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1.0 GENERAL 

1.1 SUMMARY 

COATINGS AND FINISHES 

This specification establishes requirements for Coatings and Finishes. 

1.2 ABBREVIATIONS 

The abbreviations listed below, as used in this specification, shall have the following meaning: 

ACGIH 
ANSI 
FS 
MSDS 

QAP 
SSPC 
SSRS 
voe 

American Conference of Governmental Industrial Hygienists 
American National Standards Institute 
Federal Specifications 
Material Safety Data Sheet 

Quality Assurance Program 
Steel Structures Painting Council 
Subcontractor/Supplier Submittal Requirements Summary 
Volatile Organic Compound 

1.3 CODES, STANDARDS, LAWS, AND REGULATIONS 

Unless otherwise approved or shown, the following Codes, Standards, Laws, and Regulations of 
the latest issue, at the time of bid, shall apply to establish the minimum requirements for 
Coatings and Finishes. Referenced test methods, specifications, and recommended practices are 
to be used to verify material properties and to identify acceptable practices applicable to 
Coatings and Finishes. Failure to identify applicable codes and standards does not imply 
elimination of required knowledge and compliance to perform work. 

ACGIH 

FS TT-E-489 

FS TT-E-508 

FS TT-E-509 

FS TT-P-96D 

FS TT-P-645B 

Threshold Limit Values for Chemical Substances and Physical Agents 
and Biological Exposure Indices 

Enamel, Alkyd, Gloss, Low VOC Content 

Enamel, Interior Semigloss, Tints and White 

Enamel, Odorless, Alkyd, Interior, Semigloss, White and Tints 

Paint, Latex Base, For Exterior Surfaces, Whites and Tints 

Primer, Paint, Zinc-Molybdate, Alkyd Type 
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Solvent Cleaning 

Hand Tool Cleaning 

Power Tool Cleaning 

Brush-Off Blast Cleaning 

SSPC-SPl 

SSPC-SP 2 

SSPC-SP 3 

SSPC-SP 7 

ANSI A13.1 American National Standard Scheme for the Identification of Piping 
Systems 

1.4 TECHNICAL SUBMITTALS 

Submittals stated herein or elsewhere in the specification shall be submitted for review and 
approval in accordance with Exhibit "I," Subcontractor/Supplier Submittal Requirements 
Summary (SSRS) Submittals that do not meet requirements will be rejected. Rejected 
submittals shall be resubmitted to avoid delays 

1.4.1 Identification Tags 

Provide a list of tags (valves, buildings, etc.) prior to fabrication. A sample of each size and style 
tag shall be provided with the list. 

1.4.2 Samples 

Submit samples of the identification devices to be used in the work. 

1.5 PACKAGING, LABELING, AND STORING 

Paints shall be in sealed containers that legibly show: 

• designated name 
. • formula or specification number 

• batch number 
• color 
• quantity 
• date of manufacture 
• manufacturer's formulation number 
• manufacturer's directions including any warnings and special precautions, and name of 

manufacturer. 

Pigmented paints shall be furnished in containers not larger than 20 liters (5 gallons). Paints and 
thinner shall be stored in accordance with the manufacturer's written directions and as a 
minimum stored off the ground, under cover, with sufficient ventilation to prevent the buildup of 
flammable vapors and at temperatures between 4 and 35 degrees C (40 and 95 degrees F). Paints 
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shall be stored on the project site or segregated at the source of supply sufficiently in advance of 
need to allow 30 days for testing. 

1.6 APPROVAL OF COATING MATERIALS 

Materials will be approved based on test reports furnished with them. If materials are approved 
based on test reports furnished, samples will be retained by the CONTRACTOR for testing 
should the materials appear defective during or after application. In addition to any other 
remedies under the Subcontract the cost of testing defective materials will be at the 
SUBCONTRACTOR's expense. 

1. 7 ENVIRONMENTAL CONDITIONS 

Unless otherwise recommended by the paint manufacturer, the ambient temperature shall be 
between 7 and 35 degrees C (45 and 95 degrees F) when applying coatings other than water­
thinned, epoxy, and moisture-curing polyurethane coatings. Water-thinned coatings shall be 
applied only when ambient temperature is between 10 and 32 degrees C (50 and 90 degrees F). 
Epoxy shall be applied only within the minimum and maximum temperatures recommended by 
the coating manufacturer. 

1.8 SAFETY AND HEAL TH 

Work shall comply with applicable Federal laws andregulations, and with the 
SUBCONTRACTORS Safety and Health Plan. The Safety and Health Plan shall include 
analyses of the potential impact of painting operations on painting personnel and on others 
involved in and adjacent to the work zone. 

1. 8 .1 Worker Exposures 

Exposure of workers to chemical substances shall not exceed limits as established by American 
Conference of Governmental Industrial Hygienists (ACGIH), threshold limit values (TL V) for 
chemical substances and physical agents and biological exposure indices (BEI) or as required by 
a more stringent applicable regulation. 

1.8.2 Toxic Compounds 

Toxic compounds having ineffective physiological properties, such as odor or irritation levels, 
shall not be used unless approved by the CONTRACTOR. 

1.8.3 Training 

Workers having access to an affected work area shall be informed of the contents of the 
applicable material safety data sheets (MSDS) and shall be informed of potential health and 
safety hazard and protective controls associated with materials used on the project. An affected 
work area is one that may receive mists and odors from the painting operations. Workers 
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involved in preparation, painting and clean-up shall be trained in the safe handling, application, 
and the exposure limit, for each material that will be used in the project. Personnel having a 
need to use respirators and masks shall be instructed and trained in the use and maintenance of 
such equipment. 

1.8.4 Coordination 

Work shall be coordinated to minimize exposure of other SUBCONTRACTOR personnel and 
visitors to mists and odors from preparation; painting and clean-up operations. 

2.0 MATERIALS AND EQUIPMENT 

2.1 PAINT 

The term "paint" as used herein includes enamels, paints, epoxy, and other coatings, whether 
used as prime, intermediate, or finish coat. Paint shall conform to the respective specifications 
listed for use in the painting schedules at the end of this section. 

2.1.1 Colors and Tints 

Colors shall be as selected by the CONTRACTOR from manufacturer's standard colors, as 
indicated. Manufacturer's standard color is for identification of color only. Tinting of paints 
shall be done by the manufacturer. The color of the undercoats shall vary slightly from the color 
of the next coat. 

2.1.2 Lead 

Paints containing lead in excess of 0.06 percent by weight of the total nonvolatile content 
( calculated as lead metal) shall not be used. 

2.1.3 Chromium 

Paints containing zinc chromate or strontium chromate pigments shall not be used. 

2.1.4 Volatile Organic Compound (VOC) Content 

Paints shall comply with applicable state and local laws enacted to insure compliance with 
Federal Clean Air Standards and shall conform to the restrictions of the local air pollution 
control authority. 

2.1.5 Epoxy 

Amerlock 400, or approved equal, manufactured by Ameron. 
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Identification of exposed pipes shall be accomplished by color-coding with bands and by 
lettering as specified in this specification. Color bands shall either be painted directly upon the 
pipe or shall be pressure-sensitive adhesive-backed vinyl cloth or plastic tape. 

3 .1.1 Labels 

Each pipe identification shall consist of 2 color-coded bands, a printed label identifying the name 
of the pipe, and a flow arrow to indicate direction of flow in the pipe. Labels shall be preprinted 
on pressure-sensitive adhesive-backed vinyl cloth or plastic tape. Arrows shall be die-cut of the 
same type of material as the labels. Labels shall be placed on the outside of insulated piping 
systems. 

3 .1.2 Lettering 

Letter sizes and colors for lettering, arrows, and background shall conform to ANSI A13.l. 

3.2 IDENTIFICATION OF VALVES AND SHORT PIPE LENGTHS 

3 .2.1 General 

Identifying devices for valves and the sections of pipe that are too short to be identified with 
color bands, lettered labels, and arrows shall be identified with metal tags as specified herein. 

3.2.2 Tags 

Metal tags shall be 16-gauge Type 304 stainless steel metal strips ¾ inch wide with 3/16-inch 
high letters stamped on the metal surface. . Tags shall be designed to be firmly attached to the 
valves or short pipes or to the structure immediately adjacent to such valves or short pipes. Tags 
shall not interfere with equipment operations (i.e. valves, pumps, etc.) 

4.0 EXECUTION 

4.1 PROTECTION OF AREAS NOT TO BE PAINTED 

Items not to be painted which are in contact with or adjacent to painted surfaces shall be 
removed or protected prior to surface preparation and painting operations. Items removed prior 
to painting shall be replaced when painting is completed. Following completion of painting, 
workmen skilled in the trades involved shall reinstall removed items. Surfaces contaminated by 
coating materials shall be restored to original condition. 
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Surfaces to be painted shall be clean and free of foreign matter before application of paint or 
surface treatments. Oil and grease shall be removed with clean cloths and cleaning solvents prior 
to mechanical cleaning. Cleaning solvents shall be of low toxicity with a flashpoint in excess of 
38 degrees C (100 degrees F). Cleaning shall be programmed so that dust and other 
contaminants will not fall on wet, newly painted surfaces. Exposed ferrous metals such as nail 
heads on or in contact with surfaces to be painted with water-thinned paints, shall be spot-primed 
with a suitable corrosion-inhibitive primer capable of preventing flash rusting and compatible 
with the coating specified for the adjacent areas. 

4.2.1 Concrete Surfaces 

Concrete surfaces shall be allowed to dry at least 30 days before painting, except concrete slab 
on grade, which shall be allowed to cure 90 days before painting. Glaze, efflorescence, laitance, 
dirt, grease, oil, asphalt, surface deposits of free iron and other foreign matter shall be removed 
prior to painting. Surfaces to receive epoxy coatings shall be acid-etched or mechanically 
abraded as specified by the coating manufacturer, rinsed with water, allowed to dry, and treated 
with the manufacture's recommended conditioner prior to application of the first coat. 

4.2.2 Ferrous Surfaces 

Ferrous surfaces, including those that have been shop-coated, shall be solvent-cleaned. Surfaces 
that contain loose rust, lo_ose mill scale, and other foreign substances shall be cleaned 
mechanically with hand tools according to SSPC-SP 2, power tools according to SSPC-SP 3 or 
by sandblasting according to SSPC-SP 7. Shop-coated ferrous surfaces shall be protected from 
corrosion by treating and touching up corroded areas immediately upon detection. 

4.2.3 Nonferrous Metallic Surfaces 

Where nonferrous metal surfaces are to be painted, they shall be solvent-cleaned in accordance 
with SSPC-SP 1. 

4.2.4 Plywood Surfaces 

Plywood surfaces shall be dry and shall have loose dirt and dust removed by brushing with a soft 
brush, rubbing with a cloth, or vacuum cleaning prior t-0 application of the first-coat material. 

4.3 MIXING AND THINNING 

Paints may be thinned in accordance with the manufacturer's directions. The use of thinner shall 
not relieve the SUBCONTRACTOR from obtaining complete hiding, full film thickness, or 
required gloss. Thinning shall not cause the paint to exceed local limits on volatile organic 
compounds. Paints of different manufacturers shall not be mixed. 
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Two-component systems shall be mixed in accordance with manufacturer's instructions. Any 
thinning of the first coat to ensure proper penetration and sealing shall be as recommended by the 
manufacturer for each type of substrate. 

4.4 APPLICATION 

Painting practices shall comply with applicable state and local laws enacted to insure compliance 
with Federal Clean Air Standards. Unless otherwise specified or recommended by the paint 
manufacturer, paint may be applied by brush, roller, or spray. At the time of application, paint 
shall show no signs of deterioration. Uniform suspension of pigments shall be maintained during 
application. Each coat of paint shall be applied so dry film shall be of uniform thickness and free 
from runs, drops, ridges, waves, pinholes or other voids, laps, brush marks, and variations in 
color, texture, and finish. Hiding shall be complete. Rollers for applying paints and enamels 
shall be of a type designed for the coating to be applied and the surface to be coated. Special 
attention shall be given to insure that all edges, corners, crevices, welds, and rivets receive a film 
thickness equal to that of adjacent painted surfaces. Paints, except water-thinned types, shall be 
applied only to surfaces that are completely free of moisture as determined by sight or touch. · 

4.4.1 Ventilation 

Affected areas shall be ventilated during paint application so that workers exposure to chemical 
substances shall not exceed limits as established by ACGIH, or as required by a more stringent 
applicable regulation. 

4.4.2 Respirators 

Use ofrespirators shall be directly related to the product used. Final determination as to whether 
or not respirators must be used will be made by the SUBCONTRACTOR and will be dependent 
on the toxicity, method of application, and the SUBCONTRACTORS safety plan, job hazard 
analysis, risk rank analysis, and work package. 

4.4.3 First Coat 

The first coat on plywood shall include repeated touching up of suction spots or overall 
application of primer or sealer to produce uniform color and gloss. Excess sealer shall be wiped 
off after each application. 

4.4.4 Timing 

Surfaces that have been cleaned, pre-treated, and otherwise prepared for painting shall be given a 
coat of the specified first coat as soon as practical after such pretreatment has been completed, 
but prior to any deterioration of the prepared surface. Sufficient time shall elapse between 
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successive coats to permit proper drying. This period shall be modified as necessary to suit . 
weather conditions. Manufacturer's instructions for application, curing and drying time between 
coats of two-component systems shall be followed. 

4.4.5 Fillers 

Concrete surface voids shall be filled with filler material recommended by the paint 
manufacturer: however, surface irregularities need not be completely filled. The dried filler shall 
be uniform and free of pinholes. Filler shall not be applied over caulking compound. 

4.4.6 Ferrous-Metal Primer 

Primer for ferrous-metal shall be applied to ferrous surfaces to receive paint other than asphalt 
varnish prior to deterioration of the prepared surface. The semitransparent film applied to some 
pipes and tubing at the mill is not to be considered a shop coat, but shall be overcoated with the 
specified ferrous-metal primer prior to application of finish coats. 

4.5 SURFACES TO BE PAINTED 

Surfaces listed in the painting schedules at the end of this section, other than those listed in 
paragraph SURF ACES NOT TO BE PAINTED, shall be painted as scheduled. 

4.6 SURFACES NOT TO BE PAINTED 

Surfaces of hardware, fittings, and other factory finished items shall not be painted. 

4. 7 CLEANING 

Cloths, cotton waste and other debris that might constitute a fire hazard shall be placed in closed 
metal containers and removed at the end of each day. Upon completion of the work, staging, 
scaffolding, and containers shall be removed from the site or destroyed in an approved manner. 
Paint and other deposits on adjacent surfaces shall be removed and the entire job left clean and 
acceptable. 

4.8 PAINTING SCHEDULES 

The following painting schedules identify the surfaces to be painted and prescribe the paint to be 
us·ed and the number of coats of paint to be applied. SUBCONTRACTOR options are indicated 
by ---or---- between optional systems or coats. 
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INTERIOR PAINTING SCHEDULE 

Surface System First Coat Second Coat Third Coat 
No. 

Concrete; floors, pads PS-6 Arnerlock 400 or equal Arnerlock 400 or None 
and curb in Crest Pad @ 5-8 mils dry equal @ 5-8 mils dry 
Building Meter room 
Interior wall Surfaces PS-2 FS TT-P-25E@ 1.6 FS TT-P-96@ 1.6 FS TT-P-96 

mil dry mil dry @ 1.6 mil dry 
Ferrous metal factory- PS-5 FS TT-E-489 @2.5 FS TI-E-489@2'.5 None 
primed mechanical and mil dry mil dry 
electrical equipment 
Ferrous metal PS-5 FS TT-P-645 @ 2.5 FS TI-E-508 

mil dry ----or----
FS TT-E-509@2.5 
mil dry. 

