the number o( tires and thrir 
size, this fi1.rure can be used with some confidence to cll!ler
mine subbase requirements. By checkin~t the lcmclin~t of 
16,000 psi in the tahle it ran he !l('t>n that any suhv:r:ul£' lt>!ll\ 
ron~olidatt>cl than soft rock ralls (or at II! it ion a I rnall•rial to 
establish a stable bast'. The quf'stion then is: !low much 
additional material should he placed O\'er the sub~rade to 
adt>quately support the road surfact'? 

CBR curves 
The study engin~rs found that one o( the ht•st nwtho.t!l of 

making this road-thickness determination is throul(h use o( 
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California '"'arin~-ratio (CRRI rurve!'l. FiJ.!. I. In ordl'r to I~ 
'ompl<•tt'ly ar•·uratc>, thP road de'il,!nrr should obtain rnR 
nlu~s fror'l actual lf'sts on both th~ suhJ,!radP and subbase 
materials thr desi~.''nc>r plans to u~e. These tests ran be 
conclurtt•d by submittin~ the samples to a soils testing 
laboratory, a rt'latively minimal cost. 

Thr CIIR curvc>s pro\'idc the suhhast!-lhirkness r~quire

mrnts for a •::ide range of whrl'l loacls, soils and suhhase 
matt!rials. It must he C'mphasizrd, hm\'~\'Pr, I hat the rangrs 
in the •~nR rurvrs arr not well ciPfinecL Artual tl'~l r~sults, 
for examplt•, may prm·l' th£' ht•aring ratios for a spC'cific soil 
group to be considl•rably hcttt>r than the low valu£' depicted 
on the rhart. The CIIR rangrs rrflprfc>ci hy the graph, there· 
fore, should be used in lit>u of actual t~st results when only 
gl'nt'ral information is drsired. In such cas£'s, pick the lowest 
possiblt• rnR \'alu£' for a giv£'n soil type. 

Table 1. Bearing Capacity of Soils 

:..1aterial 

Capacity in 
1,000 lb 
per sq It 

Hard Sound Rock 
Medium Hard Rock ...................... . 
Hard Pan Overlying Rock ................ . 
Compact Gravel and Boulder-Gravel 

Format1ons: Very Compact Sandy Gravel .. 
Soft Rock .............................. . 
loose Gravel and Sandy Gravel: Compact 

Sand and Gravelly Sand; Very Comp::~ct 
Sand-Inorganic Silt Soils ............. . 

Hard Dry Consolidated Clay ............... . 
loose Coarse to Medium Sar.d: Medium 

Compact Fine Sand ................... . 
Compact Sand-Clay Soils ................ . 
Loose Fine Sand; Medium Compact Sand-

Inorganic Sill Soils .................... . 
Firm or Still Clay ........................ . 
Loose Saturated Sand Clay Soils. Medium 

Soft Clay .................•............ 

120 
80 
24 

20 
16 

12 
10 

2 



Fig. 1. Curves for Determining Subbase Thicknesses and CBR 'values 
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As shown by the curves, final subha:;c thicknt•sses are 
influenced by vehicle wlwcl lu:ult1 as well as soil type. 
Maximum wheel luatlings for any haulal-(e vehicle arc easily 
computed from manufacturers spt.'cification!l by dividin~e the 
loaded vehicle weil-(hl over earh axlt~ by the numhcr of Lin•s · 
on that axle. In t'VI'ry t":lsc•, u:w tilt' hi~lwllt wht•t•l lu:uling 
calculated for tht.' subhat~c thit·knl•ss tletcrminatiunt~. In f:at't, 
when a whel·l is mountl'tl un a t:1ndem nxle, irwreasc the 
value by 20%. 

GRAVEl WITH CLAY GOOD GRAVEL 
POORLY GRADED WELL GR,,UE 0 

' I SANDS FAIRLY CLEAN 
CHtJSIIE 

ROCK 
D 

I 

To provide a readily available indication of wheel loading 
charactPristil's of currl!ntly manufactured vehic!es, the chart 
is divided into thn•e calel(oril!s. Each category represents 
the ranl-(e of wht.-el loadinl-(s under fully loaded conditions 
th:~t may be anlit~ip:~tl'tl for vehicles in the given weight 
l'i:IS.'I. 

Sample design problem . 
llt!re is how to compute subbase requirements, once lhe 

,.,..,. '' ·r. IANIII\nV I·•' · 12J 



Fig. 2. Thicknesses of Subbase Materials 

WHEEL LOAD• 
40,000 LB. 

wheel loading and CBR ''alues have been established. Let us 
assume the following conditions: 

The haulroad is to be constructed over a silty clay of 
medium plasticity with a CRR of 5. The maximum wheel load 
for any ,·chicle using the road is 40,000 lb. Fairly clean sand 
is available with a CBR o( 15 to serve as !lubhase material. 
R1ad surface is to be constructed o( good gravel that has a 
CBR of SO. ( IC any of these actual CBR values are not known, 
pick off the CBR values {rom the chart, and then continue 
with these steps.) 
• Step A. The 40,000-lb, wheel-load curve intersects the 
vertical line (or a cnR of 5 at 28 in. This nwans that the final 
roari surface must be at lrast this distance above the 
subgrade (Fig. 2). 

sf f'l 

• Step B. The value Cor a dt'an sand with a cna o( 15 
intcrsccL~ the 40,000-lb curve at 14 in. below road !lllrfacc. 
• ~lt·p C. Thr• intrr~rction or thc RO-C~III! Jinl~ fnr ~ravel will! 
thr curvr for the 40,()(JO.(h wheel load occurs at 6 in. flccause 
thi!l thirk m•ss constitutes the final surface m:llcrial, il 
should he placrd al the upper 6-in. portion of the road. 

For hest rrsults, subbase materials should e:<ceed the final 
desired surface width by at least 2 fl. and must he compacted 
while moisL Each 8-in. layer should be subjected to repeated 
passes. 

Compaction is usually done best with hca\-y rollers. Rut a~ 
few surfacr-mine OJICrators have rollers in their vehicle 
ll<~et, an alternative such as heavy-tracked equipment may 
be employed. 

Surface materials 
Skelly and Loy rnginecrs conducting the Rureau stud:: 

visited over 300 mining operations throughout the country 
to obtain practical information on haul-road construction. 
Thry rrpClrt that at many or thrse minr ~itrs, t'Spl'rially at 
small coal mininJ.! and quarry operations, the haulway was 
simply built by clearing a path over the existing terrain. 

While this practice is undoubtedly inexpensive, the engi
neers find that the benrfits were seldom long-lived. Because 
it is difficult to construct a bedded rock surface free of 
jaggrd rdgl'S, greater vehicle maintenance is required as a 
r£>sult of exressive tire sculling and wrar. ~·urthermore, 

unless thorouJ,!hly compacted and slahilizt'tl, such !'arth 
roads cause dust problems, especially during dry seasons. Il 
it is not controlled, the dust contaminates air-filtration . 
components, brakes, and moving parts, making frequent 
replacement of these items necessary. 

Dust also represents a major safety hazard to the vehicle 
operator by rt'during vi~ihility. 1-:liminatinl! the d10.1l 
prohlem re11Uin•s continual wettinl! of I hr surf arc, which 
represents yet another maintenance expenditure. When 

Table 2. Road Adhesion Coefficients of Rubber Tired Veh:r.les 

Road Surface 

Concrete 
New ....................... . 
Traveled ................... . 
Polished ................... . 
Wet ....................... . 

As ph• II 
New ....................... . 
Travoled ................... . 
Polished ................... . 
Excess Tar ................. . 
Wet ....... : ............... . 

Gravel 
Packed & Oiled ............. . 
Loose •..................... 
Wet ......•..•.............. 
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Road Adhesion 
Coetllclenle 

0.80 to 1.00 
0.60 to 0.80 
0.55 to 0.75 
0.45 to 0.80 

. ,. 
•, 

0.80 to 1.00 
0.60 to 0.80 
0.55to 0.75 
0.50 to 0.60 
0.30 to 0.80 

0.55 to 0.85 
0.40 to 0.70 
0.40 to o.ao 

Ro•d Surf•c• 

Rock 
Crushed ................... . 
Wet ....................... . 

Cinders 
Packed ....•................ 
Wet ..•...•.............. • · · 

Snow 
Packed .................... . 
Loose ..................... . 
Wet ...•••....•..•••....•... 

Ice 
Smooth ..................... . 
Wet .•••.••.............•... 

Road Adhesion 
Coefficients 

0.55 to 0.75 
0.55 to 0.75 

0.50 to 0.70 
0.65 to 0.75 

0.30 to 0.55 
0.10 to 0.25 
0.30 to 0.60 

0.10 to 0.25 
0.05 to 0.10 
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Drainage 
I Compaction Equipment Color Olaracteristics 

(5) (12) 

Excellent 
Red 

Excellent 

GRAINED uupcrnuult rouer 

{i!Uil 

Unit Dry Densities 
S~bgrade Modulus 

k (lbf/in') 

061 I (17) 
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FINAL 

SECTION 02230 
SUBBASE 

Triassic Park Hazardous Waste Facility 
Section 02230: Subbase 

PART 1: GENERAL 

1.01 SCOPE OF WORK 

A. The Contractor shall furnish all labor, materials, tools, equipment, supervision, 
transportation, testing, and installation services necessary for the installation of 
subbase where shown on the Construction Drawings. The work shall be 
carried out in accordance with these General Specifications, the CQA Plan, and 
the Construction Drawings. 

1.02 RELATED SECTIONS 

A. Section 02110- Site Preparation and Earthwork 
B. Section 02225 - Road Base 

1.03 QUALIFICATIONS AND SUBMITTALS 

A. The Contractor shall abide by all qualification and submittal requirements of 
the CQA Plan. 

1.04 CONSTRUCTION QUALITY ASSURANCE 

A. W ark will be monitored and tested in accordance with the requirements of the 
CQAPlan. 

B. The Contractor shall be aware of all activities outlined in the CQA Plan, and 
the Contractor shall account for these activities in the construction schedule. 
No additional costs to the Owner shall be allowed by the Contractor as a result 
of the performance of the CQA activities. 

C. On-site testing as specified in the CQA Plan for the subbase (which does not 
include quality control testing at the source) will be the responsibility of the 
CQA Engineer. The Contractor shall cooperate with the CQA Engineer 
during all sampling and testing activities. The Contractor shall provide 
equipment and labor to assist the CQA Engineer in sampling. The Contractor 
shall provide access to all areas requiring testing. The Contractor will repair 
any damage to finished work caused by the CQA Engineer's sampling and 
testing activities. 

D. Quality control testing of the subbase at the source shall be the responsibility 
of the Contractor. 

02230-1 Revision No. 0 
ll/6197 
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FINAL Triassic Park Hazardous Waste Facility 

Section 02230: Subbase 

3.05 SURVEY CONTROL 

A. The Surveyor shall survey the final location and elevation of the top of the road 
base. Surveying shall be performed in accordance with of Section 01010 of 
these General Specifications. 

B. The Surveyor shall provide a Record Drawing to the Owner of the final 
location and elevation of the final surface of the road base, in accordance with 
the requirements of Section 01010 of these General Specifications. 

[ END OF SECTION ] 

02230-4 Revision No. 0 
tl/0197 
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Figure l.t3 Variation of unit point resistance in layered soil 

t. Obtain (Lb/ D)c, for the given value of c/J from Figure 8.12. 
2. Calculate Lb/D. 
3. If Lb/D ~ (Lb/D)c,/2, take the maximum values of N~ and N! from 

Figure 8.12. 
4. If Lb/D < (Lb/D)cr/2, then 

N~ = N~(at Lb/D = 0) + (N~(max) - N~(at Lb/D = O)] 

N! = N!(at Lb/D = 0) + (N!(max) - N!(at Lb/D = O)] 

l (Lb) I 
os(~t 

[ (Lb) I 
los(~t 

(8.17) 

(8.18) 

Vesic's Method: Vesic (1977) proposed a method for estimating the pile 
point bearing capacity based on the theory of expansion of cavities. According 
to this theory, based on effective stress parameters, 

QP = Apqp = Ap(cN~ + u~N!) (8.19) 

where u~ = mean normal ground stress (effective) at the level of the pile point 

= c +32Ko)q' (8.20) 

L ,.- C} J. ,.- U '''•"-&I aaao ~Ut' .... .._ • .,. J ... .._..._.,._~,. ~ 

Note that Eq (tU!J) is a modification of Eq. \h.llaJ \\< 

* 3N! 
N a = (1 + 2J<.,) 

The relation for N~ given in Eq. (8.19) can be expressed as 

N~ = (N! - 1) cot cP 

According to the theory of Vesic 

N! = f(I") 

where I" = reduced rigidity index for the soil 

However 

I, 
I" = 1 + I,A 

(8.22) 

(8.23) 

(8.24) 

(8.25) 

where I, = rigidity index = 2(1 + )( E~ , c/J) = ~· cf> (8.26) 
J.L, c q tan c+q tan 

E, = Young's modulus of soil 
J.L, = Poisson's ratio of soil 
G, = shear modulus of soil 
A = average volumatic strain in the plastic zone below the pile point 

For conditions of no volume change (that is, dense sand or saturated clay), 
A= 0. So 

I, = I" (8.27) 

Table 8.8 gives the values of N~ and N! for various values of the soil friction 
angle (c/J) and I,. For c/J = 0 (that is, undrained condition) 

4 1T 
N* = -(lni + 1) +- + 1 

c 3 " 2 
(8.28) 

The values of I, can be estimated from laboratory consolidation and triaxial 
tests corresponding to the proper stress levels. However, for preliminary use 
the following values are recommended: 

Soil type 

Silts and clays 
(drained condition) 

I, 

70-150 

50-100 

100-200 

Tr \1~\\A,Q..... 

Irrespective of the theoretical procedure adopted in calculating QP, it 
should be kept in mind that full value cannot be realized until the pile tip has 

vi <::"" 
I ~ ~ 
z::..~"' 
~ '~ I (" 

;1 ~ 
~ 
~ 

~ 



/, /, 

q, lO 20 40 60 80 100 200 300 400 500 q, 10 20 40 60 110 100 200 300 400 500 

0 6.97 7.90 8.82 9.36 9.75 10.04 10.97 11.51 11.89 12.19 26 24.98 33.77 45.42 53.93 60.87 66.84 89.25 105.61 118.96 130.44 --
1.00 -- Loci 1.00 1.00- 1.00 1.00 1.00 l.OO l.OO 1.00 13.18 17.47 23.15 27.30 30.69 33.60 44 53 52.51 59.02 64.62 

--7~34 ---8.37 9.42 10.04 10.49 10.83 11.92 12.57 13.03 13.39 27 26.16 35.57 48.13 57.34 64.88 71.39 95.02 ll3.92 128.67 14139 
1.13 1.15 1.16 1.18 1.18 1.19 1.21 1.22 1.23 1.23 14.33 19.12 25.52 30.21 34.06 37.37 49.88 59.05 66.56 73 ()4 

2 7.72 8.87 10.06 10.77 11.28 11.69 12.96 13.73 14.28 14.71 28 27.40 37.45 50.96 60.93 69.12 76.20 103.01 122.79 139.04 153.10 
1.27 1.31 1.35 1.38 1.39 1.41 1.45 1.48 1.50 1.51 15.57 20.91 28.10 33.40 37.75 41.51 55.77 66.29 74.93 112.40 

3 8.12 9.40 10.74 11.55 12.14 12.61 14.10 15.00 15.66 16.18 29 28.69 39.42 53.95 64.71 73.58 81.28 ll0.54 132.23 150.11 165 61 
1.43 1.49 1.56 1.61 1.64 1.66 1.74 1.79 1.82 1.85 16.90 22.85 30.90 36.87 41.79 46.05 62.27 74.30 84.21 92.80 

4 8.54 9.96 11.47 12.40 13.07 13.61 15.34 16.40 17.18 17.80 30 30.03 41.49 57.08 68.69 78.30 * 118.53 142.27 161.91 1711.98 
1.60 1.70 1.80 1.87 1.91 1.95 2.07 2.15 2.20 2.24 18.24 24.95 33.95 40.66 46.21 51.02 69.43 83.14 94.48 104.33 

5 8.99 10.56 12.25 13.30 14.07 14.69 16.69 17.94 18.86 19.59 31 31.43 43.64 60.37 72.88 83.27 . 126.99 152.95 174.49 193.23 
1.79 1.92 2.07 2.16 2.23 2.28 2.46 2.57 2.65 2.71 19.88 27.22 37.27 44.79 51.03 56.46 77.31 92.90 105.84 117.11 

6 9.45 11.19 13.08 14.26 15.14 15.85 18.17 19.62 20.70 21.56 32 32.89 45.90 63.82 77.29 88.50 98.28 135.96 164.29 187.87 208.43 
1.99 2.18 2.37 2.50 2.59 2.67 2.91 3.06 3.18 3.27 21.55 29.68 40.88 49.30 56.30 62.41 85.96 103.66 ll8.39 131.24 

7 9.94 11.85 13.96 15.30 16.30 17.10 19.77 12.46 22.71 23.73 33 34.41 48.26 67.44 81.92 94.01 104.58 145.46 176.33 202.09 224.62 
2.22 2.46 2.71 2.88 3.00 3.10 3.43 3.63 3.79 3.91 23.34 32.34 44.80 54.20 62.05 68.92 95.46 ll5.51 132.24 146.87 

8 10.45 12.55 14.90 16.41 17.54 18.45 21.51 23.46 24.93 26.11 34 35.99 50.72 71.24 86.80 99.82 111.22 155.51 Hl9.ll 217.21 241.84 
2.47 2.76 3.09 3.31 3.46 3.59 4.02 4.30 4.50 4.67 25.28 35.21 49.05 59.54 68.33 76.02 105.90 128.55 147.51 164.12 

9 10.99 13.29 15.91 17.59 18.87 19.90 23.39 25.64 27.35 28.73 35 37.65 53.30 75.22 91.91 105.92 118.22 166.14 202.64 233.27 260.15 
2.74 3.11 3.52 3.79 3.99 4.15 4.70 5.06 5.33 5.55 27.36 38.32 53.67 65.36 75.17 83.78 ll7.33 142.89 164.33 183.16 

I 36 39.37 55.99 79.39 97.29 112.34 125.59 177.38 216.98 250.30 279.60 10 11.55 14.08 16.97 18.86 20.29 21.46 25.43 28.02 29.99 31.59 I 29.60 41.68 58.68 71.69 82.62 92.24 129.87 1511.65 182.85 204.14 3.04 3.48 3.99 4.32 4.58 4.78 5.48 5.94 6.29 6.57 37 41.17 58.81 83.77 102.94 119.10 133.34 189.25 232.17 268.36 300.26 11 12.14 14.90 18.10 20.20 21.81 23.13 27.64 30.61 32.87 34.73 32.02 45.31 64.13 78.57 90.75 101.48 143.61 175.95 203.23 227 26 3.36 3.90 4.52 4.93 5.24 5.50 6.37 6.95 7.39 7.75 38 43.04 61.75 88.36 108.86 126.20 141.50 201.78 248.23 287.50 322.17 
12 12.76 15.77 19.30 21.64 23.44 24.92 30.03 33.41 36.02 38.16 34.63 49.24 70.03 86.05 99.60 1ll.56 1511.65 194.94 225.62 252.71 

3.71 4.35 5.10 5.60 5.98 6.30 7.38 8.10 8.66 9.11 39 44.99 64.83 93.17 ll5.09 133.66 150.09 215.01 265.23 307.78 345.41 
13 13.41 16.69 20.57 23.17 25.18 26.84 32.60 36.46 39.44 41.89 37.44 53.50 76.45 94.20 109.24 122.54 175.11 215.78 250.23 2110.71 

4.09 4.85 5.75 6.35 6.81 7.20 8.53 9.42 10.10 10.67 
68.04 121.62 141.51 159.13 228.9'? 283.19 329.24 37004 14 14.08 17.65 21.92 24.80 27.04 28.89 35.38 39.75 43.15 45.96 40 47.03 98.21 

4.51 5.40 6.47 7.18 7.74 8.20 9.82 10.91 11.76 12.46 40.47 58.10 83.40 103.05 119.74 134.52 19313 238.62 277.26 31150 
41 49.16 71.41 103.49 128.48 149.75 168.63 243.69 302.17 351.95 396.12 

15 14.79 18.66 23.35 26.53 29.02 31.08 38.37 43.32 47.18 50.39 43.74 63.07 90.96 112.68 131.18 147.59 212.84 263.67 306.94 345.34 
4.96 6.00 7.26 8.11 8.78 9.33 11.28 12.61 13.64 14.50 42 51.38 74.92 109.02 135.68 158.41 178.62 259.22 322.22 375.97 423.74 

16 15.53 19.73 24.86 28.37 31.13 3.1.43 41.58 47.17 51.55 55.20 47.27 68.46 99.16 123.16 143.64 161.83 234.40 291.13 339.52 3112.53 
5.45 6.66 8.13 9.14 9.93 10.58 12.92 14.53 15.78 16.83 43 53.70 78.60 114.82 143.23 167.51 189.13 275.59 343.40 401.36 45296 

17 16.30 20.85 26.46 30.33 33.37 35.92 45.04 51.32 56.27 60.42 51.08 74.30 108.08 134.56 157.21 177.36 257.99 321.22 375.28 42:1.39 
5.98 7.37 9.09 10.27 11.20 ll.98 14.77 16.69 18.20 19.47 44 56.13 82.45 120.91 151.16 177.o7 200.17 292 85 365.75 428.21 483.88 

18 17.11 22.03 28.15 32.40 35.76 38.59 48.74 55.80 61.38 66.07 55.20 80.62 ll7.76 146.97 172.00 194.31 283.80 354.20 414.51 468.28 
6.56 8.16 10.15 11.53 12.62 13.54 16.84 19.13 20.94 22.47 

45 58.66 86.48 127.28 159.48 187.12 211.79 311.04 389.35 456.57 516.58 19 17.95 23.26 29.93 34.59 38.30 41.42 52.71 60.61 66.89 72.18 
87.48 128.28 160.48 188.12 212.79 312.03 390.35 457.57 517.58 7.18 9.01 11.31 12.91 14.19 15.26 19.15 21.87 24.03 25.85 59.66 

46 61.30 90.70 133.97 168.22 197.67 224.00 330.20 414.26 486.54 551.16 
20 18.83 24.56 31.81 36.92 40.99 44.43 56.97 65.79 72.82 78.78 64.48 94.92 139.73 175.20 205.70 232.96 342.94 429.98 504.82 571.74 

7.85 9.94 12.58 14.44 15.92 17.17 21.73 24.94 27.51 29.67 47 64.07 95.12 140.99 177.40 208.77 236.115 350.41 440.54 518.20 5117.72 
21 19.75 25.92 33.80 39.38 43.85 47.64 61.51 71.34 79.22 85.90 69.71 103.00 152.19 191.24 224.88 254.99 376.77 473.42 556.70 631.25 

8.58 10.95 13.97 16.12 17.83 19.29 24.61 28.39 31.41 33.97 48 66.97 99.75 148.35 187.04 220.43 250.36 371.70 468.28 551.64 62636 
22 20.71 27.35 35.89 41.98 46.88 51.04 66.37 77.30 86.09 93.57 75.38 lll. 78 165.76 208.73 245.81 279.06 413.82 521.08 613.65 696.64 

9.37 12.05 15.50 17.96 19.94 21.62 27.82 32.23 35.78 38.81 49 70.01 104.60 156.09 197.17 232.70 264.58 394.15 497.56 5116.96 667 21 
23 21.71 28.84 38.09 44.73 50.08 54.66 71.56 83.68 93.47 101.83 81.54 121.33 180.56 227.82 268.69 305.37 454.42 573.38 676.22 768.53 

10.21 13.24 17.17 19.99 22.26 24.20 31.37 36.52 40.68 44.22 50 73.19 109.70 164.21 207.83 245.60 279.55 417.82 528.46 624.28 710 39 
24 22.75 30.41 40.41 47.63 53.48 58.49 77.09 90.51 101.39 ll0.70 88.23 131.73 196.70 248.68 293.70 334.15 498.94 630.80 744.99 847.61 

11.13 14.54 18.99 22.21 24.81 27.04 35.32 41.30 46.14 50.29 

25 23.84 32.05 42.85 50.69 57.07 62.54 82.98 97.81 109.88 120.23 I From "Design of Pile Foundations,'' by A. S. Vesic, in NCHRB Synthesis of Highway Practice 42, 
12.12 15.95 20.98 24.64 27.61 30.16 39.70 46.61 52.24 57.06 Transportation Research Board, 1977. Reprinted by permission. 
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FRED H. SCHOTT & ASSOCIATES 
CIVIL AND STRUCTURAL ENGINEERING • LAND PLANNING AND BUILDING DESIGN 

October 30, 1997 

Mr. John Kendall 
TerraMatrix Montgomery Watson 
1475 Pine Grove Rd. Ste 109 
PO Box 774018 
Steamboat Springs, CO 80477 

Subject: Proposed Hazardous Waste Mixing Bins at the Triassic Park Waste Disposal Facility. 

Dear Mr. Kendall: 

We are enclosing the following: 

1. Plan & Sections of the Inner Plate Liner - Sheet S 1. 

2. Plan & Elevations of the Outer Plate/Support System- Sheet S2. 

3. Longitudinal & Lateral Sections of the Bin Support System - Sheet S3. 

4. Outline Specification for Proposed Hazardous Waste Mixing Bins at Triassic Park Waste 
Disposal Facility - 2 pages. 

5. Overview of Preliminary Structural Analysis - 2 pages. 

6. Photocopies of the general wire rope isolator page and the technical data sheet for the 
proposed wire rope isolator. 

These documents give a good indication of the overall approach which was used to provide this 
preliminary design for the subject project. The actual calculations are not in a submittal form 
at this time, but we can provide you with any portions or all of the calculations you may wish 
to see. As noted in our telephone conversations there is no literature or computer programs 
available which address this type of problem. We have used basic engineering principles in 
conjunction with some finite plate element analyses to address the problem. Principles of 
impulse- momentum and conservation of energy were used to establish the mass, velocity and 
displacement relationships. Then plate stresses were approximated through the use of Sap 90. 
Finally force and displacement results were scaled up/down to limiting displacements (controlled 
by the wire rope isolators) and stresses (controlled by the grade of steel). 

200 Suburban Road. Suite A • San Luis Obispo • California 93401 
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Page 2 
Mr. John Kendall 

We spent a significant amount of time researching the available energy absorbing devices. The 
wire rope isolators were an obvious choice, and we discussed the issues extensively with the 
Enidine people and obtained several technical papers on the product. We also felt that rubber 
shock absorbers might be applicable and pursued that option to a point where it appears that such 
devices are not readily available and that if custom manufactured the cost of such devices would 
be prohibitive. It should also be noted that the resistance to hostile environment of the wire rope 
isolators is far superior to the rubber absorbers. 

We also spoke with a metallurgist and a Bethlehem Steel plant engineer to establish the desired 
steel properties and determine the properties and relative costs of the readily available steel. It 
appears that Bethlehem's Beth Star 80 (ASTM A656 Type 7 Grade 80) or Bethlehem's RQC 80, 
90 or 100 (ASTM A678 Gr C 80, 90 or 100 ksi yield) would be appropriate and would only cost 
30% (Beth Star 80) or 50% (RQC's) more than A36 steel(note that the maximum thickness of 
Beth Star 80 is 3/4" while the RQC's go to 1 114" or 1 112" thickness). All other applicable 
high strength steels would cost 140% to 160% more than A36 steel. It is possible but not likely 
that one of the more expensive steels would be a better buy due to substantially increased 
toughness, weldability, corrosion resistance or surface hardness. It is also possible that a 
cathodic protection might be warranted on the inner liner. 

The final design of the mixing bins will entail far more detailed analysis than has been done in 
this preliminary study, but we feel that we have a good handle on the technical issues at this 
point and that the preliminary analysis has resulted in a structure which is reasonably close to 
that which will result from the final design process. 

Sincerely, 

Fred H. Schott 

FHS:ms 

(97571097.ltr) 
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FRED H. SCHOTT & ASSOCIATES 
CIVIL AND STRUCTURAL ENGINEERING • LAND PLANNING AND BUILDING DESIGN 

1. General 

Outline Specification for 
Proposed Hazardous Waste Mixing Bins at 
Triassic Park Waste Disposal Facility 

1.1 Mixing bins shall consist of an inner steel liner and outer reinforced steel plate 
support bin with energy absorbing devices attached to the inside face of the outer 
support system to provide cushioning of the inner liner when subjected to impact 
loading conditions. 

1. 2 The bins are generally to be shaped to enhance proper mixing of the hazardous 
waste material with stabilizing materials. 

1. 3 The bins are tapered from top to bottom to allow a smooth uniform support of the 
inner liner by the energy absorbing devices. 

2. Inner Liner 

2.1 Steel plate shaped & welded into a mixing bin having overall dimensions of 
approximately 10 feet wide, 12 feet deep and 26 feet long at the top. 

2. 2 Plate shall be selected on the basis of yield strength, surface hardness, toughness, 
resistance to corrosive chemicals and weldability. Preliminary analysis indicates 
the use of a metal such as Beth Star 80 which has a yield strength of 80 ksi, a 
tensile strength of 95 ksi, ·a hardness of 360 to 400 and a toughness of 10 to 15 
ft lbs @-40 degrees F or Bethlehems RQC 80, 90 or 100 plate which has yield 
strengths of 80, 90 or 100 ksi and tensile strengths of 95, 100 & 110 ksi 
respectively would be appropriate for this application. 

2. 3 The thickness will be established after extensive finite element analyses for impact 
loadings at numerous selected critical locations. Preliminary analysis indicate that 
the thickness will be 1 " +I-. 

2.4 There will be a stiffener plate welded to the outer side of the inner liner all 
around the top edge to distribute loads laterally and minimize stress 
concentrations due to impact loads at or near the top of the bin. 
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Page 2 
Outline Specification 

3. Outer Liner Plate/Support System 

3. 1 The outer support system consists of steel plate with 6 inch deep WT rib sections 
with webs welded to the plate. In some locations reinforcing cover plates are 
welded onto the outer flanges of the ribs. The open top of the bin is supported 
by a 12 
inch channel with a cover plate at the outer edge. 

3.2 The steel plate and structural sections will be fabricated from standard A36 
material. Preliminary analyses indicates that the plate will be 112 inch thick and 
that the WT sections are generally WT 6 x 15 with some ribs supporting other 
ribs being WT 6 x 25. In some cases cover plates are added to the outer flange 
of the WT ribs. 

4. Energy Absorbing Devices 

4.1 The best selection for energy absorbing devices for this particular application 
appears to be wire rope isolators by Enidine. These isolators are fabricated from 
stainless steel wire rope wound into a tight elongated roll held in that shape by 
aluminum alloy retaining bars with a loadline protection. 

4.2 The wire rope isolators best suited for this application appear to be WR28-200-D8 
which have a fabricated height of 5.25 inches, a length of 14.5 inches and a 
maximum capacity of 9000 lbs at a deflection of 2 inches. 

4.3 The isolators will be positively fastened to the outer liner/support system with no 
connection to the inner liner. The tapered shape of the bins (see item 1. 3) will 
allow uniform support of the inner liner from all sides. 

97570UT.LIN 
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FRED H. SCHOTT & ASSOCIATES 
CIVIL AND STRUCTURAL ENGINEERING • LAND PLANNING AND BUILDING DESIGN 

Overview of Preliminary Structural Analysis 

1. Initial calculations establish the structural capacity required to support the static loads from 
hazardous waste material plus the stabilizing materials. The worst case scenario for the static 
load case is 80 cubic yards of material weighing 110 #/cubic foot. 

2. Preliminary dynamic analyses for vertical impact loads due to the material dropping into the 
bin indicate that this is not a significant problem. However impact from the bucket dropping 
freely due to a total & instantaneous hydraulic failure from a height of 15 feet would cause 
stresses in a 1 inch thick inner liner which would far exceed the yield stress of the steel & cause 
a permanent "dent" in the steel. It does not appear cost effective to design the inner liner for 
this possibility. 

3. Preliminary dynamic analyses established a side to side impact load from the backhoe bucket 
with contributions from the stick & boom based upon their relative velocity & % of load 
transferred to the bucket when it impacts the sidewall of the mixing bin. 

a. Static loads were applied to the wall of the inner liner to establish the relative 
deflections of points surrounding the point of impact. Then the effectiveness of the inner 
liner which would act to reduce the momentum of the bucket + was established and the 
conservation of momentum principle was used to determine the reduction in velocity 
immediately after impact. 

b. After impact the moving bucket + plus the effective plate mass has a kinetic energy 
equal to one half of the total mass times the square of the velocity. That kinetic energy 
is "gradually" transferred into potential energy from force times displacement (or bending 
moment times angle change) in the inner liner, the energy absorbing springs and the 
outer plate support system. When the bucket + has been stopped all of the energy has 
been transferred from the kinetic state to the potential state. It appears that 80% to 90% 
of the energy absorption occurs in the springs. 

c. Through a trial & error process, approximate relationships between initial velocity, 
displacements & stresses in the structural systems were established. It appears that the 
controlling factor in the system is the stress in the inner liner when subjected to impact 
loads. 

d. The impact loads from the weight of the bucket plus contributions from the stick & 
boom totalling approximately 3290 lbs. result in a kinetic energy in excess of 800,000 
# inches for the condition where a swing angle of 180 degrees can occur in 3 seconds 
(approximately 440 inches per second at the outer end of the bin). 
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Overview of Preliminary Structural Analysis 

e. In order to limit the stresses in the high strength inner liner plate to an acceptable 
allowable value it will be necessary to reduce the side to side velocity of the bucket + 
to 15% of the present velocity with a 3/4 inch thick plate, 19% for a 7/8 inch plate and 
23% for a 1 inch plate. 

4. Preliminary analysis of the dominantly in and out impact loads caused by movement of the 
boom, stick & bucket were also made. Combinations of circular velocities of Boom + Stick 
+ Bucket could easily result in velocities & resulting impact loads greater then the capacity of 
the inner plate to resist. Some of these velocities will probably need to be reduced to limit 
damage to the inner liner but this will require significantly more detailed calculations. Note that 
the effective mass at impact varies with each of these elements and the addition of these circular 
velocities & tributary masses in any particular direction and at any particular point is far from 
linear. The maximum reduction in velocity for any of these elements appears to be in the order 
of 50%. 