4.9 IDENTIFICATION DEVICES 

The SUBCONTRACTOR shall furnish, mark, and install identification devices for exposed 
piping and valves using color bands, lettering, flow direction arrows, and related permanent 
identification devices, and appurtenant works, in accordance with the requirements of the 
Subcontract Documents. Labels and identification tags shall be installed in accordance with the 
manufacturers printed instructions, and shall be neat and uniform 1n appearance. Tags or labels 
shall be readily visible from normal working locations. 

4.9.1 Valve Tags 

Valve tags shall be permanently attached to the valve or structure by means of 2 stainless steel 
bolts or screws. 

The wording on the valve tags shall describe the exact function of each valve, e.g., LE - Tank 1 
shut-off. 

4.9.2 Pipe Identification 

Each pipe shall be identified at intervals of 20 feet, and at least one time in each room. Piping 
shall also be identified at a point approximately within 2 feet of turns, ells, valves, and on the 
upstream side of distribution fittings or branches. Sections of pipe that are too short to be 
identified with color bands, lettered labels, and directional arrows shall be tagged and identified 
similar to valves. 

Pipe identification shall consist of 4 elements, i.e., 2 color bands, a lettered label, and a 
directional label. The bands shall be arranged so that the lettered label and the directional arrow 
are placed between the 2 bands. 
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4.9.3 Identification Schedule 

Application of identifying devices shall conform to the following color codes. 

Fluid Abbreviation 
LE 

Function and Identification 
Leachate 

4.10 CONSTRUCTION QUALITY CONTROL 

Identification Color 
Yellow/Magenta 

Construction Quality Control and testing requirements are provided in Construction Quality 
Requirements, Specification No. 0600X-SP-G0037. 

At locations where the field testing conducted by either the SUBCONTRACTOR, 
CONTRACTOR, or CQA Subcontractor indicates that conditions are outside the acceptable 
limits of the specifications, the failing area shall be reworked or removed and replaced. These 
areas shall be retested and the repair process repeated as necessary until passing results are 
achieved. 

The SUBCONTRACTOR shall submit to CONTRACTDR records of quality control for 
operations including but not limited to the following: 

(1) Delivery, storage, and handling of devices and equipment used. 
(2) Conformance of materials to the requirements of these specifications. 
(3) Inspection of devices and equipment.installed. 
(4) Field testing of devices and equipment. 
(5) Installation ·of devices and equipment to these requirements and applicable codes and 

standards. 

Records and tests, as well as records of corrective action taken when results are unsatisfactory, 
shall be submitted to the CONTRACTOR in accordance with Exhibit "I". 
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CODES, ST AND ARDS, DEFINITIONS, AND ABBREYIA TIO NS 
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This technical specification establishes the quality of materials and workmanship and defines 
how quality is measured for civil surveying services. All surveying services defined herein may 
not be required. Only those activities and submittals required in the applicable work release, 
scope of work, design drawings, and Subcontractor Submittal Requirements Summary (SSRS) 
for specific services shall apply. 

1.1 CODES AND ST AND ARDS 

To conform to surveying standards and specifications, all dimensions and specifications will be 
given in metric units. 

Unless otherwise specified or shown on the drawing, material, office work, and field surveys 
shall conform to the latest issue of the following codes and standards and shall apply to the 
extent indicated herein. 

1.1.1 Federal Geodetic Control Committee (FGCC) 

Standards and Specifications for Geodetic Control Network-FGCC, Rockville, Maryland, 1984. 

1.1.2 Washington Administrative Code (WAC) 

• WAC 196: Professional Engineers and Land Surveyors, Board of Registration 
for, 

• WAC 332-130: Minimum Standards for Land Boundary Surveys and Geodetic 
Control Surveys and Guidelines for the Preparation of Land Descriptions. 

1.1.3 Federal Regulations and Guidance 

• CERCLA/Superfund Amendments and Reauthorization Act 
• A Compendium of Superfund Field Operations Method. 

1.1.4 Occupational Safety and Health Administration (OSHA) 

• 29 CFR 1910-120: Hazardous Waste Operations and Emergency Response. 

1.2 ABBREVIATIONS 

The abbreviations listed below, where used in this specification, shall have the following 
meanmgs: 

• mm: millimeter(s) 

• cm: centimeter(s) 

• m: meter(s) 
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• WAC: Washington Administrative Code 

• FGCC: Federal Geodetic Control Committee 

• NTP: Notice to Proceed 

• SSRS: Subcontractor Submittal Requirements Summary 

• OSHA: Occupational, Safety and Health Administration 
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• CERCLA: Comprehensive, Environmental, Recovery, Compensation, and 
Liability Act 

• NAD83 (1991): North American Datum of 1983, adjusted in 1991 

• NAVD88: North American Vertical Datum of 1988 

• ASCII: American Standard Code for Information Interchange 

• EDM: Electronic Distance Meter 
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2.0 MA TERJALS AND EQUIPMENT 

2.1 MA TERJALS 

2.1.1 Field Books and Data Sheets 
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The necessary field data shall be recorded by the surveyor in a field logbook using generally 
accepted surveying field note recording practices. The data shall be clear, neat, and easily 
reproducible. 

Field data collected in electronic media shall be secured and protected from potentia"l loss. 
Resurveys, due to the loss of data, shall be completed at no additional cost. 

2.1.2 Iron Pins 

Iron pins shall consist of a 0.45 m (18-inch) length of reinforcement steel or equivalent, with a 
minimum diameter of 16 mm (5/8-inch). 

2.1.3 Wooden Hubs 

Wooden hubs shall be 50 mm x 50 mm (2-inch x 2-inch), at least 0.2 m (8-inch) long, milled 
from solid lumber, and shall be pointed on one end. 

2.1.4 Wooden Stakes 

Wooden stakes shall be 25 mm x 50 mm (1-inch x 2-inch), at least 0.9 m (3-feet) long, milled 
from solid lumber, and shall be pointed on one end. Wooden stakes shall be clearly marked with 
bright color (orange, red, or blue) weatherproof flagging and paint. 

2.1.S Concrete Monuments 

Concrete monuments shall be as shown on Attachment A or equivalent submitted for review and 
approval. Concrete shall have a minimum compressive strength of3000 psi at 28 days. 

2.1.6 Miscellaneous 

Miscellaneous materials (e.g., P-K nails, flagging, tacks, etc.) shall be of the type and quality 
normally used for land survey work. 
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2.2 EQUIPMENT 
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Sufficient quantities of equipment, materials, parts, tools, and supplies shall be maintained on 
site to meet the requirements of the work. Surveying equipment shall be subject to inspection, 
and if deemed unsatisfactory, the equipment shall be removed from the site and replaced with 
satisfactory equipment. Surveying instruments, (level, transit, EDM, etc.) shall have been 
inspected and calibrated by an authorized manufacturer's representative prior to the survey; a 
certificate of compliance shall be submitted prior to start of any work. Equipment shall be 
recalibrated as recommended by the manufacturer, or when the equipment is suspected of error. 
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3.0 EXECUTION OF THE WORK (OR "WORKMANSHIP") 

When any survey work is conducted during the construction period, every effort shall be made to 
minimize interference with construction work by others. Any damage to other facilities shall be 
repaired or replaced at no additional cost. All work shall be completed in a safe and professional 
manner. 

3.1 GENERAL 

3.1.1 Field Operations 

Survey crew personnel shall be competent and experienced in performing land survey work. All 
work shall be performed under the direct supervision of a Land Surveyor registered in the state 
of Washington. Drawings and calculations shall be signed, sealed, and certified and stamped by 
a Land Surveyor registered in the state of Washington. 

3.1.2 Quality Standards 

Standards of accuracy for all survey work shall be in accordance with FGCC standards and the 
minimum standards as set forth in the WAC-332-130. The datum for the horizontal control 
network in Washington shall be NAD83 (1991). Elevations and benchmarks shall be based on 
NA VD88. The degree of accuracy required will be provided with each work release(s). The 
class of control surveys shall be shown on all documents prepared. 

3.1.3 Drawings 

All survey drawings shall be created on a Computer Aided Design Drafting (CADD) system ... 
The drawings shall be created by experienced CADD operators at off-site facilities. The CADD 
drawings shall be submitted on a CD disk in the following formats: 

• AutoCAD Release 2004 or higher. Files in DWG format. 

• An ASCII file of the survey data as collected by an electronic data collection 
system and a printout of the data (with appropriate explanatory notations) shall 
also be submitted. 

All CADD drawings generated shall make use of any industry standard software prototype layer 
index CADD Drawings shall be in survey companies own drawing title block/format. CADD 
layer convention shall be consistent and identified. All CADD files shall be created at 1 to I . 
scale (i.e. 0.1 m is equal to 0.1 m in the drawing file). Drawings shall be submitted in an 
appropriate scale as required and specified in the work release(s). 
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3.2 GRID SURVEYS 

3.2.1 Field Operations 
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Grid surveys shall be performed within the limits specified in the work release(s). Unless noted 
otherwise, the intersection of the grid lines shall be marked with a wooden hub and tack driven 
flush with the ground to a minimum depth of 0.2 m (8-inch). Where wooden hubs can not be 
driven, P.K. nails (driven flush to the ground) or chiseled crosses shall be used to establish grid 
intersection points. The coordinates and elevations of the hubs at the grid points shall be 
established, recorded, and marked on wooden stakes driven within 0.3 m (12-inch) of said hubs. 
Spray paint marking on buildings, structures, or pavements shall not be used. 

Where the grid intersection location is obstructed by physical barriers, wooden hubs shall be set 
on the grid line to mark the obstruction and the offset marked on the stake. The coordinates and 
ground surface elevation at these points shall be established, recorded, and marked as described 
above. 

Coordinates for grid surveys shall be based on the NAD83 (1991) coordinate system. Grid 
marks shall be as specified in the work release(s). The grid shall be referenced to permanent 
features within or immediately adjacent to, the survey area so that the grid may be readily 
reestablished in the event that it is removed or disturbed. 

Pertinent data and information obtained and/or established during the grid surveys shall be 
shown on the drawings for submittal in accordance with this specification. 

3.2.2 Office Work 

Drawings for grid surveys shall have a scale in accordance with the work release(s). Drawings 
and documentation for grid surveys shall show but not limited to : 

• Plan of area grid 

• Coordinates and elevations of grid intersection points and of other points along 
the grid lines shown in tabular form 

• Grid lines, bench marks, and all other miscellaneous data pertinent to the grid 
survey 

• Fence lines and major structures (buildings, storage tanks, etc.) 

• Ties to the NAD83 ( 1991) and NA VD88 coordinate system sufficient to enable 
the survey to be reestablished at a future date. 
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3.3 TOPOGRAPHIC SURVEYS 

3.3.1 Field Operations 
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Topographic surveys shall be performed within the limits defined in the work release(s). The 
vertical datum shall be based on NA VD88. Sufficient surface elevations shall be measured to 
define the contour interval required on the drawings and to define all breaks in the terrain. 
Pertinent data and information such as, but not limited to: paved surfaces, vegetation, fences, 
power poles, walkways, underground utility (which can be seen above ground like manholes. 
Valve boxes, fire hydrants, electrical junction boxes, etc.), culverts (type and size), structures, 
any permanent structure, and all other features shall be shown on the drawings for submittal, in 
accordance with this specification. 

3.3.2 Office Work 

Drawings for topographic surveys shall have a horizontal scale and a contour interval of 0.5 
meter of vertical relief, or as otherwise indicated in the specific work release(s). Drawings for 
topographic surveys shall show but not be limited to: 

• Fence lines, major structures (buildings, storage tanks, etc.) 

• Contours of.the terrain and elevations of breaks in the terrain 

• Bench marks and all other miscellaneous data pertinent to the topographic survey 

• Ties to the NAD83 (1991) and NAVD88 coordinate system sufficient to enable 
the survey to be reestablished at a future date 

• Paved surfaces, vegetation, power poles, walkways, underground utility, and all 
other features and obstructions. 

3.4 GEODETIC SURVEYS 

3.4.1 Field Operations 

Geodetic surveys shall be performed within the limits specified in the work release(s). 
Horizontal and vertical control work shall be established from known coordinates and elevations 
in accordance with this specification. 

3.4.2 Office Work 

Horizontal and vertical control shall have ties to NAD83 ( 1991) and NA VD88 coordinate 
systems, sufficient to enable the survey to be reestablished at a future date. The class of control 
surveys shall be shown on all documents prepared. Data submittals shall be in accordance with 
the work release(s). 
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3.5 CONSTRUCTION SURVEYS 

3.5.1 Field Operations 
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All construction surveys and related calculations shall be performed in accordance with the 
requirements stated in the work release(s). Pertinent data and information obtained and/or 
established during the construction surveys shall be submitted as directed. Construction smveys 
shall include, but not be limited to: 

• Grade stakes for cut and fill marks 
• Basic elevations 
• Sewer line alignments and manholes 
• Water line installations 
• As-built information for monitoring well installations 
• Power line installations 
• Fence installations. 

3.5.2 Office Work 

Drawings and calculations for construction surveys, when required by the work release(s), shall 
conform to this specification. 

3.6 BOUNDARY SURVEYS 

3.6.1 Field Operations 

Surveys and deed research necessary to define the property boundaries for the properties shown 
on the drawings shall be performed as directed. 

Coordinates for all boundary surveys shall be based on the local state plane coordinate system. 

Concrete or metal monuments or iron pins, as indicated on the drawings, shall be set at each 
property corner not having a permanent marker. 

Pertinent information obtained and/or established during the boundary surveys shall be shown on 
the drawings for submittal on magnetic media for review in accordance with this specification. 

3.6.2 Office Work 

Drawings for boundary surveys shall have a scale and shall show but not limited to the 
following: 

• Major structures (buildings, storage tanks, etc.) 

• Property comers and lines 

• Tie to closest street intersection 
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• State plane coordinates for two property comers 
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• Property line dimensions, political boundaries, bearings and other miscellaneous 
data pertinent to the boundary survey. 

3.7 PLANIMETRIC SURVEYS 

3.7.1 Field Operations 

Planimetric surveys within the limits shown on the drawings shall be performed as directed. 

All planimetric features shall be located, including but not limited to paved surfaces, vegetation, 
fences, power poles, walkways, underground utilities, structures and all other obstructions. 

Pertinent data and information obtained and/or established during the planimetric surveys shall 
be shown on the drawings for submittal on magnetic media for review in accordance with this 
specification. 

3.7.2 Office Work 

Drawings for planimetric surveys shall have a scale and shall show but not limited to the 
following: 

• Property lines and major structures (buildings, storage tanks, etc.) 

• All planimetric features , including but not limited to, paved surfaces, vegetation, 
fences, power poles, walkways, underground utilities, structures and all other 
obstructions 

• Bench marks and all miscellaneous data pertinent to the planimetric survey 

• Ties to the state plane coordinate system sufficient to enable the survey to be 
reestablished at a future date. 

Page 12 of 15 



4.0 SUBMITT ALS 

4.1 GENERAL 
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All required technical submittals stated herein or elsewhere in this specification shall be 
submitted for review and approval in accordance with "Exhibit I," SSRS. Documentation 
submitted will be reviewed for its accuracy and completeness. Any documentation.such as 
schedules, methods, equipment, plans, drawings, or other suqmittals that do not meet the 
specified requirements shall be subject to rejection. Any such rejected or disapproved submittals 
shall be corrected and resubmitted for approval. 

4.2 DRAWING SUBMITTAL 

Reproducible copies of the drawings shall be submitted for review within ten working days after 
completion of any survey. Any comments shall be incorporated and final certified drawings 
shall be submitted within five working days of the receipt of the comments. Drawing format 
shall meet requirements outlined in this specification. 

Along with reproducible copies of drawings, electronic drawing files in the following format 
shall be s,ubmitted: 

• Compact disk (CD) 

Copies of layering convention, blocks, symbol, or any other libraries used in the generation of 
CADD drawings pertaining to the work release(s), in a format as outlined in this specification, 
shall ~e submitted. 

4.3 EQUIPMENT CALIBRATION SHEETS 

All equipment to be used on the project shall be calibrated by the manufacture and proof of such 
current calibration shall be submitted prior to NTP for each work release. 