9757029.ltr 
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Introducing Wire Rope Isolators 

Shock and vibration affect the performance 
of all types of mechanical and electronic 
equipment in industrial, defense and commer
cial aviation industries. If left uncontrolled, 
shock and vibration can cause premature 
equipment failure and costly downtime. 

ENIDINE's Wire Rope Isolators protect valu
able equipment by combating these harmful 
effects. The rugged all-metal design provides 
unsurpassed multi-axis isolation, requires no 
maintenance and is especially suitable for 
hostile environments. Performance of Wire 
Rope Isolators is unaffected by chemicals, 
oils, ozone, abrasives and temperature 
extremes. All products readily conform to 
numerous standards, including MIL-STD-167, 
MIL-S-901, MIL-E-5400, MIL-STD-810, 
STANAG-042, BV43-44 and DEF-STND 0755. 

With a wide selection of Wire Rope Isolators, 
and load capacities ranging from 4 to 16 000 
N (1 to 3,600 lbs.), most applications can be 
accommodated quickly with a product from our 
inventory. If your application is outside the 
standard product range, ENIDINE engineers 
will custom design a Wire Rope Isolator to 
your specifications. 

For further technical assistance and pricing, 
please contact your local representative or 
contact ENIDINE directly. We look forward to 
working with you. 

Typical Wire Rope Applications 

• Shipping Cases, Skids & Containers 
• Shipboard Electronics/Navigational 

Equipment 
• Pump, Generator & Compressor Isolation 
• Electronic Cabinets 
• Chemical Processing Equipment 
• Avionics 
• Nuclear Power Plant Piping Suspension 
• Transportable Shelters 
• Sensitive Mobile Equipment 
• Ordnance Equipment 
• Over-The-Road Transport 
• Seismic Isolation Applications 
• Extreme Temperature Applications 

Standard Materials & Finishes 

Cable - Stainless Steel 
Retaining Bars - Aluminum Alloy, Alodine 

Protected 
Attachment Screws- Alloy Steel, Zinc Plated 
(WR12 - WR40). 
Consult ENIDINE if other materials/finishes are required. 

Operating Temperature Range 

-1oo·c to 26o·c (-15o·F to 5oo·F) 

Mounting Methods - Load Axis 

! 
() () 

COMPRESSION 45.COMPRESSION/ROLL 

! ! 
SHEAR ROLL 
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TO 

FRED H. SCHOTT & ASSOCIATES 
Civil & Structural Engineers 
200 Suburban Road, Suite A 

SAN LUIS OBISPO, CA 93401 

PHONE: (805) 544-1216 
FAX: (805) 544-2004 

TerraMatrix Montgomery Watson 

Attn: John Kendall 

1475 Pine Grove Rd., Ste 109 

Steamboat Springs, CO 804 77 

DATE 

November 12, 1997 'JOB NO. 9757 
ATIENTION 

Mr. John Kendall 
RE: 

TerraMatrix Bin Design 

W'E ARE SENDING YOU [ZJ Attached 0 Under separate cover via-------- the following items: 

COPIES DATE 

10/08/97 

l 

0 Shop drawings 
0 Copy of letter 

0 Prints 0 Plans 0 Samples 0 Specifications 
0 Change order [ZJ -=-A:.::sc...:N..:.;o::.:t:.::e.:.d _______________ _ 

NO. DESCRIPTION 

3 Impact loads from backhoe bucket calculations. 
7 Mathematical plate model calculations. 

22 Miscellaneous preliminary calculations. 

THESE ARE TRANSMITTED as checked below: 

0 For approval 0 Approved as submitted 0 Resubmit ------- copies for approval 
[ZJ For your use 0 Approved as noted 0 Submit copies for distribution 
[ZJ As requested 0 Returned for corrections 0 Return corrected prints 

0 For review and comment 0 ---------------------------------
0 FOR BIDS DUE----- 19_ 0 PRINTS RETURNED AFTER LOAN TO US 

REMARKS 

~OPY TO SIGNED: 

c::\wp51 \9757N12.trn name 

If enclosure are not as noted, kindly notify us at once. 
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10/22/97 
11:17 AM 

Joint Number 

406 
Spring 

36 
----

408 6 

414 6 
·-~-----t-- ---

420 6 

I 
Load 

t-
.o33 

Deflection Stresses 
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-0.026316 
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0.015552 

,r;r,f 0.122184 7.708333333 

0.106524 7.638888889 
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TOXIC TANK ANALYSIS-1" Thick Plate - 10/21/97 
SYSTEM 
L=1 
JOINTS 
1 X=O Z=O 
27 X=O Z=13 
1486 X=28 Z=O 
1512 X=28 Z=13 Q=1,27,1486,1512,1,27 

SPRINGS 
1 1486 135 K=432,432,432 
3 27 6 K=216,216,216 
1488 1512 6 K=216,216,216 
138 1353 135 K=72,72,72 
144 1359 135 K=72,72,72 
150 1365 135 K=72,72,72 
156 1371 135 K=72,72,72 
162 1377 135 K=72,72,72 
81 1431 135 K=36,36,36 
108 1458 135 K=36,36,36 

SHELL 
NM=1 0=1 X=1 Y=1 Z=1 
1 E=4.176E6 
1 JQ=1,2,28,29 ETYPE=2 M=1 TH=0.0833,0.0833 G=26,55 

LOADS 
741 741 1 L=1 F=0,40.16,0,0,0,0 
768 768 1 L=1 F=0,40.16,0,0,0,0 

Page 1 
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SOIL LOSS CALCULATIONS FOR TRIASSIC PARK LANDFILL COVER 

1.0 EROSION CALCULATIONS 

In order to evaluate the cover effectiveness for the Triassic Park Landfill an erosion analysis was 
performed. Calculated gross erosion effects on the existing surface slope were evaluated in 
comparison to State regulations. The equations and input parameters used to determine the gross 
annual sediment yield for the Triassic Park Landfill are presented in the following sections. 

TI1e Revised Universal Soil Loss Equation (RUSLE) was used to estimate the annual sediment yield 
(Barfield et al, 1981): 

Where: Y= 
R= 
K= 
L= 
S= 
C= 
P= 

Y = R•K•L•S•C•P 

Sediment yield (tons per acre-year) 
Rainfall factor 
Soil erodibility factor 
Length factor 
Slope factor 
Control factor 
Practice factor 

1.1 AVERAGE ANNUAL RAINFALL FACfOR, Rannuai 

The average annual rainfall factor was obtained for the following equation: R = 27 (P2,6)2.2 (Barfield et 
al, 1981). A value of98 was used for the Triassic Park Landftll Cover .A.nalysis. 

1.2 SOIL ERODIBILITY FACfOR, K 

The soil erodibility factor for the subject site was assumed based on site specific Soil Conservation 
data. The following soil erodibility factor was used for the Triassic Park Landfill analysis. 

TABLE! 
SOIL ERODIBILITY FACTOR 

Dominant Soil Type Soil Texture Soil Erodibility Factor (K) 
Roswell - Faskin- Jalmer Sand to sandy loam 0.30 

Association 

1.3 LENGTH FACTOR, L 

1l1e length factor for the sediment yield equation was determined based on the following equation 
(Renard et al, 1996): 

\'\1here: A.= 
m= 

L = (_1._) m 

72.6 

Representative slope length (ft) 
Variable slope length exponent 

The representative slope length was measured directly from topographic maps of the subject site. 
The slope length is defined as tl1e distance from the point of origin of overland flow to the point 
where the slope decreases such d1at signitic;mt deposition occurs or the flow enters a defined channel. 

Triussic Parle LmtlfiU Sedimml Cakuwtions 



The slope length exponent is related to the ratio 13 of rill erosion (caused by flow) to interill erosion 
(principally caused by raindrop impact) by the following equation (Renard et al, 1996): 

13= 

Where: e= Slope angle 

1.4 SLOPE FACfOR, S 

m=_Q 

(1 + 13) 

sin a 
0.0896 

-("'3""""'.o,....•....,c s-u-1 8""),..,.0
-:c-·
8 +-o"".-=s-=-6) 

The slope factor is representative of the typical slope length found on the subject site and calculated 
as follows: 

S= 10.8•sin (9)+0.03 for slopes < 9% 

S= 16.8•sin (S)-0.50 for slopes 2: 9% 

Slope angles were determined from topographic maps or from design slope information. 

1.5 CONTROL FACfOR, C 

The control factor is used to account for vegetative or mulch cover. The following values were 
utilized: 

TABLE2 
CONTROLFACfOR 

Surface Vegetation Control Factor (C) 
Vegetated Conditions No appreciable canopy, 0.042 

60 % herbaceous cover 

1.6 PRACfiCE FACfOR, P 

TI1e practice factor is used to account for soil surface conditions, such as contour furrow ditches. 
The following values were utilized: 

TABLE3 
PRACfiCE FACfOR 

Surface Practice Practice Factor W) 
Vegetated Conditions None 0.80 

2.0 RESULTS 

Based on the attached spreadsheet calculations a maximum slop length of 650 feet adequately meets 
the maximum allowable gross erosion rate of 2 tons per acre-year for 6 % slope and 30 feet. 

T riussic Park LmdjiU S edimmt c/Jlet~lations 2 



3.0 REFERENCES 

Barfield, Wamer, and Haan, 1981. Applied Hydrolngy and Sedimentolngy for Disturbed Areas. Oklahoma 
Technical Press, Stillwater, Oklahoma 

Renard, KG., Foster, G.R. Weesies G.A., McCool D.K., Yoder D.C., coordinators, 1996. Predicting 
Soil Erosion lry !Pater: A Guide to Consemation Planning JJJt"t/; the Revised Universal soti Loss Equation 
(RUSLE). Agriculture Handbook No. 703. U.S. Department of Agriculture 

Triassic Park Lmdjill Sediment <..:""a/mwtions J 



FINAL COVER 

SOIL ERODIBILITY FACTOR: 

Soil Type 

Final Cover 

SLOPE FACTOR: 

Length 

(ft) 

30 

The LS Factor was calculated by: 

TRIASSIC PARK LANDFILL 
CALCULATED SEDIMENTOLOGY DATA 

Soil Erodibility 
Group Factor, K 

B 0.3 

Elevation Slope m 
Change 

(ft) (%) 

7.5 25.0% 0.6 

LS =(Slope Length/72.6)"m*(10.8*sin(slope angle)+ 0.03) for Slopes< 9% 

LS =(Slope Length/72.6)"'m*(16.8*sin(slope angle)- 0.5) for Slopes> or= 9% 

Where: 

Slope < or= 3% 
Slope=4% 
5% >Slope< 10% 
Slope> 10% 

COVER AND PRACTICE FACTORS: 

Cover 
Type 

Final Cover 

RAINFALL FACTOR: 

A =98 

cover 

m=0.3 
m=0.4 
m=0.5 
m=0.6 

Cover 

(%) 

60% 

Canopy Control 
Factor, C 

(%) 

0% 0.042 

Slope LS 
Angle Factor 
(deg) 

14.0 2.10 

Practice 
Factor, P 

0.80 

11/9/97 



SEDYIELD1 

TRIASSIC PARK LANDFILL 
CALCULATED SEDIMENT YIELD 

The following spreadsheet calculates the predicted sediment yield for the project area. The gross sediment yield 
is determined according to the Revised Universal Soil Loss Equation. 

PARAMETER DESCRIPTION 

Annual Rainfall Factor 
Soil Erodibility Factor 
Length Slope Factor 
Control Factor 
Practice Factor 
Gross Annual Sediment Yield 

Sediment Density 
Gross Annual Sediment Yield 
Sediment Delivery Ratio 
Estimated Annual Sediment Yield 

Watershed Area 
Watershed Annual Sediment Yield 

Number of years 
Required Pond Sediment Storage 

VALUE 

98.00 
0.30 

2.10 
0.04 
0.80 
2.08 tons/acre/year 

94.00 pet 
0.0010 acre-feet/acre/year 

90% 
0.0009 acre-feet/acre/year 

0 acres 
0.0000 acre-feet/year 

1 years 
0.000 acre-feet 

Page 1 



FINAL COVER 

SOIL ERODIBILITY FACTOR: 

Soil Type Soil 
Group 

Final Cover B 

SLOPE FACTOR: 

Length Elevation 
Change 

(ft) (ft) 

650 39 

The LS Factor was calculated by: 

TRIASSIC PARK LANDFILL 
CALCULATED SEDIMENTOLOGY DATA 

Erodibility 
Factor, K 

0.3 

Slope m Slope 
Angle 

(%) (deg) 

6.0% 0.5 3.4 

LS =(Slope Length/72.6)11m*(10.8*sin(slope angle)+ 0.03) for Slopes< 9% 

LS =(Slope Length/72.6)11m*(16.8*sin(slope angle)- 0.5) for Slopes> or= 9% 

Where: 

Slope < or= 3% 
Slope =4% 
5% >Slope< 10% 
Slope> 10% 

m=0.3 
m=0.4 
m=0.5 
m=0.6 

COVER AND PRACTICE FACTORS: 

Cover Cover 
Type 

(%) 

Final Cover 60% 

RAINFALL FACTOR: R=98 

cover 

Canopy Control 
Factor, C 

(%) 

0% 0.042 

Practice 
Factor, P 

0.80 

LS 
Factor 

2.03 

11/9/97 



TRIASSIC PARK LANDFILL 
CALCULATED SEDIMENT YIELD 

The following spreadsheet calculates the predicted sediment yield for the project area. The gross sediment yield 
is determined according to the Revised Universal Soil Loss Equation. 

PARAMETER DESCRIPTION 

Annual Rainfall Factor 
Soil Erodibility Factor 
Length Slope Factor 
Control Factor 
Practice Factor 
Gross Annual Sediment Yield 

Sediment Density 
Gross Annual Sediment Yield 
Sediment Delivery Ratio 
Estimated Annual Sediment Yield 

Watershed Area 
Watershed Annual Sediment Yield 

Number of years 
Required Pond Sediment Storage 

cover 

VALUE 

98.00 
0.30 

2.03 
0.04 
0.80 
2.00 tons/acre/year 

94.00 pet 
0.0010 acre-feet/acre/year 

90% 
0.0009 acre-feet/acre/year 

0 acres 
0.0000 acre-feet/year 

1 years 
0.000 acre-feet 

11/9/97 



I"'' 

'"''"" 



TERRAMATRIX INC. 

Calculation Cover Sheet 

Sheet of __ 

Project Title: GANDY TRIASSIC PARK LANDFILL 

Project No. 602 

Calculation Title: DRAINAGE CONTROL 

Name Date 

Prepared By: __ ___.D~A"'-.:N!....:G~L:.!=E"-JA~S~O:..o..N::!....-__________ ____.!1"-!1-'-/.!..,15u./..L.9..L7 ___ _ 

Checked By:: ___ T~O~~fwLb<!E=<...li"'=D~I~C.LJH'--____________ l!...J1"-L./..!..15>L/./-t.9.!...7 ___ _ 

Reviewed By: __________________________ _ 

QA Review: __________________________ _ 

Revisions Date By Checked Reviewed QA 
Bv Bv Review 



SURF ACE WATER CONTROL SYSTEM DESIGN 

1.0 INTRODUTION 

This appendix contains the methodology, assumptions, and calculation for the proposed channels, 

culverts and ponds. 

METHODOLOGIES AND ASSUMPTIONS 

2.0 HYDROLOGY 

The hydrologic calculations used to evaluate the Triassic Park Landfill surface water control system were 

performed utilizing the SEDCAD+ computer model developed by Civil Software Design. 

SEDCAD+ is a hydrologic, hydraulic, and sediment calculation model designed for use on computer 

systems. The SEDCAD+ hydrologic model calculates runoff volume, and peak flow via a numerical 

modeling technique based on user inputs of a design storm event, (i.e., precipitation frequency data, 

selection of rainfall distribution, and convolution increment). Hydrographs are developed on a 

subwatershed basis with the input of area, time of concentration, SCS curve number, and the selection of 

a hydrograph shape. Routing of hydrographs is accomplished by the Muskingum Method. 

Inputs to the hydrology component of the SEDCAD+ computer model include: 

• Precipitation Distribution 

• Storm Duration 

• Return Period/Precipitation 

• Hydrograph Response Shape 

• Drainage Basin Area 

• Time of Concentration 

• Muskingum Routing Parameters 

• Curve Number 

Input values used in this model, are shown on the SEDCAD+ printouts in Attachment 1, and are explained 

in the following text. 



2.1 Precipitation Distribution 

A precipitation distribution is input to model the runoff hydrograph. SEDCAD+ allows the user to choose 

between the SCS Type I and Type II Storms. The SCS Type II distribution was input as a geographical estimation 

of the area storms. 

2.2 Stonn Duration 

A storm duration of 24 hours was used for the design and evaluation of the stormwater control system and 

represents the largest peak flow condition. 

2.3 Return Period/Precipitation 

A precipitation amount is required for the appropriate return period. As required by current regulations for the 

Triassic Park Landfill, the following precipitation amount was used for the design and evaluation of the 

stormwater control system (National Oceanic and Atmospheric Administration, 1973) 

2-year, 24-hour event 

25-year, 24-hour event 

l~year,24-hourevent 

2.4 Hydrograph Response Shape 

2.1 inches 

4.3 inches 

5.3 inches 

A unit hydrograph is chosen for each drainage area or sub-area model to predict the runoff response. The 

hydrograph responses available in the SEDCAD+ model are slow, medium, and fast. A slow response 

corresponds to a forested area or an area with a number of obstructions. A fast response corresponds to an 

unvegetated or poorly protected area Medium hydrograph responses were chosen for disturbed and undisturbed 

areas. 

The internal convolution increment is 0.05 hours and values are saved at the user specified interval of 0.1 hours 

or greater. A convolution increment of 0.1 was specified for the Triassic Park Landfill Area. 

2.5 Drainage Basin Area 

The drainage areas were determined by direct measurement from the U.S. Geological Survey, Mescalero Point 

quadrangle map, and a 1 "= 1 00' scale ariel survey topography map of the site. All basin areas are shown on the 

SEDCAD+ computer printouts in Attachment 1. 



2.6 Time of Concentration, Tc 

The time of concentration was calculated using the SCS upland method (a utility of SEOCAD+). All hydraulic 

lengths, drainage heights and slopes were measured directly from the above mentioned map and drawing. The 

calculated values for each structure are shown on the SEOCAD+ printouts in Attachment 1. 

2.7 Muskingum Routing Parameters, K, X 

The Muskingum Routing Parameters were also calculated using the SCS upland method. All hydraulic 

lengths, drainage heights and slopes were measured directly from the appropriate maps and drawings. The 

values calculated between each junction and/or subwatershed are shown on the SEDCAD+ printouts in 

Attachment 1. 

2.8 Curve Number, CN 

The run-off curve number is a factor relating the amount of rainfall to the amount of run-off for a given area. 

Curve numbers (CN) were evaluated based on vegetation and soil type for the given watershed. Vegetation 

was assumed based on anticipated cover vegetation. Indigenous surface soils types were obtained from the 

county Soil Conservation Service. The following curve numbers, presented in Table A-1, were assigned to 

area watersheds (U.S. Department of Commerce, 1986): 

TABLEA-1 

CURVE NUMBERS 

AREA TYPE HYDROLOGIC SOIL VEGETATION CURVE NUMBER 

GROUP 

Final Cover B Herbaceous (Fair) 71 

Facilities Disturbed B Newly Graded 86 

Waste c Newly Graded 

Landfill Disturbed D Newly Graded 94 

Undisturbed B Herbaceous (Fair) 71 



3.0 CHANNEL DESIGNS 

The surface water diversion dimensions were determined using Mannings Equation for open channel 

flow Channels with flow velocities less than 5 fps from a 25-year event will not require erosion 

protection. Channels with peak flow velocities greater than 5 fps from a 25-year event but less than 5 fps 

from and average storm ( 2-year event) will also not utilize erosion protection. During average storm 

events these channels should be stable, however, during major storm events the channels may show signs 

of erosion in some areas. These areas will be repaired as required following all major storm events. 

Channels with peak flow velocities greater than 5 fps from and average storm will be lined with gravel or 

riprap if required. To minimize sediment transport to receiving streams the East Channel and Final Cover 

Roadside Ditch will be lined with gravel. 

Riprap sizes were determined using the SEDCAD+ subroutine for designing nprap lined 

channels, utilizing the P ADER Method 

All inputs and results are shown on the SEDCAD channel design computer printouts in Attachment 2. 

A riprap apron will be constructed at the end of the East channel to dissipate the flow before entering the 

natural channel to help reduces erosion. The apron size and riprap requirement was designed using 

design curves relating culvert size, peak flow and taiwater conditions. The design calculations are shown 

in Attachment 3 

All inputs and results are shown on the SEDCAD channel design computer printouts 

4.0 CULVERT DESIGNS 

The culverts were sized using the U.S. Bureau of Public Roads nomograph using a headwater/ diameter 

ratio of 1.5. The culvert design inputs and results are shown in Attachment 4 along with the nomographs. 

5.0 PONDS 

All three surface water detention basins are designed to contain the storm water discharge from the entire 

active site area given flows from a 25-year, 24-hour storm event. The total run-off for each basin was 

determined using SEDCAD+. All inputs and results are shown on the SEDCAD+ computer printouts in 

Attachment 1. The pond volumes were determine by determining the areas of the stages for every two 



foot elevation and developing a stage storage table. The stage storage tables for each pond are shown in 

Attachment 5. 
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ATTACHMENT 1 
SEDCAD+ COMPUTER PRINTOUTS 



CIVIL SOFTWARE DESIGN 

SEDCAD+ Version 3 

TRIASSIC PARK LANDFILL: FACILITIES DITCHES AND POND 

by 

Name: TEL 

Company Name: ACZ, INC. 
File Name: J:\602\SEDCAD\FACPOND 

Date: 11-13-1997 



Civil Software Design -- SEDCAD+ Version 3.1 
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved. 

Company Name: ACZ, INC. 
Filename: J:\602\SEDCAD\FACPOND User: TEL 

Date: 11-13-1997 Time: 16:28:43 
TRIASSIC PARK LANDFILL: FACILITIES DITCHES AND POND 

Storm: 4.30 inches, 25 year-24 hour, scs Type II 
Hydrograph Convolution Interval: 0.1 hr 

JBS SWS 

============================================= 
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE 

============================================= 

Area 
(ac) 

-Hydrology-

CN UHS Tc 
(hrs) 

K 
(hrs) 

X 
Base
Flow 
(cfs) 

Runoff 
Volume 
(ac-ft) 

Peak 
Discharge 

(cfs) 
=============================================================================== 
111 1 

111 Structure 

111 Total IN/OUT 

32.80 71 M 0.348 0.000 0.000 
Type: Null Label: DITCH 1 

32.80 

32.80 

0.0 4.38 34.18 

4.38 

4.38 34.18 
=============================================================================== 
121 1 

1.21 Structure 

'~1 Total IN/OUT 

77.80 71 M 0.595 0.000 0.000 
Type: Null Label: DITCH 2 

77.80 

77.80 

0.0 10.39 62.20 

10.39 

10.39 62.20 
;============================================================================= 

211 1 

211 Structure 

211 Total IN/OUT 

104.10 86 M 0.852 0.000 0.000 
Type: Null Label: DITCH 3 

104.10 

214.70 

0.0 24.46 126.62 

39.24 

39.24 210.67 
================================================================================ 
111 to 211 Routing 0.009 0.277 
=============================================================================== 
221 1 

221 Structure 

221 Total IN/OUT 

4.40 86 M 0.563 0.000 0.000 
Type: Null Label: DITCH 4 

4.40 

4.40 

0.0 1. 03 6.78 

1. 03 

1. 03 6.78 
=============================================================================== 
311 1 

311 Structure 

311 Total IN/OUT 

4.50 86 M 0.099 0.000 0.000 
Type: Null Label: DITCH 5 

4.50 

223.60 

0.0 1. 06 12.35 

41.33 

41.33 217.26 
=============================================================================== 
211 to 311 Routing 0.078 0.277 
=============================================================================== 
321 1 

~1 Structure 

15.60 86 M 0.330 0.000 0.000 
Type: Null Label: DITCH 6 

15.60 

0.0 3.67 30.08 

3.67 
-------------------------------------------------------------------------------
321 Total IN/OUT 15.60 3.67 30.08 
=============================================================================== 



411 1 8.30 86 M 0.166 0.000 0.000 0.0 1. 95 19.65 
411 2 8.20 71 M 0.561 0.000 0.000 0.0 1.10 6.78 
411 3 9.80 98 F 0.001 0.000 0.000 o.o 3.32 32.12 

Type: Null Label: STORMWATER POND 
411 Structure 26.30 51.36 

.. 11 Total IN/OUT 265.50 51.36 254.54 
=============================================================================== 
311 to 411 Routing 0.000 0.486 
=============================================================================== 



CIVIL SOFTWARE DESIGN 

SEDCAD+ Version 3 

TRIASSIC PARK LANDFILL: FACILITIES DITCHES AND POND 

by 

Name: TEL 

Company Name: ACZ, INC. 
File Name: J:\602\SEDCAD\FACPOND 

Date: 11-13-1997 



Civil Software Design -- SEDCAD+ Version 3.1 
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved. 

Company Name: ACZ, INC. 
Filename: J:\602\SEQCAD\FACPOND User: TEL 

Date: 11-13-1997 Time: 16:28:50 
TRIASSIC PARK LANDFILL: FACILITIES DITCHES AND POND 

Storm: 5.30 inches, 100 year-24 hour, SCS Type II 
Hydrograph Convolution Interval: 0.1 hr 

JrBs sws 

============================================= 
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE 

============================================= 

Area 
(ac) 

-Hydrology-

CN UHS Tc 
(hrs) 

K 
(hrs) 

X 
Base
Flow 
(cfs) 

Runoff 
Volume 
(ac-ft) 

Peak 
Discharge 

(cfs) 
================================================================================ 
111 1 

111 Structure 

111 Total IN/OUT 

32.80 71 M 0.348 0.000 0.000 
Type: Null Label: DITCH 1 

32.80 

32.80 

0.0 6.41 51.20 

6.41 

6. 41 51.20 
================================================================================ 
121 1 

121 Structure 

1 21 Total IN/OUT 

77.80 71 M 0.595 0.000 0.000 
Type: Null Label: DITCH 2 

77.80 

77.80 

0.0 15.21 94.05 

15.21 

15.21 94.05 
============================================================================== 

211 Structure 

211 Total IN/OUT 

104.10 86 M 0.852 0.000 0.000 
Type: Null Label: DITCH 3 

104.10 

214.70 

0.0 32.51 167.98 

54.13 

54.13 295.37 
=============================================================================== 
111 to 211 Routing 0.009 0.277 
=============================================================================== 
221 1 

221 structure 

221 Total IN/OUT 

4.40 86 M 0.563 0.000 0.000 
Type: Null Label: DITCH 4 

4.40 

4.40 

0.0 1. 37 8.98 

1. 37 

1. 37 8.98 
=============================================================================== 
311 1 

311 Structure 

311 Total IN/OUT 

4.50 86 M 0.099 0.000 0.000 
Type: Null Label: DITCH 5 

4.50 

223.60 

0.0 1. 41 15.99 

56.91 

56.91 302.93 
=============================================================================== 
211 to 311 Routing 0.078 0.277 
=============================================================================== 
321 1 

21 Structure 

15.60 86 M 0.330 0.000 0.000 
Type: Null Label: DITCH 6 

15.60 

0.0 4.87 39.73 

4.87 
~ ~------------------------------------------------------------------------------

321 Total IN/OUT 15.60 4.87 39.73 
=============================================================================== 



411 1 8.30 86 M 0.166 0.000 0.000 0.0 2.59 25.80 
411 2 8.20 71 M 0.561 0.000 0.000 0.0 1. 60 10.24 
411 3 9.80 98 F 0.001 0.000 0.000 0.0 4.13 39.66 

Type: Null Label: STORMWATER POND 
411 Structure 26.30 70.12 

------------------------------------------------------------------------------
~11 Total IN/OUT 265.50 70.12 357.97 
=:============================================================================== 
311 to 411 Routing 0.000 0.486 
=============================================================================== 



CIVIL SOFTWARE DESIGN 

SEDCAD+ Version 3 

TRIASSIC PARK LANDFILL: FACILITIES DITCHES AND POND 

by 

Name: TEL 

Company Name: ACZ, INC. 
File Name: J:\602\SEDCAD\FACPOND 

Date: 11-14-1997 



Civil Software Design -- SEDCAD+ Version 3.1 
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved. 

Company Name: ACZ, INC. 
Filename: J:\602\SEDCAD\FACPOND User: TEL 

Date: 11-14-1997 Time: 09:55:46 
TRIASSIC PARK LANDFILL: FACILITIES DITCHES AND POND 

Storm: 2.10 inches, 2 year-24 hour, scs Type II 
Hydrograph Convolution Interval: 0.1 hr 

JBS SWS 

============================================= 
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE 

============================================= 

Area 
(ac) 

-Hydrology-

CN UHS Tc 
(hrs) 

K 
(hrs) 

X 
Base
Flow 
(cfs) 

Runoff 
Volume 
(ac-ft) 

Peak 
Discharge 

(cfs) 
=:============================================================================== 
111 1 

111 structure 

111 Total IN/OUT 

32.80 71 M 0.348 0.000 0.000 
Type: Null Label: DITCH 1 

32.80 

32.80 

0.0 0.84 4.77 

0.84 

0.84 4.77 
================================================================================ 
121 1 

121 Structure 

1 21 Total IN/OUT 

77.80 71 M 0.595 0.000 0.000 
Type: Null Label: DITCH 2 

77.80 

77.80 

o.o 1. 99 8.34 

1. 99 

1. 99 8.34 
============================================================================== 

:211 1 

:211 Structure 

211 Total IN/OUT 

104.10 86 M 0.852 0.000 0.000 
Type: Null Label: DITCH 3 

104.10 

214.70 

0.0 8.03 40.04 

10.85 

10.85 51.23 
:=============================================================================== 
111 to 211 Routing 0.009 0.277 
:=============================================================================== 
221 1 

221 Structure 

221 Total IN/OUT 

4.40 86 M 0.563 0.000 0.000 
Type: Null Label: DITCH 4 

4.40 

4.40 

o.o 0.34 2.16 

0.34 

0.34 2.16 
=============================================================================== 
311 1 

311 structure 

311 Total IN/OUT 

4.50 86 M 0.099 0.000 0.000 
Type: Null Label: DITCH 5 

4.50 

223.60 

0.0 0.35 4.43 

11.54 

11.54 53.64 
=============================================================================== 
211 to 311 Routing 0.078 0.277 
=============================================================================== 
321 1 

'21 Structure 

321 Total IN/OUT 

15.60 86 M 0.330 0.000 0.000 
Type: Null Label: DITCH 6 

15.60 

15.60 

o.o 1. 20 9.80 

1. 20 

1. 20 9.80 
=============================================================================== 



411 1 8.30 86 M 0.166 0.000 0.000 0.0 0.64 6.61 
411 2 8.20 71 M 0.561 0.000 0.000 0.0 0.21 0.91 
411 3 9.80 98 F 0.001 0.000 0.000 0.0 1. 53 15.47 

Type: Null Label: STORMWATER POND 
411 Structure 26.30 15.12 
------------------------------------------------------------------------------

~11 Total IN/OUT 265.50 15.12 64.78 
=============================================================================== 
311 to 411 Routing 0.000 0.486 
=============================================================================== 



CIVIL SOFTWARE DESIGN 

SEDCAD+ Version 3 

TRIASSIC PARK LANDFILL: RAMP DITCHES & CLAENWATER COLLECTION POND 

by 

Name: TEL 

Company Name: ACZ, INC. 
File Name: J:\602\SEDCAD\COLBASIN 

Date: 11-14-1997 



Civil Software Design -- SEDCAD+ Version 3.1 
Copyright {C) 1987-1992. Pamela J. Schwab. All rights reserved. 

Company Name: ACZ, INC. 
Filename: J:\602\SEDCAD\COLBASIN User: TEL 

Date: 11-14-1997 Time: 13:22:41 
TRIASSIC PARK LANDFILL: RAMP DITCHES & CLAENWATER COLLECTION POND 

Storm: 4.30 inches, 25 year-24 hour, scs Type II 
Hydrograph Convolution Interval: 0.1 hr 

============================================= 
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE 

============================================= 

-Hydrology-

JBS SWS Area 
(ac) 

CN UHS Tc 
(hrs) 

K 
(hrs) 

X 
Base
Flow 
(cfs) 

Runoff 
Volume 
(ac-ft) 

Peak 
Discharge 

(cfs) 
================================================================================ 
111 1 

111 Structure 

111 Total IN/OUT 

2.30 94 F 0.026 0.000 0.000 
Type: Null Label: DITCH 7 

2.30 

2.30 

o.o 0.69 7.27 

0.69 

0.69 7.27 
=============================================================================== 

1:~ 1 Structure 

1 Total IN/OUT 

6.10 94 F 0.071 0.000 0.000 
Type: Null Label: DITCH 8 

6.10 

6.10 

0.0 1.84 19.29 

1.84 

1. 84 19.29 
================================================================================ 
211 1 6.60 94 F 0.046 0.000 0.000 0.0 1.99 20.88 

Type: Null Label: COLLECTION POND 
211 Structure 6.60 4.52 

211 Total IN/OUT 15.00 4.52 47.44 
================================================================================ 
111 to 211 Routing 0.000 0.486 
=:============================================================================== 



CIVIL SOFTWARE DESIGN 

SEDCAD+ Version 3 

GANDY TRIASSIC PARK LANDFILL SITE PERIMETER DITCH 

by 

Name: DGG 

Company Name: ACZ, INC. 
File Name: J:\602\SEDCAD\OFFSITE 

Date: 11-08-1997 



Civil Software Design -- SEDCAD+ Version 3.1 
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved. 

Company Name: ACZ, INC. 
Filename: J:\602\SEDCAD\OFFSITE User: DGG 

Date: 11-08-1997 Time: 13:07:58 
GANDY TRIASSIC PARK LANDFILL : SITE PERIMETER DITCH 

storm: 4.30 inches, 25 year-24 hour, scs Type II 
Hydrograph Convolution Interval: 0.1 hr 

JBS SWS 

============================================= 
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE 

============================================= 

Area 
(ac) 

-Hydrology-

CN UHS Tc 
(hrs) 

K 
(hrs) 

X 
Base
Flow 
(cfs) 

Runoff 
Volume 
(ac-ft) 

Peak 
Discharge 

(cfs) 
=============================================================================== 
111 1 

111 Structure 

111 Total IN/OUT 

377.80 71 M 0.709 0.000 0.000 
Type: Null Label: EAST DITCH 

377.80 

377.80 

0.0 50.47 272.76 

50.47 

50.47 272.76 
================================================================================ 



CIVIL SOFTWARE DESIGN 

SEDCAD+ Version 3 

GANDY TRIASSIC PARK LANDFILL FINAL COVER ROADSIDE DITCH 

by 

Name: DGG 

Company Name: ACZ, INC. 
File Name: J:\602\SEDCAD\ROADSIDE 

Date: 11-07-1997 



Civil Software Design -- SEDCAD+ Version 3.1 
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved. 

Company Name: ACZ, INC. 
Filename: J:\602\SEDCAD\ROADSIDE User: DGG 

Date: 11-07-1997 Time: 15:14:00 
GANDY TRIASSIC PARK LANDFILL : FINAL COVER ROADSIDE DITCH 

Storm: 4.30 inches, 25 year-24 hour, scs Type II 

JBS SWS 

Hydrograph Convolution Interval: 0.1 hr 

============================================= 
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE 

============================================= 

Area 
(ac) 

-Hydrology-

CN UHS Tc 
(hrs) 

K 
(hrs) 

X 
Base
Flow 
(cfs) 

Runoff 
Volume 
(ac-ft) 

Peak 
Discharge 

(cfs) 
================================================================================ 
111 1 

111 Structure 

111 Total IN/OUT 

27.00 71 M 0.258 0.000 0.000 0.0 
Type: Null Label: ROADSIDE DITCH 

27.00 

27.00 

3.61 31.53 

3.61 

3.61 31.53 
=·============================================================================== 



CIVIL SOFTWARE DESIGN 

SEDCAD+ Version 3 

GANDY LANDFILL PHASE 1 RUN-OFF 

by 

Name: TEL 

Company Name: ACZ, INC. 
File Name: J:\602\SEDCAD\LANDFILL 

Date: 11-08-1997 



Civil Software Design-- SEDCAD+ Version 3.1 
Copyright (C) 1987-1992. Pamela J. Schwab. All rights reserved. 

Company Name: ACZ, INC. 
Filename: J:\602\SEDCAD\LANDFILL User: TEL 

Date: 11-08-1997 Time: 16:23:38 
GANDY : LANDFILL PHASE 1 RUN-OFF 

Storm: 4.30 inches, 25 year-24 hour, SCS Type II 
Hydrograph Convolution Interval: 0.1 hr 

JBS SWS 

============================================= 
SUBWATERSHED/STRUCTURE INPUT/OUTPUT TABLE 

============================================= 

Area 
(ac) 

-Hydrology-

CN UHS Tc 
(hrs) 

K 
(hrs) 

X 
Base
Flow 
(cfs) 

Runoff 
Volume 
(ac-ft) 

Peak 
Discharge 

(cfs) 
=============================================================================== 
1.11 1 

111 Structure 

111 Total IN/OUT 

15.60 91 M 0.070 0.000 0.000 0.0 
Type: Null Label: PHASE 1 LANDFILL 

15.60 

15.60 

4.30 47.23 

4.30 

4.30 47.23 
================================================================================ 
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ATIACHMENT 2 
CHANNEL DESIGNS 



¥ ·~ 

TRIASSIC PARK LANDFILL 

CHANNEL DESIGNS 

25-yr,24-hr Minimum 2 -yr,24-hr Velocity 
Ditch Flow Slope Bottom Side Depth of Velocity Freeboard Total Flow 

Q Width Slope Flow Depth Erosion Protection Q (fps) 
(ds) (%) (ft) (H:1V) (ft) (fps) (ft) (ft) (cfs) 

1 34.2 0.5-2.0 0 2 2.1 6.7 0.3 2.4 None 4.8 4.3 

2 62.2 0.5-1.0 0 2 2.6 6.0 0.3 2.9 None 8.3 3.6 

3 126.6 0.5-1 5 3 2.4 5.75 0.3 2.7 None 40 4.8 

1.1-2 5 3 2.1 6.6 0.3 2.3 Riprap 050=6" 

4 6.8 0.5-1.0 0 2 1.1 3.5 0.3 1.4 None 

5 217.3 0.5-1.0 10 2 2.3 7.3 0.3 2.6 None 53.6 5.0 

6 30.1 0.5-1 0 2 2.0 5.0 0.3 2.3 None 

7 Lower 7.3 I 0 1.5 0.9 6.0 0.3 1.2 HOPE 

7 Upper 7.3 10 0 1.5 0.6 14.2 0.3 0.9 HOPE 

8 Lower 19.3 I 0 1.5 1.3 7.6 0.3 1.6 HOPE 

8 Upper 19.3 10 0 1.5 0.8 18 0.3 1.1 HOPE 

East 272.8 0.5-0.8 16 3 2.3 6.0 0.3 2.6 Gravel 050=3" 

Final Cover 31.5 0.5-2.4 0 3 1.8 5.7 0.3 2.1 Gravel 050=3" 

Road Side 

Spillway 358 0.5 20 3 2.4 5.4 1.0 3.4 Gravel 050=3" 

Notes: 

(I) Maximum allowable velocity for channels without erosion protection 5 fps. 

(2) Channels with velocities greater than 5 fps for the 25-year event and less than 5 fps for the 2 year storm will not be lined. These channels will be repaired 
after major storm events. 

(3) Maximum allowable velocity for gravel lined channels is 6 fps 

-------



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 1 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

TRIANGULAR 
34.20 cfs 
0.50 % 

2.00:1 (L) 
0.025 

STIFF CLAY 
.3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
cross Sectional Area 
Hydraulic Radius 
Froude Number 

2.07 ft 
2.37 ft 
8.27 ft 
9.47 ft 
4.00 fps 
8.55 sq ft 
0.92 ft 
0.69 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 1 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

TRIANGULAR 
34.20 cfs 
2.00 % 

2.00:1 (L} 
0.025 

STIFF CLAY 
.3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

1. 59 ft 
1. 89 ft 
6.38 ft 
7.58 ft 
6.73 fps 
5.08 sq ft 
0.71 ft 
1. 33 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 1 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

TRIANGULAR 
4.80 cfs 
2.00 % 

2.00:1 (L) 
0.025 

STIFF CLAY 
.3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

0.76 ft 
1. 06 ft 
3.05 ft 
4.25 ft 
4.12 fps 
1.17 sq ft 
0.34 ft 
1.17 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 2 

INPUT VALUES: 

TRIANGULAR 
62.20 cfs 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

0.50 % 
2.00:1 (L) 

0.025 
STIFF CLAY 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

.3 ft 

2.59 ft 
2.89 ft 

10.35 ft 
11.55 ft 

4.65 fps 
13.39 sq ft 
1.16 ft 
0.72 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 2 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

TRIANGULAR 
62.20 cfs 
1. 00 % 

2.00:1 (L) 
0.025 

STIFF CLAY 
.3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

2.27 ft 
2.57 ft 
9.09 ft 

10.29 ft 
6.02 fps 

10.33 sq ft 
1. 02 ft 
1. 00 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 2 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

TRIANGULAR 
8.30 cfs 
1. 00 % 

2.00:1 (L) 
0.025 

STIFF CLAY 
.3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

1. 07 ft 
1. 37 ft 
4.27 ft 
5.47 ft 
3.64 fps 
2.28 sq ft 
0.48 ft 
0.88 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 3 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

TRAPEZOIDAL 
126.60 cfs 

0.50 % 
3.00:1 (L) 

5.00 ft 
0.030 

STIFF CLAY 
• 3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

2.36 ft 
2.66 ft 

19.13 ft 
20.93 ft 
4.45 fps 

28.42 sq ft 
1. 43 ft 
0.64 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 3 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

TRAPEZOIDAL 
126.60 cfs 

1. 00 % 
3.00:1 (L) 

5.00 ft 
0.030 

STIFF CLAY 
.3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

2.00 ft 
2.30 ft 

17.00 ft 
18.80 ft 

5.75 fps 
22.01 sq ft 
1. 25 ft 
0.89 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 3 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

TRAPEZOIDAL 
40.00 cfs 
1. 00 % 

3.00:1 (L) 
5.00 ft 
0.025 

STIFF CLAY 
.3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

1. 03 ft 
1. 33 ft 

11.18 ft 
12.98 ft 

4.80 fps 
8.33 sq ft 
0.72 ft 
0.98 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DiTLH 3 

INPUT VALUES: 

Shape 
Discharge 
Slope 

TRAPEZOIDAL 
126.60 cfs 

1.10 % 
3.00:1 (L) 

5.00 ft 
0.035 

Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

6 11 RIPRAP 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

• 3 ft 

2.10 ft 
2.40 ft 

17.62 ft 
19.42 ft 

5.32 fps 
23.80 sq ft 
1. 30 ft 
0.81 

3.00:1 (R) 



SEDCAD+ RIPRAP CHANNEL DESIGN 

f) ITCH 3 
INPUT VALUES: 

Shape TRAPEZOIDAL 
Discharge 126.60 cfs 
Slope 2.00 % 
Sides lopes (L and R) 3.00:1 
Bottom Width 5.00 feet 
Freeboard • 3 ft 

RESULTS: 

Steep Slope Design - PADER Method 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Manning's n 
Froude Number 
Dmax 
D50 
DlO 

1. 82 ft 
2.12 ft 

15.94 ft 
17.74 ft 

6.63 fps 
19.10 sq ft 

1.16 ft 
0.035 
1. 07 
0.625 ft 
0.500 ft 
0.167 ft 

3.00:1 

7. 50 in) 
6.00 in) 
2.00 in) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 4 

INPUT VALUES: 

TRIANGULAR 
6.80 cfs 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

0.50 % 
2.00:1 (L) 

0.025 
STIFF CLAY 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

.3 ft 

1.13 ft 
1. 43 ft 
4.51 ft 
5.71 ft 
2.67 fps 
2.55 sq ft 
0.50 ft 
0.63 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 4 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

TRIANGULAR 
6.80 cfs 
1. 00 % 

2.00:1 (L) 
0.025 

.STIFF CLAY 
• 3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

0.99 ft 
1. 29 ft 
3.96 ft 
5.16 ft 
3.46 fps 
1. 96 sq ft 
0.44 ft 
0.87 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 5 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

TRAPEZOIDAL 
217.30 cfs 

0.50 % 
3.00:1 (L) 

10.00 ft 
0.025 

.STIFF CLAY 
.3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

2.27 ft 
2.57 ft 

23.63 ft 
25.43 ft 

5.69 fps 
38.21 sq ft 

1. 57 ft 
0.79 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 5 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

TRAPEZOIDAL 
217.30 cfs 

1. 00 % 
3.00:1 (L) 

10.00 ft 
0.025 

.STIFF CLAY 
• 3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

1. 90 ft 
2.20 ft 

21.39 ft 
23.19 ft 
7.29 fps 

29.79 sq ft 
1. 35 ft 
1. 09 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 5 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

TRAPEZOIDAL 
53.60 cfs 
1. 00 % 

2.00:1 (L) 
10.00 ft 

0.025 
STIFF CLAY 

• 3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

0.91 ft 
1. 21 ft 

13.64 ft 
14.84 ft 

4.98 fps 
10.76 sq ft 

0.76 ft 
0.99 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 6 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

TRIANGULAR 
30.10 cfs 

0.50 % 
2.00:1 (L) 

0.025 
STIFF CLAY 

• 3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

1. 97 ft 
2.27 ft 
7.88 ft 
9.08 ft 
3.87 fps 
7.77 sq ft 
0.88 ft 
0.69 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 6 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

TRIANGULAR 
30.10 cfs 
1. 00 % 

2.00:1 (L) 
0.025 

STIFF CLAY 
• 3 ft 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

1. 73 ft 
2.03 ft 
6.92 ft 
8.12 ft 
5.02 fps 
5.99 sq ft 
0.77 ft 
0.95 

2.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 7 LOWER 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

HDPE 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

TRIANGULAR 
7.30 cfs 
1.00 % 

1.50:1 (L) 
0.013 

.3 ft 

0.90 ft 
1. 20 ft 
2.71 ft 
3.61 ft 
5.97 fps 
1.22 sq ft 
0.38 ft 
1. 57 

1.50:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 7 UPPER 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

HDPE 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

TRIANGULAR 
7.30 cfs 

10.00 % 
1.50:1 (L} 

0.013 

.3 ft 

0.59 ft 
0.89 ft 
1. 76 ft 
2.66 ft 

14.15 fps 
0.52 sq ft 
0.24 ft 
4.61 

1.50:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 8 LOWER 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

HOPE 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

TRIANGULAR 
19.30 cfs 
1. 00 % 

1.50:1 (L) 
0.013 

• 3 ft 

1. 30 ft 
1. 60 ft 
3.90 ft 
4.80 ft 
7.61 fps 
2.54 sq ft 
0.54 ft 
1. 66 

1. 50:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

DITCH 8 UPPER 

INPUT VALUES: 

Shape 
Discharge 
Slope 
Sides lopes 
Manning's n 
Material 
Freeboard 

HOPE 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

TRIANGULAR 
19.30 cfs 
10.00 % 

1. 50:1 (L) 
0.013 

.3 ft 

0.84 ft 
1.14 ft 
2.53 ft 
3.43 ft 

18.04 fps 
1. 07 sq ft 
0.35 ft 
4.89 

1.50:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

EAST DITCH 

INPUT VALUES: 

Shape 
Discharge 
Slope 

TRAPEZOIDAL 
272.80 cfs 

0.50 % 
3.00:1 (L) 

16.00 ft 
0.030 

Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

GRAVEL 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

• 3 ft 

2.33 ft 
2.63 ft 

29.99 ft 
31.79 ft 

5.09 fps 
53.62 sq ft 

1. 74 ft 
0.67 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

EAST DITCH 

INPUT VALUES: 

Shape 
Discharge 
Slope 

TRAPEZOIDAL 
272.80 cfs 

0.80 % 
3.00:1 (L) 

16.00 ft 
0.030 

Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

GRAVEL 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

.3 ft 

2.05 ft 
2.35 ft 

28.31 ft 
30.11 ft 

6.00 fps 
45.48 sq ft 

1. 57 ft 
0.83 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

FINAL COVER ROAD SIDE DITCH 

INPUT VALUES: 

Shape 
Discharge 
Slope 

TRIANGULAR 
31.50 cfs 

0.50 % 
3.00:1 (L) 

0.030 
Sides lopes 
Manning's n 
Material 
Freeboard 

GRAVEL 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

• 3 ft 

1. 82 ft 
2.12 ft 

10.90 ft 
12.70 ft 

3.18 fps 
9.90 sq ft 
0.86 ft 
0.59 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

FINAL COVER ROAD SIDE DITCH 

INPUT VALUES: 

Shape 
Discharge 
Slope 

TRIANGULAR 
31.50 cfs 
2.40 % 

3.00:1 (L) 
0.030 

Sides lopes 
Manning's n 
Material 
Freeboard 

GRAVEL 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

• 3 ft 

1. 35 ft 
1. 65 ft 
8.12 ft 
9.92 ft 
5.73 fps 
5.50 sq ft 
0.64 ft 
1. 23 

3.00:1 (R) 



SEDCAD+ NONERODIBLE CHANNEL DESIGN 

INPUT VALUES: 

Shape 
Discharge 
Slope 

TRAPEZOIDAL 
358.00 cfs 

0.50 % 
3.00:1 (L) 

20.00 ft 
0.030 

Sides lopes 
Bottom Width 
Manning's n 
Material 
Freeboard 

GRAVEL 

RESULTS: 

Depth 
with Freeboard 

Top Width 
with Freeboard 

Velocity _ 
Cross Sectional Area 
Hydraulic Radius 
Froude Number 

1 ft 

2.44 ft 
3.44 ft 

34.67 ft 
40.67 ft 
5.36 fps 

66.82 sq ft 
1. 88 ft 
0.68 

3.00:1 (R) 



A TI ACHMENT 3 
APRON DESIGN 
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ATIACHMENT 4 
CULVERT DESIGNS 



Sheet1 

CULVERT SUMMARY 

Project: Triassic Park Landfill 

Project Number: 602 

Prepared by: D. Gleason 

Channel FlowQ Culvert Capacity No. of Culvert Dia. Total Capacity 
(cfs) (cfs) Culverts (1) (in.) (cfs) 

East Ditch 272.8 155 2 54 310 

Ditch 1 and 2 96.4 50 2 36 100 

Ditch 3 126.6 50 3 36 150 

Ditch 4 6.8 9 1 18 9 

Ditch 5 217.3 135 2 54 270 

Note: 
(1) Represents the number of culverts needed at each road crossing. 

Page 1 



Facilities Retention Basin 
i 

Elev. Area I Area · Avg.Area. Depth ! Volume Cui. Vol. 
I 

' 

4106 254327! 5.8385. 
4108 267492• 6.1408' 5.9897. 2 11.9793: 11.9793 
4110 I 280944! 6.4496 6.2952 2 i 12.5904' 24.5697 I 

4112 i 294685! 6.7650· 6.6073! 2 I 13.2146: 37.7843 
4114 I 308713~ 7.0871' 6.9261 I 2 I 13.8521! 51.6364 I ' 
4116 I 323030: 7.4157j 7.2514 2 I 14.5028! 66.1392 I 

I I I I ' i 
' 

I 

I i I : i ' 
' I ! ' ' ' 

Phase 1 Liner Basin 
I I I I i ! 

I I 
i ' ! i : i 

Elev. Area Area · Avg.Area ·. Depth Volume : Cui. Vol. 

' 
; : 

4050 ' 7000· 0.1607 
4052 31400 0.7208 0.4408 2 I 0.8815 0.8815 
4054 59500 1.3659, 1.0434 2 2.0868 2.9683 
4056 : 83300' 1.9123 1.6391. 2 3.2782 6.2466 
4058 96096 2.2061' 2.0592 2 4.1184 10.3649 
4060 106300 2.4403 2.3232 2 4.6464 15.0113 

: 

Collection Basin 

Elev. Area Area Avg.Area Depth Volume Cui. Vol. 

4050 125 0.0029 
4052 13787 0.3165 0.1597 2 0.3194 0.3194 
4054 27405 0.6291 0.4728 2 0.9456 1.2650 
4056 42342 0.9720 0.8006 2 1.6012 2.8662 
4058 58600 1.3453 1.1587 2 2.3173 5.1835 
4060 69100 1.5863 1.4658 2 2.9316 8.1151 

Pond.xls 11/15/97 
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December 199 7 ALR and RAP Triassic Park Waste Disposal Facility # 1-1 

1 .0 INTRODUCTION 

An Action Leakage Rate (ALR) and Response Action Plan (RAP) for the proposed Triassic 
Park Hazardous Waste Facility landfill and evaporation pond is required under 40 CFR Parts 
264.302 and 304. A three phased landfill and a two phased evaporation pond have been 
proposed as part of a RCRA Part B Permit Application dated November 1997. This report 
presents proposed ALRs based on the landfill and evaporation pond specific designs and 
calculation methodologies recommended by EPA. The ALR, as defined in the final rule 
published in January 29, 1992, is the maximum design flow rate that the leak detection and 
removal system (LDRS) may remove without the fluid head on the bottom liner exceeding one 
foot. The RAP describes the steps to be taken in the event the ALR is exceeded in the landfill 
or the evaporation pond. The RAP specifies the initial notifications, steps to be taken in 
response to the leakage rate being exceeded, and follow-up reports. 

TerraMatrix/Montomery Watson *P.O. Box 774018 *Steamboat Springs, Colorado 80477 * (970} 879-6260 



December 1997 ALR and RAP Triassic Park Waste Disposal Facility # 2-1 

2.0 PROPOSED LANDFILL DESIGN 

This section briefly describes aspects of the landfill designs relevant to the ALR and the RAP. 
Engineering drawings and technical specifications are included in the Revised Part B Permit 
Application dated November 1997. 

2. 1 LINER DESIGN 

The landfill liner system consists of a single and composite liner. The liner system which 
applies to the base and slopes of the landfill is described below (from top to bottom). 

• A minimum 2-foot thick protective soil layer. 

• A leachate collection system consisting of: 

0 a double sided geocomposite (geonet with a layer of geotextile bonded to 
both sides, transmissivity~ 2 x 10-4m2/sec). 

• A primary liner consisting of: 

0 60-mil high density polyethylene (HDPE) geomembrane. 

• A leak detection and removal system consisting of: 

0 a double sided geocomposite (geonet with a layer of geotextile bonded to 
both sides, transmissivity~ 1.2 x 10-4 m2/sec) . 

• A secondary composite liner consisting of : 

0 60-mil HDPE geomembrane 
0 a geosynthetic clay liner (GCL) with k ~ 5 x 10-9 em/sec (bentonite 

sandwiched between two layers of geotextile) 

• Six inches of prepared subgrade. 

The liner system in the sump area differs from the liner system in the landfill base and slope 
areas due to the inclusion of drainage gravel (k ~ 1.0 em/ sec) and compacted clay (k ~1 x 10-7 

em/ sec) in the base area of the leachate collection and removal sump and the leak detection and 
removal sump. The liner system in the landfill sump area is illustrated on Drawing No. 16, 
sump cross sections, Drawing No. 18, vadose, LDRS, LCRS cross sections and details - phase 
1A. 

2.2 LEACHATE COLLECTION AND REMOVAL SYSTEM, LEAK DETECTION AND 
REMOVAL SYSTEMS, AND VADOSE MONITORING SYSTEM 

The gecomposite leachate collection and removal system (LCRS) installed above the primary 
geomembrane will collect liquid above the geomembrane and transmit it to the LCRS 
collection sump. 

W:·\602\Ma/IALR Repun 
ll\14\97ypl 
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December 1997 ALR and RAP Triassic Park Waste Disposal Facility • 2-2 

The leak detection and removal system (LDRS) installed above the secondary geomembrane 
will detect and collect liquid above the geomembrane and transmit it to the LDRS sump. The 
vadose monitoring sump will detect and collect fluid leakage from the LDRS sump. 

2.2.1 LEACHATE COLLECTION AND REMOVAL SYSTEM 

Liquid entering the LCRS will come from rainfall which percolates through the waste thereby 
generating leachate. The function of the LCRS is to transport this liquid to the sump where it 
can be removed so that hydraulic head on the primary liner is minimized. 

Components of this system, in addition to those described above, include a lateral 8-inch 
diameter drainage pipe located along the minimum grade line in the floor of the landfill, an 18-
inch diameter HDPE sump collection and slope riser pipe, and a 24-inch diameter steel vertical 
riser pipe. The floor pipe and slope riser pipe will be surrounded by a gravel envelope, 
separated from the surrounding soil by an 8 oz. non-woven geotextile filter. The vertical riser 
pipe system, which will extend from the center of the LCRS sump vertically through the waste 
and cover system, provides a second access to the LCRS from which leachate can be removed. 
Accumulated liquids will be removed from the leachate collection sump by pumping either 
through the slope riser pipe or through the vertical riser pipe. A submersible pump will be 
used for leachate removal. 

2.2.2 LEAK DETECTION AND REMOVAL SYSTEM 

The potential sources of liquid entering the LDRS include primary liner leakage and 
consolidation water from the primary sump's clay liner. To meet the design requirements, the 
leak detection system must be able to collect and transmit liquid to the leak detection sump so 
that it can be removed. 

The LDRS will be installed above the secondary composite liner on the landfill base and 
sideslopes. Should liquid enter the detection system, it will drain toward the collection sump 
via the LDRS drainage geocomposite and drainage pipe. Once in the sump, the liquid can be 
detected and removed via a riser pipe which extends up the slope of the landfill to the surface. 
The liquid will be pumped to the surface by a submersible pump. 

2.2.3 VADOSE MONITORING SUMP 

Sources of liquid entering the vadose sump include secondary liner leakage and consolidation 
water frqm the secondary sump's clay liner. The purpose of the vadose monitoring sump is to 
detect and remove leakage passing through both the primary and secondary liner systems. As 
with the LCRS sump and LDRS sump described above, liquid in the vadose sump will be 
pumped to the surface by a submersible pump. 
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3.0 PROPOSED EVAPORATION POND DESIGN 

This section briefly describes aspects of the evaporation pond design relevant to the ALR and 
the RAP. Engineering drawings and technical specifications are included in the Revised Part B 
Permit dated November 1997. 

3.1 LINER DESIGN 

The evaporation pond liner system consists of a single and a composite liner. The liner system 
which applies to the base and slopes of the evaporation pond is described below (from top to 
bottom). 

• A primary liner consisting of: 

0 60-mil HDPE geomembrane 

• A leak detection system and removal system consisting of: 

0 A geonet drainage layer (transmissivity ~ 5 x 10-3 m2 I sec) . 

• A secondary composite liner consisting of : 

0 A 60-mil HDPE geomembrane 
0 A 3 foot thick compacted clay liner (CCL) with k ~ 1 x 10"7 em/sec 

The liner system in the sump area differs from the liner system elsewhere in the pond due to 
the inclusion of drainage gravel and geotextile cushion layers in the LDRS layer. Drawing No. 
32, Evaporation Pond LDRS Plan and Details illustrates the liner sump liner system 
arrangement. 

3.2 LEAK DETECTION AND REMOVAL SYSTEM AND VADOSE MONITORING 
SYSTEM 

3.2.1 Leak Detection and Removal System 

Liquid entering the LDRS will be the result of primary liner leakage. To meet design 
requirements, the LDRS must be able to collect and transmit liquid to the leak detection sump 
so that it can be removed. 

The LDRS will be installed above the secondary composite liner on the evaporation pond floor 
and sideslopes. Should liquid enter the LDRS, it will drain toward the collection sump where it 
can be detected and removed via a slope riser pipe which extends up the side slope of the 
evaporation pond to the surface. The liquid will be pumped to the surface by a submersible 
pump. 

3.2.2 Vadose Monitoring System 

Sources of liquid entering the vadose sump include secondary liner leakage and consolidation 
water from the secondary clay liner. The purpose of the vadose monitoring sump is to detect 

Wc\602\FiMIIALR Repon 

ll\14\97ypl 

TerraMatrix/Montomery Watson* P.O. Box 774018 *Steamboat Springs, Colorado 80477 * {970} 879-6260 



November 1997 ALR and RAP Triassic Park Facility ~ 3-2 

and remove leakage passing through the secondary liner systems. As with the LDRS sump 
described above, liquid in the vadose sump will be pumped to the surface by a submersible 
pump. 
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4.0 POTENTIAL SOURCES OF FLOW FROM THE LEAK DETECTION 
AND REMOVAL SYSTEM 

Before ALRs and a RAP can be established for the potential sources of flow from the LDRS of 
the landfill and evaporation pond must be understood and the magnitudes of flow from the 
potential sources should be estimated. This understanding of the potential sources and 
magnitudes of flow is also useful in planning for the potential flow quantities and in identifying 
unusual flow conditions. 

4. 1 POTENTIAL SOURCES OF FLOW FROM THE LANDFILL LDRS 

Potential source of flow from the landfill LDRS are: 

• Precipitation that enters the leak detection layer during construction (hereafter referred 
to as construction water). 

• Water expelled from consolidation of the clay components of the composite primary 
liner during landfill operations (hereafter referred to as consolidation water). 

• Leakage through the primary liner. 

These potential sources of liquid have been discussed in detail in the technical papers by Gross 
et al. (1990) and Bonaparte and Gross (1990). An evaluation of potential sources and 
magnitudes of flow from each of the sources discussed above is presented below: 

Substantial flow rates of construction water are possible; however, since geocomposites do not 
exhibit significant capillarity, it is likely that the flow of construction water from the 
geocomposite and sump drainage gravel will be complete before waste placement begins. 

The average consolidation water flow rate is dependent on the area, thickness, and degree of 
saturation of the primary clay component in the sump area; and rate of waste filling. Because 
the sump primary clay component is very small ~imited to the sump area), consolidation water 
volumes are not expected to be significant. 

The potential for leakage through the primary liner is the basis for the ALR and is discussed in 
Section 5.0. 

4.2 POTENTIAL SOURCES OF FLOW FROM THE OF THE EVAPORATION POND 
LDRS 

The source of flow from the evaporation pond LDRS is restricted to leakage through the 
primary geomembrane. Similar to the landfill, construction water will likely be removed from 
the LDRS prior to placement of waste liquids in the pond. Since there is no primary clay 
component in the pond liner system, consolidation water is not a potential source of liquids in 
the LDRS. 
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5.0 ACTION LEAKAGE RATE DETERMINATION 

5.1 INTRODUCTION 

As presented in Code of Federal Regulations, Title 40, Part 264, Rule '264.302 (40 CFR Rule 
264.302): 

The action leakage rate is the maximum design flow rate that the leak detection and 
removal system (LDRS) can remove without the fluid head on the bottom liner 
exceeding 1 foot. The action leakage rate must include an adequate safoty margin to 
allow for uncertainties in the design (e.g., slope, hydraulic conductivity, thickness of 
drainage materialj, construction, operation, and location of the LDRS, waste and 
leachate characteristics, likelihood and amount of other sources of liquids in the LDRS 
and proposed response actions (e.g., the action leakage rate must consider decreases in 
the flow capacity of the system over time resulting from siltation and clogging, rib 
layover and creep of synthetic components of the system, overburden pressures, etc.). 

In other words, the ALR is the maximum design flow rate, including a safety factor, that the 
leak detection system can remove without the head on the bottom liner exceeding 1 ft. 

5.2 DETERMINATION OF ACTION LEAKAGE RATE: LANDFILL 

5.2.1 Equation for Geocomposite Flow Capacity 

The leak detection drainage layer consists of a double sided geocomposite 
(geotextile/ geocomposite/ geotextile). The maximum flow rate from a single hole in the 
primary HDPE liner that a geocomposite drainage layer can convey without the fluid head on 
the secondary liner exceeding a predetermined level is given by the following equation (USEP A 
1992) 

Q = k*D*(2h-D) (Equation 1) 

where: 

Q = the flow rate through a single hole in the primary liner; 
k = the hydraulic conductivity of the leakage detection geocomposite drainage layer; 
h = the head on the secondary liner; and 
D = thickness of leak detection drain layer (geocomposite). 

5.2.2 Design Parameters 

Hydraulic Conductivity 

The technical specifications require that over the base and side slopes of the landfill the 
geocomposite of the LDRS have a hydraulic transmissivity of at least 2.2 x 104 m2/sec when 
subjected to testing conditions which include stress, hydraulic gradient, and boundary 
conditions similar to those anticipated in the field. The thickness of the geocomposite of the 
LDRS is 0.2 in. Using the specified hydraulic transmissivity of 2.2 x 104 m2/sec (and adjusting 
the transmissivity by a total factor of safety of 3.3 to account for creep, chemical clogging, and 
sediment clogging) and geocomposite thickness of 0.2 in. results in a calculated hydraulic 
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conductivity of 1.3 em/sec for the LDRS geocomposite drainage layer over the base of the 
landfilL Hydraulic transmissivity test results confirming that the specified geocomposite has 
this calculated hydraulic conductivity are required in the specifications and CQA Plan. 

Head on Secondary Liner 

The current Federal regulations require that the head on the liner should not exceed one foot. 
Therefore, one foot will be used for the calculated maximum head build-up on the secondary 
liner and the calculation of the ALR. 

Geocomposite Thickness 

A one foot head on the secondary liner does not mean that the flow thickness in the 
geocomposite is one foot (the geocomposite thickness is only 0.2 in.), it only means that the 
fluid pressure in the geocomposite directly beneath the hole in the primary liner could be 
equivalent to one foot of fluid head. 

5.2.3 Discussion of Proposed Action Leakage Rates 

The proposed ALR of 900 gpad is greater than the 100 gpad suggested by the USEPA (USEPA, 
1992) for landfill units that are built to the minimum design specifications presented in 40 CFR 
Part 264 for the LDRS. This ALR (100 gpad) was developed by USEPA using calculations 
similar to those presented in this document. However, the proposed LDRS design for the 
Triassic Park landfill includes a geocomposite drainage layer with a hydraulic transmissivity at 
least two orders of magnitude greater than that required to meet the minimum design 
specifications (granular drainage layer) presented in CFR Part 264. With this greater hydraulic 
transmissivity, the geocomposite drainage layer is capable of conveying much greater flow rates 
without the fluid head on the secondary liner exceeding one foot. As a result, the proposed 
ALRs calculated using the equation given in USEPA (1992) are substantially greater than 100 
gpad. However, consistent with 40 CFR Part 264, the proposed ALRs have been established to 

ensure that the maximum fluid head on the secondary liner is not in excess of one foot. This is 
demonstrated by the calculations presented in Appendix G-1. Therefore, the proposed ALRs 
are consistent with the requirements of 40 CFR Part 264, and the designs for the landfill are 
appropnate. 

5.3 DETERMINATION OF ACTION LEAKAGE RATE: EVAPORATION POND 

5.3.1 Equation for Geocomposite Flow Capacity 

The leak detection drainage layer consists of a geonet. The maximum flow rate from a single 
hole in the primary liner that a geonet drainage layer can convey without the fluid head on the 
secondary liner exceeding a predetermined level is given by the Equation 1 presented in Section 
5.2.1. 

5.3.2 Design Parameters 

Hydraulic Conductivity 

The technical specifications for the evaporation pond geonet require that over the base and the 
side slopes of the evaporation pond the geonet of the LDRS have a hydraulic transmissivity of 
at least 5 x 10·3 m2/sec when subjected to testing conditions which include stresses, and 

W\602\Finai\ALR R<f'O"' 
11\14\97vol 

TerraMatrix/Montomery Watson *P.O. Box 774018 *Steamboat Springs, Colorado 80477 * {970} 879-6260 



November 1997 ALR and RAP Triassic Park Facility • 5-3 

hydraulic gradient and boundary conditions similar to those anticipated in the field. Using the 
specified hydraulic transmissivity of 5 x 10·3 m2/sec and (and adjusting the transmissivity by a 
total factor of safety of 5.1 to account for intrusion, chemical slogging, biological clogging, and 
sediment clogging) geonet thickness of 0.2 inches, the calculated hydraulic conductivity is 20 
em/ sec. Hydraulic transmissivity test results confirming that the specified geonet has this 
calculated conductivity are required in the specifications and the CQA plan. 