4.4 WASHINGTON ST A TE SURVEYOR'S LICENSE 

A current Washington State Land Surveyors license is required for carrying out survey work on 
this project. A proof of such license shall be submitted prior to NTP. 

4.5 SURVEY LOGBOOKS 

Survey logbooks and when applicable electronic data shall be completed to provide traceability 
to the original data. 

Page 13 of 15 



. 0000X-SP-C0007 
Rev. 0 

ATTACHMENT A 
CONCRETE SURVEYING MONUMENT DETAIL 
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1.0 GENERAL 

1.1 SUMMARY 

CELL CONSTRUCTION -ADMIX LA YER 

This specification establishes requirements for the Admix Layer of the liner for the 
Environmental Restoration Disposal Facility (ERDF). 

1.2 ABBREVIATIONS 

The abbreviations listed below, when used in this specification, have the following meaning: 

ASTM 
API 
CQA 
CQAP 
EPA 
ERDF 
HDPE 
CQC 
QAP 
SSRS . 
uses 

American Society for Testing and Materials 
American Petroleum Institute 
Construction Quality Assurance 
Construction Quality Assurance Plan 
Environmental Protection Agency 
Environmental Restoration Disposal Facility 
High Density Polyethylene 
Construction Quality Control 
Quality Assurance Plan 
Subcontractor Submittal Requirements Summary 
Unified Soil Classification System 

1.3 CODES, STANDARDS, LAWS, AND REGULATIONS 

Unless otherwise approved or shown, the following Codes, Standards, Laws, and Regulations of 
the latest issue, at the time of bid, shall apply to establish the minimum requirements for Cell 
Construction. Referenced test methods, specifications, and recommended practices shall be used 
to verify material properties and to identify acceptable practices applicable to Cell Construction. 
Failure to identify applicable codes and standards does not imply elimination of required 
knowledge and compliance to perform work. 

ASTMD422 

ASTMD698 

ASTMD792 

ASTMD1556 

Standard Test Method for Particle-Size Analysis of Soils 

Standard Test Methods for Laboratory Compaction Characteristics of Soil 
Using Standard Effort (12,400 ft-lbf/ft3 (600 kN-m/m3

) 

Standard Test Methods for Density and Specific Gravity (Relative 
Density) of Plastics by Displacement 

Standard Test Method for Density and Unit Weight of Soil in Place by the 
Sand-Cone Method 
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ASTM D1557 Standard Test Methods for Laboratory Compaction Characteristics of Soil 
Using Modified Effort (56,000 ft-lbf/ft3 (2,700 kNm/m3

) 

ASTM D2216 Standard Test Method for Laboratory Determination of Water (Moisture) 
Content of Soil and Rock by Mass 

ASTM D2487 Standard Practice for Classification of Soils for Engineering Purposes 
(Unified Soil Classification System) 

ASTM D2922 Standard Test Methods for Density of Soil and Soil-Aggregate in Place by 
Nuclear Methods (Shallow Depth) 

ASTM D4318 Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity 
Index of Soils 

ASTM D4643 Standard Test Method for Determination of Water (Moisture) Content of 
Soil by the Microwave Oven Method 

ASTM D5084 Standard Test Methods for Measurement of Hydraulic Conductivity of 
Saturated Porous Materials Using a Flexible Wall Permeameter 

ASTM D5093 Standard Test Method for Field Measurement oflnfiltration Rate Using a 
Double-Ring Infiltrometer with a Sealed Inner Ring 

ASTM D5321 Standard Test Method for Determining the Coefficient of Soil and 
Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct 
Shear Method 

ASTM D5890 Standard Test Method for Swell Index of Clay Mineral Component of 
Geosynthetic Clay Liners 

ASTM D5891 Standard Test Method for Fluid Loss of Clay Component of Geosynthetic 
Clay Liners 

API Specl3A API Specification for Drilling-Fluid Materials. 

EP A/600/R-93/182 EPA, Technical Guidance Document, Quality Assurance and Quality 
Control for Waste Containment Facilities* 

WAC 173 216 State Waste Discharge Permit Program 

WAC 173 400 General Regulations for Air Pollution Sources 
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* Note that an update to EPA/600/R-93/182 has been published: Daniel, D.E. and Koerner, R M. (2007). 
Waste Containment Facilities: Guidance for Construction Quality Assurance and Construction Quality 
Control of Liner and Cover Systems, second ed., ASCE, New Yorlc, NY, 351 pp. 

1.4 TECHNICAL SUBMITT ALS 

Submittals shall be submitted for review and approval in accordance with Exhibit "I", 
Subcontractor Submittal Requirements Summary (SSRS). Submittals that do not meet 
requirements will be rejected. Rejected submittals shall be resubmitted to avoid delays. 

1.4.1 Manufacturer's Data 

Manufacturer's descriptive data, specification sheets, literature, and other data necessary to fully 
demonstrate compliance with the requirements of these specifications. 

1.4.2 Admix Preparation Plan 

The SUBCONTRACTOR shall submit a detailed plan for preparation of the admix material, 
including a description of the equipment, calibrations, tests, and procedures to be used; personnel 
qualifications; hold points; site plan showing pugmill plant and stockpile locations.; bentonite 
storage equipment and procedures; productivity rates; stockpile maintenance procedures; test fill 
plan; and methods for monitoring bentonite addition and moisture conditioning. The Admix 
Preparation Plan shall be approved by the CONTRACTOR prior to the start of admix production 
for the test pad and cell liners. 

1.4.3 Admix Liner Placement Plan 

The SUBCONTRACTOR shall submit an Admix Liner Placement Plan to specify placement 
equipment and methods, lift thickness control, admix layer maintenance, finished surface 
protection, hold points, haul routes, productivity rates, survey and/or GPS records, repair 
procedures, required testing described in the Construction Quality Control (CQC) Plan and 
CQAP for this project. This Admix Liner Placement Plan shall be approved by the 
CONTRACTOR prior to the start of admix placement for the Test Fill or Trench Liner. 

1 .4.4 Quality Control Certification 

Certifications for material composition and properties, Construction Quality Control CQC tests, 
admix surface, equipment calibration, and other work activities as described in these 
specifications. 

1.5 DESCRIPTION 

This section includes the work for furnishing, preparing, handling, installing, and 
finishing/trimming the Admix layer. 
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Admix consists of soil that is mixed with bentonite, moisture conditioned, placed, compacted, 
and trimmed to form the soil liner for the ERDF. 

2.0 MATERIALS AND EQUIPMENT 

2.1 BENTONITE FOR THE ADMIX LA YER 

The bentonite used in the admix shall consist of a commercially prepared material meeting the 
requirements of API Specification 13A, Section 4, with a minimum yield of 91 barrels. The 
bentonite shall have a free swell of 15 ml per 2 gm or greater (ASTM D5890) and a maximum 
Fluid Loss of15ml (ASTM D5891). Acceptable products shall have been used in similar 
applications. 

The SUBCONTRACTOR shall submit manufacturer's information and test data to demonstrate 
that the proposed bentonite conforms to the requirements of these specifications. The 
Manufacturer shall certify that the bentonite furnished complies with these specifications. A 
certificate shall be submitted to the CONTRACTOR for each 450 metric tons (500 tons) of 
bentonite oelivered. 

The SUBCONTRACTOR shall provide suitable containers on site to store bentonite in a dry 
condition prior to use. SUBCONTRACTOR shall perform inspections of storage containers to 
ensure proper condition is maintained during storage. 

2.2 BASE SOIL FOR THE ADMIX LA YER 

The base soil for the admix layer shall consist of soil derived from the ERDF excavation having 
a USCS Classification SM, SW, SC, MH, ML in accordance with ASTM D2487, or other soil 
approved by the CONTRACTOR. The base soil shall be obtained from soils excavated during 
construction and placed in a dedicated stockpile constructed for this purpose. Material from 
other stockpiles shall not be used without approval of the CONTRACTOR. The base soil shall 
be free of roots, woody vegetation, frozen material, rubbish, and other deleterious material. No 
rocks greater than 50 mm (2 in.) in dimension will be allowed in the admix liner. Base soil shall 
be classified and screened if necessary to meet this requirement. 

To ensure the quantity of base soil required to construct the admix layer is available; the 
SUBCONTRACTOR shall excavate and stockpile base soil prior to stockpiling excess soil in the 
stockpile area shown on the Exhibit "F" Drawings. 

2.3 ADMIX LA YER MATERIALS 

2.3.1 Properties 

The properties of the admix when mixed uniformly and placed according to the specifications, 
shall have a maximum saturated hydraulic conductivity of 1 x 10-7 cm/sec (3.94 x 10-8 in/sec) 
and have a USCS classification of ML, CL, CH, or SC. 
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For evaluating compliance with these requirements, test results shall be considered acceptable 
when the average value of the data satisfies the associated criterion. 

2.3.2 Composition 

The admix shall consist of the base soil mixed with a nominal bentonite content of 12 percent by 
dry weight. The acceptable range for bentonite content shall be a minimum of 11 percent and 
maximum of 14 percent of base soil by dry weight. The admix shall be prepared at a moisture 
content that ranges from approximately 15 to 20 percent. The moisture content range may 
change as a result ofpreconstruction testing performed by the SUBCONTRACTOR and 
CONTRACTOR as described in the CQC and CQAP Plans, and may be modified by the 
CONTRACTOR at any time during the admix preparation process to reflect changes in the base 
soil or other components. The moisture content and bentonite dispersion in the admix shall be 
uniform and homogenous. The finished admix shall be a uniform homogenous material. 
SUBCONTRACTOR shall maintain records available to the CONTRACTOR verifying these 
requirements are maintained. 

2.3.3 Testing 

The admix shall be prepared and tested by the SUBCONTRACTOR in accordance with the CQC 
Plan. The SUBCONTRACTOR shall make the admix stockpiles available to the CQA 
SUBCONTRACTOR and CONTRACTOR for sampling, testing, or visual observation. 

3.0 EXECUTION 

3.1 GENERAL 

3.1.1 Unacceptable Materials and Work 

Materials and work that fail to meet the requirements of these specifications shall be removed 
and disposed of at the SUBCONTRACTOR's expense. 

3.2 ADMIX PREPARATION 

The SUBCONTRACTOR shall provide necessary equipment and labor to operate the pugmill, 
load material into pugmill, offload admix, and stockpile admix. 
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3.2.1 Equipment 

Admix shall be prepared using a pugrnill with the following characteristics and ancillary 
equipment: 

a. Continuous mixing pugrnill. 
b. Belt scales on base soil, bentonite, and finished product belts. 
c. Feed rate meters and totalizers for bentonite, base soil, and water. 
d. Production rate meters and totalizers for finished product. 
e. Equipment shall be capable of production rates to meet schedule requirements. 
f. Equipment shall be readily repairable (e.g. not experience downtime periods 

greater that 48 hours, repair parts are available). 

Measuring equipment shall be calibrated and calibration certificates submitted to the 
CONTRACTOR prior to starting admix production. 

3.2.2 Personnel Qualifications 

The pugmill operator shall have completed three similar projects with a minimum of 45,360 
metric tons (50,000 tons) of acceptable amended soil on each project. Submit evidence to 
demonstrate the qualifications of the pugmill operator. 

3.2.3 Base Soil Excavation and Stockpiling 

During excavation and stockpiling, base soil liner materials shall be inspected to document 
compliance with the requirements of the specifications. Material inspection shall continue 
throughout the liner construction period. Visual observation and classification of the excavated 
base soils used in admix production shall be performed. Unsuitable material shall be rejected. 
For borrow areas containing non-uniform materials, unacceptable soil material shali be 
segregated as it is excavated. SUBCONTRACTOR shall observe segregation operations 
carefully and continuously to document that only suitable base soil material is retained for liner 
construction. Changes in color or texture may be indicative of a change in soil type or soil 
moisture content. 

3.2.4 Preparation Requirements 

Admix shall be prepared at least 24 hours prior to placement in the landfill. The 
SUBCONTRACTOR shall be responsible for maintaining and sealing the stockpiled material to 
protect the moisture content of the admix within the specified limits. Admix that does not meet 
specifications shall not be reused as feed stock unless approved by the CONTRACTOR. 

3.2.5 Admix Preparation Plan 

The SUBCONTRACTOR shall submit a detailed plan for preparation of the admix material, 
including a description of the equipment and procedures to be used, proposed production rate, 
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records to be maintained, start-up plan that includes a demonstration that the proposed 
production rates can be consistently achieved, personnel qualifications, and methods for 
monitoring bentonite and base soil addition and moisture conditioning. This plan shall be 
approved by the CONTRACTOR prior to the start of admix production. 

3.3 TEST FILL 

A test fill shall be constructed by the SUBCONTRACTOR to demonstrate the adequacy of the 
materials, design, equipment, and construction procedures proposed for the admix liner. The 
primary purpose of the test fill is to document that the specified soil density, moisture content, 
and permeability values can be achieved consistently in the full-scale facility with the full-scale 
compaction equipment and procedures. The location of the test fill will be designated by the 
CONTRACTOR. Testing shall be conducted by the SUBCONTRACTOR. CONTRACTOR or 
others may also conduct testing. 

So that the test fill will accurately represent the performance of the full-scale facility, the 
following requirements shall be followed: 

• Construction of the test fill shal 1 use the same soil material, design specifications, 
equipment, and procedures as proposed for the full-scale facility. 

• The test fill shall be constructed at least four times wider than the widest piece of 
construction equipment to be used for the full-scale facility. This is done to ensure a 
sufficient area to conduct testing after a buffer area has been left along the edges of the test 
fill. 

• The test fill shall be long enough to allow construction equipment to achieve normal 
operating speed before reaching the area that will be used for testing. 

• The test fill shall be constructed with at least six lifts to evaluate the methodology used to tie 
lifts together. 

• The test fill shall be constructed to allow determination of the relationship among density, 
moisture content, and permeability. Field variables can affect this relationship and shall be 
carefully measured and controlled both in the test fill and during construction of the full-scale 
liner. As a minimum, the following shall be observed, sampled, tested, and documented by 
the SUBCONTRACTOR: 

- the compaction equipment type, configuration, length of peg foot, and weight 

- the number of passes of the compaction equipment 

- the method used to breakdown clods before compaction and the maximum allowable 
clod size 
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- the method used to control and adjust moisture content, including time to equilibrate 
and the quantity of water to be used in any adjustment 

the speed of the compaction equipment traveling over the liner 

the uncompacted and compacted lift thicknesses 

types of rutting (depths, widths, etc.). 

• SUBCONTRACTOR shall assist the CQA Subcontractor in collecting Shelby tubes for 
laboratory permeability tests. · 

• Following collection of permeability samples, the methodology for repairing holes in the soil 
liner shall be evaluated. The evaluation of a repaired area shall include all tests previously 
required for undisturbed portions of the test fill. The methods and materials that will be used 
in the repair process shall be documented by the SUBCONTRACTOR. Performance of 
repaired soil liner sections shall be equal to or exceed the performance of undisturbed liner 
sections. The resulting procedures shall be followed during repair of testing or sampling 
holes during full-scale liner construction. 

• The test fill construction shall include the removal and replacement of a portion of the soil 
liner to evaluate the method proposed for repair of defective portions of the full-scale liner. 

• The CQA Subcontractor will conduct a Sealed Double Ring Infiltrometer (SDRI) Test 
(ASTM D5093) on the test fill to evaluate large-scale permeability. The CQA Subcontractor 
will furnish the SDRI and equipment (insulated cover, water heaters, etc.) to protect the 
SDRI from the environment. The SUBCONTRACTOR shall 

- Furnish the equipment, operators, and laborers required to install and remove the 
SDRI associated equipment. 
Furnish, install, and maintain thermal blankets to protect the test pad until installation 
of the SDRI and associated weather protection equipment are installed. 

- Furnish, install, and maintain the electrical power supply for the SDRI equipment and 
water heaters. 