Head on Secondary Liner 

Similar to the landfill LDRS regulations, the head on the evaporation pump liner should not 
exceed one foot. Therefore, one foot will be used for the calculated maximum head build-up on 
the secondary liner and the calculation of the ALR. Also, as with the landfill LDRS, one foot 
of head is interpreted to mean an equivalent fluid pressure of one foot rather than a one foot 
increase in fluid elevation. 

5.3.3 Action Leakage Rate 

Action Leakage Rate Calculation 

Using Equation 1 and the design parameters listed above the maximum flow rate that the LDRS 
geocomposite drainage layer at the base of the evaporation pump can convey from a single hole 
in the primary layer is calculated to be approximately 13,000 gallons per acre per day (gpad). 
For the pond area this is approximately 9,000 gpd. The calculations are attached as Appendix 
G-1. 

Design LDRS Sump Flow Capacity 

The flow rate listed above is for the case of flow entering the drainage layer from a single hole 
in the primary liner. In order to determine if the LDRS sump has sufficient capacity to remove 
and therefore to detect the flow from a single hole in the primary liner, an analysis was carried 
out for the LDRS sump capacity. 

The construction materials and layout for the LDRS sump are shown on Drawings 28 to 32. 
The calculations for the capacity of the LDRS sump presented in Appendix G-2 and indicate 
that the sumps can safely remove flows of approximately 75,600 gpd. This exceeds the 
expected flow capacity of LDRS geonet layer from a single hole in the primary liner; therefore, 
the sump could detect a leak of this magnitude. 

5.3.4 Discussion of Proposed Action Leakage Rates 

The proposed ALR of 1000 gpad is equivalent to the EPA recommended maximum and is 
substantially less then the calculated maximum. The ALR, as proposed by EPA, generally 
refers to values with units of gallons per acre per day (gpad). The calculated flow rates for the 
LDRS net layer for a single hole in the primary liner system are presented in units of gallons 
per day. However, if the value is divided by the pond area, the flows are reported in gallons 
per acre per day. 
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6.0 LEAK DETECTION AND REMOVAL SYSTEM MONITORING 

The flow of liquid removed from each leak detection sump will be monitored either with a 
flow meter or using a container of known volume and a stop watch. 

In accordance with 40 CFR 264.303 and 40 CFR 264.222, the volume of liquid removed from 
each leak detection system sump in the landfill and evaporation pond will be recorded at least 
once each week during the active life. Liquid volumes will also be recorded once each week 
for the landfill LDRS sumps during the closure period. 

During the landfill post-closure care period, the volume of liquid removed from each leak 
detection system sump will be recorded at least monthly. If the liquid level in the sump stays 
below the pump operating level, i.e., one foot above the bottom liner, for two consecutive 
months, the level of liquid in the sump must be recorded at least quarterly. If the liquid level in 
the sump stays below the pump operating level for two consecutive quarters, the level of liquid 
in the sump will be recorded at least semi-annually. However, if at any time during the 
post-closure care period the pump operating level is exceeded for a sump on quarterly or 
semi-annual recording schedules, monthly recording of the volume of liquid removed from the 
sump will be reinstated. This will continue until such time that the liquid level in the sump 
again remains below the pump operating level for two consecutive months. 

TerraMatrix/Montomery Watson *P.O. Box 774018 *Steamboat Springs, Colorado 80411 * (970} 879-6260 
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7.0 RESPONSE ACTIONS 

In accordance with 40 CFR 264.304, if the ALR is exceeded for the landfill or evaporation pond 
LDRS sump, the Triassic Park facility will: 

• Notify the NMED in writing of the exceedance within 7 days of the 
determination; 

• Submit a preliminary written assessment to NMED within 14 days of the 
exceedance determination, as to the amounts of liquids, likely sources of liquids, 
possible location, size, and cause of any leaks, and short-term actions taken and 
planned. 

• Determine, to the extent practicable, the location, size, and cause of any leak; 

• Determine whether waste receipt should cease or be curtailed, whether any 
waste should be removed from the unit for inspection, repairs, or controls, and 
whether or not the unit should be closed; 

• Determine any other short-term and long-term actions to be taken to mitigate 
or stop any leaks; 

• Within 30 days after the notification that the action leakage rate has been 
exceeded, submit to NMED the results of the determinations described above, 
the results of the actions taken, a description of the actions planned; 

• Monthly, as long as the action leakage rate continues to be exceeded, submit a 
report to NMED summarizing the results of any remedial actions taken and 
planned; and 

• In making the determinations described in this section, either conduct the 
following investigation or document why such an investigation is not needed: 

0 Assess the source and amount of liquid from each source collected in 
the sump. 

0 Conduct a hazardous constituent analysis of the liquid collected in the 
sump and use the results to help identify the source(s) of the liquid and 
possible location of any leaks as well as the potential hazard associated 
with the liquid and its mobility. 

0 Assess the seriousness of any leaks in terms of potential for escaping 
into the environment. 

In accordance with 40 CFR 264.223, if the ALR is exceeded for the evaporation pond LDRS, 
the Triassic Park Facility will: 

Wc\602\finai\ALR J!epo>t 

• Immediately remove the surface impoundment from service and remove any fluids 
contained in the surface impoundment by pumping to an adjacent approved pond 
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or other approved facility. The source of the leakage will then be determined and 
any necessary repairs will be made in accordance with the design specifications. 

• Notify the NMED in writing of the exceedance within 7 days of the 
determination; 

• Submit a preliminary written assessment to NMED within 14 days of the 
exceedance determination, as to the amounts of liquids, likely sources of liquids, 
possible location, size, and cause of any leaks, and short-term actions taken and 
planned. 

• Determine, to the extent practicable, the location, size, and cause of any leak; 

• Determine any other short-term and long-term actions to be taken to mitigate 
or stop any leaks; 

• Within 30 days after the notification that the action leakage rate has been 
exceeded, submit to NMED the results of the determinations described above, 
the results of the actions taken, a description of the actions planned; 

• Monthly, as long as the action leakage rate continues to be exceeded, submit a 
report to NMED summarizing the results of any remedial actions taken and 
planned; and 

• In making the determinations described in this section, either conduct the 
following investigation or document why such an investigation is not needed: 

0 Assess the source and amount of liquid from each source collected in 
the sump. 

0 Conduct a hazardous constituent analysis of the liquid collected in the 
sump and use the results to help identify the source(s) of the liquid and 
possible location of any leaks as well as the potential hazard associated 
with the liquid and its mobility. 

0 Assess the seriousness of any leaks in terms of potential for escaping 
into the environment. 
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LANDFILL ALR CALCULATION 

TerraMatrix/Montomery Watson *P.O. Box 774018 *Steamboat Springs, Colorado 80477 * {970} 879-6260 

Wc\602\finai\ALR Repon 

11\14\97ypl 



TERRAMATRIX INC. 
Calculation Cover Sheet 

Sheet_j_ofj__ 

Project No. & OZ - 0 2 V (} 

Calculation Title: La~ h J/ fl t .}.; VYI L ec. Ju (& J3 "f t, 

Name Date 

Prepared By: 
..,.... K~J~ II Jo/~}91-• I -

' 
Checked By: :J_ Pt }hew- t3-N'N-~1 

Reviewed By: ?. Col~ 11 Nc:v 7) 

QA Review: 

Revisions Date By Checked lleviewed QA 
By By lleview 

•. 



0 
Terra Matrix 

Enttneerlnl & Environmental Services 
P.O. Box 774018, 1475 Pine Grove load 
Sleamboat Sprlnp, Colorado Bo477 
Phone 970.879.6160 Fax 970.879.9048 

Project Name: ..,...>2.•'1\"7?•<:.. ?"'iC.'I!.... 

Project Number: bO'Z. -o'Z..oo 

Prepared By: --~~..,......-
Checked By: ,I, Ptll~~ 

\,.l,W fli<l.\'-\1] - l..\= AL-2_ 

Sheet: _/_Of ~ 

Date lb/~j,l 

Date: iJ-/1/,..,-? ~ 

Dl3.jE.G ...,.-, V£. : DE -r~~ tp,}£.. ~L "T"t o.J l...,..E;~ ~11\-gfo !2.4-r£ (A 14..) Fo~ "T"? ~ 
'T'-.2_,-i\,Sc;.•G "?A:-e..\!.. ~~"1-fl.bo<.JS. WI\-S.T1!:.. f7t-c..•L.t'T'')"" ~..JbF'IL..\. 

1?-e;.~~e,<G,Nt:.-es,·. I, U'S~~~ 1 l="e..b~I2A\. ~41~::;·~~;;:;~, vo\... ~1 IJQ 19, W~.JeSbA;'f 
.J~~v,.,Q...'"( -z..~, ,~c.rz-

1 
R....,~...;::-~ A...li> il~"'\.A.-roe..l~, '?f' 34/."Z. -~"1-17 

Z. vSE.'?A.} """(..."i"•o~ '-~~"-""4~ ~l't"'t"':;1;~ ro~ t..E;"'"- 'Oe:."f&~"T''oJ 51'<;..,.-oC::IMS', 

~PA /S1o-~-~2-00'f 1 Jo~.,o.l-.J•Q.."'f ~~~'Z.. 

3. C,o't:>e: O\= ~~\::.~'- V£4'-l'-A.'i'•C.J~, "''-~ %, ?~~ "T' 'L!a4-Jc"'t. 
,, II 

4. ~r::.Ae. I J 1'1:4.-0~ ) H-(Di2-P.,~'-Ic:::.-$. elf 4-t.o...J~b~A_-re:~ ~ M c <4~ -1-+'U...) 

1~1'3. f~ [4-'!39-
~. -r~~·'-AIM."'-"i"~•'ll/M.otl.,.-qpMW"t' W"<~ l T14·~·~ -?~' t-44~12.bovS 

W~'f'l!. ~'"' \,.. \ "!"( P"-""'\LJ •r...l~~ A-c;. ~1..\..0~c:; -~ 

t>G.""~'.l9 ~c, '!)Q.~·oJ4 i"•'t''-'t 

" UL; ~-- ~f'i ..... ~llt~\N 7c.-At-f 
\2.. l,.,,..~ O,jo\f\!1-S 

15' ~I)Mf 7~ \1, .. \H 

I). ~ ... ,......? C.¥-o~- Sli c."\'1at-aS 

~~ N?, S.,;,...y> ~~LS 
lfl C¥-o.ss- :Suc..,,.,u ~ ~~ful-'5 

(,.; '1'~\L~AU..II,~Q.,-£.)Mo, .. l:1'~o"-'~~1' 'N~'t's,cll.) > 'itLt o"''S>S''- p~ l-M'b\Oo~S 

t.t..J""'<.:."'f"E- ~~ '-'T'f <S?~'-d''' 1:-of.\;"'•o~\"- ~ ;o(...'-o""'c;..:: 

~?c,~ 1...\o .. 

. Oz,.z.z.'"l 
02/)11) 

$i?~ ii~ 

~}lo..l t-<P6. (;,~ 

(»o_ !..Ot"?O.ll~ 

"'1, ~<l-.l\J., .. '-"'f'-.)11.~\ '?i2.ouv<-'1' 

~ l='oi..'-OWS ~ 

~. fA•t.,\t....._..,..., Uitt \t'"-Q.....:~•~£."""~-.lT'<;. ~oe.. ~E.o~'l'-.\~lE.cT't.. D~.q • ...t~e '-""-*~~ 1>1 

\,.A....l'L)C::,u.,.~ : "3 ~ 10-'S ,_,,;z.{?t..~ (Q.E.F \ • f '34t..8) 

,, 11 J 
'), r.ot.llwe~, ~o\!1~1 v.. \ \>~~·t..t..llt.l'-1 ""''fl..\ 4~""(a.l"f\otE.'T1 C..S ~ ~ ED., 

9t..~'ll~·<.e. ~0.\.\.. e..wC..I.t:wccb '-u~&~~'<;. w~, \q9~· 



........ '(., Project Name -n<. ~'L "?A~~ \-1\...l ?.'-'1..'-:r'- 1.-F= AL~ 

Project Number: ~z ·O"l.oO Sheet: ~Of _AQ_ 
Terra Matrix 

Englneerlnl & Environmental Services 
P.O. Box 774018, 147S Pine Grove Road 
SteambcNot SprlniJ. Colorado Bo477 
Phone 970.879.616o F.x 970.879.9048 

Prepared By: J(. 

Checked By: J , p-~_ I I c.;.-.,_ 

Date: to/~/97 
Date: 13 -N.;y- c; 'l-

R~c:' 3:') 4o c._~ P~~~ '?.. ~-+, 3o2.. 

f 264.302 Ac:Uoa Jeabp rate. 
(a) The Deputmem shaD approve aa actiOD leabp rate for ludflll units subject to 

§ 264.301(c) or (d). The action leakage rate is the maximum design now rate 
that the leak detection system (LDS) CIA remove without the fluid head on the 
bottom liDu excecdina 1 foot. The action lealcqe rate must include aa 
adequate safety margin to allow for UDWtaiDties in the desip (e.g., slope. 
hydraulic conductivity, thicbess of draioap material), coastructioo, operation. 
and location of the LOS, waste and leachate characteristics, likelihood aad 
amounts of other sources of liquids in tbe LDS, aad proposed response actions 
(e.g., the actioa leabge rate must consider deaeases iD the now capacity of the 
system ~r time resultin& from siltation and cloggiDg, rib layover and aeep of 
synthetic components of the system, CMrburden pressures, etc.). 

(b) To determine if the action leakaae rate has been exceeded, the owner or 
operator must convert the weekly or monthly Oow rate from the monitoriDa data 
obtained under t 264.303(c), to aa averap daily now rate (&aUons per aae per 
clay) for each sump. Unless the Department approves a different calculation, 
the avera&e daily now rate for each sump must be calculated weekly during the 
ac:tM life and closure period, aad moatbly duriJI& tbe post-closure care period 
wha moatb.ly moeitorilla is required under I 264.303(c). 

'2., 'f\..0..._, ~A-.E:. 1~"'T'o L-11!:"~ ~,-~'-1"•o!.l ~Y~-r'"-Y-1\ ~,j ~ ... "O&.,.t~ih..\o..ll&.tl 

f~.,.,., ~(. fo'-'-'Ou.)'..u, t.Qil '"''~l) ,~ 14Ei' \. Y· Yr1+ A-o.l~ -v~vcw..~ 

F~~ ~wl-\~o'f' ll\lJ'I•..J ..-~-;. '-"'"1'ac, GI"T' .. c 11-1 Rc.t= z ~ p 1"1 (t:Q..l 3 ). 

Q ~ ~..._, ~~. ... -rc. ,... ~... ..... 1(. o-.~-T"·o~ c,..,.<;, .. ~llol\ 

R"-'Sv'-',.'..k1 ~.Z.or..A 1 ~ '?e:.K. ~" C.."==P-.c) 
K: H"'T"o~,.v~o•.:::. '-c.JDv'-1"'vr-ry of !:l~-'ll,oJAC:!f.. 

\_. ... .,. • " (. y:,. Is LG.) 
~o ~ ~G;oo.l~ : \( -= \'{ ~ 

~ "''a.c: ·l 1 \'l't•to.~'7'M•~·vo-ry o ~ 

c.~~,.. (r:-r~/-;u.) 

~ ~ 111•(.~1J'£\~ ( FT) 

~ : '-'to ... \:) o.-1 \..1~--Q., ( F"T') . 
U ~ I..U•'tt. v>L""'...C.."TTO.J. ~~t. 1"'1~-.jOLS/7 (f.,-) 



0 Project Name: Til.· .....S.SI<:.. ro,e...t:. 

bo'Z.·oz.a:, 

1:±\.oJ ""'o ~.-cry - L..'f' A L.i::. 
Project Number: 

Terra Matrix 
EnJineerlnl & Environmental Services 
P.O. lox n4o18, 147S Pine Grove ReNd 
Stumboat Sprlnp. Colorado 8o4n 

Prepared By: 

Checked By: J. Pt(l.u--... 

Sheet: _3_Qf _AQ_ 

Date: 1ol<../tp7 

Date: [)-N..-,- q-._ 
Phone 970.879. 6~6o Fax 970.879.9048 

3, <4~oC...ovv..pa..,,-r-e ..,-~A11-l'S>IM\';.<;.\VI"'T'( (_~ 1"1...0~ AA-n..J ~llt.~!.1">oo.l~ 'FoQ.. 1o.ITotv<;1ooJ. &f' Ab.J~ 
\.A. t,'"'I"€:14.•-A \..$ ( jl,£.~ ~ • ff <\o L. - +-z-,) 

qt.OC.C"-"?.,.;•..,-C. Lo\_,O,o.l-.J~A.G."T"'~·I? .... ~ l""f?•'-+i..t..f Ke-f'o~l tiL.o+..JSA.ilft>itiV(~ (011.. ~w ura) ~·4 
13~~D otJ 4"::>'1'"~ 4-1tL,-~1 'T'-71" pa...vG-ti-DVil-e.7 C....ouovc..-ra:;J> Ar"T"' V.ll<ll•ouc;. 

\2-At.>-~t...C7 o~ t>v&a.&vu~&;.d. Pt.E:<7'7ui!..c.c, (,.w~t.~M-~ .. L..o""''\)s) 1 t~'T"t>lt4-.JL..•.:::.. ~lt...,i>•~lt.l.-r) 1 
A-ro..~D MA'"TE:Il.• A\.. Ll\'-?~t. j.~~o.o.l~E:M.1i.~'T'S, F"o~ l>+•!o 'Dolt~ \"co ~& "'?f\...''""-SL..<C) 

-r't-1~ "'r"~'?"'"" Lololb•"!"'·O~~ Mv<i.T' ~~ ~4::?ft.~~~..,-.a,."'t""",Je. 0~ ~.f\.J"-"\.. DI;;;.<;.•~J 

Ar..~c ~~t!-~"1""·..1~ Coi-I'CI•-r·o~S. "i>I~L.Il.C.l"b~, ol'lo~?~cj>t.·~"'t"1f. ·~ ••• -c.:~i.> s~ ~ 
I 

ta.~v~-r ~{. ~r? 1..1 EI> -r" .......... •hl ~.~o-(.7'...)\l..ot 12- "> .t~~or-rP~ ,...o ~~,- c..G..ov.J'T" Foi.. IC>"T" ?t.oe~u~e. 

v~~"'~a~Ol?• 'f'-..> L-T"o.~.._~ 1 iol'i'l> L"''vL-1(... T"'c:t;.'T"',oJq Of II'\ II. ~E;.~<...~ ~t!t:>"'~oc;.rT"t: 

'1.\oc'-"L-.0 ac. C..O&.l.lluC:.."T"Cb I .. Hli)•IC.. ~'T"VAr\.... 0~,1.,.~ 11.'1.1~ tJ('c.~-.~·~~ ~t.lt)I~WS. J"O 

'-oil,:: 't..~ li~T ~~ ~"(o~> 0~ ~,..h"t""T ~?71.-,~~ lo. MA--.Ju~C"T"ue,~c; 

1>~1:~ JltQ..&. 4D ~QvcA.;"'C"E... 

? I l' ~ ~~0 \,)..) c.Jo. ? M. \ "r'( \I C., 

<;~M.r r~C\W ~ .. C...I~'j VC, 

\..t)a ":> J ...~ ~1..0v...J 
\,...\) ._~ \N,-\....Ou..) 



NSc G~!-)t.:n 

~ 

"'"tional Seal Company ''Ji:,lc l-



TEX-NET TN3002/1125 
plate/FRICTION SEALJTN3002/11 25/FRICTION SEAL/plate 

10-3 ,-------------------------------------------~ 
~ 
N 

E -
~ 
5 S" .o·• .. - .... - ................ - .............. -

' ' 

~ 
~ z 
c( 
a: 
1-

' ' -.-.- ...... - ... - ..... ·,· ............ . 

(.) ·z.z. - ""-~ 5 \0 ... s 
c( 
a: 
0 
>-
J: 

10-4 ~--~----~----------~----------~--------~ 
0 0.10 0.25 0.5 0.75 

HYDRAUUC GRADIENT (i) 

TEX-NET TN3002CN/1125 

1 

= 2000 psf 
+ 5000 psf 
* 10000 pst 
0 15000 pst 
x 20000 pst 

plate/FRICTION SEALJTN3002CN/1125/FRICTION SEAL/plate 

10-3 ~------------------------------------------~ ........ -.-.-- .. ',---.- ..... - .. - .. · ..... - ....... - ... -.· ........ -.- .... -
' ' ........ - .... - ............. -.-.- ..... -.-.- ......... - .... - .......... . 

- ...... --.-.-- .. --.--- ..... - .. -.- ............. - .......... - ......... . 
' ' ....... - .. -.-- .. , ..... - ... ------- -.-.-- .. - .. -.-- .. - •,• .... -.-- .. --.- .. 
. ' ' . -.- .. -.--.- .... ----- ...... --.-- .... - .. -.---.---.---- ... ----.-- ... --

tlo • ' ' 
..... "-L . . . . . . ' ............... · ................. · ................ . 

I I 
...•............ ! ................ "!..... I 

10-4 

r-····;·;•••••?··············1····-··········8················ 

~ 'l-' "\iL_ 'J/ 

I ' ' ' ... - .... I ....•.. · .. - ... - •.....•... · ... - ••...... - ..... , ................ . 

.. . . . . . ( ....... : . ............... .' .................. : ................ . 
' ' ....... -- .... - ...... --.- ....... -- .... -.- ....... - .. -- ......... - ..... . 

10-5 ~--~----~----------~----------~--------~ 
0 0.10 0.25 0.5 0.75 1 

HYDRAULIC GRADIENT (i) 



g_Ef'. I -'t 

(g o 'Z.- OZ-4\1 
SPECIFICATION - Minimum Average Roll Values J... 

1•111/'it 
PN2000 PN3000 PN3000CN 

Raw material polyethylene polyethylene polyethylene 

Weight (lbs/ft2) ASTM 05261 
Thickness (inches) ASTM 05199 
Density (g/cm3

) ASTM 01505 
Tensile strength (lb/in) ASTM 05035 
Carbon black(%) ASTM 04218 
Porosity {%), Nom. 
Roll with (feet), Nom. 
Standard roll length (feet), Nom. 
Area per roll (ft2

), Nom. 

0.100 
0.160 
0.940 

30 
2 

83 
7.54 & 14.5 

300 
2262 & 4350 

0.162 
0.200 
0.940 

45 
2 
80 

7.54 & 14.5 
300 

2262 & 4350 

0.140 
0.200 
0.940 

32 
2 

76 
7.54 & 14.5 

300 
2262 & 4350 

The transmissivity results listed on the preceding pages were determined in compliance with ASTM 04716-87 test 
procedure. The transmissivity was measured using water@ 20°C (68°F) with a seat time of one hour. 
Values may vary, based on dimensions of the transmissivity specimen and specific laboratory. 

CONVERSION FACTORS FOR TRANSMISSIVITY UNITS 

1 m2/s = 1 cubic meter/second/meter width/unit gradient 
1 m2/s = 1 Q3 liters/second/meter width/unit gradient 
1 m2/s = 6 x 1 Q4 liters/minute/meter width/unit gradient 
1 m2 /s = 1 0. 76 ft2 /second 
1 m2/s = 646 ft2/minute 
1 m2/s = 4830 gallons/minute/foot width/unit gradient 

1 ft2/second = 1 cubic fooVsecond/foot width/unit gradient 
1 ft2/second = 9.3 x 10-2m2/s 
1 ft2/minute = 1 cubic foot/minute/foot width/unit gradient 
1 ft2/minute = 1.55 x 1 o-3m2/s 
1 gpm/foot width/unit gradient = 2.07 X 1 0-4m2/S 
1 liter/minute/meter width/unit gradient = 1.66 X 1 0-5m2/S 
1 00 liters/minute/meter width/unit gradient = 1.07 ft2/min. 

The information contained herein has been compiled by National Seal Company and is, to the best of our knowledge, true and accurate. AD suggestions 
and recommendations are offered without guarantee. Final determination of suitability lor use based on any information provided, is the sole responsibiH
ty of the user. There is no implied or expressed warranty of merchantability or fitness of the product for the contemplated use. 

NSc 
1245 Corporate Boulevard, Suite 300 

Aurora, Illinois, U.S.A. 60504 
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Fax: (630) 898-3461 
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It is the intent of this Technical Note to provide current hydraulic performance data 
for use by the engineering community. A bibliography is included for the 
engineer's use if further information or guidance is needed. 

Manning's "n" values are offered for design purposes based on the best available 
data assembled from a variety of sources as indicated. Table 1 presents the 
Manning's "n" values recommended by the A.D.S. engineering staff for use in 
design. 

Table 1 ~~~ , ~ 
Manning's "n" Value For Design 

(Storm & Sanitary Sewer and Culverts) 

Pipe Type ..:0: 

A.D.S. Corrugated Polyethylene Pipe 
3" - 6" Diameter 
8" Diameter 
1 0" Diameter 
12" - 15" Diameter 
18" - 36" Diameter 

A.D.S. N-12 

Concrete Pipe 

Corrugated Metal Pipe (2 2/3" x 1/2" corrugation) 
Annular 

Plain 
Paved Invert 
Fully Paved (smooth lined) 

Helical 

Spiral-Rib 

Plain 15" Diameter 
Plain 18" Diameter 
Plain 24" Diameter 
Plain 36" Diameter 

Plastic Pipe (SDR, S&D, Etc.) 

Vitrified Clay 

3300 RIVERSIDE DRIVE COLUMBUS, OH 43221 (614) 457·3051 http://www.ADS-plpe.com 

0.015 
0.016 
0.017 
0.018 
0.020 

0.012 ~ 

0.013 

0.024 
0.020 
0.013 

0.013 
0.015 
0.018 
0.021 

0.012 

0.011 

0.013 
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TABLE 4 
? 'PE S1..0?f. : 2. .$, 0{ 0 

CIRCULAR PIPE FLOW CAPACITY 
Full Flow (cubic feet pP.r second) 

Mannings "n"= 0.012 

Dia. tConv. % Slope (feet per 100 feet) 
(in.) Factor 0.02 0.05 0.10 0.20 0.35 0.50 0.75 1.00 1.25 1.50 1.75 2.0 2.5 5.0 10.0 20.0 

(c.f.a.) 

3 0.957 0.014 0.021 0.030 0.043 0.057 0.068 0.083 0.096 0.107 0.12 0.13 0.14 0.16 0.21 0.30 0.43 
4 2.062 0.029 0.046 0.065 0.092 0.122 0.146 0.179 0.206 0.231 0.25 0.27 0.29 0.33 0.46 0.66 0.92 
5 3.738 0.053 0.084 0.118 0.167 0.221 0.264 0.324 0.374 0.418 0.46 0.49 0.53 0.59 0.84 1.18 1.67 
6 6.079 0.086 0.136 0.192 0.272 0.360 0.430 0.526 0.608 0.680 0.74 0.80 0.86 0.96 1.36 1.92 2.72 
8 13.091 0.185 0.293 0.414 0.585 0.774 0.926 1.134 1.309 1.464 1.60 1.73 1.85 ,2.071 2.93 4.14 5.85 

10 23.74 0.34 0.53 0.75 1.06 1.40 1.68 2.06 2.37 2.65 2.91 3.14 3.36 3.75 5.31 7.51 10.61 
12 38.60 0.55 0.86 1.22 1.73 2.28 2.73 3.34 3.86 4.32 4.73 6.11 6.46 6.10 8.63 12.21 17.26 
15 69.98 0.99 1.56 2.21 3.13 4.14 4.95 6.06 7.00 7.82 8.57 9.26 9.90 11.06 15.65 22.13 31.30 

18 113.80 1.61 2.54 3.60 5.09 6.73 8.05 9.86 11.38 12.72 13.94 15.05 16.09 17.99 25.46 35.99 50.89 
21 171.65 2.43 3 •. 84 5.43 7.68 10.16 12.14 14.87 17.17 19.19 21.02 22.71 24.28 27.14 38.38 54.28 76.77 
24 245.08 3.47 5.48 7.75 10.96 14.50 17.33 21.22 24.51 27.40 30.02 32.42 34.66 38.75 54.80 77.50 109.60 

27 335.51 4.74 7.50 10.61 15.00 19.85 23.72 29.06 33.55 37.51 41.09 44.38 47.45 53.06 75.0 106.1 160.0 
30 444.35 6.28 9.94 14.05 19.87 26.29 31.42 38.48 44.44 49.68 54.42 58.78 62.84 70.26 99.4 140.5 198.7 
36" 722.57 10.22 16.16 22.85 32.31 42.75 51.09 62.58 72.26 80.79 88.50 95.59 102.19 114.25 161.6 228.5 323.1 

42 1089.9 15.41 24.37 34.47 48.74 64.5 77.1 94.4 109.0 121.9 133.5 144.2 154.1 172.3 243.7 344.7 487.4 10'-. 
c. 

48 1556.1 22.01 34.80 49.21 69.59 92.1 110.0 134.8 155.6 174.0 190.6 205.9 220.1 246.0 348.0 492.1 695.9 "' • ~ 
* Conveyance Factor= (1.486 x R2/3 x A) I n 
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ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Parts 260, 264, 265, 270, and 
271 

tFRL-4028-2) 

RIN 205Q-AA76 

Liners and Leak Detection Systems for 
Hazardous Waste Land Olsposal Units 

AGENCY: Environmer.tal Protection 
Agency. 
ACTION: Notice of final rulemaking. 

SUMMARY: The Environmental Protection 
Agency (EPA) is torlay amending its 
current regulations under the Resource 
Conservation and Recovery Act (RCRA) 
concerning liner and lP.achate collection 
and removal systems for ha7.nrdous 
waste surface impoundments. landfills, 
and waste piles. EPA is also adding new 
regui!ltions requiring owners and 
operators of hazardous waste surfa<:e 
impoundments, waste piies. and 
landfills to install and operate leak 
detection systems at such time as these 
units are added, laterally expanded. or 
repluced. EPA is promulgating most of 
these regulations in response to the 

·requirements of the 1984 Hazardous and 
:'llid Waste Amendments (HSWA) to 

:RA. 
EFFECTIVE DATE: July 29. 1992. 
ADDRESSES: The public docket (docket 
reference code F-92-LLDF-FFFFF) for 
~his ru1r is in room M2427. US EPA. 401 
\I Str•·•·t SW .. Washington, DC 204UO. 
and is open from 9 am to 4 pm, Monday 
through Friday. excluding holidc.ys. Call 
202-260-9327 for an appointment to 
review docket materials. Up to 100 
pnges may be copied free of charge from 
any one regulatory docket. Additional 
copies are $0.15 per page. 
FOR FURTHER INFORMATION CONTACT: 
The RCRA/Superfund Hotline at 1-800-
424-9346 (toll free), or 703-92(}-9A10 in 
the Washington, OS area. For 
information on technical aspects of this 
rule. contact Ken Shuster. Office of Solid 
Waste (OS-340). U.S. F.nvironrnf'ntal 
Protection Agency, 401 M St SW .. 
Washington. DC 20460. 202-26{\-~214. 
SUPPlEMENTARY INFORMATION: Copies 
of the following documents are available 
for purchAse through the National 
Technical Information Services (NTIS). 

'
1 J.S. Department of Commerce. 

. , _ .,ringfield, VA 22161. phone 1-800-553-
7 or 703-487-4650: (1] U.S. EPA. 

vompilntion of Cu:-rent Practices at 
Land Disposal Facilities", January 1992: 
(2] U.S. EPJ\, "Action Leakage Rates for 
Leuk Detection Systems". January 1992. 

S-3tOQ<l<l ~2(00l(2!1-JAN-Q2-tO:S8:S<ll 

-· 
Preamble Outlirte 
I. Authority 
II. Background 
Ill. Sur.~'11!1ry ofTod11y's Ruh: 

A. Summary of Rule 
B. Achievement of EPA Program Go11ls 

IV. Detailed Discus~ion of the Rule 
A. Scope of the Rule 
B. Stn'ldards for Liners and Leak Detectian 

Systems 
1. Technical Standards for Liner SysteMs 
Z. Tec!'lnical Standac..:s for Leak Detection 

Systems 
3. Alternative Systems 
4. Applicability to Waste Piles 
5. Applicability lo Land TreatmeQt Units 
C. Response !o Leaks 
1. Action Leake~e Rate 
Z. Response Action Plan 
D. M•mitoring and Inspection Requirem.,nts 
E. Construction Quality Assurance 
F. Implemuntation of Permitting and 

Interim Statns Requirements 
V. State Authority 

A. Applicability of Rule in Authorized 
States 

B. Effect on State Authorizations 
VI. Regulatory Requirements 

A. Economic Impact Analysis 
B. R;;.;ulatory Flexibility Act 
C. Paperwork Reduct::m Ac~ 

VII. Supporting Documents 
List of Subjects 

I. Authority 

These regulations are being 
promulgated under authority of sections 
30CA, 3005. 3006. and 3015 of the Solid 
Wa3te Disposal Act, as amended by the 
Resource Consr.rvation and Recovery 
Act. as amended. 42 U.S.C. 6924, 6925. 
6926. and 6936. 

II. Background 
On November a. 1954. Congress 

enacted the Hazarduus and Solid Waste 
Amendments [HSWA) to thr. Resource 
Conservation and Recovery Act 
(RCRA). placing stringent new 
requirements on the land disposal of 
hazardous waste. Among other 
requirements, Congress amended 
section 3004 of RCRA and added section 
3015 to impose specific design standards 
for land disposal units. 

Section 3004(o)(1)(A) of RCRA, adtll'!d 
by HSWA, requires each new landfill 
and surface impoundment, aml each 
replacement and lateral e:-:par.sion of a 
landfill and surface impoundment for 
which an application for a final permit 
determination is receivtd after 
November 8. 1984. to install two or more 
liners ti.e .. a double-l;ner system) and a 
leachate collection system above (for 
landfills] anJ between the liners . 
Section 3004(o](5)(A] of RCRA requires 
F.PA tc promulgate regulations or issue 
tr.chnical guidance hn;>lementin~ th!' 
requirements of sectton 3004(o )(1 )(/\) b.\ 
November 8. 1986. These HSWA 
requirements for double liner systems 

to((,/,} -" ~QZ..~ 
are intended 1:1 prevent the migration of 
hazardous col'.stituunts to ground watr.r 
from land disposal units. Until the 
effrr.tive date of regulations 
promulgated under section 3004(o)(5)(A], 
Congress prO\~ded that an interim 
statutory dnu<-!e-liner <:tandard in 
section 3004(o !5)(8] could be used to 
meet the sect· n 3004(o)(1)(A} double· 
liner system : quirement. 

Section 3004!o)(4] of RCRA requires 
EPA by May f 1957, to promulgate 
standards reqflring new landfills. 
surface impou"dments, waste piles, land 
treatment unit;. and underground 
hazardou~:~ wa;tc tanks to use approved 
leak detection systems. The statute 
cafines an "ap~roved leak detection 
system" a~ n s~ stem or technolosy that 
EPA determines to be "capable of 
detecting leaks of hazardous 
cv1slituents n· the earlieat practicable 
time." The ter::t "new units" is definE'd 
as those units on which construction 
commences af~er the date of 
promul~ation cf t~e Agency's rule for 
leak detection .;ystems. The impact of 
this language _pun the applicability of 
this rule between today's promulgation 
and the effecti·.t! date July 29.1992 is 
discussed elsewhere in this prearr.hle 
(See ~ec:ion 1\'.A.). 

Section 3015(a) of RCRA establishes 
~.tand11rds for int~rim status waste piles. 
.\ny new waste pile, or replacetr.ent or 
lateral exp•m:' ., nf an existing waste 
ptle at an in: status facility, must 
comply with ' : lirements for liners and 
leachate colle~· •11 sys1.i:!mS or 
equivalent pro ction provided in 
regulations issl.:~d by EPA under section 
3004 of RCRA before October 1, 1982. or 
revised unc!er section 3004( o) of RCRA 
with respect to waste received 
beginning May 8. 1985. 

Section 3015(!>) of RCRA establishes 
standards for interim status surface 
impoundments and landfills. Any new 
unit, or replacement or lateral expP.nsion 
of an existing unit at an interim status 
facility. is subjec~ to the requirements 
promulgated under section 3004(o)(1) 
(relating to double-liners and leachate 
::ollection systems]. with respect to 
waste received beginning on May 8, 
1985. 

The HSW J\ requirements described 
above either directly amended or 
directed the Agency to !lmend the 
existing RCRJ\ liner standards for new 
ha1.ardc:us w<Jc'" landfills. surface 
impoundments .. mu waste piles issued 
by EPA on July 25, 1982 (47 FR 32262] .. 
On Juiy 15. 1985. EPA issued a final ru1e 
r.~n FR Z8702) nrrendin~ the existing liner 
~lo~ndards by codifying the new liner 
standard!! o! st!ctions 3001(o)(1J(J\), 
J0041o)(5)(D]. and 3015 (n] and (b) that 
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were to become effective immediately r.r 
~hartly after the enactr.~cnt of HSW • .\.as 
directP.d by the statute. 

On March 28, 1986 (51 FR 10706), 
under section 3004(o)(5)(A) of RCRA. 
··:PA proposed amendments to the 
Jtatutory double-liner and leachate 
collection system standards for r.urface 
impoundments and landfills cod:fied in 
EPA's regulations on July 15. 1985. The 
proposal set forth two types of designs 
for double-line1· systems. One design 
consisted of a geomembrane (thl'n 
referred to as a flexible membrane liner 
(FML)) as the top liner and a composite 
bottom liner consisting of a 
geomembrane underlain by compacted 
soil material to minimize flow through 
the geomembrane component should A 

breach occur. and having a hydraulic 
conducti\'ity of no more than 1 x 10-7 

em/sec. The other proposed double-liner 
design consisted of a geomembrane top 
liner anri a bol!om liner C'Jnstructed to 
prevent migration through the liner 
through the posi-closure period and of at 
least 3 feet of compacted clay or "lher 
compacted Sl'lil material with a 
hydraulir: conductivity of no more than 
1. X 10- 7 em/sec. On April 17. 1987. EPA 
publisher! a notice (52 FR 12566) 
requestiag additional -~omments on 
certain aspect!:' of the March 28. 1986 

ropo:;al. Specifically. EPA requested 
nments on data that demonstrated 
· :Id\'antag•;s of a composite brttom 

liner versus a compacted soil material 
bottom liner. EPA also r.oticed the 
<!vailauility of twc ~raft technical 
guidance documents for the design. 
construction. and operation of single
and rloubl:-liner svstems and leachate 
collectiOn svstems: EPA solicited 
c:omme!':ts f~om the general public on the 
draft technical guidance documents. 

On July 14. 1986 (51 FR 25422). EPA 
p· Jr:1L:gHted !~ak detection system 
requirements ior underground 
hazardou!l waste tanks. In promulgating 
these regulations. EPA p~rtially fulfilled 
''s mandate under section 3004(o)(4) of 
1-\CRA to establish leak detection system 
requiremer ts. 

On May 29. 198i ('52 FR 20218). EPA 
prc.posed a rule establishing leak 
df!tection system requirements to fullv 
implement s~ction 3"04(o)(4) of RCRl\. 
rhe propos?.( specified design standards 
for l~ak detection svstems for new and 
rcplacemN!t landfills. surface 
impoundments. lund treatment units. 

' nc.l w;1~te piles. and for lateral 
vnansions of these units at both 

-r.:tted and interim status fHcilities. 
. ,,c proro!'lal n I so cxpnnded thn double
linl!r rPquircmcnts to wa!!te piles. The 
prnposul also mcluded n requirr.ment for 
a construction quulity assurance 

S JIOQ9<1 

program to be implemented by owners 
and operators to ensml! the proper 
construction. installation. and closure of 
these units. Finally. the proposal 
included a requirement to develop a 
response action plan specifying actions 
that would be taken in reaction to liquid 
flow into the leak detection system 
abuve action leakage rRtes proposed by 
the owner or operator and approved by 
the Regional Administrator. 

Today's rule finalizes EPA's proposed 
actions of March 28. 1986 and May 29, 
1987, and completes the Agency's 
statutcry rulemaking responsibilities 
imposed by RCRA sections 3004(o)(4) 
and 3004(o)(S)(A;. EPA has not included 
additional leak detection standards for 
permitted land treatment units in 
today's rule because. as explained lat"!r 
in today's notice, existing unsaturated 
zone monitoring requirements in 
§ § 264.278 a:cd 265.278 for such units are 
sufficient tJ ensure the d':'tection of 
leaks at lirP t•arliest practicable time. 

III. Summnr:- of Today's Rule 

A. Summary of Rule 
Today's rule modifies tne existing 

double-liner and leachate collection and 
removal system requirements for new 
and replacement surface impoundments 
and landfills ilnd for lateral expansions 
of these uni· ;, including those units at 
interim stat_' facilities. New surface 
impoundme::: and landfill units for 
which const~:rction commences after 
Jenuary 29. ::m2. and replacement units 
reused after an::! lateral expansions of 
existing units for which construction 
commences after July 29. 1992 must have 
a double lin~r consisting of a top liner 
designed to ;::re>ventthe migration of 
hazardous c.;,tstituents into the liner 
during the anive life and post-closure 
period (e.g .. , ~eomembrane) and a 
composite bottom liner consisting of a 
geomembrane underlain by at least 3 
feet of compacted soil material having a 
hydraulic conJuctivity of no more than 
1 x 10-7 em/sec. EPA is also extendh1g 
the revisr.d landfill double-liner and 
leachate collection und removal system 
requirements to new waste pile units for 
which construction commences after 
January 29. Ht92. and replacement units 
reused after and lateral expansions of 
waste pile units for which construction 
commences after July 29. 1992. 

Today's rule also requires :1 leak 
detection ~vstem for each new surface 
impoundm~nt. waste pile. and landfill 
for which construction commences after 
January 29. 1992. and each replacement 
surface impoundment, wa!'tr pile. and 
landfill reusrd a ftcr. and each Ia tcra I 
expansion of these units for which 
construction cornmeno:es after July 29. 

1992. The leachate collection and lt;'/4o 
removal system drainage layer ~"z. -n....o 
immediately above the bottom ..!J.. 
composite liner at these units mu11t be t .J/I.t!ct 
used as the leak detection system. The 
drainage layer functioning as the leak 
de,ection system must meet minimum 
design criteria and ensure that leaks are 
Jetected ut the earliest practicable time. 
Specifically. the drainage layer bottom 
slope must be one percent or more. If 
granular material is used in the drainage 
layer. it must have a minimum hydraulic 
conductivity of 1 x 10- 2 em/ sec for waste 
piles and landfills and 1 x to-• em/sec 
for surface impoundments and a 
minimum thickness of 1 foot. If synthetic 
drainage material is used in the 
drainage layer. the drainage material 
must have a minimum hydraulic 
trtansmissivity of 3X 10-5 m:/sec for 
waste piles and landfills and 3 x 10- • 
m2/sec for surface impoundments. These 
transmissivities are equivalent to the 
above hydraulic conductivities and 
thickness specifications for granular 
drainage layers. EPA is requiring that 
each unit have a leak detection sump to 
collect and remove liquids. sized to 
prevent liquids from backing up into the 
drainage layer. In lieu of meeting these 
requirements. the owner or operator 
may receive a variance for an 
alternative leak detection system that 
functions in an equivalent manner. 

EPA is establishing a site-specific 
action leakage rate that specifies d 

liquid flow rate detected in the leak 
detection system sump that warrants 
followup actions by the owner or 
operator. Owners and operators are 
required tc develop a r'!sponse action 
plan specifying monitoring. inspection. 
and corrective measures to be 
implemented if the action leakage rate is 
exceeded. 

The Agency is requiring owners and 
operators of units affected by today's 
rule to develop a construction quality 
as'!urance (CQA) program for various 
components of surface impoundm'!:'lts. 
waste piles. and landfills. The program 
will be implemented through a 
construction quality assurance plan that 
the owner or operator prepares to 
ensure that the constructed unit meets 
0r exceeds all design criteria, plans. and 
specifications. 

Owners or operators of facilities 
applying for a permit for new surface 
impoundments. waste piles. and 
landfills must submit information on 
liners and leak detection s\·stem 
desi~ns. the action leakage rate. the 
n·~pomw ut:tioll)''•"•· und CQA pluns ClS 

pnrt of the permit application. For new 
and replacement surfncf' impoundment. 
waste pile. and landfill units. and lateral 
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t'\Dilnsions nf 1'\istin.\! units at rwrmittetl 
Ll('ilitit:s. O\\ nt·t·s and operator~ must 
~ubmit this information <!s piirt u: _, 
permit modification request. For 
tfft~cted ~mits at int<:rim status facilities. 
. H' owner or operator must submit 

proposed action leakuge rates. response 
<lct:on pl<~ns. and a certificatinn that 
t:onstruction hds !wen compl<:tcd 
.Iccortling to the desi;;:n specificdtions in 
the CQ:\ plan to the Agency in advance 
of th1: receipt of w<tstes. Liner and leak 
<klt•clion systl'rn tlesigns and CQA 
pliins r:t·d lllll be sul>rnittetl to EPA. but 
rnusl lw llldintaint~d on silt:. 

fl. :\t·hit•t·emt•nt n( Efi.·\ Progmm Gmr/s 

In dt:\·eloiJing today's rule. EP:\ paid 
c<~rl'ful attrntiun to several urincinlt:s 
that noh guide its environm.ent<tl. 
prc:gr<tms: Pollution prevention. ground
W<tlt•r protection. cost-effectivr nol:cies 
which pro\'idt: prot1:c:tion of hun;an 
ht·;rlth <llllllht: •·nviromnent. fl1:xdJilitv 
Ill impll'nH~ntiltwrt. :tnd fosteriP.:.: of a~ 
l'ifo·t.li;·,. Stu if'-Ft•dt·:·.tl p;~rtner.;;,h!n. 
l't"L!~··s rult· tnr:mpurillt·~ !';ll:h ,,f th1•se 

;..·r inc! rlt•s. 
Tht~ prir.1<try LJcu•; of toua:v-'s ruiP is on 

pollutio:1 prt•\·t·ntton <~nd. more 
spt•cific<~ily. on ,,ruund-wil!er protection. 
Fffpctr\'l' ltner iilld !eilk detection 
systt-ms will mir.imize the po!ential ~or 
""lt•<t~t·s of haz;mious constituents !rom 

z,ml<Hrs w;rsll' land disposal units to 
,::dt·r h·r;~C! ~rutrrHl w;t !t•r. In this Wit\'. 

~~ H!.t\·~ ;ult~ C()tnpl£'n11'rtts the :\~era~y·s 
',' . .!"''' ;·1l:1in·i;,:iltion r~ulic:iP!'. \\"~ic!-1 Sf~l'k 

· :t"lt:f:" tht· q:ro~nttiics tlf \\'a<;tc 

:·: t"!::u·d. o~nd t:ll' RCR:\ Lmtl tb;:HJsal 
:t·~i:-~~ 1Hlt1S p:ngril!11S. ~I'Pda\'·s J:;;cr dnd 
:,·,;,_ dt•tt:r:tioi1 st.tml.t:-ds <:"~tribute to 
:•"!!tt!ton prt•\ "ntiun h\- !lrtl\'idimz for the 
, <·:~t.!tnnu•nl .!nt! isol;r.:rinJ of hazarduu~ 
.,,,.,!~! .. dftt•; fi:~;d (!!~pos;d. 

i:1 lllt!.t_\·'s rult•. El':' h:rs Iii~!·:-: il:i 

r:~;\t)r' .:nt sh·p i1! in!p!t·~1ent1ng :::; 
· ,•-:J:tnd-\\'i!lt:r Pn::r:ltll!·s. n~ccn!l\· 
;.•::it!:sht:d rn tll\' .-\l!t'r~r:\'·s "Prott:~:i:-:1! 
·: ... \.:lltill·s l :r,•::nd w·:ilcr: EP:\" 
-.;•r.1!•.·~·. f.,l ·~:•· !'I'Hl'.~ 121Z-IO:.!!I. !::;\' 
i"'~l) .\ ,·,·:::r-.1! lh .. n:t• in EP:\'~ :.; .. :·:.nd
., .... , :n iliJI:i:~·. t·rwncriilt•d in tlw 
:11 :r~iiplt•s. r~ !iii! I prt'\'t•ntion of (.!~ot:nd· 
.,\·.o't•r-' IJ11Lirl1111<11ion is of!Pn mPrl' ::ost 
..ff ... :tr\ t' <~rHl "11\ iro:w;••:JI;tlh· ;:o;t• 
d, srr;1ldt• th•n1 n·nwdii!tron o.f ).!;nu'id
\'odtt:r <tf!t~r cont.rrnm<ttion. E\pe;i,·rr.t· 
IIi thl' RCR:\ ;md Supr:rfuntl pru·.;r;nns 
dt•nHms!nttPs that improperly t!P~igned 
l<~ndfrlls. surf<rct• 'mpountlme!1ts. and 
w;rstP pilt:s c;m rp~_·•lt in ground·\\'iltl:r 
c<m!<tmin;rtion. t\t tht• sanw timt:. 

:nPdi.rtion of cnnlitminatl'd ;.:rn;:nd
·'"'"r h.ts prt•\·t·d to l11· ltml'-t:or~sumrn~. 
t'\llf'T1~1\'1'. i!r~d in 'c'n~f' l:d"f'<... 

t•·• il'lll'<dlv ::l~•·o~:>i\J;,._ ( Jn ti11· "'::•·: 
ht~n<l. till' ·n·:r·,t~t· of !ldZilrd>JL.S 
,_,lf\'-lillt1'!11s from Li!HIIdl'-. '-'lrf,,,_,. 

impoundnwnts. <tnd Witsle pill's can 
l<ir~el~· ue eliminatt:d through gout.! 
dt-~ign und construction. 

Regarding costs. it should be rute-~ 
that most of t!1e standards inc;Jrpora~ed 
into toduv·~ rule are alr~:tdv \v:d<•lv in 
use ill hazardous WuSte fac.ilit:es and 
are g<:nerally considered good 
engineering practices. Uecuuse IISW,\ 
required new landfills and surface 
impou:1dments. and lateral expansions 
and replacements of existing landfills 
and surface impoundments. for which an 
application for a permit is receiv:!d after 
November 8. 1984. a'lJ those units in 
int~rim stutus receiving waste after May 
8. 1985. to be designed with Jouble-liner 
and leachate collection svstems. most 
facilities already meet mimy of the 
design standards of today's rule. In 
addition. many facilities have designed 
units that are in compliance with today's 
final rule in anticipation of the 
promulgation of a fiMI rule ba~r:tl on >~e 
~1arct1 28. 1986. and Mav 29. Hl8i' 
rroposeJ rtd•!S. Thus. fo.r a relatively 
small increase in cost (to those: faciiitics 
thnt are not already meeting th·· 
standards of toduy's rule). the ~·.:!e may 
save !urge corrective action costs. 
However. since all new units mu~t 
comply with all the provisions "f this 
rule 'irl'l bt!ar the correspondin•: ~osts. 
EPA has cawfullv chosrn the :-r::r:imum 
trchnical standa~ds that <tdt·q~:<~tely 
protect human health and th: 
''11\'ironment. 

:\lthuu~h today·s rulL• inc:• .. : s 
sp~?cific tkc:illn standards. E!'.-\ ~as 
takt·n carr to r.nsure that it~ 
require~;:nts can be flexibly 
impl::.nentetl. The presence uf :-;pccific 
standartls in the rules will simplify 
compliance by the re~ulated community . 
i.-nplPmentation by EP:\ ami State 
permit writers. antl enforcemer.t by EPA 
;rnd state oflicials. EP:\. ho\\1~\rr. 
recognizes th<1t nalion;d dt:sign 
stan;lirrd.; may not Ill' <tppropri;tt<: for 
C\'l'r~· si II' ;tnd th;it tt·clnwl''l!i••<; may 
imp;o\'t:. Thrrdort~. lo<Lr~··s rulP :tii(,\\'S 

EPt\ or an :ruthorizt•d Stat~: to .tpprovl' 
;tltt•rna:ivt: designs. <ts lon~ as thi~y 
achit:\'1.! comparable or ht•ttPr it•\ !'ls nf 
[ll'rformance . 

Similarly. tmLty·~ ruit• req:tir,.s 
con~truction 4Ui!lit~· assur;mct:-;r 
critical featurt: in kntl disposal lmit 
r.rmstruction-but it thes so through 
general na rr;tlr \'I! performanc~: 
standards. Thus. facilitv, w:w~s or 
opt•rators e<m tailo~ tht; dPiitiis of their 
c:onstructwn qu;tlit~· ils~urancr· pLms to 
!Ill' spt~cifics of tht~tr r-,ct!itlf'~ -r-1,,.~,. 

dlH! simil;rr Wll\'isl<l!:-

l'liSllft~ !hit! till' 111\t• Cdll !:.· :.•" .. ,, 
tmplt•rnt·ntt•d. 111 il Wd\' tht~• 

,u:r:omrnnt!d!t·~ l'ilt:h fl'l.!ll!.lt•·t: ·:::~· 

Fini!lly. in today·.~ rule EPA h;1' ;J<~;d 4oZ. ~Z.... 
special at'ention to eliminating th~ Y... 
fri!quent strains rt!sulting from the jointtv/lll'i1-
implementation of RCRA by EPA and 
the Stutes. in pro~usals for this ru;e . 
I::PA laid out a complicated Stat<: 
~uthorizatiun process. which \\ou:d 
require EPA to implement some p.,;:s of 
the rule for se'"cted land disposal mits 
and the States to implement other parts 
for the same •mits, over diff~rent 
timeframes. After radically simplifying 
the propos<ll. EPA is now promulgating 
r.10st of the rule under HSWA. which 
avoids much of the confusion of joint 
implement<Jtion nt individual units. In 
this wav. toduv's rule is consistent with 
the Ag~ncy's attempt to simplify and 
rationalize Federal and State 
implementation of RCRA. Today's rule 
a I so requires fewer rP.ports and 
mandatory Agency reviews than the 
tJroposal while still providin)>l 
oppJrtunity for Agency reviews. 

IV. Detailed Discussion of the Final Rule 

:1. Scope of the l?ule 

rr,e tlouble liner a::ri leak detection 
standards in today's final rule apply to 
new and replacement iandfills. surface 
impoundments. and waste piles. and 
bteral expansior.!l of these units. 
Today's rule applies. as it was proposed 
in \lay. 1987. to these units regardless of 
their permrt status. including faciliti· " 
that were issued permits plior to ar~ .. 
after the enactment of HSWA and 
facilities that are still in interim stat..s. 
In consideration of the explicit languge 
of ser.tion 3004!o)(4) Jefining a new __ nit 
as a unit for which constructiOH 
commences after the promulgation t.i.!te 
of today's rule. the A~ency maintair.s 
that the permit docs not act as,, sh•· :d 
with respect to the leak detection 
requirements under today's rule for :-.C\\' 

units. Because lateral expans:ons nr~·l 
n·plac~:mcnt units are r.omparuhl<: ir: 
tiwir environmental impact. the :\g ... , 
has. as a policy mattl'~. decided 111 
:::mihrly remove the permit as .1 slw·:d 
for ll'ak tlt:tection ~v~tl'rns at 
n:pl;tr.ement units ,;nd lateral 
··,pansions of r:xistiniZ units. EP,' 
ili'IW\'PS lhat the opportunity for 
wnstnrcting replacement unilr. ar:'l 
latr:r;tl c:-..pansions of existing un:·s ~~· 
n:Pet toda~··s requirements is sir.: .1!· '<) 

tbt for nt•\\' unit~. In addition. h 
rt:quirin~ rr~plar"mr:nt units and 1 , .• I 
t•xpan~ions at Pxistin~ units to 111· 

!oda\'·s r,.quin•nwnts. EP:\ is e:1~ 
th.rl tlw~t· urn to; mt·t~t thP o;am,. nw ., .. ::: 
•,., h:J,.l(l·~ical rr•qurrl'ml'lll~ illld I'' 
•·:;· • .. tmt• proil'l:lton of hut~lilll h••t~.tlt 
.·-:d lh" t'tl\'ironmPnL Tht:refon•. tho• 
\·~t'!\1:'\ I~ drl\l'!ldir.l! ~ ;,:;"(},4 to [l'ljU:! I 



:nvr:ers nr onerdtur~ to applv ~ur 01 

pc•rrni' •Hodific:tlioll ~u meet the 
-;tiln:lards of todav's final rule. Owners 
·nd operator~; at permitted facililtes mdy 

>t bn~in construction of ur.its subj1~ct to 
Lty's reqtun:nH•nts. until the 

J••:mitting 1\gt:ncy tws <~pproved thr 
:nvner or opt!r<~tor's pt!rmit modific<!linn 
,SL'C ~ 27().4:2). 

Tod<~y's r:IIt! ext:rnpts certain 
:cphcemcnts of perrnitt1:d surfncL 
•rnpoundment. W<tsle pile. i!nd landfill 
units from today's double-liner and leak 
detecti:Jr. systt·m requirements. 
f 11owr•ver. EPA i1as modified tht! scopt~ 
'lf th1• ~~x;omr,tion ~ince the :-..lay ::.n. t<JIIi 
:Jil'JHl~al. Sections ~t>-l.:!:!l[f). :!U4.2:.ii[f). 
2ii·UOl(f). 2o5.221(c). 2G5.25-l(a). and 
:Ji:i.:HJI(c) 111 IOlb_v's rule exempt 
:Tpi:tcenwnts of surface impoundments. 
w<tstt• piles. Pnd lantlfills from the 
doub\P-li!'er s·;stcm and leak detection 
ro·qu1rrnwnts if thP replacet.~· :ds meet 
ti:1· follow!n:-: conditions: (1) ThP existing 
•,,1:11 w<~s constructt~tl in compliance with 
t'w <ksio..::1 sl:ln~ 1 .,rds fur double-liner 
<~lid il'.!t:hiltt~ •:tdkctinn .;ystt•ms in 
~;cr:tilliiS :1004 (o.l[ llf1\l(i) and (o)(5) of 
HCI\:\: <lrtd (2) tbnP is no reason to 
ill'!it•vt' that till' liner system is not .... 
functioning as dl'signed. Of course. any 
rPpiacenwnt surf<tct' in1poundment. 

'··c-"' 

·;tslp rill:. or ldndfillunit that otherwise 
·;t\ifi:•d for ;1 \·ilri<t!lCe from the double· 
'~ ;;:1d lf'i!Ch<lll' c:ul\ection systr.m 

i•·t;:lir,:nw:::~ purs;;;!:Jt to sections 
.;;Hq(,JI~I. ::l'!l·l[o:(::). t~r 30CJ.'i(j) of RCRA 
: •·::•;,;::.; ''',!"!11t1t from tud<tv's duubir.-

':;::· .~:·.d :,·:tlo. .dt•lt:ction rr~ruirements. 
!:: t':1• :O.lity 2~1. HlB7 proposed rule. 

i<!'-\ r:onsidt·rt:d excmptin~ 
:~·;dlif'f'r~cnt~ that \\'PfP r.onstru~ted in 
· lorn;'il.tr:u· with t.·:-.isting pnrt 204 sin.~le· 
:1::1·r r"t'qt:::,~~~~cn~s fur s~1rf~!Cl' 
r::;J•:::::ti:Jwnls. \';;:s!t• :Jiit•s. and 

' •rtdi:':s. EP.-\ <tt;~nt.Hv(Ptlgt!s that the 
,;::c.:c;:~l''rlts for this t:xemption in the 
;•: ro:JtJ't·d r:llt• wr·n: erroneous antl has 
'!r·t :dt•d nol to !''d!mpt rPp\acemr.nts of 
· ,•:rrtilti•.! singlt:-\irli'J surf<Jt:P 
·::;H::ItHlrtr:·nh. Wi!Sit~ piles. and 
, :·:r!f•!ls in lod:•v"s fin;t\ rulr.. \H~c<tuse 
,,·.-.::•·:- ::· "l"'r.:t•.'ls of thest: units h.t\.1' 
.. ,., ,.,1:\v ~11'1htHl "' dt•tt:ctinl.! wht•t!wr 
:l:t: ~'l1'~lt• !1rll'r is ;,."king. o'wrwrs or 
"Pt!ril!ors 11f such unit:: would hdvc lo 
n·\;.· IJit .~rounti·Wiilt'r monitorir.).! to 
r\t•lcrmine if t\w sinde linPr was \eaki:-,g. 
EPt\ ;1~rTt!S with the comr.wnters that 
~his i~ 1!1<:on~istent with thP statutorv 
~o;d d lr·.d, dt•tPctior. at the car\icst' 
':ii<:tlr:iih\1: t1mt: <~r:d of pn:\·Pnti:J).! 

tkot~~~· out of itw unit. 
T!ll' \l:1v ·"1. t 11117 propns;d indw;ill'd 

o111 dft•: !1\'1' diiln f11r most of t\11· 
prtJ\'I'·Inns. trH:ludirH: thl' lt·ilk Ul'tl:t.~:tJ!l 
rt·quirPn:t·nt.~. of Sl\ mllntho.; afl1•r 
prt~nllll.~iltitlll. Tht· !ulv ~!I 1'1'1:.: •·!i1·<:~1\1' 

:\u. \'l ' \\ t'tl!:t:SU.!\. i<~llU<Ji y 

d;ltt• of tudav's ru\r~ is consistent with 
that propos;;! and vvith section 3U1U(b) of 
H.C~A. It is import;•nt to note that 
st:ction JU04(o)(4)(B)lii) t!ef;nes "new 
nr:its" <IS thLJSe units on which 
construction com.11cr.ces a[ter l 1ate of 
promulgation (ver~us tb.e effer:tive date) 
of the :\)Seney's rule for leak detection 
svstems. Therefore. due to !he cleur 
l;mguage of the statute. construction of 
new landfills. new surface 
in.poundrnents. und new waste piles is 
defined with respect to the promulgation 
date but today's final regulations 
become eff~ctive o months after 
promulgation. This intr.rpretation is 
consistent with the Agency's definition 
of "new tank svstems" discussed in the 
final hazardou~ waste tank 
requirements (51 FR 25446). 

During the six month time period 
between prom:.~lgation and the effective 
uate. owners and operators of new units 
have time to determine and then makr. 
any necessary adjustments to their 
r1esigns. contract specifications. and 
other pre-construction plans so that the 
requirements of today's rule arc 
satisfied bv the effective date. This also 
allows ad~quate time. in the Agency's 
opinion. for preparation and submission 
to the Agency of documents and 
requests for approvals that are 
prerequisites to construction and 
operation. For permitteu facilities. this 
indudes permit modification requests. 
SimiLtrly. any interim status fncility that 
adtl~ a new unit following the 
promulgation date is expected to comply 
with the requirements in today·~ rule to 
submit. along with their notification 
under~§ 265.221(b). <!65.254(:1). or 
ZGj.301(b). proposeu action leakage 
rates and a rcsr<Jnsc action plan. if the 
due date for that notification (i.e .. at 
least 50 Jays prior to receipt of waste in 
the new unit) fulls before the effective 
date. 

Thus. tlw i\~ency anticipates that at 
tht: ft:w fa,:i!ities (b"th permitteu and 
intPrim statu!') that plan to dc\·tdop nt!W 
ut~its during this si:-. month P"riod. rr.ost 
of t)w effort will Ill' tlw prt:p<tratury 
desi,t;:n ;md <tdministr;ot:\·t· work rwt:dl'd 
to compl~· h~· the dfcctive date. If 
owners or opr.ratnrs nt interim status 
f<tcilities sho11td cornrwncc construction 
of new unit~ durin~ this period. the 
construction would lw subject to A~ency 
n:view upon tlw efft!clivt• date of today's 
rcquiremPnts. 

H1•p\<tcl'nH·nt ::mdfi\\s. ~urfacP 
imp"und:t11·nt. or w:~stt• pdt:~. 11r Wlt'r;d 
I'X!J<tnsions lt> th'l~l' units :~rt:. in tlw 
:ttJSPlll:!' of S]H't:itic st<tt\:tnn· dirr't:l1nn. 
s:IIJJ''Ct In this ru\1~ aftt•r lui~· ::<1. 1\l'l:; 
li ..... ~ix months ;tftl'f pr11'~11l!•.:o~:ltll1 .ts 

normally rrc1 1d1:d unJ•·r st:c\1<>'. .'J:!J) '7/.lo 
of RCRA). vQ~-OZ-\1~ 

It should l.Je noted th<t tEl':\ interprrts J<,. 
the term "r.un~tructlo!I. r:omm;•mt:~ . .ts I / l 
used In the "nel'; umt udtni\101: of lo (, ir 
section J004(o)(4)(13)(ii) CJnu in touay's l 
rule. according,,, its Jefinition withi:-: 
the § 2G0.10 definitions of "existing 
hazardous waste management (I IW\1) 
facility" and "existing tank system." 
That is. a unit has commenced 
construction if (1) the owner or o~erator 
has obtaint!d the Federal. Stilt.! and 
local approvals or permits necessarv to 

begin physical construction. and t:i lhPr 
(2)(i) a continuous on-site. phy!;1ca\ 
construction program has br~gun: or (ii) 
the owner or operator h:.ts entered into a 
contractual obligation-which cannot be 
canceled or modified without 
substantial loss-for physical 
construction of the facilitv to be 
completed within a reasonable tim~. 
Therefore. anv new unit that has 
commenced c~ns·ruction. ,;ccording to 
this long-standir..., Agency definition of 
the term. prior to the ;:;romulguticm date 
(i.e .. today's Federal Register publication 
date: is outside the scope of today's 
rule. Similarly. any replacement unit 
that is reused (unlike new units and 
Ia tefal expansions . ..:onstruction 1s not a 
necessary step prior to reuse of a 
repla..:ement unit) or lateral expansion 
on which constructior. commences prior 
to the effective date (i.e .. six months 
afte! today's Federal Register 
publication date) of this rule is a !so 
beyond the scope of today's rule. 

ToJav's rule includes a definition of 
"replacement unit" in § 260.10. EPA is 
today defining a replacement unit as a 
unit (1) from which all or substantially 
all of the waste is removed. and (2) that 
is subsequently reused after July 29. 
1992 to treat. store. or dispose of 
hazardous waste. This definition. which 
is similar to the May 29. 198i, proposal. 
is consistent with the definition EPA hus 
used in implementing the statutory liner 
requirements of section 3004(o)(5l(I3) for 
rr.plm:ement units. 

In the l~JUi proposal. EPA exc\utled 
from the ~cfinition of rr·placement •.mils 
tho:sc units from whi, h waste wa!; 
n:moved anJ treated in prt!paration ft-:
closure and onlv the treated waslt! w<t~ 
r.~placed in the ·unit. EP:\ explaint!d in 
thr. proposal that replacement ur.its arc 
uni's that remain in ~t!rvic:e for actin! 
wa~:t! marra).!ernr.nt. 1r;t units that arc 
pl'rrnant•nt\y takl'n c.: nf s!'f\'iCP 
thro111.!h ciP~u::•. 1-:P:\ lll'Lt•\Td thi~ 
<~ppn;o~r:h r11•t only n·lkct!'d ~:;!luttJ~\ 
:n!r•nt. hut <~I~:• ·.vould t'!H:t:ur<t)-:1' '"' .1! 
\r·.r.'l 11•11 di~C:tlli,:l)-:1')1'11\·ironmt·ntoriir 
!H·rwftcl:tl i!r:li'. 1tiPs durrr.~ clr:'\11"1' lr· 1:. 

\\'.1~:" !rt'iltnu·:~t;. !H'C'.ttl~t· tt\\'l1t'rl.. •'r 



operators WlJuld net have to retrofit 
closing units from which waste was 
rc1noved and replaced. 

Today's definition of "replacement 
mit," like the proposal. exempts certain 

its undergring closure. However. ·~:) 
_. . ..:emption is slightly expanded in 'lwt 
today's definition of replacement unit 
would also exempt those closing units 
that receive compatible wastes from 
othrr closing units and/ or corrective 
<lr:tion areas at the f<1cility. provided tha! 
such IJSe of the closing unit is approved 
by EPA (or an authorized state) in the 
facility's closure plan or c~rrective 
action program. The t\ger.cy believes 
that the expanded exemption is a logical 
extension oUhe proposal since it is 
similarly necessary to encourage 
tcnvironmentallv beneficial activities 
(e.g .. treatment ·and consolidation of 
cumputible wastes from on-site closing 
units into one unit. waste removal to 
inspect a liner. expeditious closure of 
other on-site units) that mav not 
otherwise occur if the own~r or operator 
had to retrofit the dosin~ unit to r.1eet 
today's linr~r and leak detection system 
requirements. 