• SUBCONTRACTOR shall assist the CQA Subcontractor to evaluate layer bonding by 
excavating test pits so CQA Subcontractor can make visual observations. A minimum of two 
test pits shall be excavated in each test fill after test fill construction has been completed. 
The test pits shall be excavated entirely through the test fill using a backhoe, posthole digger, 
or other approved method. Test pit locations shall be determined by the CONTRACTOR 
and CQA Subcontractor. 

No soil liner shall be placed within the cell limits until the test fill has been constructed and the 
results from tests, including the SDRI test, indicate that the admix will satisfy the permeability 
requirements specified in this section. The SDRI test is conducted until a steady-state infiltration 

0600X-SP-C0067 Cell Construction - Admix Layer 11 of 18 9f2.8/2007 



0600X-SP-C0067 
Rev.0 

rate is achieved. SDRI tests for previous ERDF Cells have taken 2 to 4 days to install and then 
up to 90 calendar days of monitoring Additional test fills shall be constructed for each borrow 
source and whenever significant changes occur in the liner material, equipment, or procedures 
used to construct the full-scale soil liner. Changes to the admix preparation procedures after 
acceptance of test pad does not automatically require a new test fill, but a new test fill may be 
required if the final admix product varies significantly in properties and composition. Installing 
replacement components in the pugmill or replacing a defective pugmill with a like-kind 
replacement would likely not require a new test fill. Conversely, if there was a change in the 
properties of the bentonite, base soil, or finished admix product, a new test fill shall be required. 
If the additional test fill is required because of changes in the equipment or procedures initiated 
by the SUBCONTRACTOR, the SUBCONTRACTOR shall reimburse CONTRACTOR for the 
CQA SUBCONTRACTOR and surveying costs associated with the new test fill. 

After testing has been completed and approved, the admix can be used by the 
SUBCONTRACTOR for liner construction provided that the material satisfies the requirements 
of these specifications. 

3.4 SUBGRADE PREPARATION 

3.4.l General Requirements 

The surface of the sub grade shall be graded to lines, grades, and tolerances shown on the 
Drawings. The sub grade surface shall be rolled flat and shall be smooth and free of ruts. Admix 
shall not be placed on frozen subgrade soils or ponded water. The subgrade shall be tested by 
the SUBCONTRACTOR as described in the CQC Plan. 

3.4.2 Compaction - Trench Floor 

On the trench floor, the top 200 mm (8 in.) of the excavated subgrade surface shall be scarified 
with a disc and re-compacted to 90 percent of the maximum dry density as determined by the 
Modified Proctor density test (ASTM Dl557). 

3.4.3 Compaction - Trench Side Slopes 

On the side slopes of the trench, the following procedure shall be used to prepare the subgrade 
for placement of admix: 

1. Windrows or piles of loose material produced by trimming operations shall be removed. 

2. The trimmed surface shall be watered so that moisture penetrates a minimum of 100mm 
(4 in.) into the subgrade. Care shall be exercised during watering so that the subgrade is 
not disturbed and rills, gullies, and other erosional features are prevented. 

3. The trimmed and watered surface shall be track walked by dozer to produce a firm and 
stable subgrade. 
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4. Visual monitoring of the subgrade preparation on sideslopes shall be performed by the 
CONTRACTOR. 

3.4.4 Subgrade Fill 

In locations on the sideslope where less than 200 mm (8 in.) of fill is required to reach the 
subgrade design grade, suitable moisture-conditioned fill material shall be placed and compacted 
as described in Section 3.4.3. For purpose ofthis section, "suitable fill material" is defined as 
materials classified in ASTM D 2487 as GW, GP, GM, GW-GM, SW, SP, SM, SP-SM and SW­
SM and free from roots and other organic matter, trash, debris, and frozen materials, 

In locations on the trench floor or locations on the sideslope where more than 200 mm (8 in.) of 
fill is required to reach the design grade, subgrade shall be placed, compacted, and tested in 
accordance with the requirements for Fills and Embankments specified in the Technical 
Specification for Site Work, 0600X-SP-C0072. 

3.5 ADMIX PLACEMENT AND COMPACTION 

Manufacture of admix material for the liner system shall not begin until testing o~ the test fill is 
complete, including'the SDRI test, and the CQA Subcontractor's tests on the test fill indicate that 
the SUBCONTRACTOR's materials, equipment, and construction procedures will provide an 
admix liner meeting the specified requirements. 

3.5.1 Lift Thickness 

The admix material shall be placed in maximum 250 mm (10 in.) thick loose lifts and compacted 
such that the compacted lift thickness is 15 0 mm ( 6 in.) or less. However, the first lift of admix 
placed over subgrade soils may be placed in a 300 to 400 mm (12 to 16 in.) thick loose lift 
thickness and compacted to a maximum thickness of200 mm (8 in.). SUBCONTRACTOR shall 
use laser or GPS guidance to maintain proper lift thickness on all spreading equipment. Clods 
greater than 75 mm (3 in.) shall be broken down prior to compaction. 

Placement methods shall prevent excessive mixing of admix with sub grade soil. If in the 
judgment of the CONTRACTOR, excessive mixing occurs that could compromise the integrity 
of the liner, the unacceptable admix shall be removed, the subgrade recompacted and prepared in 
accordance with these specifications, and new admix placed. The new admix shall be subject to 
the same restrictions on excessive mixing with the subgrade. 

3.5.2 Compaction 

Compaction equipment used on the full-scale liner shall be the same type, configuration, and 
weight as used in the test fill. The equipment speed and number of passes for compaction shall 
be the same as used in the test fill. Coverage by compaction equipment shallbe uniform; special 
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attention shall be paid to compacted fill edges, in equipment turnaround areas, and at the tops 
and bottoms of slopes. 

The admix shall be compacted to a dry density that corresponds to at least 85 percent saturation 
assuming a specific gravity of 2.7. The moisture-density range of the compacted admix shall lie 
within a trapezoidal-shaped field with the following corners: 

Moisture Content % D 
15 115 1,842 
15 121 1,938 
20 104 1,666 

20 110 1,762 

The corner values of this acceptable field shall be modified using the method given in the EPA 
Technical Guidance Document (EP A/600/R-93/182) based on actual field values developed by 
the SUBCONTRACTOR at any time during admix preparation or placement to reflect changes 
in the base soil or other components. 

Sufficient liner strength to maintain stable sidewalls and to supply a stable base for supporting 
overlying materials shall be maintained while achieving the minimum specified density. This 
shall be monitored by the SUBCONTRACTOR with moisture-density testing in accordance with 
the procedures listed in the CQA Plan. 

Penetrations or holes resulting from the collection of undisturbed soil samples or the use of 
density or moisture probes shall be repaired using the same materials and methods used for 
repairs on the test fill. SUBCONTRACTOR shall repair holes resulting from sampling or 
testing activities. 

3 .5.3 Permeability 

The in-place compacted admix liner shall achieve a saturated permeability of 1 x 10-7 cm/sec 
(3.94 x 10-8 in/sec) or less. 

3.5.4 Uniformity 

The compacted admix distribution and gradation throughout the liner shall be free from lenses, 
pockets, streaks, layers, or material differing substantially in texture, moisture content, dry 
density, or gradation from surrounding material. The admix shall be free of organic debris, 
frozen material, rubbish, construction debris, 50mm (2 in.) rocks and other deleterious material. 
Any admix containing unacceptable material shall be. removed and discarded. 
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The moisture content of the admix shall be uniform throughout each lift prior to and during 
compaction of the material. If the moisture content of a lift of compacted admix falls below the 
acceptable limit during placement operations, the SUBCONTRACTOR shall moisture condition 
the dry soil and recompact the lift prior to placement of additional lifts. If the moisture content 
of a layer of compacted admix exceeds the acceptable limit due to precipitation or over watering, 
the SUBCONTRACTOR, before placement of additional lifts, shall either allow the wet soil to 
dry back within acceptable limits or remove the wet soil. If the admix cannot be conditioned to 
meet the placement specifications, the material shall be removed and replaced with new admix 
material. 

3.5.6 Placement Equipment 

The SUBCONTRACTOR shall place layers of admix to form a continuous monolithic liner. 
Aq.mix shall be placed and compacted with a self-propelled pegfoot or padfoot roller compactor 
having a minimum operating weight of 18,160 kg (40,000 pounds) or CONTRACTOR approved 
equal. Hauling and spreading equipment will not be considered as compaction equipment. The 
compactor feet shall be sufficiently long to knead (bond) new lifts into previously placed lifts. 
The feet shall be kept free of large amounts of dried admix that might restrict foot penetration or 
become incorporated into the admix lift. If necessary to promote bonding of subsequent lifts, the 
top of each lift shall be scarified with suitable equipment such as a disc, and wetted prior to 
placing the next lift. The final lift of admix may be compacted with a smooth drum roller after it 
has been compacted with the pegfoot compactor provided that other requirements are met. 

3.5.7 Placement Method 

Admix shall be placed on the side slopes in either horizontal lifts (along the contour) or in lifts 
parallel to the slope ( up and down the slope). If admix is placed parallel to the slope, compaction 
equipment shall not spin their wheels or in any other way disturb the previously placed lifts. If 
this occurs, the SUBCONTRACTOR shall place the admix in horizontal lifts. 

Side slopes shall be overbuilt to protect the admix from excessive drying. Admix placed on the 
floor shall be placed in a method that will prevent ponding of water and excessive drying 
between lifts. 

3.5.8 Restrictions 

Production, mixing, and stockpiling of admix shall be restricted to the construction limits shown 
on the Drawings and will not be allowed within the landfill footprint. 

3.5.9 Tie-in Areas 

Where new admix is tied-in to existing admix liner, any areas of the existing admix which are 
soft, cracked, or otherwise unsuitable shall be removed until acceptable material is exposed to 
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the satisfaction of the CONTRACTOR. The edge of the existing admix shall be trimmed to the 
configuration indicated on the drawings. Where new admix will be placed, the surface of the 
existing admix shall be scarified and moisture conditioned as specified in this section. New 
admix shall be placed in accordance with the requirements of this specification and shall be 
thoroughly mixed into the existing admix to form a monolithic mass free of seams or other 
discontinuities. 

3.6 ADMIX SURFACE FINISHING, PROTECTION, AND MAINTENANCE 

The surface of the admix shall be trimmed just prior to geomembrane deployment to the design 
grades and tolerances as shown on the Drawings. The surface shall be graded such that the 
design grades are achieved throughout the trench, not just at survey grid points. The surface of 
the admix shall be rolled with a smooth-drum roller to remove ridges and surface irregularities. 
Ruts on the surface of the admix liner that are deeper than 25 mm (1 in.) and desiccation cracks 
or other cracks that are deeper than 25 mm (1 in.) or wider than 5 mm (0.25 in.) shall be repaired 
by the SUBCONTRACTOR prior to placement of the geomembrane. 

3.6.1 Maintenance 

The SUBCONTRACTOR shall maintain the admix liner surface in a condition suitable for 
geomembrane installation until the surface is covered. This may be accomplished by periodic 
watering, exclusion of traffic, or other methods. 

The SUBCONTRACTOR shall take measures to prevent the admix liner from freezing. Lifts of 
admix shall not be placed on frozen surfaces. In the event that the admix surface freezes before 
geomembrane is placed, the CONTRACTOR may direct additional evaluation of admix 
properties by the SUBCONTRACTOR. Geomembrane shall not be placed·on a surface which is 
frozen or has been frozen and thawed until directed by the CONTRACTOR. 

3.6.2 Repair of Admix Liner 

The SUBCONTRACTOR shall repair the surface of any areas identified by the 
SUBCONTRACTOR, CONTRACTOR, or CQA SUBCONTRACTOR to be out of tolerance. 
Repair as follows: 

a. Remove admix that does not meet specifications. 

b. Scarify surface and spray with water. 

c. Place additional approved admix. 

d. Compact admix with self-propelled pegfoot or padfoot type compactor as 
described above. 

e. Trim and roll the surface as described above to design grades and tolerances. 
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Alternative methods for repair of the admix liner will be allowed if submitted by the 
SUBCONTRACTOR and approved by the CONTRACTOR. Minor rills, gulleys, ruts, or other 
local anomalies that are less than 50 mm (2 in.) deep and 100 mm (4 in.) wide, may be repaired 
by backfilling with admix liner and hand-tamping with a suitable device to firmly compact the 

· backfill. 

SUBCONTRACTOR personnel shall repair small holes resulting from CONTRACTOR 
sampling, SUBCONTRACTOR sampling and other CQC activities. The CQA 
SUBCONTRACTOR shall repair sampling holes caused by the CQA SUBCONTRACTOR. 
Holes less than or equal to 150 mm (6 in.) in diameter shall be repaired by backfilling with 
bentonite or admix liner in lifts no more than 50 mm (2in.) thick and hand-tamping with a steel 
rod or other suitable device to firmly compact each lift. 

3.6.3 Admix Liner Surface Preparation 

The SUBCONTRACTOR shall be responsible for preparing the surface of the admix liner 
according to the Specifications. Surfaces to be lined shall be smooth and free of rocks/stones, 
larger than 25mm (2 in.) sticks, roots, sharp objects, or debris. The surface shall provide a 
stable foundation for the membrane with no sudden, sharp, or abrupt changes at break in grade. 
No standing water or excessive moisture shall be allowed to accumulate on the subgrade. In 
addition to the surface deformities specifications described previously, no voids or depressions 
larger than 50 mm (2 in.) in any dimension shall be allowed. Such voids and depressions shall 
be filled with admix material to complete a level surface. 

The CQA SUBCONTRACTOR and SUBCONTRACTOR/Geosynthetic Lining Subcontractor 
shall certify in writing that the surface on which the geomembrane will be installed is acceptable. 
The certificate of acceptance shall be given to the CONTRACTOR prior to commencement of 
geomembrane installation in the area under consideration. 

Slope of the Liner Surface shall be in accordance with drawings. 

After the soil liner surface has been accepted by the installer, it shall be the 
SUBCONTRACTOR's responsibility to indicate to the CONTRACTOR any change in the soil 
liner surface condition that may require repair work. If the CQA Subcontractor concurs, the 
SUBCONTRACTOR shall ensure that the soil liner surface is repaired. 

· Special care shall be taken to avoid desiccation cracking of the admix liner. The surface of the 
admix liner shall be maintained in the required condition throughout the course of geomembrane 
installation. 

3. 7 CONSTRUCTION QUALITY CONTROL 

Construction Quality Control and testing requirements are provided in Construction Quality 
Requirements, Specification No. 0600X-SP-G0037. 
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At locations where the field testing conducted by either the SUBCONTRACTOR, 
CONTRACTOR or CQA Subcontractor indicates that conditions are outside the acceptable 
limits of the specifications, the failing area shall be reworked or removed and replaced. These 
areas shall be retested and the repair process repeated as necessary until passing results are 
achieved. 

Records submitted to CONTRACTOR shall include, but not be limited to the following: 

(1) Measurement of weight and volume of materials used in admix, from scales, meters, and 
totalizers. 

(2) Calibration of scales, meters, totalizers, and other equipment used to prepare admix. 
Calibration shall be at manufacturers' recommended intervals or whenever rough 
handling, damage, or other factors indicate that accuracy may have been compromised. 
Methods used for calibration shall conform to manufacturers' recommendations. 
Secondary standards shall be traceable to national standards. 

(3) Control of individual lift thickness during placement and overall admix layer thickness. 
Subgrade and final admix surface elevations shall be determined by surveying on a 
minimum 15.24 m (50 ft) grid and at grade breaks over the floor and side slopes of the 
disposal trench exceptthat detailed surveying shall be required in the sump area and other 
locations to establish grade breaks and slope continuity as directed by the 
CONTRACTOR. Vertical survey accuracy shall be plus or minus 15 mm (0.05 ft) or 
better. Results shall be provided to the CONTRACTOR. No liner system materials shall 
be installed on the finished surface until satisfactory thickness of the admix layer has 
been verified. 

Copies in duplicate of these records and tests, as well as records of corrective action taken when 
results are unsatisfactory shall be furnished to the CONTRACTOR within one working day 
following the inspection or test. 
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1.0 GENERAL 

1.1 SUMMARY 

This specification establishes requirements for the Geosynthetics liner systems for the 
Environmental Restoration Disposal Facility (ERDF). 

1.2 ABBREVIATIONS 

The abbreviations listed below, when used in this specification, have the following meaning: 

ASTM 
API 
CQA 
EPA 
ERDF 
HDPE 
CQC 
QAP 
SSRS 

American Society for Testing and Materials 
American Petroleum Institute 
Construction Quality Assurance 
Environmental Protection Agency 
Environmental Restoration Disposal Facility 
High Density Polyethylene 
Construction Quality Control 
Quality Assurance Plan 
Subcontractor/Supplier Submittal Requirements Summary 

1.3 CODES, STANDARDS, LAWS, AND REGULATIONS 

Unless otherwise approved or shown, the following Codes, Standards, Laws, and Regulations of 
the latest issue, at the time of bid, shall apply to establish the minimum requirements for Cell 
Construction. Referenced test methods, specifications, and recommended practices are to be 
used to verify material properties and to identify acceptable practices applicable to Cell 
Construction. Failure to identify applicable codes and standards does not imply elimination of 
required knowledge and compliance to perform work. 

ASTMD698 

ASTMD792 

ASTMD1004 

ASTMD1204 

Standard Test Methods for Laboratory Compaction Characteristics of Soil 
Using Standard Effort (12,400 ft-lbf/ft3 (600 k:N-m/m3

) 

Standard Test Methods for Density and Specific Gravity (Relative Density 
of Plastics by Displacement 

Standard Test Method for Initial Tear Resistance (Graves Tear) of Plastic 
Film and Sheeting 

Standard Test Method for Linear Dimensional Changes of Nonrigid 
Thermoplastic Sheeting or Film at Elevated Temperature 
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ASTMD1238 

ASTMD1505 

ASTMD1557 

ASTMD1603 

ASTMD1777 

ASTMD3786 

ASTMD3895 

ASTMD4218 

ASTMD4355 

ASTMD4491 

ASTMD4533 

ASTMD4632 

ASTMD47l6 

ASTMD4751 · 

ASTMD4833 

ASTMD5199 

ASTMD5261 

0600X-SP-C0068 
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Standard Test Method for Melt Flow Rates of Thermoplastics by 
Extrusion Plastometer 

Standard Test Method for Density of Plastics by the Density-Gradient 
Technique 

Standard Test Methods for Laboratory Compaction Characteristics of Soil 
Using Modified Effort (56,000 ft-lbf/ft3 (2,700 kNm/m3

) 

Standard Test Method for Carbon Black Content in Olefin Plastics 

Standard Test Method for Thickness of Textile Materials 

Standard Test Method for Bursting Strength of Textile Fabrics -
Diaphragm Bursting Strength Tester Method 

Standard Test Method for Oxidative Induction Time of Polyolefins by 
Differential Scanning Calorimetry 

Standard Test Method for Determination of Carbon Black Content in 
Polyethylene Compounds by the Muffle-Furnace Technique 

Standard Test Method for Deterioration of Geotextiles from Exposure to 
Light, Moisture and Heat in a Xenon-Arc Type Apparatus 

Standard Test Methods for Water Permeability of Geotextiles by 
Permittivity 

Standard Test Method for Trapezoid Tearing Strength of Geotextiles 

Standard Test Method for Grab Breaking Load and Elongation of 
Geotextiles 

Test Method for Determining the (In-plane) Flow Rate per Unit Width and 
Hydraulic Transmissivity of a Geosynthetic Using a Constant Head 

Standard Test Method for Determiriing Apparent Opening Size of a 
Geo textile 

Standard Test Method for Index Puncture Resistance of Geotextiles, 
Geomembranes, and Related Products 

Standard Test Method for Measuring Nominal Thickness of Geosynthetics 

Standard Test Method for Measuring Mass per Unit Area of Geotextiles 
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ASTMD5321 

ASTMD5397 

ASTMD5596 

ASTMD5641 

ASTMD5820 

ASTMD5885 

ASTMD5721 

ASTMD5994 

ASTMD6392 

ASTMD6497 
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Rev.0 

Standard Test Method for Determining the Coefficient of Soil and 
Geosynthetic or Geosynthetic and Geosynthetic Friction by the Direct 
Shear Method 

Standard Test Method for Evaluation of Stress Crack Resistance of 
Polyolefin Geomembranes Using Notched Constant Tensile Load Test 

Standard Test Method for Microscopic Evaluation of the Dispersion of 
Carbon Black in Polyolefin Geosynthetics 

Standard Test method for Geomembrane Seam Evaluation by Vacuum 
Chamber 

Standard Test Method for Pressurized Air Channel Evaluation of Dual 
Seamed Geomembranes 

Standard Test Method for Oxidative Induction Time of Polyolefin 
Geosynthetics by High-Pressure Differential Seaming Calorimetry 

Standard Practice for Air-Oven Aging of PolyolefinGeomembranes 

Standard Test Method for Measuring Core Thickness of Textured 
Geomembrane 

Standard Test Method for Determining the Integrity ofNonreinforced 
Geomembrane Seam Produced Using Thermo-Fusion Method 

Standard Test Method for Mechanical Attachment of Geomembrane to 
Penetrations or Structures 

ASTM D6693 Standard Test Method for Determining Tensile Properties of 
Nonreinforced Polyethylene and Nonreinforced Flexible Polypropylene 
Geo membranes 

ASTM D7005 Determining the Bonds Strength (Ply Adhesion) of Geocomposites 

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

GRIGM-11 UV Resistance (Accelerated Weathering of Geomembranes Using 
Fluorescent UV A Condensation Exposure Device) 

GRIGM-12 Asperity Height (Asperity Measurement of Textured Geomembranes 
Using a Depth Gauge) 

0600X-SP-C0068 Cell Construction - Geosynthetics 7 of46 9/28/2007 



0600X-SP-C0068 
Rev.0 

GRIGM-19 Seam Strength and Related Properties of Thermally Bonded Polyole:fin 
Geo membranes 

WAC 173 216 

WAC 173 400 

State Waste Discharge Permit Program 

General Regulations for Air Pollution Sources 

* Note that an update to EPA/600/R-93/182 has been published: Daniel, D.E. and Koerner, R. M. (2007). 
Waste Containment Facilities: Guidance for Construction Quality Assurance and Construction Quality 
Control of Liner and Cover Systems, second ed., ASCE, New Yorlc, NY, 351 pp. 

1.4 TECHNICALSUBMITTALS 

Submittals stated herein or elsewhere in the specification shall be submitted for review and 
approval in accordance with Exhibit "I", Subcontractor/Supplier Submittal Requirements 
Summary (SSRS). Submittals that do not meet the requirements will be rejected. Rejected 
submittals shall be resubmitted to avoid delays. 

1.4.1 Manufacturer's Data 

Manufacturer's descriptive data, specification sheets, literature, and other data as necessary to 
fully demonstrate that those materials proposed for use comply with the requirements of these 
specifications. Certification that manufacturer has manuf~ctured HDPE for at least 5 years and 
has manufactured a minimum of 929,000 square meters (10 million square feet). 

1.4.2 Installation Plan 

The SUBCONTRACTOR shall submit an installation plan describing the proposed methods for 
deployment, panel layout, seaming, including methods for connecting the new geosynthetics to 
the previously installed geosynthetics, repair, and protection. The plan shall include a quality 
control program for the SUBCONTRACTOR's activities related to geomembrane installation. 

1.4.3 Quality Control Certification 

Certifications for material composition and properties, Construction Quality Control (CQC) tests, 
admix surface, seam quality, equipment calibration, and other work activities as described in 
these specifications. 

1.5 DESCRIPTION 

Furnishing and installing the Geomembrane, Geotextile, and Geocomposite materials. 
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The work includes manufacture, fabrication (if needed), supply, and installation of geomembrane 
as shown on the Drawings. Geomembrane is also referred to as High Density Polyethylene 
(HDPE) liner or flexible membrane liner (FML). 

1.5 .2 Geotextiles 

The work includes manufacture, fabrication (if needed), supply, and installation of geotextiles as 
shown on the Drawings. This section also applies to geotextiles used to fabricate geocomposite 
drainage layers. 

1.5.3 Geocornposites 

The work includes manufacture, fabrication (if needed), supply, and installation of geocomposite 
drainage layers. The geocomposite will consist of a layer of geotextile 100% thermally bonded 
to each side of a geonet. 

1.5.4 Interface Friction Testing Requirements 

The materials used for construction shall meet the interface strength requirements of the design. 
To document that this requirement has been met, the SUBCONTRACTOR shall conduct the 
following test program prior to ordering materials. 

Two sets oflnterface Friction Testing in accordance with ASTM.05321 shall be conducted on 
the following interfaces: 

a. 60 mil textured geomembrane and the soil/bento:nite, admix 
b. 60 mil textured geomembrane and geocomposite 
c. Geocomposite and operations layer material 

Testing shall be conducted under saturated conditions at nominal normal loads of 9.6, 19.2 and 
28.8 kPa (200,400 and 600 psf) to determine the peak angle and residual angle measured at a 
displacement of 50 cm. (2 in.). If the geomembrane texturing is variable, additional of tests will 
be required for interfaces with the geomembrane. 

The residual friction angle of the interface friction testing shall meet the following minimum 
values with a normal load of 1955 Kg/m2 

( 400 psf) a displacement of 50 cm (2 in) and a 
cohesion of 0. 

a. 
b. 
C. 

60 mil geomembrane/soil-bentonite admix 
60 mil geomembrane/ geocornposite 
geocomposite/operations layer material 
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The average asperity height of the textured geomembrane utilized in the interface friction testing 
program will set the standard for all textured materials manufactured and delivered for 
installation. Materials not meeting this requirement wili be rejected from use unless another 
friction angle test program is conducted with adjacent materials to document conformance with 
the design requirements. 

SUBCONTRACTOR shall submit the results of the interface friction testing prior to shipment of 
the material. The CONTRACTOR will review this data for conformance with projecJ strength 
requirements. At the direction of the CONTRACTOR, a registered professional engineer 
licensed in the State of Washington will prepare a stability analysis using the submitted data. 
The analysis will evaluate the proposed material's strength to determine if the required factors of 
safety of 1.0 and 1.3 under seismic and static are met. Allow engineer 30 calendar days after 
receipt of the testing results for this evaluation. 

Other combinations of shear strength parameters which can be shown by standard analytical 
techniques to provide static and dynamic factors of safety against slope failure that are equivalent 
or greater than those specified may be acceptable if approved by the CONTRACTOR. 

2.0 MATERIALS AND EQUIPMENT 

2.1 GEOMEMBRANE 

2.1.1 Types of Geomembrane 

a. Geomembrane for the primary and secondary liner systems shall be un-reinforced 
HDPE, 1.52 mm (60 mil) thick, textured both sides. 

b. Geomembrane for miscellaneous applications including the crest pad, rub sheets 
in sumps, and other applications as shown on the Drawings shall be un-reinforced 
HDPE, 2.54 mm (100 mil) thick, smooth. 

c. Geomembrane shall be produced with a white surface. 

2.1.2 Geomembrane Manufacturer 

The HDPE Geomembrane Manufacturer shall have a minimum of five years of experience as a 
commercial manufacturer ofHDPE geomembranes for landfill applications. Manufacturer shall 
have manufactured HDPE for at least 5 years and manufactured a minimum of 10 million square 
feet. 

0600X-SP-C0068 Cell Construction - Geosynthetics 10 of 46 9/28/2007 



2.2 GEOMEMBRANE PROPERTIES 

2.2.1 Use of Recycled Polymer 

0600X-SP-C0068 
Rev.0 

The raw material shall be new polyethylene resin containing no more than 2% clean recycled 
polymer by weight. Two percent recycled polymer shall not include any finished sheet material 
that has actually seen some type of service performance. Regrind, reworked or trim materials in 
the form of chips or edge strips that have not actually seen some type of use may be added, if the 
material is from the same manufacturer and is the same formulation as the geomembrane being 
produced. 

2.2.2 Resin Properties 

· The raw resin, (without carbon black) shall meet the following specifications: 

a. Specific Gravity (ASTM D1505/D792): > 0.930. 

2.2.3 Finished Sheet Properties 

The physical, mechanical, and environmental properties of the finished sheet shall meet or 
exceed the values specified in the tables for Required Geomembrane Properties at the end of this 
Technical Specification section. Where applicable, values in the table are Minimum Av~rage 
Values. 

2.3 GEOMEMBRANE MANUFACTURING QUALITY CONTROL 

2.3.1 Quality Control Testing 

Quality control testing shall be carried out by the Manufacturer to demonstrate that the 
geomembrane meets the specifications specified above and in Geomembrane Tables. The CQA 
Subcontractor may carry out additional testing for purposes of determining conformance. If the 
results of the Manufacturer's and the CQA Subcontractor's testing differ significantly (i.e. 
greater than 10%), the testing shall be repeated by the CQA Subcontractor, and the Manufacturer 
shall be allowed to monitor this testing. The results of this latter series of tests will prevail, 
provided that the applicable test methods have been followed. 

2.3 .2 Required Information 

Prior to the delivery of any geomembrane material, the Manufacturer shall submit the following 
information: 

a. The origin (Resin Supplier's name, resin production plant), identification (brand 
name, number) and production date of the resin. 
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b. A list of quantities and descriptions of materials other than the base polymer 
which comprise the geomembrane. 

c . . · Copies of the quality control certificates issued by the Resin Supplier. 

d. Reports on the tests conducted by the Manufacturer to confirm that the quality of 
the resin used to manufacture the geomembrane satisfies these Specifications. 

e. A statement that recycled polymer (if any) is clean and does not exceed 2% by 
weight. 

f. A properties sheet including, at a minimum, specified properties, measured using 
test methods indicated in these specifications, or equivalent. 

g. Test reports, including sampling procedures, conducted by the Manufacturer to 
confirm that the geomembrane meets the specifications. Tests shall be conducted 
on each production lot of geomembrane or every 4,645 m2 (50,000 square ft), 
whichever results in the greater number of tests. 

h. A certification that property values given in the properties sheet are guaranteed by 
the Geomembrane Manufacturer. 

2.3.3 Certification 

Prior to shipment, the Geomembrane Manufacturer shall provide a quality control certificate for 
each roll of geomembrane. The quality control certificate shall be signed by a responsible party 
employed by the Geomembrane Manufacturer, such as the production manager. The quality 
control certificate shall include: 

a. Roll numbers and identification, resin lot, and batch numbers. 
b. Sampling procedures and results of quality control tests. 
c. Information package containing the information required by Section 2.3 .2 

2.3.4 Manufacturing Plant Visit 

The Manufacturer shall allow the CONTRACTOR or his designated representative to visit the 
manufacturing plant, if the CONTRACTOR so chooses. If possible, the visit shall be prior to or 
during the manufacturing of the geomembrane rolls for the specific project. The 
CONTRACTOR or his designated representative shall review the manufacturing process, quality 
control, laboratory facilities, and testing procedures. 

During the visit, visiting personnel will also: 

a. Confirm that the measurements of properties by the Manufacturer are properly 
documented and test methods used are acceptable. 
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b. Spot inspect the rolls and confirm that they are free of holes, blisters, or any sign 
of contamination by foreign matter. 

c. Review packaging and transportation procedures to confirm that these procedures 
are not damaging the geomembrane. 

d. Confirm that roll packages have a label indicating the name of the manufacturer, 
type of geomembrane, thickness, and roll number. 

e. If applicable, confirm that extrusion rods and/or beads are derived from the same 
base resin type as the geomembrane. 

The Geomembrane Manufacturer shall accommodate these activities. 