Thus. units and activities qualifying 
for exemption from the "replarement 
unit' definition are limited to the 

.,fr)llowing comlitions and safeguards: (1) 
'he activitv must be re,·iewed and 

•roved bv EPA or an authorized state 
. part of the closure plan or corrective 

action approval process. ir.•.;luding a 
corrective action order: ('2) •mly closing 
units that have notified F.P.\ in 
<ICCOrdance with~ 264.11:; .1r § 265.112 
ur notified an authorized s·.lte. mav 
qu<dify: and (3) only compatible w~ste 
'lnd debris that are from closing units or 
corrective action areas on-site mav be 
depos;tcd in these units. For a unit to 
qt~<dif~· for this exemption. off-site 
Wiiste. new Wil.~tc gcrwrated on site. and 
waste from active units or. site r.1av not 
be disposed of :n the unit. • 

The situations EPA envisions as 
qt;;tlifying for this exemption from the 
"rt~pl<lU!mr~nt unit· iefinition include: 
(1) \\'iistc is rt"movr.d from a closin!-1 
unit. trt!<Il!~d (r!.~ .. incinNated. 
dewatcred. or solidified). and returned 
to the s<1me unit: (2) waste !s removed 
from<~ closing unit to inspect and/or 
repair the liner. and !~e WJste is 
returned to the same unit: (3) scenario 1 
or~. plus waste from other closin~ units 
is di.;posed in the original unit: an-d (4) 
scenario 1 ur 2. plus waste that is the 
·csult of correcuve action at the same 

~ilit~·. is placed into the original unit. 
Finally. EPA also proposed in the ~1ay 

2~. 1!Hl7. rule that the liner and i~ak 
rlr>tr~ction system rP(1uirements ;:pply ttl 
si~nificant unus1~d portions of t'\lstin~ 
ur.its. where thost! portions did not havr! 

S- \ ltl'l<l<l 

double liners and leachate collectior. 
systcl:"'S meeting the 1"1inimum 
technological requirements. Today's rule 
has dropped this requirement. A number 
of commenters on the proposal pointed 
out the difficulty of defining 
"significant" unused portions of a unit. 
and EPA was unable to develop an 
unambiguous definition. Furthermore. 
after reviewing land disposal units 
constructed and permitted since 1984 
(which is the universe most likely to 
have portions of units not yet covered 
by wastes). EPA noted that virtually all 
of these units were required in their 
permits to incorporate double liner and 
leak detection requirements into their 
respective designs. Then~fore. EPA has 
concluded that it is no longer necessary 
to extend today's rule to significant 
unused portions of existing units. It 
should be noted. however. that lateral 
expansion~ of existing units remain 
subject to today's rule. 

B. Stan;;'urds for Liners and Leak 
Detecti, .·:Systems 

1. Tech:::cal Standards for Liner 
System~ 

Tod<L. EPA is promulgating 
regulati~ns containing design standards 
for dou~ir~ liners in accordance with the 
rcquirr::::1:nts of section 3004(o)[1) and 
( c )(5 J( .· of RCRA. These standards 
replact· i10se contair.ed in the interim 
statute: design provision of section 
3004(o! 1(13) of RCRA that were codified 
on July . i. 1985 (50 FR 28702). 

Tad; ~ ruie amends the doubl£>-liner 
requin·-:l!nts for surface impoundments 
and liln_:ills in§§ 264.221(c), 264.301(c). 
265.221 , l. and 265.301(a). The major 
changr: , 1m the existing rule is that the 
final n1 · requires owners or C!Jerators 
to in~t.t 1 comp,)site bottom liner. 
Based, . ;!vaildjle data and public 
comm•" ·., rece:ved by the Agency. the 
doubil' . :'t'r system specified in today's 
rule. w1·: !he composite bottom liner. 
reprr.~;,· . the best available technology 
with r, . ct to: (1) Preventing 
hitzar,· . (:onstitucnt migration out of 
the \!II 1:·10~ thP active life and post-
closun ~~~~period. (2) detecting leaks 
throu).d I' top liner ut the earliest 
practic, 1: time. and (3) max.imizing the 
cfficien: . of !he leachate collection and 
rt=mO\'il. 

TocL1·. 
existin_ 
for su· i 
units. ( 
units p·. 

pre\' I'll' 
c:onst i: 
C\ (.'I\' I' 

!\l) l I':-, 

the top 

·;stem. 
rule does not change the 
p liner performance standard 
: 1mpoundment and landfill 
ners or operators of affected 
< still dt~sign the top liner to 
·1• migration of hazardous 
::; into the liner throughout thl' 
! ncl pnst-closurl' pPriod. !:1'1\ 
"~' purpost!!l of !n(lav's rult:. 
~~the linrr din· .. l\y ;l\Hl\'1.' 

the i.Jachatc co!lectwn and removal 
system serving iiS the leak c.!et~"ction 
system (see Technical Standard for Leak 
Detection Systems in Scct1on IV.8.2 of ~v2AJZAV 
today's preamble). .J..... 

The Agency. in the preambles !o the \v/~/~ r 
July 26. 1982 rule (47 FR 32:!74) and the 
March 28. 19136 proposal (51 FR 10711.1). 
endorsed geomemb:.mes as meeting the 
top liner performance standard. EPA 
was aware CJf a number of landfill unit 
designs that inc!uded a comoosite top 
liner consisting ot' a geomembrane ~pper 
component and a compacted soil or a 
soil/bentonite blanket lower component. 
Consequently. EPA r;tised several 
questions in the preamble to the May 29. 
1987 proooslll concerning the use of a 
composite liner as a top liner and the 
effect the compacted soil component 
would have on other r.omponents of the 
double liner system. principally <he 
early detection of a leak through the 
upper geomembrane. 

The Agency received several 
comments on this issue. all of which 
were in favor of allowing the use of a 
composite iiner as a top liner. One 
comment on appropriate standards for a 
composite liner favored minimum 
thickness requirements for a compacted 
soil lower component. Most 
commcnters. however. favored no 
restrictions on the use of top compostte 
liners . 

In response to these comments. EPA is 
not prohibiting the use cf composite top 
liners in today's rule. A p..1renthetical 
reference to geomembranes has been 
includeJ as an exaMple tc illustrate that 
the perfoimance standard can be met 
through use of a geomembrane. EPA 
does not intend that this reference be 
intcrpret'!d to mean that the 
geomembrane is the only top liner 
design that will meet the performance 
standard. EPA does not want to 
discourage owners or operators from 
using top composite liners because such 
liners can provide additional 
environmental benefits by minimizing 
the now rate through i1 leak in a 
).:eomembrane liner and potentially 
minimizing migration of hazardous 
constituents by attenuation. Although 
not ~;-edfied in today's rule. EPA 
m:~intains that the soil component of the 
top liner. however. should Renerally not 
be more than three feet thick since a 
thickness of Z to 3 feet adequately 
serves the purpose of mir.imizing the 
now through the geomembral".e 
component (:1 lesser thickness may be 
nprropriilte for soil/bentonite blankets). 
EPA finds that this depth b.dann·s the 
incrt'il~t>d t>nvironrm~ntal prott~ction 
dffordt•d by top r:omposite lint•rs and tht• 
ilbilit~· lo dett'ct '"''~~ .;t the earliest 
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for granular materials U~l:d in surface 
1rnpounciments: (3) a minimu;n hydraulic 
tnn.~missivity of3x10-$m 2 /sec for 
synthetic materials used in drainage 
!ayers for waste piles aid landfills and 

'< 1o-• m2 /sec fnr synthetic drainage 
d terials used in surface 

nnpoundments: and (4) sump desi~n and 
operating requirements. 

Location of leak detection systems. 
EPA proposed in the May 29. 1937 
preamble (52 FR 20229) that the leachate 
collectio~ and r'!moval system adjacent 
to and below the top liner and above the 
bol!om liner be designated as the teak 
detection system. but requested 
comments on the proper location of the 
leak detection system inn system with 
more than two liner,;. Commenters on 
this aspect of the rule stated that the 
leak detection system should be located 
immediately above the b•Atom liner. 
These comme.1ts claimed that specifying 
additional !eachate ccllection and 
removal s·:stems above the bottom liner 
as leak de-tection ::ystems would create 
a regulatory disincentive for owners and 
operators to design systems w:~h more 
than two liners by requiring these 
<tdditional (intermediate) leachate 
collection and removal systems to meet 
the requirements for leak detection 
systems and to imp:ement response 
'.:lions in accordance with the unit's 

<, ponse action plan. As a result of 
4 

.. ese comMents. EPP. is today 
specifying that the leak detection system 
is the hachate collection and removal 
system drainage layP.r located 
immediately above the bottom 
composite liner. Under today's final rule. 
<1nv additional leachate collection and 
removal systems located above the leak 
detection system are not required to 
meet the design and performance 
standard::; for leak detection svstems. 

Leak. detection tii.:e. The de.sign 
standards being promulgated today for 
leak detection svstems will ensure that 
t~ese systems meet the requirement in 
section 3004[o)(4) of RCRA for the 
de•ection oi leaks of hazardous 
constituents at the "earliest practicab!P. 
time". EPA has interpreted the term 
"earliest practicable time" to be the time 
lapse from the time a liquid has passed 
through a breach i:t the top liner to the 
time a technology-bas~?d leak detection 
system can detect the liquid. assuming 
saturatecl steadv-state flow. Without 
these simplifying assumptions. 
modelling flow rates in the leak 

~. 4 etection system is difficult given the 
mplexity and uncertainty of fluid flow 

under unsaturated conditions. After 
careful o:onsideration of public 
comments on the ;>roposal. EPA has 
decided not to !!pccify 1 day fi.e .. 24 
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hours) as the earlie!lt practicable time 
for the detection of a leak throu-sh the 
top iiner. 

Commenters on toe proposed 1-day 
leak detection time requirement argued 
that it was unnecessary and overly 
restrictive. Another commenter stated 
that the detection time could not be 
verified by field measurements. EPA 
agrees with the commenters that the 
proposed 1-day leak detection time 
requirement is unnecessary ~iven that 
the Agency is promulgating minimum 
design specifications for leak detection 
Sj'Stems. In addition, the Agency 
acknowledges that field measurement of 
leak detection times is a probl~m. EPA 
has determined that a leak detection 
system meeting today's design 
requirements will be capable of 
detecting leaks "at the earliest 
practicable time" consistent with the 
statutory mandate. Therefore. EPA is 
sir .. 1pliiying the rule by deleting the 1· 
day performance standard. 

Leak detection .r;ensitivity. EPA is also 
not finalizing the proposed leak 
detection sensitivity value of 1 gallon 
per acre per day (gpad) that was 
proposed. When developing a leak . 
detection sensitivity performance 
standard for the May 29. 1987 proposed 
rule. EPA conducted comparative 
studies between the performance of 
composite bottom liners versus 
compacted soil bottom liners 
(Background Document "Bottom :..iner 
Performance in Double-Lined Landfills 
and Surface Impoundments", 198i}. 
These studies showed that composite 
bottom liners have a much more 
sensitive leak deter.tion capability than 
do compacted soil-only bottom liners. 
For P.xample. a compacted soil liner with 
a hydraulic conductivity of 1 x 10- 7 em/ 
sec will allow some liquid migration into 
the liner: as a result. a simple. one
dirr.ensional theoretical model predicts 
that a leak will not be detected until the 
nowrnle through the top liner is 
approximately 80 gpad. In contrast. 
simple. one-dimensiona! theoretical 
models predict that the leak detection 
sensitivities of landfills and surface 
impoundments with composite bottom 
liners similar to those required in 
today's rule range from 0.001 to 0.1 gpad. 
Because EPA is today stipulating the use 
of a composite bottom liner. the Agency 
is confident that lower leak detectinn 
sensitivities will be achieved for all 
units affected b; lod<sy's rule. 
Consequently. a separate requirement 
for leak detection sensitivity is no longer 
necessary and EPA hns dropped this 
requirement from the final rule. 

Slope. EPA is today finalizing a 
minimum slope requirement for the leak 
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detection system. After further 
consideration of the slope requ!rement. 
the Agency has determined that a l o I r, /'1 
minimum 1 perc~nt slope will provide y.., 
atlequa:~ drainage at land disposal uni!s 
at which proper construction quality 0-Jl~ 
assurance is used to minimize 
settlement(§§ 264.22'i(c)(Z)(i]. 
264.251( c)(3 )(i). Z64.301(c)(3)(i). 
Z65.221(a). 265.254(a). and 265.301(a)). 
The purpose of the requirement is to 
promote FOOd drainage in the leak 
detection systems of units affected by 
today's rule. This slope requirement 
applies to all plana!' components of the 1 
leak detection system. 

In the May 29, 1987 proposed rule. 
EPA proposed a 2-percent minimum 
slope but request:!d comments on 
whether the minimum bottom slope 
should be increased to a value between 
2 and 4 percent. One commenter 
preferred that a 3-percent bottom dope 
be used to account for settlement in the 
final slope value. However. most 
commenters argued that the minimum 
should not be above 2 percent. 
expressing opposition to raisin& the 
minimum slope value above 2 percent. 
Many of these commenters pointed o·.: 
ihat other improvements included in the 
proposed rules. such as construction 
quality assurance :md an increased 
transmissivity value for synthetic 
drainage materials. would obviate the 
need for a slope greater than two 
percent. One commenter argued that 
slopes of less than 2 percent should be 
allowed for certain circumstances 
provided that the leak detection S!'Stem 
meets other minimum design criteria 
and performance gcals and the owner or 
operator can demonstrate that post
construction settlement/ consolidation 
will be minimized or eliminated. The 
Agency agrees that with good CQA a 
lesser slope can be adequate. 

Based on these comments. EPA 
carefully evaluated the nlinimum bottom 
slope requirement for toJay's rule. EPA 
recogniZ.!S that slope is one of several 
factors that will affect the performance 
of the leak detection system. For 
example. the hydraulic conductivity of 
materials used in the drainage system is 
important. In addition. the appropriate 
minimum slope required will also 
depend on the spacing of leachate 
collection laterals in the leak detection 
system: closer spacing will allow for a 
flatter slope. All of these design factors 
should be considered in selecting the 
appropriate slope for the system. 

EPA agrees with commenters that 
today's rule sets in place improvements 
that affect the minim•;'ll slope that i!' 
needed to construct an effective leak 
detection system. First. the new 
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requirement to install a -:umposite 
bott:'m liner provides P. smc·Jth 
impermeable base on which to install 
the leak detection system. The 
-4ecreased. permeability of the composite 

ttom lin•"r over that of a soil liner 
.• ~qui red under previous regulations 
allows for a reduced slope while at the 
same time continuing to promote good 
drainage. Second, today's enhanced 
constn•:--tion q•1ality as~urance 
mquirements enable owners CJr 
operators tne flexibility tu build a flatter 
slope by maintaining consistent 
drainage without significant pending of 
liquids. In addition. some CJf the new, 
rapidly draining synthe!ic draining 
rna terials prornote more rapid drainage 
on flatter slopes. 

Because of these improvements, EPA 
belirves that minimum bottom slopes of 
'(~ss titan 2 percen: shouiri be allowed 
wh~re the owner or op~!·iltor uses proper 
construction quality assurance to 
minimize se••lement and resultant 
ponding of any leachate. us required hy 
§ § 264.19 und 265.19 of tCiday's rule. 
Such const:uction quality a~surance 
·,hould include surveying and othE:r 
inspection techniques to measure the 
horizontal and vertical alignment of the 
bottom slope to minimize pending and 
~t.sure leachate flow to the sump. Some 

1ers or opera\Ors may eler.t to design 
, .:< detection (.;ysten1s using bottom 
slopes of greater than 1 percent. EPA 
emphasizes that the re'luirements 
promulgated today are minimum 
technical standards: ow01ers and 
operators can always adopt more 
stringent designs at their discretion. 

Thickness of granular drainage layer. 
Today's rule also requires that a 
::;r<lnular drainage layer be a minimum of 
12 inches in tl,ickness for use in leak 
detection svstems of new and 
replacement l;tndfills. surface 
impoundments. ar.d waste piles. and for 
lateral expansions of these units 
( § § :!G4.221(c)(2J(ii). 261.251(c)(3)(ii). 
264.301(c)(3J(ii). 265.221(a). 265.254(a). 
<md 265.30ifa)). EPA rr-:eived no 
comments on thil' reqt .:"!lent in the 
Mny 29. 1987 pr.,oosec! . ··~!e. ana 
therefore is fin . ti1P. 1:!-ir • .;h 
tnickness rt:quirt:n.cnt as proposed. The 
purpose of this minimum thickness is to 
decrea3e the chance that the ~nde:-~ying 
geomembrane w1ll be rlamaaed by 
equioment duri:lg placE:ment of the 
drainage ~aterial. Cu!Tent e11uipm1:!nl 

.,d to install granular layers c.an only 
ce draina~e material to an accuracv 

of a ie•v inches. The r\gPncy is . 
concerned that if granular drainage 
layers nrc designed to le~s than 12 
inches. th.s equipment could damage 
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underlying liners :n a1ear. wbre t!,e 
drainage material is thin. 

Further. this requirement for granulr,, 
layer thicknesr. is consistent wilh 
current EPA policy. A 12-inch granular 
layer thickness is specified in current 
Agency guidance (Background 
Document "Draft Minimum Technology 
Guidance Document on Double Liner 
Systems", 1985). In addition, a recent 
EPA evaluatic'1 of exit~ling hazardous 
waste !•md disposal units (J:J&ckground 
Document "Compilation of Current 
Practices at land Disposal Umts", 
January 1992) showed thct 24 out of 28 
landfills, SIJrfRce impoundments, and 
waste piles with granular draina~e 
layers, had a specified thickness of 12 
inches. 

Hydraulic conductivity of granulur 
draina~Je materials. EPA proposed to 
require that granular materials used in 
leak detection systems have a minimum 
hydraulic conductivity of 1 em/ se~;. The 
Agency contended that greater 
permeability afforded by grandar 
materials having 1 em/sec hy~r.ctulic 
conductivity was necessary to minimize 
capill~ry tensions present in leak 
detection system granulAr materials and 
to satisfy the proposed leak detection 
time performance standard of 1 day. 

EPA requested and received 
comments on the propo!'ed hydraulic 
conductivity requirement. Commenters 
opposed the 1 em/sec requirt:ment for 
several reasons. Several commenters 
stated that the requircmP.nt would force 
them to usP rounded gravels or other 
granular materi<~ls meeting the hydraulic 
conductivitv value. These commenters 
m'3intainec." that such materials were 
either not availab)P or only available at 
significantly higher costs in many areas 
of the countr-J. One commenter 
suggested that EPA should provide a 
variance to owners or operators in areas 
where suitable granular droinage 
materials having the proposed hydraulic 
conductivity are unavailable. Another 
comrr.enter stated that the Agency 
should continue to ·equ:re .~rRnular 
materials to have ndnimul!• hvdrauli~ 
conductivities of 1 x 10- 2 em/sec as 
currently specified in EPA guidance. 
This commenter asserted that sand. 
which is the most !;ammon granular 
material ul!ed in leak detection systems. 
generally has a hydraulic conductivity 
of 1 X 10-2 em/ sec. Other commenters 
argued that using granular materials 
with hydraulic conductivities on the 
order of 1 em/sec wo•tld significantly 
increasr. the susceptibiiity of 
geomembranes (ahovP. and below the 
drainage layer) to puncture. bec:1use it 
would be d:fficult to remove an~ular 
materials ftom the :: tterials used to 

construct the clrt!inage layer. Another A;} 
com~cnter ar.;•.~?d that by requiring ~ 
6ranular materials to have a 1 em/sec ~v2.AJ 
hydrauiic conductivity, EPA wa'l forcing J.. 
o .vners or operators to use synthetic / 
drainage materials that are incompatible\Qjt, 1 
with many materials used for synt.."'1etic 
liners. 

The Agency acknowledge& that the 
availability of gr&nular materials 
meeting the proposed hydraulic 
conductivity requirement may be 
limited. The Agency is also concerned 
with the grepter potential for 
gcomembranes to be damaged from the 
use of granular materials having 
hydraulic conductivities vf 1 cm/sec.ln 
re11pcnse to the commenters concerns. 
tht: fir.al rule~~~ 264.221(c)(2J(ii). 
264.251. { c)(3)(iij. 26f. .::.ot(c1(3)(ii), 
265 Z:.:~(a), 265.~:H(aj, and 265.3G1(a)} 
rcquir1·s that F<.J!tuiJr materiais used in 
leak detet.!ion systP.:ns at waste pile and 
landf1. units subject to today's rule have 
a min!:num hydraulic conductivity of 
1 xto- 2 em/sec consistent with current 
Agency guidance. Howr•ver, the finr.l 
rule specifies that granular materials 
used in leak ~election systems at 
surface impoundments subject to 
today's rule must have a minimum 
hydraulic conductivity of 1 x 10- 1 em/ 
sec. 

The Agency has determined that 
granular materials used in IP-ak 
detection systems at surface 
h:youndments must have a higher 
hydraulic condu::tivity (one order of 
magnitude greater than what is currently 
specified by Agency guidance) to 
account for the potentially greater 
hydraulic heads imposP.u on the top liner 
in surface impoundments. S<~rface 
impoundments are typically used to 
manage liquids. therefore the hydraulic 
head3 on the liner systems of these units 
are often ml.!ch higher than those in 
waste piles and landfills. which are not 
allowed to manage wastes containing 
free liquids and must hn••e a le1chate 
collection system above! the top liner. 
Consequently. if~ '~>;.;k occ.urs in the top 
lLer of a surface :.-::p-:-,u.ldment. and is 
not rapidly draimO:: · ·· tr·e detection 
sump. are&s of the bot~-:m-liner system 
wili potentially be subjected to 
hydraulic i1eads in exc.ess ot" one foot. 
increasing the probability of migration 
of hazardous ,·onstituE'nts out cf the 
unit. A greater permeability in the leak 
detection system will drain any leak 
more rapidly and thus reduce the head 
on the bottom liner s;•stem. Although 
granular materials t:aving hydraulic 
conductivities of 1 ..: 10 ·I c:n/ sec will 
tyt)ically bP. coarser sands and fine 
gravels. the Agcnc~ feels that two 
common construction tl'chniqucs can be 

--··-----



""'.- ..... 

practicable time. The Agenc.y does not 
intend. however. to imply that multiple 
liner systems (including multiple 
composite lir.ers) or that thicker soil 
components of bottom liners (e.g., 4 or 5 
feel) should be precluded. 

EPA notes that such general 
performance standards provide 
Oexibility which is essential since liner 
anJ leak detection system technologies 
have advanced significantly over the 
past several years and are continuing to 
do so. Some examples include the u!le of 
geonets, the use of geotextile fabric 
filters, and better seaming and 
construction quality assurance. Recent 
EPA studies show soil/bentonite 
blankets may be effective and reliable 
complements to top liners, resulting in a 
new type of composite top liner. As 
technologies improve, today's 
performance standards will allow 
different materials and designs to be 
used and specified in permits as site
specific considerations. 

Today's rule amends the requirements 
for bottom liners at surface 
impoundment and landfill units to 
require owners and operators of units 
subject to todny's rule to use a 
composite bottom liner instead of a 
compacted-soil bottom liner allowed by 
the interim statutory design. The 

,composite bottom liner required by 
oday's rule specifies that the upper 

'llponent of the bottom-liner must 
~nsist of a geomembrane, and the 

lower component of the bottom-liner 
must consist of a minimum of 3 feet of 
compacted soil with a hydraulic 
conductivity of no more than 1X10" 7 

em/sec. The compacted soil component 
must be able to minimize hazardous 
constituer.t migration in the event of a 
breach in the geomembrane. 

In the March 28. 1986 proposal. EPA 
offered two options for the bottom liner 
of the double-liner system. One option 
corre:.pcnded to a compacted soil liner 
with a maximurr. hydraulic conductivity 
of 1 >< 10· 7 em/sec and sufficient 
thickness (minimum 3 feet) to prevent 
hazardous constituent migration through 
the liner during the active life and post
closure care period (51 FR 10710). The 
other proposed option was the 
composite liner specified in today's rule. 
consisting of a top component that 
would prevent hazardous constitue11t 
migration into the top component (a 
geomemhrane) and a bottom 
compacted-soil component with a 

• m<:ximum hydraulic conductivity of 
'X10- 7 cm/sec and the preamble to the 

')posal recommended a minimum 
.ckness of 3 feet (00 em). 
EPA received comments supporting 

both bt !tom liner options. Sever11l 
commen'2rs ar~ucd that the compactr.d 
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soil bottom liner, coupled with the 
l~achate collection and removal system 
between the top and bottom liners. 
would provide adequate protection of 
the environment. Some of these 
commenters also proposed the use of a 
composite top liner with a compacted 
soil bottom liner. Others supported the 
use of composite bottom liners as the 
design best able to enhance leachate 
detection, collection. and removal 
efficiency of the leachate collection and 
removal system between the liners. 
Several commenters favored the 
promulgation of performance standards 
in the rule and the specification of 
designs and materials in accompanying 
guidance documents. 

After the proposal. EPA compiled 
information and data on performance of 
these two bottom liner systems with 
respect to maximizing leachate 
detection. collection. and removal. and 
preventing hazardous constituent 
migration out of the unit. The liners 
were evaluated based on leachate 
collection efficiency. leak detection 
cnpabili!y, and leakage through the 
bottom liner. Results from computer 
simulations and engineering calculations 
showed that, on a comparative basis, 
the composite bottom liner will perform 
significantly better than the compacted 
soil liner with respect to the three 
criteria. The results were summarized in 
the April17, 1987 Notice of Availability 
of Information (52 FR 1256~12575), with 
more detailed discussion of the 
calculations and analytical approach 
contained in the "Bottom Liner 
Performance in Double-Lined Landfills 
and Surface Impoundments" (EPA/53(}
SW-87·-013). In the May 29. 19H7 
proposed rule on leak detection systems. 
the Agency indicated thl!t it was likely 
to finalize a rule on double liners that 
would require a composite bottom liner 
as the generally applicable standard (52 
FR 20251). 

EPA also conducted a review of 
applications submitted for RCRA 
hazardous waste facility permits 
between November 8. 1S84 and February 
1987 to determine the type of bottom 
iiner selected for installation at new 
landfills and surface impoundments. Of 
some 183 units for which permit 
applications were submitted as of 
February 1987. only seven units were to 
be constructed with comoacted soil 
bottom liners. The vast niajority of 
owners or operators selected the 
composite bottom liner rather than a 
compacted soil bottom-liner. More 
recent data available to EPA also 
confirms that the majority of owners 
and operators are using composite 
bottom-liners in their designs of 
hazardous waste surface impoundment 

and landfill units (Supporting Document Jj. 
=3 "C:ompilation of Current Practices of 2, ,40 
Land Disposal Facilities," 1992). ~vl.-v~ 

In summary, tod&y's rule require& 1- · 
composite bottom liners. based on:: (1) 
Available information that composite 'vi '<J/~ 1-
bottom-liners perform significantly 
better than compacted soillinerJ in 
terms of maximizing leachate detection. 
collection. and removal. and preventing 
hazardous constituent migration out of 
the unit: and (Z) evaluation of current 
hazardous waste industry practices. 

Consistent with existing requirements 
for single liners at surface 
impoundments and landfills. today's rult. 
in §§ 2ti4.221(c)(l)(ii). Z64.301(c)(1)(ii), 
265.221(a), and Z65.301(a) requires that 
each liner that is included in the unit's 
design must be chemically resistant to 
the waste. placed on a structur:tlly 
stable foundation. and lPrge enough to 
cover all areas likely to be exposed to 
the waste. 

Double liner systems must be 
constructed of materials that have 
appropriate chemical prilperties a:'.d 
sufficient strength and thickness to 
prevent failure due to pressure gradients 
tincluding status head and external 
hydrogeologic forces), physical contact 
with the waste or leachate to which they 
are exposed. climatic conditions. the 
stress of installation. and the stress of 
daily operation. The liners must be 
placed upon materials capable o.f 
providing support to the liners and 
resistance to pressure gradients above 
and below the liners to prevent failure 
of the liners due to settlement, 
compression. or uplift. They must also 
be installed to cover all surrounding 
earth likely to oe in contact with the 
waste or leachate. 

Z. Technical Standards for Leak 
Detection Systems 

EPA is today establishing design 
standards for the leak detection systems 
for new landfills. surface impoundments. 
and waste piles, and replacements and 
lateral expansions of these units 
(§§ 264.221(c)(2). 264.251(c)(3). 
264.301{c)(3). 265.221(a), 265.254(a). and 
265.301(a)). These leak detection 
ntandards arc designed to detect a leak 
through the top liner at the earliest of 
practicable time. Today's final rule also 
establishes the following design criteria 
for leak detection system drainage 
lavers for affected landfills. surface 
i~poundments. and waste piles: (1) A 
minimum bottom slope of 1 percel'lt: (2) a 
minimum thickness of 1 foot and a 
minimum hvdraulic conductivitv of 
1 '•: 1o·z cmisec for granular maierials 
u~cd for the drainage layer for waste 
piles and landf:Ils and 1 x 10" 1 cm/sr.c 



us~d in combination to pre\'ent any 
dnmF~ge to geomembranes adjacent to 
thP >rainage material;j. First. facilities 
m .. ,. selEct rounded drainage materials; 

ese materials are leslllikely to 
·nc Jre or o!herwise damage 

me!mbrane1!. Second, owners or 
u~1erat~rs may use additional layers of 
synthetic materials (e.g .. a needle
pL:nch:?d 11onwoven geotextile) next to 
the liner o prnvidc a cushion for the 
d.ainage materials a'ld reduce the 
probability of puncturing. In addition. 
today's construction quality assurance 
requirement11 help to assure against such 
punctares. 

The ,\gency's ;e~.;.;•lt evaluation of 
t:Ulrrent industrial practices (see 
"Compilation of Current Practices at 
Lc: 'ld Disposal Facilities", Janul.ry 1992) 
revealed that many facilities are 
selecting synthetir. drainage materials. 
slJt:h as geonP.ts. for their leak detection 
systPnts. Syuthetic draincge m~terials 
ure oiteu selected instead of granular 
materials because they typically raquire 
lrss space and are easier to install than 
granular materials. Also. as discussed 
below. virtually all synthetic drainage 
materials have permeabilities great~r 
than 1o·z em/sec. 

Tran.c;missivity of synthetic drainage 
. 7J:ateriui:;. EPA proposed a minimum 

nsmissivity value of 5 x1o·• m2 /sec 
oynthetic drainage materials that are 
• in lieu of granular drainage 

mater:al!'. This value was selectej 
l'ecause it provides equ;valent drainage 
cupacity to that of a granular drai~agP. 
\ay~r meeting the reqJirements of the 
proposed rule; tbat is. 12 inches of a 
granular dr<!inage layei with a hydraulic 
·.vnductivitv of 1 em/sec. The minimum 
value of5x-1o-~m2 /s iorhydraulic 
transmissivity was based on numerical 
simulations of typical leak detectior. 
systems. In these simulations. EPA 
considered a rang~:: of sy!'lthetic drainage 
materials. i'1cluding nets. ma'r,. and 
wafnes. Front the results of these 
simJtutior.s ("Liner and Leak Detection 
Rule Background Document", 1987). EPA 
concluded that a hv·1raulic 
!ransmissivity val~e of 5 x 10" 4 m2 /sec 
would enable the leak detection svstem 
to collect 11nd remove relatively lirge 
amounts of leakage while maintaining 
gravity flow conditions. This 
specification was to ensure that the 
liquids in the leak detection system 
would be rapidly collected while the 

.,J, vdrau~ic head on the bottom liner 
.Juld be minimizP.d. 

ne commenter objected to the 
.1smissivity standard. claiming that a 

value of5X10" 4 m1/sec is not 
achievable with a single layer of 
currently available netting. and that 
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performar.r.e may be worse when creep. 
loading, and rib layover come into 
effect. EPA disagrees. The Agency has 
data (Liner end Leak Detection Rule 
Background Document. 1987) showing 
transmissivities of single layers of 
synthetic ~~rainage materials produced 
by four majcr man11facturers under the 
conditions of ASTM Test Method D 
4716-87 (that is, a pressure of 100 
ki\opascals (kPa) ant! a hydraulic 
gradit:mt betweer. 0.1 and 0.25). Al the 
time of the propos& I. these 
trunsmissivities ranged from 
11pproximately 2>< 10- 4 m2/sec to 4 x1o-• 
rr. 2/ sec. ImprovementJ in geonets since 
then have resulted in typical 
transmissivities of 2 X 10-3 to 4 X 10"3 

m2/sec using the sam~ ASTM test 
method. The Agency maintains that the 
conditions at which ASTM D 4716-87 is 
r:onducted are representative of thl! 
~ ~·essures and hydraulic gradients in 
:.tany land disposal units. and as a 
result. a transmissivity vRlue of 5 X 10" 4 

m 2/ sec can be obtained with typical 
commercially available synthetic 
drainage materials. However. the 
Agency recognizes that the requirements 
for synthetic drainage materials should 
be consistent with the requirements for 
granular drainage systems in leak 
detection syst~ms. Thus. the Agency has 
revised the transmissivity requirements 
in today's rule(§§ 264.221(c)(Z)(ii}. 
264.251(c)(3}(ii), 264.301(c)(3)(ii}. 
265.2Zl(a). 265.254(a), and 265.301(a)) to 
require that synthetic drainage materials 
achieve equivalent flow rates to 
drainage layers utilizing granular 
materials. 

Other performance requirements. 
Today's final rule also includes several 
general performance standard 
requirements for leak detection systems 
that are simply restatements of what is 
already required in existing resulations 
for ieachate collection and removal 
systems at surface impoundments. 
waste piles. and landfills subject to 
todny's final rule. Under today's rule. 
leak detection systems for affected unit.; 
mu3t be constructed of materials that 
are chemically resistant to wastes and 
bachate in the unit. and be of sufficient 
str~ngth to resist pressure gradients 
generated within the unit 
( § § 264.221(c)(2)(iii), 264.251(c)(3)(iii), 
264.301(c)(3)(iii). 265.221(a). 2b5.254(a}. 
and 265.301[a)). These requirements are 
designed to ensure that leak detection 
systems are not damaged from chemical 
and physical stresses associated with 
the unit. Also. these requirements are 
simply an extension of the performance 
standards for liners. 