2.3.5 Conformance Testing 

2.3.5.1 Tests. Prior to shipment of the rolls of geomembrane, the CQA Subcontractor shall 
obtain samples at a frequency of one per production lot or one per 4,645 square meters (50,000 
square ft) of geomembrane, whichever results'in the greater number of tests. The CQA 
Subcontractor will test the samples to determine conformance to both the design specifications 
and the list of guaranteed properties. 

As a minimum, tests to determine the following characteristics will be performed on 
geomembranes: 

a. Specific gravity (ASTM D1505/D792). 

b. Carbon black content and visual inspection to evaluate carbon black dispersion 
(ASTM D1603 / D4218 and ASTM D5596). 

c. Thickness (ASTM D5199 or D5994 as applicable). 

d. Tensile characteristics (yield strength, elongation at yield, break strength, 
elongation at-break ASTM D6693). 

e. Puncture Resistance (ASTM D4833). 

f. Friction angle of textured geomembrane with soil liner material (ASTM D5321). 

g. Seam Strength, if applicable (ASTM D6392). 

Where optional procedures are noted in the test method, the requirements of these Specifications 
will prevail. 
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2.3.5.2 Sampling Procedures. Samples will be taken across the entire width of the roll and will 
not include the first 1 meter (3 ft). Unless otherwise specified, samples will be 1 m (3 ft) long by 
the roll width. The machine direction on the samples shall be marked with an arrow. 

2.3.6 Fabrication Quality Control 

Factory panel fabrication, if any, shall be in accordance with the applicable sections of these 
Technical Specifications for field panel placement and seaming. 

2.3.7 Transportation, Handling, and Storage 

Transportation of the geomembrane shall be the responsibility of the SUBCONTRACTOR. 
Handling on site shall be the responsibility of the SUBCONTRACTOR. 

Upon delivery at the site, the SUBCONTRACTOR and the CQA Subcontractor shall observe the 
surfaces of rolls or factory panels for defects and for damage. This inspection shall be conducted 
without unrolling rolls or unfolding factory panels unless defects or damages are found or 
suspected. The CQA Subcontractor will determine: 

a. Rolls, factory panels, or portions thereof, which shall be rejected and removed 
from the site because they do not meet requirements. 

b. Rolls or factory panels which include repairable flaws. 

c. Rolls or factory panels that are not properly labeled. No unlabelled rolls shall be 
used for any application. Unlabelled rolls shall be removed from the site and 
replaced at the SUBCONTRACTOR's expense. 

The SUBCONTRACTOR shall be responsible for storage and protection of the geomembrane. 
Geomembrane rolls shall be stored on a prepared subgrade free of rocks and graded to drain 
away from stored materials. 

2.4 GEOTEXTILES 

2.4.1 Types of Geotextiles 

a. Type A geotextile shall be 0.27 kg/m2 (8 ozlyd2
) nominal weight and shall be 

used for separation of operations and drainage layers in the landfill, in the 
geocomposite drainage layer, and at other locations as shown on the Drawings. 

b. Type B geotextile shall be 0.54 kg/m2 (16 ozlyd2
) nominal weight and shall be 

used for cushioning of geomembranes on the landfill floor and at other locations 
as shown on the Drawings. 

Geotextiles, regardless of type, shall be nonwoven, needlepunched polypropylene. 
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2.4.2 Manufacturer 

The Geotextile Manufacturer shall have a minimum of five years of experience as a commercial 
manufacturer of geotextiles for landfill applications. 

2.5 GEOTEXTILE PROPERTIES 

2.5.1 Property Values 

Geotextile properties shall meet or exceed the values specified in the table titled "Required 
Geotextile Properties". 

The Manufacturer shall provide test results for properties listed in the R~ferenced Table 

The Manufacturer shall certify that the materials supplied meet the requirements of this 
Subcontract. 

2.5.2 Integrity 

Geotextiles shall retain their structure during handling, placement, and long-term service. 

2.6 GEOTEXTILE CONFORMANCE TESTING 

Prior to shipment or after delivery of the rolls of geotextile, the CQA Subcontractor shall obtain 
samples at a frequency of one per production lot or one per 4645 m2 (50,000 square ft) of each 
material type, whichever results in the greater number of tests. The CQA Subcontractor will test 
the samples to determine conformance to both the design specifications and the list of certified 
properties. 

At a minimum, the following tests will be performed on geotextiles (each type): 

a. Mass per unit area (ASTM D5261) 
b. Grab strength (ASTM D4632) 
c. Tear strength (ASTM D4533) 
d. Puncture strength (ASTM D4833) 
e. Thickness (ASTM Dl 777 or D5199) 
f. Permittivity (ASTM D4491) Type A only 
g. AOS (ASTM D4751) Type A only 

2.7 GEOTEXTILE, HANDLING, AND STORAGE 

Geotextiles shall be supplied in rolls wrapped in protective dust-proof covers and marked or 
tagged with the following information: 
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Transportation of the geotextiles to the site and handling on site shall be the responsibility of the 
SUBCONTRACTOR. 

During shipment and storage, the geotextile shall be protected from mud, dirt, dust, puncture, 
cutting, moisture, or other damaging or deleterious conditions. Geotextile shall be stored on a 
prepared sub grade free of rocks graded to drain away from stored materials. 

The SUBCONTRACTOR shall be responsible for the storage and protection of the geotextiles. 
Geotextile stockpile shall be covered with a tarp to protect from all sunlight, dust, and 
precipitation. 

2.8 GEOCOMPOSITES 

The work includes manufacture, fabrication (if needed), supply, and installation of geocomposite 
drainage layers. The geocomposite will consist of a layer of geotextile thermally bonded to each 
side of a geonet. Requirements for geotextiles are contained in Section 2.4 GEOTEXTILES, of 
these Specifications. Requirements for geonets and the finished geocomposite are contained in 
this section. 

2.8.1 Composition 

The geonet shall be high density polyethylene (HDPE). 

The geocomposite shall consist of Type A geotextile 100% thermally bonded to each side of the 
HDPE geonet. 

2.8.2 Manufacturer 

The Geocomposite Manufacturer shall have a minimum of five years experience as a commercial 
manufacturer of geocomposites for landfill drainage applications. 

2.9 GEOCOMPOSITE PROPERTIES 

2.9.1 Geonet 

Geonet properties shall meet or exceed the values specified in the table titled "Required Geonet 
Properties". 
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2.9.2 Geotextile 

Geotextile properties shall meet or exceed the values specified in the referenced table. 

2.9.3 Manufacturer's Certification 

The Manufacturer shall provide specification sheets, literature and test results for properties 
listed in these Specifications. 

The Manufacturer shall certify that the materials supplied meet the requirements of this 
Technical Specification. 

2.9.4 Integrity 

Geonets and Geocomposites shall retain their structure during handling, placement, and long­
term service. Unbonded areas of geotextile to geonet shall be subject to rejection. 

2.10 GEOCOMPOSITE CONFORMANCE TESTING 

Prior to shipment of the rolls of geonet and geocomposite, the CQA Subcontractor will obtain 
samples at a frequency of one per production lot or one per 4,645 m2 (50,000 square ft) of each 
material type, whichever results in the greater number of tests, except that only two (2) friction 
angle tests on each interface will be performed. The CQA Subcontractor will test the samples to 
determine conformance to both the Technical Specifications and the list of certified properties. 

Tests on geonets and geotextiles to be used for the geocomposite shall be performed prior to 
geocomposite fabrication. Geocomposite fabricated from non-conforming components shall be 
rejected at the SUBCONTRACTOR's expense. Geotextiles shall be tested in accordance with 
requirements for Type A Geotextile. 

As a minimum, the following tests will be performed on geonets: 

a. Polymer specific gravity (ASTM D1505) 
b. Thickness (ASTM D5199) 
c. Mass per unit area (ASTM D5261) 

As a minimum, the following tests will be performed on geocomposites: 

a. Ply Adhesion (ASTM D7005) 
b. Transmissivity (ASTM D4716) 

2.11 GEOCOMPOSITE, HANDLING, AND STORAGE 

Geocomposite shall be fabricated prior to transporting and shall be supplied in rolls wrapped in 
protective dust-proof covers and marked or tagged with of the following information: 
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Transportation and handling of the geocomposite will be the responsibility of the 
SUBCONTRACTOR. Geocomposites shall be stored on a prepared subgrade, free ofrocks, and 
graded to drain away from stored materials. 

During shipment and storage, the geocomposite shall be protected from mud, dirt, dust, puncture, 
cutting, moisture, or other damaging or deleterious conditions. 

The SUBCONTRACTOR shall be responsible for the storage and protection of the 
geocotnposite materials. Geocomposite stockpile shall be covered with a tarp to protect from all 
sunlight, dust and precipitation. 

2.12 GEOSYNTHETIC PENETRATIONS 

Materials for Geosynthetic penetrations shall be in conformance to ASTM D6497. 

3.0 EXECUTION 

3.1 GENERAL 

3 .1.1 Unacceptable Materials and Work 

Materials and work that fail to meet the requirements of the Subcontract shall be removed and 
disposed of at the SUBCONTRACTOR's expense. 

3 .1.2 Personnel Qualifications 

3.1.2.1 Installer Organization. At a minimum, the Geosynthetics Installer shall have 
successfully completed at least 10 projects consisting of installation of at least 929,000 m2 

(10,000,000 fr) (total) of HDPE liner. Projects shall include Resource Conservation and 
Recovery Act (RCRA) landfills and surface impoundments. 

Seaming Personnel. Personnel performing seaming operations shall be qualified by experience 
or by successfully passing seaming tests similar to those described in this Technical 
Specification. The superintendent and lead welder foreman shall have experience seaming a 
minimum of 185,000 m2 (1,991,000 ft2) of polyethylene geomembrane using the same type of 
seaming apparatus proposed for use on this project. These individuals shall provide direct 
supervision over less experienced seamers. No field seaming shall take place without one of 
these individuals being present in the cell area. 
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Key personnel are defined as the superintendent, foreman, and lead welder. Key personnel shall 
be full time employees of the Geosynthetics Installer. 

Training and qualification procedures and records shall be submitted to the CONTRACTOR. 

3 .1.3 · Applicability 

Geosynthetic materials shall be installed at the locations, lines and grades shown on the 
Drawings. Liners shall be installed in accordance with the Subcontract. 

3.1.4 Installation Plan 

The SUBCONTRACTOR shall submit a plan describing the proposed methods for unloading, 
storage, deployment, panel layout, seaming, testing, repair, and protection. This shall include the 
type and weight of any equipment proposed for deployment and detailed methodology for 
installation over existing admix and geosynthetics to prevent damage. 

3.2 ANCHOR TRENCH EXCAVATION AND BACKFILLING 

The anchor trench shall be excavated to the lines and widths shown on the Drawings, prior to 
geosynthetics installation. All areas in contact with the geomembrane shall be rounded with a 
minimum 150mm (6 in) radius so as to avoid sharp bends in the geosynthetic. No loose soil 
shall be allowed to underlie the geomembrane in the anchor trench. All CQA and CQC activities 
shall continue through the anchor trench. 

Geosynthetics shall be anchored as shown on the Drawings. The backfill material and placement 
method shall be as described in Specification 0600X-SP-C0072. 

3.3 GEOMEMBRANE PLACEMENT - HDPE GEOMEMBRANE 

3.3.1 Field Panel Identification 

A field panel is the unit area of geomembrane that is to be seamed in the field. 

a. A field panel is a roll or a portion of roll cut in the field that is in intimate contact 
with the underlying material (as opposed to a patch). 

The CQA Subcontractor and SUBCONTRACTOR shall agree on a numbering system and assign 
each field panel an "identification code" consistent with the layout plan. This field panel 
identification code shall be as simple and logical as possible. (Note that roll numbers assigned in 
the manufacturing plant are usually cumbersome and are not related to location in the field.) 
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The CQA Subcontractor will establish a table or chart showing correspondence between roll 
numbers, factory panels, and field panel identification codes. The field panel identification code 
shall be used for CQC and CQA. 

3.3.2 Field Panel Placement 

3 .3 .2.1 Location. Field panels shall be installed at the locations indicated in the 
SUBCONTRACTOR layout plan, approved by the CONTRACTOR with white side up. 

3.3.2.2 Installation Schedule. Panels deployed shall be continuously welded the same day 
deployed. 

3.3.2.3 Geomembrane Handling and Placement 

a. The SUBCONTRACTOR shall handle geomembranes in such a manner as to 
ensure it is not damaged. 

b. In the presence of wind, exposed geomembrane shall be weighted with ultraviolet 
resistant sandbags or as approved. Sandbags shall be installed during placement 
and shall remain until replaced with cover material. CONTRACTOR' s equipment 
shall not be used to weight down geomembranes. 

d. Geomembranes shall be cut using an approved geomembrane cutter only. 
Underlying geosynthetic materials shall not be damaged during cutting. 

e. After installation, the geomembrane shall be examined over its entire surface to 
ensure that no potentially harmful foreign objects, such as needles, rocks, debris, 
etc are present. Any foreign objects encountered shall be removed. 

g. Vehicles will not be permitted on geomembrane unless approved by 
CONTRACTOR. 

3.3.3 Placement Conditions 

Geomembrane placement shall not proceed at an ambient temperature below O degrees C (32 
degrees F) or above 40 degrees C (104 degrees F) as measured 300 mm (12 inches) above the 
·geomembrane surface, unless otherwise authorized by the CONTRACTOR. Geomembrane 
placement shall not be done during any precipitation, in the presence of excessive moisture (e.g., 
snow, ice, fog, dew), in an area of ponded water, or in the presence of winds over 20 mph. 
Placement methods shall prevent damage to underlying admix or geosynthetic materials. Driving 
directly on any.geosynthetic layer is not allowed, unless approved in advance by the 
CONTRACTOR as part of the installation plan. 
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The SUBCONTRACTOR and the CQA Subcontractor shall inspect each panel, after placement 
and prior to seaming, for damage. The CQA Subcontractor will advise the SUBCONTRACTOR 
which panels,· or portions of panels, shall be rej e_cted, repaired, or accepted. Damaged panels or 
portions of damaged panels that have been rejected shall be removed from the work area. 
Repairs shall be made according to procedures approved by the CONTRACTOR. 

3.4 FIELD SEAMING 

3.4.1 Seaming Equipment and Products 

Double-wedge fusion welding shall be used for field seaming geomembrane panels. Extrusion 
welding shall be limited to repairs and tie-ins. Proposed alternate processes shall be documented 
and submitted to the CONTRACTOR for approval. Only equipment that has been specifically 
approved by make and model shall be used. 

3.4.1.1 Extrusion Process. The extrusion-welding machine shall be equipped with gages 
capable of measuring the temperature at the nozzle or the preheat temperature. 

The SUBCONTRACTOR shall proyide documentation regarding the extrudate to the CQA 
Subcontractor and shall certify that the extrudate is compatible with these Specifications and is 
comprised of the same resin type as the geomembrane sheeting. 
The SUBCONTRACTOR shall comply with the following: 

a. Maintain a sufficient number of spare operable seaming machines ( at least two · 
spare extrusion seaming machines) on site to ensure continuous operation. Spare 
parts and consumables also shall be maintained on site. 

b. The equipment used for seaming shall not damage the geomembrane. 

c. The extruder shall be purged prior to beginning a seam until heat-degraded 
extrudate has been removed from the barrel. 

d. Seaming machine and support equipment ( electric generators, miscellaneous 
tools, etc.) shall be placed on a smooth geomembrane rub sheet base such that no 
damage occurs to the geomembrane. 

e. Grinding shall be completed no more than 1 hour prior to seaming .. 

f. A smooth insulating plate or fabric shall be placed beneath the hot welding 
machine after usage. 

g. The geomembrane shall be protected from damage. 
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3.4.1.2 Fusion Process. The fusion-welding machines shall be automated self-propelled 
devices. The fusion-welding machines shall be equipped with gauges giving the applicable 
temperatures. 