Leak detection svstems for units 
regulated under today's ruie muc:t also 
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be designed and op. ·. ,, ... ~o m:nllltize ;..z.J 
clogging during the _,. . ife a.-! llost- 4:> 
closure period (U ~->-> /': .c)('_:r, · ;. :~v 2. -o~ 
264.251(c)(3)(iv), 264 J\i,. ~;:~.;! :1 :. l<:J/~,p/111 
265.221(a), 265.254(a), and , .. · . ..YJ.ta)}. J... 
This requirement is to ensure that 
drain1ge in leak detection system!J is not 
impeded over time. EPA it r.oncei'T'ed 
about the potential for drainage layers 
to becom~ clogged as a resuit of 
physical. chemical. or biological 
mechanisms. EPA data inc!.;r.ate that the 
potential for clogging increat.es as the 
hydraulic conductivity of drainage 
material decreases. Examples of 
techniques to minimize clogging include: 
Using properly gr6ded granular filter 
materials. filter fabrics (geotextiles). or 
other filter materials to reduce fines: 
using poorly graded (i.e .. uniform) 
granular drainage material; increaaing 
collection pipe slot numbers or size: 
reducing liquid residence time by 
increasir.g s!ope. decreasing pipe 
spacing, or increasing the size of 
granular dra1nage material: and cleaning 
collection systr·m pipes and drainage 
media using hydraulic jetting. stea:n. or 
acidic Joiutions. 

In addition, today's rule requires that 
leacha tc collection ar.d removal 'ystems 
immediately above the too liner (for 
la.ndfill and wastJ pile udls} be capable 
of ensuring that the leachate depth over 
the top 15 .... ~ does not exceed 1 foot (30 
em) as pr• ... ,. .. sed in the March 28,1986 
proposed rule. EPA received no 
comments on these requirements and is 
therefore finalizing them as proposed. 

EPA is today also promulgating 
several requirements for sumps that are 
part of a leak detection system. Owners 
or operators of new and replacement 
landfills. surface impoundments, waste 
piles. and lateral expansions of Auch 
units must use sumps nf sufficieni size to 
collect and remove liquids efficiently 
and prevent these liquids from 
accumulating on the drainage layer. In 
addition. the design of the sump and 
removal system must provide a method 
for measuring and record!ft8 the volume 
of liq"Jids present in the sump and of 
liquids removed. EPA received no 
comments on these requirements and is 
therefore finalizing them 11s proposed 
( § § Z64.221(c)(2)(v), 264.251(c)(3){,·), 
264.30!(c)(3}(v}. 265.221(a}. 265.25-t(a). 
and 265.301(a}). 

EPA is today promulgating a 
requirement for owners or operators of 
units affected by today's rule to collect 
and remove pumpable liquids in leak 
detection sumps to minimize the head 
on the bottom liner(§§ 264.221(c)(3), 
264.251(c)(4), 264.301~CJ(4). 265.221(al. 
2u5.254(A). aud 26S.301(a)). The t\gency 
had proposed. in th<? May 29. 1987 
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Federal Register. that the head in the 
sump for the leak detection sump be 
minimized: in the preamble. the Agency 
suggested that the average liquid levels 
in the sump should be below 12 inches. 
One commenter on the proposed t·ule 
stated that the 12-inch maximum was 
unachievable in manv instances 
because of the size and geometry of 
most sumps and the pumps used to 
empty them. The commenter also , 
mentioned that automated level control 
systems and minimum submergence 
requirements make the 12-inch 
maximum level an impossible 
performance standard. EPA agrees that 
the geometry of sumps may vary and 
that minimum pumping levels may be 
greater than 1 foot. Thus, the Agency is 
not setting a maximum level of liquids in 
the sump, but specifying only that the 
head on the bottom liner must be 
minimized by requiring owners and 
operators to remo•:e pumpable liquid!! 
from the sump. "Pumpable liquids" 
means any amount of liquids that can be 
rcnsonnbly pumped out of the sump. 
bused on sump dimensions. pump 
operating levels for automated pump 
systems, and the goals of tninimizing 
head in the sump and backup of liquids 
(from the sump and drainage tile or 
pipes) into the drainage layer. 

Today's rule also modifies the 
~finition of the term "sump" in § 260.10 

tu redefine sumps used as part of leak 
detection systems for waste piles. 
surface impoundments, and landfills. 
The purpose of this modification is to 
make dear that the regulations for 
hazardous waste tanks that are 
otherwise applicable to certain sumps 
do not apply to those sumps used at 
land disposal units that function as part 
of the leak detection system. These 
sumps serve fundamentally different 
purposes than many other types of 
sumps. Sumps used at land disposal 
units are usually surrounded by one or 
more liners: therefore. many 
requirements. especially secondary 
containment, are not practicable for 
these units. The Agency maintains that 
subjecting these units to the 
requirements for hazardous waste tanks 
will not provide a substantial 
environmental benefit and has therefore 
modified the definition of the term sump 
to redefine sumps used as part of 
leachate collection and removal or leak 
detection systems for surface 
impoundments, waste piles. and 
1andfills. 

Finally, today's rule includes a 
requirement applicable only to those 
leak detection systems installed at new. 
replacement, or lateral expansions of 
landfills. surface impoundments. and 
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waste piles that are not located above 
the seasonal nigh water table. EPA 
received no comments on this 
requirement and is finalizing it as 
proposed. The Agency is therefore 
requiring in today's rule that owners or 
operators of leak detection systems not 
located completely above the seasonal 
high water table demonstrate that the 
operation of the leak detection system 
will not be adversely affected by the 
presence of ground water 
(§§ 264.221{c)(4), 264.251(c)(5), 
264.301{c)(5), :!65.221{a), 265.254(a), and 
265.301{a)). 

3. Alternative Systems 
Alternative designs. The existing rules 

( § § 264.221( d), 264.251(b ), 264.301( d), 
265.221(c), and 265.301(c)) already 
provide for alternative designs to the 
liners and leachate collection and 
removal systems if an owner or operator 
can demonstrate that an alternative 
design will prevent the migration of any 
hazardous constituent into the ground 
water or surface water at least as 
effectively as the requirements In 
§§ 264.221(c), 264.251{:t), and 264.301(c), 
as appropriate. Today's rule adds 
§§ 264.221(d), 264.251(d), 264.301(d), 
265.221{a), 265.254(a), 2fl1.301(a) to allow 
alternativP. designs for leak detection 
systems that are capable of detecting 
leaks of hazardous constituents at least 
as effectively as the new leak detection 
system requirements in § § 264.221(c)(2), 
264.251(c)(3), 264.301{c)(3). 265.221(a). 
265.254{a), and 265.301(a). EPA feels that 
variance procedures allow owners or 
operators flexibility in designing their 
leak detection systems without 
discouraging the use of .1cw leak 
detection systems. 

In order to be go:anted a variance from 
the leak detection requirements of 
today's final rule, an owner or operator 
must demonstrate to the Regional 
Administrator that the proposed design 
detects ieaks through the top liner at 
least as effectively as a leak detection 
system designed to meet today's 
minimum design standards. In deciding 
whether to allow a variance for an 
alternative leak detection system or 
technology, the Regional Administrator 
will consider: (1) The ability of the 
pn:posed system or technology to 
operate as effectively throug:1 the active 
life and post-closure period of the unit 
as a unit designed using the minimum 
design specifications: (2} the nature and 
quantity of the wastes to be managed in 
the unit: and (3} the ability of the system 
to detect leaks. and in combination with 
response actions to be taken upon 
discovery of leakage. prevent rni~ration 
of hazardous constituents out of the unit 
during the nctive life and post-closure 

care period. For example, an alternative 2'3/<to 
leak detection system that did not 
provide information about leakage until 
after the leakage migrated through the iQOZ.AWJ 

bottom liner would be deemed J... 
u!1acceptable, because such a system! ojr,/'11 
\"'auld trigger an owner or operator 
response after hazardous constituents 
migrated into the environment. 

Owners or operators may apply for a 
variance if they wish to propose a leak 
detection system deAign that deviates 
from today's design parameters. For 
example, if an owner or operator 
specified that the drainage layer of a 
!!urface impoundment would utilize 
granular materials having a hydraulic 
conductivity of 1 x 10- 2 em/ sec (instead 
of the minimurr. required value of 
1X10-'cm/sec), the owner or operator 
would have to describe how other 
components of the system (e.g., depth of 
impoundment. bottom slope. flow path 
to a collection pipe or sump or pipe 
spacing) or the action leakage rate or 
response action plan would detect leaks 
at the earliest practicable time, minimiz~ 
head on the bottom liner. and prevent 
migration of potentially hazardous 
constituents out of the unit as effectively 
as the design required in today's rule. 

Temporary units. In the May 29, 1987 
proposal EPA invited comment about 
whether double liners and leachate 
collection sy!'tems are necessary for all 
waste piles, or if alternative systems 
might provide adequate environmental 
protection at some units. In response to 
the Agency's request, a commenter 
questioned whether double liner and 
leachate collection systems are 
necessary for short-term waste piles 
created during corrective action. The 
same commenter also suggested that 
EPA should propose an overall po!i~.:,; in 
its upcoming corrective action rule as to 
what technological requirements will 
apply to units used for corrective action. 

The Agency agrees with these 
comments. There are circumstances 
where the Agency believes it ;;hould 
allow temporary units construc!cd as a 
part of corrective action pursuant to a 
permit or 3008(h) enforcement order. or 
an approved closure plan. to be 
constructed without a double liner and a 
leachate collection system. Due to the 
limited ti!'!':e these units are in operation. 
in concert with alternative design. 
location and operating practices. there 
are situations which are equally 
effective as double lined units in 
preventing migration of constituents to 
~round water or surface water. Many 

. waste piles (as well as some temporary 
storage surface impoundments) may 
thus qualify for the double liner waiver 
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found in§§ 264.221(d), 26-t.251(d), 
2fl5.221(a), and 255.254(u). 

These provisions provide for a generic 
waiver of the double liner system, bnt 
'o not specifically address temporary 
'its. In response to the special needs 
;ed by corrective action and far.ility 

closure (e.g., rapid cleanup and short
~erm operation) the Agency has 
published a proposed "SubpartS" rule 
155 FR 30798) that, among other things, 
specifically addresses standards for 
temporary units. That proposal outlines 
Agency guidance on what factors to 
consider in determining what cor:stitutes 
a temporary unit. 

4. Applicability to Waste Piles 

EPA is requiring that new and 
replacement waste piles, and lateral 
expansions of waste piles, install, 
operate, and maintain doub!e liner and 
leak detection syst"!IT'~ (§§ 264.251 and 
2£15.254). The Agency is extending the 
double liner and leachate collection and 
removal system requirements to waste 
piles, as discussed in the preamble to 
the May 29, 1987 proposal (52 FR 20250), 
because the Agency maintains, for 
several reasons, that these units pose 
threats similar to or greater than 
landfills concerning leakage through the 
top liner and releases of hazardous 
-,;mstituents. First, waste piles are often 

Josed to precipitation for longer 
Jds of tin1e than landfills. Many 

v ., ners or operators of landfills provide 
an intermediate cover to r.!inimize 
leHr.hate generation: this practice is not 
as common for waste piles. Second. 
wHste piles have a higher potential for 
equipment-related damage than do 
Ia ndfills. because equipment is 
frequently used to add and remove 
waste from piles during these units' 
active lives. This increased equipment 
activity at waste piles increases the risk 
of dar.1age to the primary liner and 
mP.rits use of a secondary liner for these 
units. Finally, waste piles typically have 
much longer active lives than landfills: 
Waste piles arc typically used for 20 
years or more. whereas landfill units are 
more common used for periods of i3 
months to 5 years before being closed. 

Today's rule provides a waiver from 
the double liner and leachate collection 
and removal system requirements for 
certain waste piles that are monofills. In 
the May 29. 1987 proposal rule. EPA 
proposed a variance for monofills when 
[1) the monofill contains only hazardous 
•'"Hstes from foundry furnace emission 

ntruls or metal casting molding sand. 
uch waste do not contain 

L-~·•stituents which would render the 
wastes hazardous for reasons other than 
EP toxicity characteristic. (3) the 
monofill hc1s nt len!lt one liner for which 
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there is no evidence that such liner is 
leaking. (4) the monofill is located more 
than a quarter mile from an underground 
source of drinking water. and (5} the 
monofill is in compliance with generally 
applicable ground-water monitoring 
requirements for facilities with permits. 
The Agency proposed this waiver to 
codify the llnguage in section 3004(o)(3} 
of RCRA and to be consistent with 
regulations for landfills and surface 
impoundments. Because EPA received 
no comments on this proposed waiver. it 
is bei!'l:; finalized as proposed in today's 
rule ( § § 264.251(e)(1) and 265.254(a)). 

Today's rules do not affect the 
existing exemption in § 264.250(c) and 
now in § 265.254 for certain indoor 
waste piles. These units continue to be 
excluded from today's double-liner and 
leak detection requirements because 
they contain no free liquids and are 
protected from precipitation and surface 
water run-on and are therefore unlikely 
to have any leakage. 

5. Applic::ability to Land Treatment Units 

EPA proposed a number of leak 
detection requirements for land 
treatment units in the May 29, 1987 
proposed rule. These requirements 
included (1) a 95-percent confidence 
level for detecting hazardous 
constituents in the treatment zone, (2) 
monitoring conducted above the 
seasonal high water table. (3) response 
action plans, and (4) inspection of 
unsaturated zone monitoring equipment. 
Today's rule does not include additional 
leak detection requirements for land 
treatment units. EPA has concluded that 
the current regulatory requirements for 
unsaturated zone monitoring at land 
treatment units are sufficient to ensure 
that leakage of hazardous constituents 
will be detected at the earliest 
practicable time. Therefore, EPA finds 
that additional regulations for st:ch units 
are not needed to meet the statutory 
requirements of section 3004(o)(4) of 
RCRA for these units. 

In the preamble to the 1987 proposal. 
EPA noted that unsaturated zone 
monitoring systems serve as affective 
leak detection systems for land 
treatment units. The Agency received no 
comments challenging this position or 
suggesting more effective alternatives. 
The existing regulations. however. 
already require unsaturated zone 
monitoring-i.e .. leak detection 
systems-at all land treatment units. 
both new and existing. Specifically. 
§ § 264.278 and 265.278 contain detailed 
technical standards for soil and soil
pore liquid monitoring in the 
unsaturated zone below the land 
treatment unit to ensure detcr.tion of anv 
hazardous constituents migrntin~ out o( 

the treatment zone. Furthermore, when j 
releases are detected, the owner or M ~i) 
operator of a permitted facility is ~oz..- t:J2..~ 
required to modify operating procedures 
at the land treatment unit to prevent .J.. 
further release. EPA has implemented IQ/f./11 
these requirements through two 
guidance documents: "Permit Guidance 
Manual on Hazardous Waste Land 
Treatment Demonstrations" and 
"Guidance Manual on Unsaturated Zone 
Monitoring for Hazardous Waste Land 
Treatment Units." After reviewing 
public comments and its experience in 
permitting land treatment units since the 
proposal. EPA concluded that the 
current regulatory requirements. coupled 
with existing guidance. are sufficient to 
ensure that leak detection systems in 
new land treatment units are capable of 
detecting releases at the earliest 
practicable time. 

In the May, 1937 proposal, EPA did 
not propose to change the basic 
regulatory requirements for unsaturated 
zone monitoring. but added several 
relatively minor amendments. For 
example. the proposal would have 
added a requirement that constituents 
migrating out of the treatment zone be 
detected at a 95% confidence level and 
that the unsaturated zone monitoring 
take place above the seasonal high 
water table as well as below the 
treatment zone (as the current <~tandards 
specify). EPA has concluded that these 
minor changes are unnecessary, either 
to meet the statutory standard or to 
protect human health and the 
environment. Available guidance 
documents already specify a 95% level 
of confidence for monitoring, and EPA 
and the States have successfully 
incorporated this standard into permits. 
Therefore, it is unnecessary to impose 
this requirement as a matter of 
regulation. Similarly, monitoring below 
the seasonal high water table is already 
prohibited by the existing regulations. 
because monitoring below the water 
table would not qualify as unsaturated 
zone monitoring. Therefore, the 
regulatory requirement that the 
monitoring be above the seasonal high 
water table is also unner.es!lary·. 

Today's final rule also does not 
finalize requirements for a response 
action plan describing remedial action if 
releases are detected in the unsaturated 
zone. EPA has concluded that a 
response action plan for permitted land 
treatment units is superfluous. because 
the current regulations ( § 264.2i8(g)) 
already require facility owners or 
operators to take specific responses in 
the case of hazardous constituents 
detected in the unsaturated zone 
monitoring system. F.PA also notes thnt 



migration found in the ur.saturated zone 
monitoring system would con!lti!ute 
migration from the unit. and therefore 
co·1ld be addressed by the Agency. if 
nec..essary, under RCRA corrective 

r:tion requirements. Finally, EPA notes 
.at, because of the RCRA land disposal 

restrictions, most if not all hazardous 
waste land treatment units in the future 
will be able to operate only if wastes 
placed in them meet applicable 
treatment standards before placement in 
the unit or if they are granted a no
migration variance. A unit granted a no· 
migration variance that then releases 
hazardous constituents from the unit 
would have to cease receipt of 
prohibited wastes(§ 268.6(0). In this 
case, a unit found to be releasing 
hazardous constituents to the 
unsaturated zone would be required to 
c:ease operating. For these reasons. EPA 
has concluded that a response action 
plan is not necessary for land treatment 
units. 

A December li. 1991 decision of the 
United States Court of Appeals. District 
of Columbia addressed the 30il-pore 
water monitoring requirements for 
interim status land treatment facilities 
(Shell Oil Comt'an.v v. EPA. No. ~ 
~l532). As of the date of this rule, the 
Court's manda!e was not yet issued and 
Jhe regulation remains in place. The 

·ency is still considering what 
Jponse to take to the Court's decision. 

C. llespons.~ t,, f.t:uks 

1. Action Leako~ge Rate 

The final rule requires owners or 
operators to establish one action 
lcJkage rate (ALR) for each unit affected 
by today's rule ( § § 264.222, 264.252, 
264.302. 265.22:!. :!G5.225, and 265.302). 
The action leakage rate is a leakage rate 
that requires implementation of a 
response action to prevent hazardous 
constituent migration out of the unit. 
The Agency has determined. the public 
cnmments support. the need for an ALR 
a'1ci response actions that the ALR 
triggers. EPA believes that the ultimate 
goal of the liner amlleak detection 
system requireme:-tts is to prevent the 
release of hazardous constituents from 
the unit. thereby protecting the ground 
water and Jurface water. A system in 
place to detect leaks at the earliest 
prnr.tical time should be complemented 
by early follow-up actions to effectively 
minimize the chance for migration of 
hazardous constituents from the unit. 
r:,mhermore. it is often more effective to 

dress leaks within the liners than to 
,a ter address ground-water 
contamination through corrective action. 

Todny's finn! rule requires owners or 
operators to monitor the rate of leakage 
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into the leak detection sump and to 
determine whether the measured rate of 
leakage over a specified period of time 
exceeds the action leakage rate (see 
Section IV.D. of the preamble for further 
discussion of today's monitoring 
requirements). If the owner or operator 
determines that the measured rate of 
leakage exceeds the ALR. the owner or 
operator must notify EPA and 
implement procedures contained in a 
response action plan that owners or 
operators must prepare for units 
affected by today's rule. 

The proposed rule allowed the owner 
or operator a choice in establishing an 
action leakage rate. EPA proposed to 
specify an action leakage rate between 
5-20 gallons/acre/day (gpad). 
Alternatively, the owner or operator 
could propose a site-specific action 
leakage rate for EPA approval. The 
proposed rule required owners and 
operators to develop and submit a plan 
for responding to the action leakage 
rate. 

The proposed rule also required 
owners and operators to establish a 
value and a response action plan for a 
rapid and large leakage rate (RLL). The 
RLL was defined as the maximum 
design leakage rate (plus a safety factor) 
that the leak detection system can 
remove under gravity flow conditions 
(i.e .. without the fluid head on the 
bottom liner exceeding one foot in 
granular leak detection systems and 
without the fluid head exceeding the 
thickness of synthetic lead detection 
systems). EPA also considered in the 
proposal tlte possibility of owners or 
operators developing responses to 
leakage rates between the action 
leakage rate and rapid and Extremely 
large leakage rate (referred to as an 
intermediate leakage rate). In addition. 
the Agency considered requiring owners 
or operators to develop responses to 
"significant changes" in the flow rate 
(EPA suggested a 100 gpad or 25-50 
percent increase. whichever was larger). 
leakage that exceeded health-based 
concentrations of hazardous 
constituents. and a leakage rate 
exceeding 50 gpad for any one-day 
period. In summary. EPA discussed six 
leakage rates in the proposal that could 
trigger various response actions by 
owners or operators. 

Although no commenters objected to 
the establishment of an action leakage 
rate. EPA received many comments on 
the proposed action leakage rate value. 
Several commenters favored EPA 
setting an action leaka~e rate within the 
proposed range of 5-:!0 gpnd. Some 
suggested thnt EPA should not finalize a 
specific value within the proposed 

range. but keep the range of s-zr ,pad 2->j 
and allow the permit writer to select a 40 
specific value within the range to apply & -QZn 
to the unit. Some commenters suggested oz 
an action leakage rate of 50 or 100 gpad. .'f.... 
Another commenter suggested that EPA lv/r,/17-
set an action leakage rate at 75 percent 
of the proposed rapid and extremely 
large leakage rate. One commenter 
stated that the action leakage rate 
should be decreased over the life of the 
unit according to a formula, thus 
allowing a higher action leakage rate 
during initial operation of the unit to 
account for presence of liquids in the 
sump from sources other than leaks (e.g., 
construction water). 

In general, most commenters stated 
that EPA had little or no field data to set 
an action leakage rate within the 
proposed range, and argued that the 
Agency should allow site-specific action 
leakage rates to be set by the permit 
writer, especially to account for other 
potential sources of liquids in the leak 
detection sump (e.g., soil liner 
construction water. precipitation during 
construction, and ground-water 
infiltration). Although the proposed rule 
would allow site-specific variances to 
the proposed action leakage rate, 
commenters expressed concern that 
EPA would not a:low many site-specific 
action leakage rates. These commenters 
claimed that site-specific action leakage 
rates based on the design and operation 
of the unit should be common. 

EPA also received many comments on 
other leakage rates that would require 
owners or operators to develop response 
actions. Commenters opposed using 
"significant changes" in the flow rate or 
health-based concentrations of 
hazarJous constituents in liquids 
entering the detection sump to trigger a 
response by the owner or operator. 
Commenters felt that the proposed 
"significant change" concept was 
unclear and difficult to define. 
Commenters felt using leachate quality 
analysis at flow rates below the rapid 
and extremely large leakage rate to 
trigger a response was costly, time· 
consuming, and provided no additional 
environmental benefit. These 
commenters generally felt that liquid 
flow rates into the detection sump 
should be the sole trigger of an owner or 
operator's response. Many of these 
r.ommenters also disagreed with the use 
of health-based levels (e.g .. maximum 
contaminant levels) in the leachate to 
tri~er a response. They argued that 
EPA's assumptions in proposing such 
levels were overlv conservative and 
unrealistic because such liquid was still 
contained in the leak detection system 
and migration to the environment was 



controlled by the bottom-liner and 
drainage system. 

Many commenters maintained that 
EPA was proposing too many leakage 
rates without a clear distinction 
~etween them as to the differences in 
.esponse associated with the leakage. 
These commenters claimed that some of 
the responses actions discussed by EPA 
in the preamble seemed to be redundant 
for different leakage rates. and t!~.tt 
EPA's requirements were confusing. 
burdensome. and provided no additional 
benefit. As an example, the commenters 
cited that flow rates above the proposed 
action leakage rate (5-20 gpad) would 
trigger many of the same responses that 
exceedance of other leakage r:~tes. such 
as the rapid and extrP.mely large leakage 
rate (an example in the preamble 
showed a RLL of 3000 gpad) or 
significant change i:lleakage rate. 
would mandate. Some of these 
commenters stated that leakage rate11 
less than the rapid and extremely large 
rate did not necessarily indicate a 
failure of the top liner. and that leakage 
would still be contained within the unit 
by the bottom liner. Therefore. they felt 
that the Agency should not stipulate 
excessive and redundant responses on 
the part of owners or operators for 
leakage rates that do not pose 
environmental concerns. 

EPA requested and received field data 
•l actual leakage rates frorr. 

commenters on the proposed rule. and 
obtained additional data from more 
recent studies of leakage rates through 
top liners at land disposal units. 
However. these data are limited and 
furthermore. indicate that a portion of 
units ( >25%) with CQA could exceed 20 
gpad. the highest end of the proposed 
range for action leakage rates. 
Therefore. the Agency agrees with 
commenters that existing field data do 
not support establishment of an action 
leakage rate within the proposed range 
of 5-20 gpad for all units. 

In response to EPA's request for 
comments on the appropriateness of the 
proposed range for surface 
impoundments, commenters argued that 
it was inappropriate for the Agency to 
set the same action leakage rate for 
landfills and surface impoundments and 
that the Agency should take into 
account the type. size. and operation of 
the unit when establishing an action 
leakage rate. EPA agrees with the 
commenters that the size. type. and 
operation of the unit should be 

, , :counted for in establishing n leakage 
, ate that will trigger a response by the 
owner or operator. and that a standard 
leakage rotc value for all units is not 
appropriate nt this time. 

In addition. EPA acknowledges 
commenters' concerns about th'! 
proposerl number nf leakage rates 
triggering a response by the owner or 
operator. nnd the lack of distinction 
among them for purposes of 
implementation. To simplify the final 
rule. EPA r.as chosen to establish one 
leakage rate that will trigger a response 
by the owner or operator. account for 
the site-specific design of the un, ;, and 
indicate significant evidence that there 
is problematic leakage through the top 
liner that rr.andates a response. EPA is 
requiring owners or operators to 
propose an action leakage rate for each 
unit subject to today's rule based on an 
approach that is similar to the proposed 
definition of the rapid and extremely 
large leakage rate. That is, owners or 
operators must calculate an action 
leakage rate based on the maximum 
design leakage rate that the leak 
detection system can remove without 
the fluid head on the bottom liner 
exceeding one foot. This leakage rate 
must account for an adequate margin of 
safety for uncertainties in design, 
construction, and operation of the leak 
detection system. The action leakage 
rate must not be greater than the flow 
capacity of thP. drainage layer in order 
to assure detection of leaks (e.g., if the 
ALR is 500 gpad and the flow capacity is 
400 gpad then the ALR would never be 
exceeded no matter how large the leak). 
The action leakage rate should always 
be less than or equal to the pumping 
capacity of the leak detection sump 
since the pumping capacity is required 
to be greater than the maximum leak 
detection svstem flow rate under which 
gravity flow :onditions prevail (i.e .. to 
prevent liquids from backing up into the 
drainage layer). If •he owner or operator 
determines that the action leakage rate 
is exceeded. the owner or operator must 
implement the procedures contained in 
the response action plan. 

E!'A belie\·es that flow rates in excess 
of the action leakage rate inJicate a 
major localized or general failure of the 
top liner. thus increasing the potential 
for a buildup of head on the bottom liner 
and increasing the potential for 
migration of haznrdous co:1stituents into 
the bottom liner. l-or this reason. it is 
necessary to maintain leak detection 
flow rates below the action leakage rate 
and for the owner or operator to take 
response actions for leaks greater than 
the action leakage rate. 

Under today's rule. as in the ~{ay 29. 
198i proposal. the owner or operator 
must propose an action leakage rntc 
based on calculations of the maximum 
flow capacity of the lcnk detection 
system dcsi~n so as not to exceed one 

foot head on the bottom ltner (ca,led ;z...t, ~~ 
rapid and extremely la~e leak in the 
proposal). The proposal background 1 v / (, ;q 7 
document "Liner and Leak Oel::!ction vvZ ~91-li 
Rule Background nocur.1ent", (EPA/530- .J... 
SW-87~15, May 1987) presented a 
number of mathematical models for 
maktng such a determination. All of 
these models are based on Darcv·s Law 
for non-lurhulrnt flow through s~turated 
media. 01 thes•! models. the Agency 
finds that th~ folloYTing formula for flow 
originating through a hole in the liner is 
the most likely leak scenario for a 
geomembrane liner: 

Q=k.h.tan a.B 

where 
Q=flow rate in the leak detection system 

(drainage layer). 
h =head on the bottom liner. 
k=hydraulir conductivity of the drainagE: 

medium. 
a=slope of the leak detection system. 
B =width of the flow in the leak detection 

system. perpendicular to the flow. 

Using this formula, the Agency 
cutcc:ated the maximum flow rates 
using the minimum specifications in 
todl\y's rule: 1% slope, and t x to-' em/ 
sec hydraulic conductivity for surface 
impoundments and t x to- 2 em/ sec 
hydraulic conductivity for landfills and 
waste piles. Assuming that the head is t 
foot and the width of flow (B) is 100 feet. 
the results show maximum flow rates of 
2.t00 gpad for surface impoundments 
and 210 gpad for iandfill:J and waste 
piles. Using a safety factor of two. as 
suggested in the proposed rule 
preamble, yields about 1.000 gpad for 
surf?.ce impoundments and tOO gpad for 
landfills and waste piles as the Agency 
recommended action leakage rates. 
Because this calculation used the 
minimum technical requirements and 
other desicn assumptions to maximize 
potential head on the bottom liner. the 
Agency believes that the units meeting 
the minimum tec1mical requirements 
would not require action leakage rates 
below 100 Rpad for landfills and waste 
piles and 1000 gpad fo:- surface 
impoundments. The final background 
document on action leakage rates 
("Action Leakage Rat~s for Leak 
Detection Systems." January t992) 
orovides further di~cussion Rnd 
background on these recommended 
action leakage rate,. As discussed 
earlier in the preamble. this document is 
available from the docke• for this rule c~ 
from NTIS. U.S. Department of 
Commr.rce. 

While EPA recommends the abovr 
action leakage rates for the minimum 
design specifications. the A~cncy 
rewgnizes that a nur.~b~r uf sitc-~pccific 



factors affect the maximum now 
cupoctty of u leak detection system, and 
owners or operators may want to 
propose alternative actiu1t leakage ra:cs. 

1r example. tht: leak detection system 
sign may be different than the 

.nimums specified in today's rule. As 
1ndicated above und in the background 
document, hydraulic conductivity is a 
factor that significantly affects the now 
cupucity of the ~ystem. The Agency 
1 H~Iir.ves thnt II' k dPtl'rtion S\'• • ··n~ 
with greater hydruulic conduc: ... i tes 
would have higher ac~ion leabgt! rates. 
In additional. owners or operators may 
have information to jastify a different 
width of now in the above calculation. 
Owners or operators also may justify a 
higher action leakage rate by using a 
different formula or model. While the 
Agency recommends the use of the 
above model for defining the maximum 
f1ow capacity of the leak detection 
system und action leakage rate, EPA 
recognizes that there may be alternative 
models available now or in the future 
that m:ty more accurately predict system 
now cupacity to justify higher action 
leakage rates. Therefore. owners or 
operators may propose to use an 
alternative model that they believe more 
accurately predicts the maximum now 
l:~apacity of the leak det'.!ction system. 

rther, owners or operators may want 
1o a now (pump) test on the leak 

- _,ection svstem to show actual now 
capacity, \~hich may justify a higher 
action leakage rate. Finally, the owner 
or operator may have f1ow rate data on 
similarly designed units to use to justiiy 
a different level. As more and more 
units are built. the Agency as well as 
owners or operators will develop a 
Getter data base that mav be used to 
establish appropriate action leakage 
rate~. 

For facilities seeking a permit. the 
Hcti•m leakrge rate will be set altar the 
Rrgiona; Admini5trator reviews the rate 
proposed jy the 01wner or operator in 
t~ither the facility's part 8 permit 
application or permit modification. for 
interim status lncilities. the owner or 
'Jperator must submit a propo!!cd action 
leakage rate for the affected uni! to the 
Regional Administrator 60 days prior to 
the receipt of waste in the unit. The 
Regional Administrator will either 
approve, modify, or deny the proposed 
leakage rate. The Regional 
Administrator may extend the review 

' '"Cried to evaluate the owner or 
,erator's proposed action leakage rate 

up to 30 more days. 1£ none of these 
uc!ions occur within 60 cl:tys (or if the 
review period is extended. within 90 
days). the proposed rate can be 
considered approved. 

Owners and operators of units 
affected by toda) 's rule must monitor 
the leak detection sump and use the 
monitoring information to determine if 
the action leakage rate has been 
exceeded. The final rule sets forth the 
procedures owners or operators must 
use in determining whether the action 
leakage rate has been exceeded 
§ § 264.222(b), 264.252(b), 264.30Z(b), 
265.222(c}. 265.255(c}, and 26.5.302[c)). To 
r.nlr.uhtl! the nnw rntr :.. ' ' ,:, 
Jetel.ttun sump. owners. ur operators 
must convert now rate data into an 
average daily flow rate per acre (i.e., 
gpad) for each leak detection sump. This 
c&lculation must be performed weekly 
during the active life and closure period 
of the unit, unless the Regional 
Administrator approves otherwise. 
Upon closure (installation of the final 
cover for the unit), owners or operators 
will monitor the leak detection sump 
monthly. or in some cases quarterly or 
semi-annually (see Section lV.D. for 
further discussion). While on a monthly 
monitoring schedule, owners or 
operators will have to convert the 
monitoring data to an average daily flow 
rate to determin~ if the action leakage 
rate has been exceeded. If an owner or 
operator is monitoring quarterly or semi
annually no calculations are needed 
unless liquids are detected in the sump 
above the pump operating level. in 
which case the owner or operator must 
resume monitoring the sump on a 
mcnth\y basis. Such an owner or 
operator would then have to convert 
monitoring data to an aver'\ge daily flow 
rate per acre for the purpol>~ of 
determining if the action leakage rate 
has been exceeded. 

z. Response Action Plan 
The final rule requires owners or 

operators of affected units to develop a 
response action plan for leaks exceeding 
the action leakage rate § § 264.223. 
264.253, 264.304. 265.223. 265.259, and 
265.303). The response action plan is a 
site-specific plan that the owner or 
operator develops to address lenkage 
through the top liner to assure that it 
does not migrate out of the unit. It is 
based on an assessment of the 
capability of the total design, 
construction. and operation of the unit 
rather than of individual components of 
the unit. 