The SUBCONTRACTOR shall comply with the following: 

a. Maintain a sufficient number of spare operable seaming machines ( at least two 
spare fusion seaming machines) on site to ensure continuous operations. Spare 
parts and consumables also shall be maintained on site. 

b. The equipment used for seaming shall not damage the geomembrane. 

c. The seaming machine and support equipment ( electric generators, compressors, 
vacuum pumps, miscellaneous tools, etc.) shall be placed on a smooth 
geomembrane rub sheet base such that no damage occurs to the geomembrane. 

d. A smooth insulating plate of fabric shall be placed beneath the hot welding 
machine after usage. 

e. The geomembrane shall be protected from damage. 

f. A movable protective layer may be used directly below each overlap of 
geomembrane to be seamed to prevent buildup of moisture between the sheets. At 
no time can this protective layer be left in place. 

3.4.2 Seam Layout 

The SUBCONTRACTOR shall provide the CONTRACTOR and the CQA Subcontractor with a 
seam layout drawing, i.e., a drawing of the facility to be lined showing expected seams. The 
CQA Subcontractor will review the seam layout drawing and confirm that it is consistent with 
accepted state of practice. No panels shall be seamed in the field without the CONTRACTOR's 
approval. No panels not specifically shown on the seam layout drawing shall be used without 
the CONTRACTOR's prior approval. 

In general, seams shall be oriented parallel to the line of maximum slope, i.e., oriented along, not 
across, the slope and over laps shall be shingled down the slope. In comers and odd-shaped 
geometric locations, the number of seams shall be minimized. On the landfill floor, no 
horizontal seam shall be less than 1.52 m (5 ft) from the toe of the slope, or other area of 
potential stress concentrations, unless otherwise authorized by the CONTRACTOR. The 
geomembrane shall not have horizontal seams on the side slopes. 

Seams shall be aligned to produce the fewest possible number of wrinkles and "fishmouths." 
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A seam numbering system consistent with the panel numbering system shall be established by 
the CQA Subcontractor and SUBCONTRACTOR 30 days prior to liner installation. This system 
shall be submitted to the CONTRACTOR. 

3.4.3 Weather Conditions for Seaming 

The allowable weather conditions for seaming are as follows: 

a. Unless authorized in writing by the CONTRACTOR, no seaming shall be 
attempted at ambient temperatures below O degrees C (32 degrees F) or above 40 
degrees C (104 degrees F) as measured 300 mm (12 inches) above the liner. The 
CQA Subcontractor will confirm that these weather conditions are fulfilled and 
will advise the SUBCONTRACTOR if they are not. The CONTRACTOR will 
then decide if the installation will be postponed or if modified procedures shall be 
used. 

b. The geomembrane shall be dry, protected from wind, and free of dust. 

If the Installer wishes to use methods that will allow seaming at ambient temperatures below 
0 degrees C (32 degrees F), the SUBCONTRACTOR shall certify in writing that the quality of 
the seams welded at these temperatures is the same as the quality of seams welded at 
temperatures above O degrees C (32 degrees F) as measured 300mm (12 inches) above the 
geomembrane surface, unless otherwise authorized by the CONTRACTOR. In addition, if the 
SUBCONTRACTOR wishes to seam at ambient temperatures below O degrees C (32 degrees F) 
the following conditions shall be satisfied in addition to the general seaming procedures: 

a. For extrusion welding, preheating shall be performed. Preheating may be waived, 
if it is demonstrated to the satisfaction of the CQA Subcontractor that welds of 
equivalent quality may be obtained without preheating. 

b. Preheating equipment shall be approved by the CONTRACTOR prior to use. 

c. Sheet grinding, if required, may be performed before preheating. 

d. The CQA Subcontractor will observe areas of the geomembrane that have been 
preheated to determine if subjected to excessive melting. 

e. The SUBCONTRACTOR and CQA Subcontractor shall confirm that 
geomembrane surface temperatures have not decreased below the minimum 
specified for welding, due to wind or other adverse conditions. Wind protection 
for the seam area may be required by the SUBCONTRACTOR. 

f. Trial seams shall be made in the immediate area where seaming will occur, under 
the same sub grade and same ambient temperature and preheating conditions as 
the actual seams. New trial seams shall be made if the ambient temperature 
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decreases by more than 3 degrees C (5 degrees F) from the previous trial seam 
conditions. Such new trial seams shall be conducted at the end of the seam in 
progress during the temperature drop. 

g. Additional destructive seam tests may be performed by the SUBCONTRACTOR 
at the CQA Subcontractor's discretion. 

h. The SUBCONTRACTOR shall test sample coupons cut from each end of the 
seam. The CQA Subcontractor will observe the installer testing these coupons in 
the field. 

1. Testing required by these Specifications or the CQA Plan shall also be performed 
on seams fabricated at temperatures below O degrees C (32 degrees F). 

3.4.4 Seam Preparation 

3.4.4.1 Cleaning. Prior to seaming, the seam area shall be clean and free of moisture, dust, dirt, 
debris of any kind, and foreign material. Special attention shall be paid to cleaning the existing 
geomembrane at tie-in locations. Cleaning shall not damage the liner. 

3.4.4.2 Overlap. Cross slope seams on both the trench floor and sidewalls shall be overlapped 
so that liquids are not trapped, i.e., seams shall be shingled downslope. 

If seam overlap grinding is required, the process shall be completed according to the 
Geomembrane Manufacturer's instructions within one hour of the seaming operation and not 
damage the geomembrane. SUBCONTRACTOR shall submit procedures to perform seam 
grinding. 

Panels of geomembrane shall have a finished overlap as recommended by the manufacturer. 
However, in any event sufficient overlap shall be provided to allow peel and shear tests to be 
performed on the seam. 

3.4.4.3 Use of solvents. No solvent or adhesive shall be used. 

3.4.4.4 Temporary Bonding. The procedure used to temporarily bond adjacent panels together 
shall not damage the geomembrane; in particular, the temperature of hot air at the nozzle of any 
spot welding apparatus shall be controlled such that the geomembrane is not damaged. 

3.4.5 General Seaming Procedures 

The general seaming procedure used by the SUBCONTRACTOR shall be as follows: 

a. Seaming shall extend to the outside edge of panels to be placed in the anchor 
trench. 
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b. 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. 

c. If seaming operations are carried out at night, 5 foot-candles of lighting is 
required by OSHA and shall be provided by SUBCONTRACTOR for workers as 
well as the CONTRACTOR and CQA Subcontractor. 

d. "Fishmouths" or wrinkles at the seam overlaps shall be cut along the ridge of the 
wrinkle in order to achieve a flat overlap. The cut "fishmouths" or wrinkles shall 
be seamed, and any portion where the overlap is inadequate shall then be patched 
with an oval or round patch of the same geomembrane extending a minimum of 
150 mm (6 in.) beyond the cut in each direction. 

e. When seaming of the geomembrane liner has been completed and prior to placing 
overlying materials, the CQA Subcontractor will observe the geomembrane for 
wrinkles. The SUBCONTRACTOR and CQA Subcontractor will indicate which 
wrinkles shall be cut and seamed or otherwise repaired by the 
SUBCONTRACTOR. The resulting seam(s) shall be tested like any other seam. 

f. Geomembrane in sump areas shall be installed and tested. Extreme care shall be 
taken while welding around appurtenances since neither nondestructive nor 
destructive testing may be feasible in these areas. The Installer shall ensure that 
the geomembrane is not visibly damaged during installation. 

3.5 GEOMEMBRANE SEAM TESTING 

Training and qualification procedures and records shall be submitted to the CONTRACTOR. 

SUBCONTRACTOR shall submit vacuum, air, and non destructive testing procedures for 
CONTRACTOR approval. 

Testing records shall be maintained by the S.UBCONTRACTOR and be available for CQA 
Subcontractor and CONTRACTOR inspection. 

3.5.1 Trial Seams 

Trial seams .shall be made on fragment pieces of geomembrane liner to verify that seaming 
conditions are adequate. Trial seams shall be made at the beginning of each seaming period, and 
at least once each four hours, for each seaming machine and operator used that day. This 
frequency may be increased at the direction of the CQA Subcontractor. Trial seams shall be 
made under the same conditions and on the same subgrade as actual seams. 

Trial welds shall be conducted for different material types. (i.e. smooth to smooth, smooth to 
textured and textured to textured) 
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The trial seam sample shall be at least 0.61 m (2 ft) long by 0.30 m (1 ft) wide (after seaming) 
with the seam centered lengthwise. Seam overlap shall be as indicated in this Technical 
Specification 

Four adjoining specimens, each 25 mm (1 in.) wide, shall be cut from the trial seam sample by 
the SUBCONTRACTOR. The specimens shall be alternately tested in shear and peel using a 
field tensiometer, and they shall not fail in the seam. If a specimen fails, the entire trial seaming 
operation for the failed configuration shall be repeated. If the additional specimen fails, th~ 
seaming apparatus and seamer shall not be accepted and shall not be used for seaming until the 
deficiencies are corrected and two consecutive successful full trial seams are achieved. Records 
of trial seam testing shall be maintained by the SUBCONTRACTOR and be available for CQA 
Subcontractor and CONTRACTOR inspection. 

Test equipment shall be in calibration and conform to manufacturer's specifications. The 
SUBCONTRACTOR shall provide the CONTRACTOR with current calibration certificates. 

3.5.2 Nondestructive Seam Continuity Testing 

3.5.2.1 General. The SUBCONTRACTOR shall nondestructively test field seams over their 
full length using a vacuum test unit, air pressure test (for double fusion seams only), or other 
approved method. Vacuum testing and air pressure testing are described below. The purpose of 
the nondestructive test is to check the continuity of seams. It does not provide any information 
on seam strength. Continuity testing shall be done as the seaming work progresses. 

Any seams that fail nondestructive testing shall be repaired in accordance with these 
. Specifications. Seams that cannot be nondestructively tested because of seam geometry shall be 
double welded or capped. Records of repair seam testing shall be maintained by the 
SUBCONTRACTOR and be available for CQA Subcontractor and CONTRACTOR inspection. 

Test equipment shall be in calibration and conform to manufacturer's specifications. The 
SUBCONTRACTOR shall submit current calibration certificates. 

3.5.2.2 Vacuum Testing (ASTM D5641). The equipment shall be comprised of the following: 

a. 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 gage. 

b. A steel vacuum tank and pump assembly equipped with a pressure controller and 
connections. 

c. A rubber pressure/vacuum hose with fittings and connections. 

d. A bucket and wide paint brush. 
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a. Energize the vacuum pump and reduce the tank pressure to a minimum of 127 
mm (5 in.) of mercury. 

b. Wet a strip of geomembrane approximately 0.30 m (12 in.) wide by 1.2 m (48 in.) 
long with the soapy solution. The soapy solution shall not dry before the area is 
vacuum tested. 

c. Place the vacuum box over the test area. 

d. Close the bleed valve and open the vacuum valve. 

e. Ensure that a leak tight seal is created. 

f. For a period of not less than 10 seconds, examine the geomembrane through the 
viewing window for the presence of soap bubbles. 

g. · If no bubble appears after IO seconds, close the vacuum valve and open the bleed 
valve, move the box over the next adjoining area with a minimum 76 mm (3 in.) 
overlap, and repeat the process. 

h. Areas where soap bubbles appear shall be marked and repaired in accordance with 
the Technical Specifications. 

3.5.2.3 Air Pressure Testing (ASTM D5820). The following procedures are applicable only to 
those processes that produce a double seam with an enclosed air channel. All double seams with 
an enclosed air channel shall be air pressure tested. 

The equipment shall be comprised of the following: 

a. An air pump (manual or motor driven) capable of generating and sustaining a 
pressure of at least 276 kPa (40 psi). 

b. A rubber hose with fittings and connections. 

c. A sharp hollow needle, or other approved pressure feed device. 

d. A calibrated pressure gage in 6.9 kPa (1 psi increments) capable ofreading 
pressures up to 40 psi. 
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The following procedures shall be used: 

a. Seal both ends of the seam to be tested. 

b. Insert needle with pressure gauge, or other approved pressure feed device, into the 
air channel created by the fusion weld. 

c. Energize the air pump and pressurize the channel to a minimum of 207 kPa (30 
psi). Close the valve and sustain the pressure for a minimum of 5 minutes. 

d. If loss of pressure exceeds 2 psi, or does not stabilize, locate faulty area and repair 
in accordance with this section. If, in the judgment of the CQA Subcontractor, 
significant changes in geomembrane temperature occur during the test (e.g., due 
to cloud cover), the test shall be repeated after the geomembrane temperature has 
stabilized. 

e. Cut end of seam opposite to the pressure gage and observe that the pressure drops. 
If the pressure does not drop, locate the obstruction(s) in the seam, repair, and 
retest seam. 

f. Remove needle or other approved pressure feed device and repair seam. 

g. Gauges shall be calibrated annually, at the project beginning, and at the discretion 
of the CONTRACTOR. 

3.5.3 Destructive Seam Strength Testing 

3.5.3.1 General. Destructive seam tests shall be performed at selected locations. The purpose 
of these tests is to evaluate seam strength . . Seam strength testing shall be done as the seaming 
work progresses. The samples shall meet the requirements of the table titled "Required Seam 
Properties". 

Test equipment shall be in calibration and conform to manufacture's specifications. The 
SUBCONTRACTOR shall submit current calibration certificates. 

3.5.3.2 Location and Frequency. The CQA Subcontractor will select locations where seam 
samples shall be removed for laboratory testing by the SUBCONTRACTOR. 

Sampling frequency shall be a minimum of one sample per 152 m (500 ft) of seam length per 
welding machine per day (this minimum frequency shall be determined as an average taken from 
the panels, including welds for caps), or a minimum of two samples per factory panel, whichever 
gives the largest number of samples. This frequency may be increased at the discretion of the 
CQA Subcontractor or CONTRACTOR. 
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3.5.3.3 Sampling Procedures. Samples shall be cut by the SUBCONTRACTOR as the seaming 
progresses to provide laboratory test results before completion of installation. The 
SUBCONTRACTOR shall assign a number to each sample, mark it accordingly, and record the 
sample location on the layout drawing. 

Holes in the geomembrane resulting from destructive seam sampling shall be immediately 
repaired in accordance with repair procedures. The continuity of the new seams in the repaired 
area shall be tested as described in this Technical Specification. 

3.5.3.4 Sample Size. The samples shall be 300 mm (12 in.) wide by 1,060 mm (42 in.) long 
with the seam centered lengthwise. One 25 mm (1 in.) wide stri(> shall be cut from each end of 
the samples, and these shall be tested in the field as described below. The remaining sample 
shall be cut into three parts and distributed as follows: 

a. One portion to the SUBCONTRACTOR for laboratory testing at his discretion, 
300 mm x 300 mm (12 in. x 12 in.). 

b. One portion to the CONTRACTOR for archive storage, 300 mm x 300 mm (12 
in. x 12 in.). 

c. One portion to the CQA Subcontractor for laboratory testing, 300 mm to 400 mm 
(12 in. x 16 in.). 

3.5.3.5 Field Testing. The two 25 mm (1 in.) wide strips described above shall be tested in the 
field by tensiometer for peel and shear and shall not fail in the seam if any test sample fails to 
pass, then the procedures outlined below (Procedures for Destructive Test Failure) shall be 
followed. 

The CQA Subcontractor will mark samples and portions with their number. The CQA 
Subcontractor will also record the date and time, ambient temperature, number of seamiiig unit, 
name of seamer, welding apparatus temperatures and pressures, and pass or fail descriptions, and 
attach a copy to each sample portion. 