The majority of commenters on the 
proposed response action plan 
requirements stated that there were too 
many potential triggers (i.e .. leakage 
rates) that the response uc:ion plan must 
potentially address in the proposed rule. 
These commenters ar~ucd that the!!c 
trigger levels lacked distinction as to the 
response!! they would ncccssitntc. Other 

commenters felt that the response action 
plan requirements were confusing and 
inconsistent in certain cases. The ;? h• 
commenters noted that many of the 
response actions for leaks above the &r;Z ""JZ....O 
proposed rapid and extremely large .!/... 
leakage rate were similar to actions for lo/~/~ 1 leaks above the proposed action leakage 
rate. In response to these comments. 
EPA has simplified and clarified the 
response action requirements in today's 
final rule. 

The final rule specifies minimum 
response actions that the owner or 
operator must take when the owner or 
operator determines that the action 
leakage rate has been exceeded. The 
minimum response actions are included 
in the response action plan that the 
owner or o!)erator must prepare. 
Although minimum response actions are 
required to be in the response action 
plan, the content of a response action 
plan is determined by site-specific 
factors. The minimum responses 
required under today's rule are typical 
of response action plans EPA has 
identified at operating facilities and 
incorporate comments EPA received on 
the proposed response action plan 
requirements. Although today's rule only 
requires the owner or operator to initiate 
response actions upon exceedance of 
the action leakage rate. owners or 
operators may want to implement some 
types of response actions for leakage 
rates less than the action leakage rate. 
because these actions will lower the 
probability ~hat leakage will exceed the 
action leakage rate and trigger today's 
final response action requirements. 

An owner or operator's response 
action plan must include notifying EPA 
within 7 days that the action leakage 
rate has been exceeded. EPA received 
no comments on the proposed 
notification requirement and thus. is 
finalizing this requirement. The Agency 
is also requiring that the owner or 
operator submit a preliminary written 
assessment to the Regional 
Administrator within 14 days of the 
determination as to amount and source 
of the liquids in the detection sump. 
information on possible size. location. 
and cause of the leak. and any 
immediate and short term actions the 
owner or operator will take (e.g .. 
additional pumping and rt!moval of the 
ll'achate. changes in operating practices 
to reduce the leakage). As stated abcwe. 
the Agency believes that exceedance of 
the action leakage rnte is significant and 
indicates n major localized or general 
failure of !IH· top liner. thus incrcasin):: 
th1! poh·nt:.d for a buildup of head on 
the bottom liner and incrcusing the 
p•Jtential fur mi~ration of hazardou~ 



constituents into the bottom liner and 
out of the unit. For this reason. the 
Agency must be notified and given a 
preliminary assessment of the actions 
taken by the owner or operator. 

The focus of the response action 
equirements for flow rates above ti1e 

action lea~age rate is the degree and 
schedule of what remediation. if any. is 
needed to reduce the leakage to the 
action leakage rate. The final rule 
requires that owners or operators 
identify the locution, size. and cause of 
the leakage. and sample and analyze the 
leachate present in the detection sump. 
EPA believes that analyzing the 
lcachatP. is necessary as part of 
determinin~ the response needed to 
reduce the leakage to below the action 
leakage rate. For example. such 
information may be useful in locating a 
leak at sites where different wa:Jtes are 
disposed of in different cells. The owner 
or operators'!.'s response action plan 
must di~cuss whether wastes should be 
removed to locate and repair the leak. 
wh~ther repairs or controls will be used 
to minimize the leakage. and if so. 
whether operational changes. such as 
reduction or cessation of waste receipt. 
or partial or final closure of the unit. will 
be implemented. and if so, what types. 

Today's rule clarifies when the owner 
or op~rator must submit a report 
''Jcumenting the response actions taken 
Jncerning leakage above the action 

leakage rate. The final rule requires that 
the owner or operator submit a report to 
the Regional Administrator describing 
how effective the response actions have 
been in reducing the leakage below the 
action leakage rate and preventing 
migration of hazardous constituents out 
of the unit within 30 days of exceeding 
the action leakage rate. The final rule 
also r~quires that the owner or operator 
continue to submit these reports 
monthly as long as the action leakage 
rate is exceeded. 

EPA recci\'ed several comments on 
the proposed response action 
submission and approval process. 
Several commenters expressed concern 
over possible delays associated with 
requiring a response action plan before 
receipt of waste. EPA received 
comments both supporting and objecting 
to submittal of the response action plan 
as part of the permit application 
process. One commenter suggested that 
the response action plan for both 
leakage rntes above the rapid nnd 
extremely large leakage rate and 
~akage n1tes above the proposed action 

.eaknge rate but below the rapid and 
extremely lar~e leaknge rate should be 
submitted ns part of the permit 
applicntion. Another comment('r ilr~ued 
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against submittal as part of the pe:·mit 
application. Th~ commenter stated that 
the bottom liner systt!m can cor.tain 
leakage rates in <:xcess of the rapid and 
extrem:?ly large l:!akage rate until the 
response action plan is approved. and 
thrt such liquid would not migrate very 
far in~J the bottom liner before the 
response action pian was approved. 

Unlike the proposed rule. the final rule 
re,1uires owners or operators to submit 
only one response action plan for 
leakages exceeding the action leakage 
.ate. Although EPA acknowledges that 
the bottom liner will provide initial 
containment of any leakage into the leak 
detection system. EPA still feels that 
leakage above the action leakage rate is 
an indication of a significant problem 
with the unit. The Agency believes that 
a response action plan is necessary 
before receipt of the waste into a unit to 
assure that there is both a commitment 
and an instrument in place to initiate 
responses upon exceedance of the 
action leakage rate. before leaks can 
potentially migrate out of the unit. 

The final rule requires that new 
hazardous waste management facilities 
submit their response action plans and 
have them approved as part of the 
permit application process. Permitted 
fac.:lities must submit the plan as r·art of 
a permit modification according to the 
procedures in § 2i0.42. Consistent with 
the minimum :echnology notification 
requirements of RCRA section 3015 for 
surface impoundments and landfills. 
owners and operators of units at interim 
s:atus facilities subject to today':> leak 
detection system rules are required to 
submit a response action plant in 
conjunction with the propo!•:d action 
leakage rate 60 days prior to receiving 
waste into the unit. 

D. Monitoring and Inspection 
Requirements 

In todav's final rule. EPA is 
promulgating several minor amendments 
to monitoring and inspection 
requirements for new and replacement 
landfills. surface impoundments. and 
waste piles. and lateral expansions of 
these units. These amendments add 
inspection requirements for leak 
detection sy.:;tems ( § § 264.226. 264.254. 
264.303. 265.226. 265.260. and 265.304). 
Specifically. today's rule requires 
facility owners and operators to monitor 
the sumps in leak detection systems for 
the presence of liquids in the sumps and 
record the amount of liquid removed 
from the sumps. Under § § 264.Z::2(b ). 
264.ZSZ(b). 264.30Z(b). 265.222(c), 
265.Z55(c). and 265.302(c). owners or 
operators must calculate the avern~e 
daily now rate in gpad for each leak 
detection system sump on n weekly 

. ___ ,..,., •• ,... '"'~'"'nl 1'1'lonn 

basis during the active life and monthly 
during the post·clos;;re period. when 2. 

0 
~ 

monthly monitoring is required. to V/4.0 
determine if the action leukage rate has 
been exceeded. ~ v z, .....yz.,..ro 

In the May 29. 1987, pruposal. EPA .:J.... 
proposed to re~uire daily monitorin~ of IO/ 1, /'1 f. 
the leak detection system sump dunng 
the active liie of the units, and weekly 
monitoring during the post-closure 
period. EPA received several r.omments 
on the issue of the frequency of leak 
detection system sump monitoring 
requirements. Among thnse who 
commented. several objected to the 
requirement for leak detection system 
sump measurement on a daily basis 
during the active life because (1) no~ all 
facilities are operational on Wl)ekends 
and holidays. and (2) the payment of 
overtime rates to versonnel for 
monitoring activitieOJ on weekends and 
holidays would be a significant financial 
burden. Other commenters stated that it 
would be difficult to monitor many 
sumps on a daily basis, especially large 
sumps or facilities with small leakage 
rates. One commenter suggested 
monthly monitoring of the l'!ak detection 
sump. Most of these commenters 
suggested that monitoring the sump 
weekly during the active life was 
sufficient to determine exceedance of an 
action \eakag~ rate. 

EPA maintains that precipitation or 
other events may lead to large heads on 
the bottom liner over a period of a week. 
and that monthly monitoring of the sump 
during the active life is insufficient for 
ouserving changes in liquid levels in the 
sump that may necessitate action on the 
part of the owner or operator. However. 
EPA agrees with commenters that daily 
monitoring of the sumps is excessive 
~iven that the A~ency has redefinec the 
action leakage rate that triggers a 
response action. Thus. EPA has change<! 
the requirement from daily monitoring of 
the leak detection system sump to 
require weekly monitoring during the 
active life and closure period. As 
discussed earlier. EPA has also changed 
the requirement from daily removal of 
accumulated liquids in the sump to a 
requirement to remove liquids from the 
sump ns necessary to minimize head on 
the bottom liner(§§ Z64.221(c)(3), 
264.251(c)(4). 254.301(c)(4). 265.221(a). 
Z65.254(a). and 265.301(a)). 

Two commenters also objected to the 
requirement to monitor the leak 
detection svstem sump weekly during 
post-closure. These commenters stated 
thnt monthly monitoring would be 
suffir.ient because the climinntion of 
liquid!! fnJm incident precipilatior. and 
the reduction of drainn~c from wn!!lcs 
will re:.ult in insi~nificantleachatc 
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~rnerution in the years followin~ 
closure. These commenters stated that 
monitoring should be conducted 
monthly or quarterly and more ofte'l 

·ly if the volumes of liquid in the sump 
·cased. 

.:.f:\ acknowledges that lrachate 
~cneration shc:.~id clccrcase in the vcurs 
following closure of the unit. due t~ the 
effectiveness of the final cover. In 
response to comments received on this 
issw~. EPA is allowing owners or 
operators to cu:duct monthly 
moni loring of the sump after the final 
cover is installed on the unit 
( B 264.226(d]. 264.303(c), 265.226(r:). and 
:.:65.304(aJI. The Agency has also 
decided in the final rul:: 1l' &tllow owners 
or opera tors to conduct quarterly 
monitoring of th: sumps during post· 
closure, if the liquid levels in the sump 
~tay below the pt!tr1 cperating level for 
'.wo consecutivr months. and/or semi· 
.mnuHI monitoring of the sumps if the 
iiquid level in the sump stnys below the 
pump opera tin~ level for two 
consct.:utivu quarterly in~pcctions. 
However. if purr.pin~ is required to 
remove liquids from the leak detection 
sump (i.e .. liquids above the operating 
level of the !lump) at any time during 
quarterly or semi-annual inspections. 
owners or operators must increase their 
~· nitoring to a monthly or quarterly 

;. respectively. However. the 
:\xency acknowledges that in some 
cases the levels mav varv at facilities 
depending on the d~sign ·and geometry 
of the sump and the type of pump used. 

The "pump operating level" is a level 
proposed by the owner or operator and 
approved by the Regional Administratc,:
based on sump dimensions. pump 
activntion levels. and a l£~vel that avoids 
backup of liquids (from the sump and 
draina).ic tile or pipes) into the draina~e 
!.aver. 

Today's rule requires the owner or 
opera tor to monitor ~or and record the 
presence and level of liquids present in 
rach leak detection sump. as well as the 
amount of liquids removed from the 
sump. to dctermini! the lenka~e rate 
through the top liner. The leachate 
volume in the sump typically will be 
determined by measuring the liquid 
level in the sump. The leachate volume 
removed from the sump can be 
determined by collecting (in containers. 
tanks. etc.) nnd measuring the quantity 
of liquid pumped out of the sump or. 
'lite rna lively. by installin~ now-metering 

·ipment to record the volumes. A 
J option is to install a device to 

measure innow into the sump. for those 
units where the sump islor.ated outside 
the unit: this mn~· IH~ a weir or pump at 
the sump innow pipP. The lcaka~c ral1• 

is to be calculated as the volume of 
liquid entering the sump over a period of 
time divided by the time and then also 
divided by the unit area served by the 
sump. 

EPA is today requiring, as proposed. 
that the measured leakage rate in each 
sump in the leak detection system be 
used for determining whether the action 
leakagt· rate for the unit has been 
exceeded. EPA received several 
comments on this requirement. These 
commenters maintained that a variance 
from the action leakage rate should be 
available when it can be demonstrated 
that liquid in the leak detection system 
is from a source other than leakage 
through the top liner. EPA acknowledges 
that the actual leakage rate through the 
\(. ;'lliner may be differeut (larger or 
smh~ler) than the measured leakage rate 
at the 11ump depending on: (1) The 
collection efficiency of the system and 
(2) the presence of water in the leak 
detection svstem from construction. 
ground-water infiltration. consolidation 
of compacted soil liners. or additional 
sources of liquid other thnn leakage. 
How .• ·er. owners and operators may 
consider these other sources of liquid 
when determining an action leakage rate 
that is appropriate for their unit and in 
developing their response ar.tion plan. 

Todav's final rule mukes several 
techr.:~:~ll amendments to the general 
inspection requirements and operating 
record requirements for units affected 
by today's rule. EPA today is amending 
§ 264.15 by correcting an earlier 
oversight by adding requirements to 
inspect hazardous waste tanks as 
required by § § 264.193 and 264.195 
(today's amendments also remove two 
erroneous cross-references-§§ 264.194 
and 264.253-from § 264.15). Section 
265.15 is being amended by adding 
today's inspection requirements for 
units at interim status facilities under 
§ ~ 2fi5.260. Z65.2i8. and 265.304. EPA is 
a l'lo today making technical changes to 
the operating record requirements for 
units affected bv todav's rule at 
permitted and i~terim.status facilities in 
§ § 264.i3 und 205.i3. These nee lions 
have been modified to reference 
recordkeepin~ requirements for 
permitted \an!< facilities [in§§ 264.191. 
264.193. and .:!6-1.195) and interim status 
tank facilities (in H 265.191. 265.193. 
and 265.195). 

E. Construction Quaii:r Assurance 

EPA today is promulgating 
construction quality assurance 
requirements (CQAJ for all new 
landfill!;, surface impoundments. and 
waste pile!l. and replncements and 
lateral !!:'(.piln!;ion!l of such unit~ to tlw 
P'fl'nt thry are affected by the doubl1~· 

~ -·· · p,. •·P 1, c~ ''tnl 1 ' ·•u nn 

liner system and leak detection system 
requirements in today's rule. Today's 

1 CQA requirements also apply. to the 2' ~ 
extent they are relevant to units built 
:.mder variances granted under <oo z_ -QZ4"J 
§ § 264.221, 264.251, 264.301. 265.221. !O/'o/ct"f 
265.254. and 265.301. The Agency has 
concluded that CQA is integral to 
enbure the proper construction. 
operation. and design of double-line~r 
and leak detection systems and the 
closure of land disposal units. The CQA 
requirements being issued incorporate 
standard engineering practices and 
common hazardous waste management 
industry practices that have already 
been proven to ensure that the design 
and performance standards of today's 
final rule are met. 

EPA is today promulgating CQA 
requirements applir.able to foundations. 
dikes. low-permeability soil liners. 
geomembranes. leachate collection and 
removal systems. leak detection 
systems. and final covers. 

The Agency has conducted a number 
of studies that outline the need for CQA. 
In 1983. EPA conducted a studv 
assessing existing technology for liner 
installation at hazardous waste land 
disposal facilities ("Liner and Leak 
Detection Rule Background Document". 
198i). The data base used in the study 
consisted of information from the 
literature supplemented by data 
collected through 40 interviews with 
technical experts in industry. State 
regulatory agencies. trade and 
professional associations. research 
organizations. and waste management 
companies. This study's conclusions 
were: (1) Construction-related problems 
during liner system installation 
constituted one of the major causes of 
liner system failure and (2) a rigorous 
CQA program could have identified and 
corrected many of the problems that 
contributed to such failure. The 1:tudy 
also concluded that construction 
techniques that were available at that 
time could be used to install 
geomembrane and clay liner systems 
that met the Agency's performance 
standards for liner svstems. However. 
the study noted that 'a comprehensive 
monitoring and audit pro)(ram durin!Z 
construction would be needed to attain 
the Agency's peritJ:'!Tlance standards for 
liner svstems. 

In Hl85. EPA conducted another stu~y 
to supplement existing information on 
liner performance ("Liner and Leak 
Detection Rule Background Document". 
198:"). This study was designed to 
evnluHie the factors that contributed to 
~ur.cesscs and failures at 2i landfills nnd 
surface impoundments sl'lectcd for r.a~!' 
studiPs. The results of this stud~· shnwt•d 



River 

:sand 

McGRAW-HILL 
INTER!'IATIONAL 
BOOK COMPA!'iY 

New York 
St. Louis 
San Fran cisco 
Auckland 
Beirut 
Bogota 
Dusseldorf 
Johannesburg 
Lisbon 
London 
Lucerne 
Madrid 
Mexico 
Montreal 
New Delhi 
Panama 
Paris 
San Juan 
Sao Paulo 
Singapore 
Sydney 
Tokyo 
Toronto 

JACOB BEAR 
Department of Cc\·i/ EngiMering 
Tel'hnion-lsrael lnscicuce of T~chnology 

Haifa 
Israel 

ARTHUR LAK:::S LIERARY 
COLORADO SC~COL OF lLih"'ES 

GOLDEN, CO 80401 

'3oj ~o 
1~1' 1''1· 

j(. 

(,¥2. -Q~ 

Hydraulics 
of Groundwater 



This book was set in Times Roman Series 327 

Britisll Libra!"}· Cataloging in Publication Data 

Bear, Jacob 
Hydraulics of groundwater. -(Water 
resources and en~uonmental engineering). 

I. Groundwater flow 2. Water-storage 
I. Title II. Series 
551.4'9 GBI197.7 78-40062 

ISBN 0-07-004!70-9 

Copyright ttll979 McGraw-Hill Inc. All rights reserved. 
No pan of this publication may be 

reproduced, stored in a retrieval system, or transmitted in 
any form or by any means, electronic, mechanical, photocopying, 
recording or otherwise, without the prior permission of the publisher. 

2 3 4 5 KP 8 0 7 9 8 

Printed and bound in Israel 



14 HYDRAULICS OF GROUJ'DWATER 

tensors of the second. third. and fourth orders. respectively. which represent 
matrix properties only. At low Re. the last two terms on the right-hand side of 
(4-48) vanish. The last term describes the effect of matrix non-symmetry. 

4-5 DUPUIT ASSUMPTIONS FOR A PHREATIC AQUIFER 

A phreatic aquifer is defined in Sec. 2-3 as one in which a water table (phreatic 
surface) serves as its upper boundary. In Sec. 2-2. we have introduced the fact 
that actually above a phreatic surface, which is an imaginary surface, at all points 
of which the pressure is atmospheric. moisture does occupy at least part of the 
pore space (fig. 2-3). The capillary fringe was introduced as an approximation 
of the actual distribution of moisture in the soil above a phreatic surface. 

Figure 4-Sa shows how the actual moisture distribution is approximated by 
a step distribution. assuming that no moisture is present in the soil above a certain 
level. This step defines the heighL h,. of the capillary fringe. Obviously. this ap
proximation is justified only when the thickness of the capillary fringe thus defined 
is much smaller than the distance from the phreatic surface to the ground surface. 
Note also that the capillary fringe better approximates reality in the case of a 
poorly graded soil than in a well-graded soil (Fig. 4-Sb). In the capillary fringe (as 
in the entire aerated zone above the phreatic surface). pressures are negative; 
therefore. they cannot be monitored by observation wells which serve as piezo
meters. A special device. called tensiometer. is needed in order to measure the 
negative pressures in the aerated zone (Fig. 6-6b and further details in Sec. 6-l). 
Water levels in observation wells that terminate below the phreatic surface give 
elevations of points on the phreatic surface. Using a sufficient number of such 
points. we can draw contours of this surface. 

Thus, the capillary fringe approximation means that we assume a saturated 
zone up to an elevation h, above the phreatic surface. and no moisture at all above 
it. In this case. the upper end of the capillary fringe may be taken as the ground
water cable, as the soil is assumed saturated below it. However, when h, is much 
smaller than the thickness of an aquifer below the phreatic surface, and this is 
indeed the situation encountered in most aquifers. the hydrologist often neglects 
the capillary fringe. He then assumes that the {phreatic) aquifer is bounded from 
above by a phreatic surface. This is also the assumption underlying the presenta
tion in this book. 

An estimate of h, can be obtained, for example, from (Mavis and Tsu~ 1939) 

2.2 (1- n)3
·
2 

h =- --
' dH n 

(4-49) 

where h is in inches. and dH is the mean grain diameter. also in inches and n is 
porosity. Another expression is (Polubarinova-Kochina, 1952, 1962) 

0.45 1 - n 
h =---
( dto n 

(4-50) 
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Relatively high 
ground surface 

Moisture distributions 
in soil: \ 

actual I 
1capillary appro"imate I 

~==r-fring;_ \..__ _ _ _ +-t 
tl, (''~'u""""' I 'j 

Capillary 
fringe 

0.5 1.0 
O.:gree of saturation. S •. 

Well-graded soil 

I 
Poorly graded soil 

0 0.5 1.0 

Degree of saturation. s •. 

(b) 

Figure "-5 (a) ApprO:\Imation of phre:wc surface and capillary fringe. (b) R.:tention curves in SOIL 

where both h, and the effective particle diameter are in centimeters. Silin Bekchurin 
( 1958) suggested a capillary rise of 2-5 em in coarse sand. 12-35 em in sand. 35-70 
em in fine sand. 70-150 em in silt. and 2-4m and more in clay. Equations (4-49) 
and (4-50) can be compared with the rise of water in a capillary tube of radius 
r: h, = 2q/r. where q is the surface tension of the water. 
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Both r1> and q vary from point to point within a phreatic aquifer. In order to 
obtain the specific discharge q = q(x. y. :. C) at e\ery point. we have to know the 
piezometric head r!> = r/>(x. y. :. tl. In Sec. 5-5 below. we shall show how to derive 
¢ = r/>(x. y. r) by solving certain partial differential equations. However. because 
the phreatic surface is never horizontal (except for special cases like water at rest). 
even in the case of an aquifer with a horizontal impervious bottom. equipotentials 
are never vertical (Fig. 4-6a) and we have to derive ¢ = (x. _r. :. r) by solving a 
partial differential equation in the three-dimensional xy: space. Adding also the 
fact that on the phreatic surfa<.:e we have to specify a non-linear boundary con
dition. and that the location of this surface is unknown before the problem is 
solved. we immediately realize that this is not a practical way of solving common 
problems of flow in phreatic aquifers. 

The Dupuit assumptions discussed below are probably the most powerful 
tool for treating unconfined flows. In fact. it is the only simple tool available to 
most engineers and hydrologists for solving such problems. 

Dupuit (1863) based his assumptions on the observation that in most ground
water flows. the slope of the phreatic surface is very small. Slopes of 1 '1000 and 
10/1000 are commonly encountered. In steady flow V.·ithout accretion in the 
vertical two-dimensional x: plane (Fig. 4-6a). the phreatic surface is a streamline. 
At every point P along this streamline. the specific discharge is in a direction 
tangent to the streamline and is given by Darcy's law 

q, = -Kdr/>/ds = -Kd:.ds = -Ksin8 (4-51) 

since along the phreatic surface p = 0 and r1> = :. As e is very small. Dupuit 
suggested that sine be replaced by the slope tan 8 = dh. dx. The assumption of 
small e is equiwlent to assuming that equipotential surfaces are vertical (that is. 
¢ = ¢(x) rather than ¢ = rJ>(x. :)) and the flow is essentially horizontal. Thus. 
the Dupuit assumptions lead to the specific discharge expressed by 

q, = - Kdh,dx. It = /r(x) (4-52) 

In general. h = h(x, y) and we have 

(a) (b) 

Figurf ~ The Dupuit assumptions. 
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qx = - Kch ex. qr = - KchJy; h = h(x. y) (4-53) IG /t,/~l-
or 

q = - KV'h: Y''( ) = :t( )! ex) lx + :c( )jcy) ly (4-54) 

Since q is thus independent of elevation, the corresponding total discharge 
through a vertical surface of width W (normal to the direction of flow: Fig. 4-6b) is 

Qx = -K~Vhchcx. Q'" = -KWhch/cy; h = h(x.y) (4-55) 

or. in the compact vector form 

Q = - KWhY''h = - KWV'(h 2/2) 

Per unit width. we obtain 

Q' =Q W= -Khv"h= -KV'(h 2/2) 

(4-56) 

(4-57) 

In (4-55) through (4-57), the aquifer's bottom is horizontal. It should be em
phasized that the Dupuit assumptions may be considered as a good approxima
tion in regions where 8 is indeed small and. or the flow is essentially horizontal. 

The important advantage gained by employing the Dupuit assumptions is 
that t/J = t/J (x. y.:) has been replaced by h = h (x. y). that is. : does not appear 
as an independent variable. Also. since at a point on the free surface. p = 0 and 
<P = h. we assume that the vertical line through the point is also an equipotential 
line on which t/J = h = canst. In general h varies also with time so that It= h(x. y, t). 

In order to obtain a better understanding of what is involved in the Dupuit 
assumptions. let us attempt to determine the exact expression for flow in a 
phreatic aquifer where d> = 6 (:c. y. :.tl and h = h(x. y. c). We obtain it by inte
grating along the vertical from the bottom of the aquifer. 'I = ry(x. y). which need 
not be horizontaL to the phreatic surface at elevation h = htx. y. t). For flow in 
tht: + x direction. assuming K = const. or K = K (x. y). we obtain 

•J,t.X.)'.!I J,..ht:C.j.'.tl 

Q~ = I 'I x d: = - K ic<P t'l:) d: 
• 'fll:.}'l '7l.X.y) 

(4-58) 

where the average head is 

and 1/J!h = h on the phreatic surface. 
Equation i4-58) involves no approximation. If we now assume a vertical 

equipotential. i.e. 
' I 

<PI (=It) ~ t/J I ;: J>. 
" I. 
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(4-58) reduces to 

. ch 
Q~ = -K(h- 1])-::-. 

ex 
or Q' = - K (h - 'I) 'V'h 

which is the same as (4-57). written for a non-horizontal bottom. 
for a horizontal bottom. 17 = 0, (4-58) can be written as 

(4-59) 

(4-60) 

By comparing (4-60) with (4-57). we see that we have replaced hci - h2,o2 by 
h

2
/2 in the Dupuit assumptions. The error reduces to zero as ¢ -h. Bear ( 1972. 

p. 363) gives an estimate of the error involved in replacing ¢" = h¢; - h1,'2 by 
h2;'2 in (4-57) 

(4-61) 

so that the error is small as long as i 2 « I. where i is the slope of the phreatic 
surface. When the medium is anisotropic. with K:r :;i: K. (x.: principal directions), 
i2 in (4-61) should be replaced by (K:riK.) i 2. 

Dupuit-Forchheimer Discharge Formula 

As a simple example of the application of (4-52), consider the case of steady 
unconfined flow through a homogeneous formation between two reservoirs with 
vertical faces (fig. 4-7). following the Dupuit assumptions. the total discharge 
in the x direction per unit width. through a vertical cross section of height htx) 
is given by (4-57) 

Q~ = Q' = qh!x) = -Kh(x)dh/dx = const.; Q' dx = -Kh(x)dh (4-62) 

By integrating this expression between the boundary at x = 0. where h = h
0

, 

and any distance x. where h = h(x). we obtain 

Imp. 

0' dx* = -K f.t J~(r) 

z 

_..,.o n• =ho 

Water table by 
Dupuit assumption 

(parabola) 

h*(x*ldh*: 
h2 - h1 (x) 

Q'x = K-0 ---. 2 

Seepage 
face 

Figure -4-7 Steady unconfined now between two reservoirs. 

(4-63) 

Eq; 
par 
v.e 
at . 

of 
t:.>t-

4-' 

t:l~ 

fa..: 
do 
ge: 

ter 
In 

kr 



4-5 DL:PUIT ASSt:~PTlO:'>iS FOR A PHREA TlC AQt.:lFER 79 

Equation {4-63) describes a water table. h = h(:c), which has the shape of a 
parabola passing through :c = 0. h = h0 . If we know h{:c) at some distance x, 
we can use {4-63) to derive Q' (obviously, if K is known). The boundary condition 
at the other end. :c = L. however. is somewhat more complicated. 

Whenever a phreatic surface approaches the downstream external boundary 
of a flow domain. it always terminates on it at a point that is above the water 
table of the body of open water present outside the flow domain. Points A in Figs. 
4-8a.. b. and c are such points. The segment AB of the boundary above the water 
table and below the phreatic surface is called the seepage face. Along the seepage 
face, water emerges from the porous medium into the external space, trickling 
down along the seepage face. In Figs. 4-8c and b, the phreatic surface at A is tan
gent to the external boundary; in Fig. 4-8a, it is tangent to a vertical line at A. 

Back to our problem. because of the presence of a seepage face which 
terminates at a point on the (unknown) phreatic surface, h, in Fig. 4-7 is unknown. 
Instead, when the Dupuit assumptions are employed we approximate the situa
tion by overlooking the presence of the seepage face and assuming that the water 
table at :c = L passes through h = h~.. Using this as the downstream boundary 
condition, we obtain from {4-63) 

h0~ - h~." 
Q'=K--

2L 

known as the Dupuit-Forchheimer discharge formula. 

{4-64) 

The parabolic water table is shown in broken line in Fig. 4-7. A discrepancy 
exists mainly at the boundaries at :c = 0, where the water table should be tangent 
to the horizontal line, whereas the parabola has a slope of 

dhdxl =-Q"Kh0 
.r=O 

and at x = L. where the seepage face is neglected. Otherwise. the discrepancy 
between the curves derived by the exact theory of the phreatic surface boundary, 
and by the Dupuit approximation is negligible. A simple rule is that at distances 

(a) (b) (c) 

Figure 4-8 The seepage face (AB). 
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to//, l~f. 
from the downstream end. larger than l.:i-~ times the height of the !1ow domain. 
the solution based on the Dupuit assumption is sufficiently accurate for all 
practical purposes. 

Moreover. it can be shown (Bear. 1972: p. 367) that (4-641 is acmrace as far 
as the rate of discharge is concerned. although (4-63) does not give the accurate 
water table elevations h = h(x). 

Flow Through a Stratified Phreatic Aquifer 

As a second example, consider the case of phreatic flow through the stratified 
aquifer shown in Fig. 4-9. The flow is made up of two parts. each corresponding 
to one of the layers. Using the Dupuit assumption of vertical equipotentials. we 
obtain for the total discharge. Q'. per unit width through the system 

Q' = -K'adh dx- K"(h- atdh,.dx = const. (4-65) 

Upon integration from x = 0. h = h0 to x = L. h = hL (i.e .. neglecting the presence 
of a seepage face). we obtain 

K" 
Q' = '2L (ho- hL) [h 0 + ltL- la.,.. '2a(K'iK")] (4-66) 

We could obtain the approximate shape of the phreatic surface by integrating 
from x = 0 to any x. Bear ( 1972. p. 370) shows that (4-66) is again an accurate 
expression for Q'. although we have made use of the Dupuit assumptions and 
neglected the seepage face. 

Equation (4-66) may be rewritten as 

, ho-hL K"[ , . '] 
Q = K'a L + lL (h 0 -a)·- ~hL- a)· (4-67) 

which shows that when the Dupuit assumptions are employed the total flow may 
be obtained as the sum of a confined-type flow in the lower layer. and a phreatic
type flow in the upper one. 

Ito 

j 

Figure 4-9 Unconfined flow in a honzonlally slralified aquifer. 
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Finally consider the case of unconfined now in an aquifer with vertical strata 
shown in Fig. 4-10. Using the Dupuit assumptions. we obtain from (4-62) and 
(4-63) for the region 0 :::; x :S I: 

h~ = h~ - 2Q'x. K': hi· = h~ - 2QT/K' (4-68) 

Similarly. we obtain for the region L' :::; x :::; L 

ltz = hL· - 2Q' (x - L'l1 K": h[ = hi + 2Q' (L- L); K" (4-69) 

Hence 

' h5 - hi 
Q = 2[L" K" + L K'] (4-70) 

h' , 
hl h~ o - hi. 0 < L' = o- X:. -X$ 

K' [L" K'' + L' 'K']" 

, , ~~~ - h[ 
h· = h· + (L - X) 

L K" [L:'!K" + L' K'] - . 
(4-71) 

Again. the expression for Q' in (4-70) can be shown to be an accurate one (Bear. 
1972. p. 373). Equation (4- 70) can easily be extended to .Y strata 

\' 

Q' = (h~ - hi}/2 L (LuK;) (4-72) 
i= 1 

The Dupuit assumptions cannot be applied in regions where the vertical 
now component is not negligible. Such flow conditions occur as a seepage face 
is approached (Fig. 4-lla) or at a crest (water diride) in a phreatic aquifer with 
accretion (Fig. 4-11 b). Another example is the region dose to the impervious 
vertical boundary of Fig. 4-11 a. It is obvious that the assumption of vertical 
equipotentials fails aL and in the vicinity of such a boundary. Only at distances 
x > - 2h0 have we equipotentials that may be approximated as vertical lines or 
surfaces. It is important to note here that in cases with accretion. a horizontal 
(or almost sol water table is not sufficient to justify the application of the Dupuit 
assumptions. One must verify that vertical tlow components may indeed be 

: 

Figure .J-10 Cnconrined t1ow 
through a vertical!~· strat1fied 
aquifer. 
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: Vertical flow; horizontal water table 

Valid 

Vertical 
flow 

Not valid--..,._-+--Not valid 

(a) 

(c) 

Figure 4-11 Regions where Dupuit assumptions are not valid. 

1.\' 

t t + t 

(b} 

neglected. before applying the Dupuit assumptions. Another case to which the 
Dupuit assumptions should be applied with care is that of unsteady flow in a 
decaying phreatic surface mound. Although no accretion takes place. yet at. and 
in the vicinity of, the crest the flow is vertically downward. At a distance of say 
1.5 + 2 times the thickness of the flow, the approximation of ••ertical equi
potentials is again valid. 

In spite of what was said above. in regional studies. the Dupuit assumptions. 
because of their simplicity and the relatively small error involved, are usuaBy 
applied also to those (relatively small) parts of an investigated region where they 
are not strictly applicable. One should, however, be careful in making use of results 
(say. water levels) derived for these parts of an investigated region. 
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