3.5.3.6 Procedures for Areas Failing Destructive Tests. The following procedures shall apply 
whenever a sample fails a destructive test, whether that test is conducted by the CQA 
Laboratory, the SUBCONTRACTOR's laboratory, or by field tensiometer. The 
SUBCONTRACTOR has two options: 

a. Cap the seam between any two passing test locations, or 

b. Trace the seam to two intermediate locations 3.0 m (10 ft) minimum from the 
point of the failed test in each direction and take a small sample for an additional 
field test at each location. If these additional samples pass the test, then full 
samples shall be taken for CQA laboratory testing. If these laboratory samples 
pass the tests, then the seam shall be capped between these locations if either 
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sample fails, then the sampling and testing process shall be repeated to establish 
the zone over which the seam shall be capped. · 

When possible all acceptable capped seams shall be bounded by two locations from which 
samples passing CQA laboratory destructive tests have been taken. If all welding for one a 
machine has been capped, it is not always possible to get a passing sample. The CQA 
Subcontractor will decide whether or not taking a sample from the capping seam for destructive 
testing is warranted. 

3.6 REPAIRS 

3.6.1 General 

Any portion of the geomembrane exhibiting a flaw or failing a destructive or nondestructive test 
shall be repaired. Repairs shall be conducted in accordance with this technical specification and 
shall be subjected fo the nondestructive seam testing procedures. 

Each patch or other type of repair shall be numbered and recorded and documentation shall be 
reviewed and approved by the CQA Subcontractor. 

SUBCONTRACTOR training and qualification procedures and records shall be submitted to the 
CONTRACTOR. 

SUBCONTRACTOR shall submit repair procedures for CONTRACTOR approval. 

Repair records shall be maintained by the SUBCONTRACTOR and be available for CQA 
Subcontractor and CONTRACTOR inspection. · 

Repairs are to be performed at the SUBCONTRACTOR' s expense. 

3.6.2 Repair Procedures 

Several procedures exist for repair. The decision as to the appropriate repair procedure, 
materials, and equipment shall be agreed upon in advance between the SUBCONTRACTOR, 
and CQA Subcontractor. Potentially acceptable procedures include: 

a. .Patching, used to repair large holes, tears, undispersed raw materials, and 
contamination by foreign matter. 

b. Grinding and rewelding, used to repair small sections (typically with a maximum 
length of no more than several inches) of extruded seams. 

c. Spot welding or seaming used to repair pinholes or other minor, localized flaws. 

d. Capping; used to repair large lengths of failed seams. 
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e. Topping, used to repair areas of inadequate seams, which have an exposed edge. 

f. Removing bad seam and replacing with a strip of new material welded into place, 
used with large lengths of fusion seams. 

For repair methods, the following provisions shall be satisfied as applicable: 

a. Surfaces of the geomembrane that are to be repaired by extrusion welding shall be 
abraded no m<;>re than one hour prior to the repair. 

b. Surfaces shall be clean and dry at the time of the repair. 

c. Patches or caps shall extend at least 150 mm (6 in.) 1:feyond the edge of the defect, 
and each corner of a patch or cap shall be rounded with a radius of at least 75 mm 
(3 in.). 

d. The geomembrane below large caps shall be appropriately cut to avoid water or 
gas collection between the two sheets. 

3.6.3 Verification of Repairs 

Each repair shall be numbered and recorded. Each repair shall be nondestructively tested using 
the methods described in this Technical Specification. Large caps may be of sufficient extent to 
require destructive test sampling, at the discretion of the CQA Subcontractor. Repairs that fail 
nondestructive or destructive tests shall be redone and retested until a passing test is obtained. 
The CQA Subcontractor shall observe non-destructive testing of repairs and will record the 
number of each repair, date, and test results. CQA Subcontractor will determine if destructive 
samples are required on any repairs. 

3.7 MATERIALS IN CONTACT WITH GEOMEMBRANE 

Requirements of this section apply to geomembranes that are directly in contact with overlying 
soil or are covered with a layer of geotextile or geocomposite. 

The requirements of this section are intended only to assure that the installation of other 
materials does not damage the geomembrane. Additional requirements as established in other 
sections of these specifications are to assure that systems built with these other materials are 
constructed in such a way as to provide proper performance. 

3.7.1 Temperature 

Do not place granular materials on the geomembrane at ambient temperatures below 0 degrees C 
(32 degrees F) or above 40 degrees C (104 degrees F) as measured 300mm (12 inches) above the 
geomembrane surface. 
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Equipment used for placing granular material shall not be driven directly on the geomembrane. 
A minimum thickness of 0.30 m (1 ft) of granular material shall be maintained between 
placement equipment and the geomembrane. A minimum thickness of 0.91 m (3 ft) of granular 
material shall be maintained between rubber-tired hauling vehicles and the geomembrane. 

3. 7.3 Spreading Equipment 

Equipment used for placing or spreading granular material shall be as specified in 0600X-SP­
C0069. 

3.7.4 Spreading Operations 

Equipment used for spreading granular material shall be as specified in 0600X-SP-C0069. 
Placement of operations layer soil materials on the geomembrane will not be allowed within 15 
m (50 ft) of any unseamed edge of geomembrane. 

3.8 LINING SYSTEM ACCEPTANCE 

The SUBCONTRACTOR shall retain ownership of and responsibility for the lining system until 
acceptance by the CONTRACTOR. 

The geosynthetic lining system will be accepted by the CONTRACTOR when the following 
requirements have been satisfied: 

a. The installation is finished. 

b. Verification of the adequacy of field seams and repairs, including associated 
testing is complete. 

c. A written construction report, including "as built" drawings and installation 
documents and CQC documents have been prepared by the CQA Subcontractor, 
sealed by a registered professional engineer, and approved by the 
CONTRACTOR. 

d. The requirements of the GENERAL CONDITION titled FINAL INSPECTION 
AND ACCEPTANCE have been satisfied. 

e. SUBCONTRACTOR records, submittals, etc. are provided. 
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3.9 GEOTEXTILES 

3.9.1 Installation Plan 

The SUBCONTRACTOR shall submit a plan describing the proposed methods for geotextile 
unloading, storage, deployment, panel layout, seaming, testing, repair, and protection. The plan 
shall include a quality assurance program (training, qualifications, procedures, records, 
oversight/peer review, etc.) for the SUBCONTRACTOR's activities related to geotextile 
installation. 

Materials and work that fail to meet the requirements of this specification section for geotextiles 
shall be removed and disposed of at the SUBCONTRACTOR's expense. This includes 
geotextile rolls that are not labeled or where the label has deteriorated to the point of being 
illegible. 

3.9.2 Geotextile Handling and Placement 

a. The SUBCONTRACTOR shall handle geotextiles in such a manner as to ensure 
that they are not damaged. Do not drag the geotextile across textured 
geomembrane. If necessary, use a smooth slip sheet under the textile. Position 
the geotextile after deployment and remove the slip sheet, if used. 

b. Place geotextiles in a manner that prevents folds and wrinkles. Folds or wrinkles 
shall be pulled smooth prior to seaming. 

c. In the presence of wind, exposed geotextiles shall be weighted with ultraviolet 
resistant sandbags or as approved. Sandbags shall be installed during placement 
and shall remain until replaced with cover material. 

d. Geotextiles shall be cut using an approved geotextile cutter only. Underlying 
geosynthetic materials shall not be damaged during cutting. 

e. During geotextile placement, stones, excessive dust, or moisture that could 
damage the geomembrane, clog drains or filters, or hamper subsequent seaming 
shall be removed 

f. After installation, the geotextile shall be examined over its entire surface to ensure 
that no potentially harmful foreign objects, such as needles, rocks, debris, etc are 
present. Any foreign objects encountered shall be removed. 

g. Vehicles shall not be permitted on the geotextile unless approved by 
CONTRACTOR. 

h. If light colored geotextile is used, precautions shall be taken against 
"snowblindness" of personnel. 
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1. After deployment, geotextile shall be covered to prevent exposure to ultraviolet 
(UV) radiation (sunlight) within a maximum period of 14 calendar days 2 weeks. 

3.9.3 Seaming 

a. Geotextiles shall be overlapped a minimum 75 mm (3 in.) prior to seaming. 

b. Geotextiles shall be continuously sewn (i.e., spot sewing is not allowed). 
Alternatively, single or double wedge fusion welding will be acceptable. The 
CQA requirements for welding will be the same as for sewing. Leister welding 
(spot or continuous) will not be accepted as a replacement for sewing. 

c. On the landfill floor, no horizontal seam shall be closer than 0.9 m (3 ft) to the toe 
of the slope or other areas of potential stress concentrations unless authorized in 
writing by the CONTRACTOR. 

d. Areas to be seamed shall be clean and free of foreign material. 

e. Sewing shall be done using polymeric thread with chemical resistance properties 
equal to or exceeding those of the geotextile, or as approved by the 
CONTRACTOR. 

f. Sewing shall be done using a sewing machine that creates a chain stitch. When 
entering and exiting a seam, the stitches shall be overlapped to prevent 
unraveling. 

e. SUBCONTRACTOR training and qualification procedures for sewing shall be 
submitted to the CONTRACTOR. 

3.9.4 Geotextile Repair 

Any holes or tears in the geotextile shall be repaired as follows: 

a. Remove any soil or other material that may have penetrated the tom geotextile. 

b. A patch made from the same geotextile shall be double seamed into place with the 
seams 6.4 to 19 mm (1/4 in. to 3/4 in.) apart and no closer than 25 mm (1 in.) 
from any edge. The patch shall extend at least 12 inches beyond the edges of the 
damaged area. Seaming shall be in accordance with paragraph 3.9.3 of this 
section. 
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The SUBCONTRACTOR shall place soil materials located on top of a geotextile in such a 
manner as to ensure that the following conditions are satisfied: 

a. No damage to the geotextile. 
b. Minimal slippage of the geotextile on underlying layers. 
c. No excess tensile stresses in the geotextile. 

3.10 GEOCOMPOSITES 

Materials and work that fail to meet the requirements of these specifications shall be removed, 
disposed of, and replaced at the SUBCONTRACTOR's expense. 

3.10.1 Installation Plan 

The SUBCONTRACTOR shall submit a plan describing the proposed methods for geocomposite 
unloading, storage, deployment, panel layout, seaming, testing, repair, and protection. The plan 
shall include a quality assurance program (training, qualifications, procedures, records, 
oversight/peer review, etc.) for the SUBCONTRACTOR's activities related to geocomposite 
installation. 

3.10.2 Handling and Placement 

a. The SUBCONTRACTOR shall handle geocomposites in such a manner as to 
ensure that these materials are not damaged. 

b. Clean geomembrane surface prior to placing geocomposite to remove dust, dirt 
and debris. · 

c. On slopes, geocomposite may be deployed over slip-sheets with the roll at the top 
of the slope. An alternative method is to secure the geocomposite and then roll it 
down slope in a manner to continually keep it in tension if necessary, position the 
geocomposite after deployment to minimize wrinkles and remove the slip sheet, if 
used. 

d. Do not drag the geocomposite across textured geomembrane. 

e. In the presence of wind, exposed geocomposites shall be weighted with ultraviolet 
resistant sandbags or equivalent. Sandbags shall be installed during geocomposite 
placement and shall remain until replaced with cover material. 

f. Unless otherwise specified, geocomposites shall not be welded to geomembranes. 

g. Geocomposites shall only be cut using approved cutting tool. 
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h. The SUBCONTRACTOR shall take necessary precautions to prevent damage to 
underlying layers during plac~ment of the geocomposite. 

1. During placement of geocomposites, care shall be taken not to entrap 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 geocomposite, it shall be cleaned prior to placement of the next material on 
top of it. 

J. Vehicles shall not be permitted on the geocomposite unless approved by 
CONTRACTOR. 

k. Tools shall not be left on or under the geocomposite. 

1. In geocomposites, tearing the geotextile away from the geonet shall not be 
allowed except at seam locations in corners as approved by the CQA 
Subcontractor. 

m. After deployment, geocomposite shall be covered to prevent exposure to 
ultraviolet (UV) radiation (sunlight) within a maximum period of 14 calendar 
days. 

3.10.3 Joining 

a. Adjacent sections of geocomposite shall be overlapped according to 
manufacturer's directions. 

b. Overlaps shall be secured by tying. Acceptable tying devices include plastic 
fasteners, or polymer braid. Tying devices shall be white or yellow for easy 
observation. Metallic joining devices are not allowed. 

c. Overlaps shall be secured every 1.5 m (5 ft) along slopes and on the floor of the 
landfill. Along end-to-end seams, spot weld and tie 2 rows 75 mm (3 in.) apart. 
Spot weld and tie each row at 150 mm (6 in.) intervals; stagger weld or ties 
between rows. 

d. No horizontal seams shall be allowed on side slopes provided rolls can be 
manufactured to sufficient length. If required because of manufacturing 
limitation end seams shall·be staggered. 

e. If more than one layer of geocomposite is installed, joints shall be staggered. 

f. Top geotextile component of the geocomposite shall be sewn. 
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b. Cut a piece of geocomposite to fit over the repair area. Geocomposite shall fit 
over repair area and shall be tied similar to end to end seams. 

c. Remove any dirt or other foreign material that may have entered the 
geocomposite. 

d. Geocomposite damage greater than 4 sq ft shall require removal of full roll width 
of damaged area. 

3.10.5 Materials in Contact with Geocomposites 

The SUBCONTRACTOR shall place soil materials located on top of a geocomposite layer in 
such a manner as to ensure that the following conditions are satisfied: 

a. No damage to the geocomposite. 
b. No slippage of the geocomposite on underlying layers. 
c. No excess tensile stresses in the geocomposite. 

Placement of soil materials shall begin at the bottom of side slopes and progress upslope or 
laterally at about the same elevation such that a full layer of material is covering the 
geosynthetics downslope from the area being covered. 

3.11 GEOSYNTHETIC PENETRATIONS 

Geosynthetic penetrations shall be installed per ASTM D6497. 

3.12 QUALITY ASSURANCE/QUALITY CONTROL 

Construction Quality Control and testing requirements are provided in Construction Quality 
Requirements, Specification No. 0600X-SP-G0037. 

At locations where the field testing conducted by the SUBCONTRACTOR, CONTRACTOR or 
CQA Subcontractor indicates that conditions are outside the acceptable limits of the 
specifications, the failing area shall be reworked or removed and replaced. These areas shall be 
retested and the repair process repeated as necessary until passing results are achieved. 

Records shall include, but not be limited to the following: 

(1) Calibration of seaming and testing equipment. Calibration shall be at manufacturers' 
recommended intervals or whenever rough handling, damage, or other factors indicate 
that accuracy may have been compromised. Methods used for calibration shall conform 
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to manufacturers' recommendations. Secondary standards shall be traceable to national 
standards. 

Copies in duplicate of these records and tests, as well as records of corrective action taken when 
results are unsatisfactory shall be furnished to the CONTRACTOR within one working day 
following the inspection or test. 
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High Density Polyethylene (HDPE) Geomembrane - 60 mil Textured 

Properties Test Manufacturer Required Test Values 
Method QC Test 

Frequencv 
Thickness (min. avg.) ASTMD5994 1 per Roll 60mil 

• Minimum individual 57mil 
Asperity Height GRIGM-12 1 per 50,000 sf 20 mil 
(min. avg. )(1) 
Sheet Density ASTMD792 or 1 per 50,000 sf 0.949 glee 
(min) ASTMD1505 
Tensile Properties (2) ASTMD6693 1 per 50,000 sf 
(min. avg.) 

• Yield strength 126 lb/in 

• Break strength 90 lb/in 

• Yield elongation 12% 

• Break elongation 110% 

Tear Resistance ASTMD1004 1 per 50,000 sf 42 lbs 
(min. avg.) DieC 
Puncture Resistance ASTMD4833 1 per 50,000 sf 90 lbs 
(min. avg.) 
Stress Crack Resistance (3) ASTMD5397 (12) 300 hours 

(Aoo.) 
Carbon Black Content ASTMD1603 1 per 50,000 sf 2-3% 
(range) (4) 
Carbon Black Dispersion (5) ASTMD5596 1 per 50,000 sf Category 1,2,or 3 (5) 

Oxidative Induction Time 
(OIT) (min. avg.) (6) (11) 

• Std. OIT, or ASTMD3895 100 min. 

• High Pressure OIT ASTMD5885 400min 
Oven Aging at 85 C (6)(7) ASTMD5721 

• Std OIT (min. avg.),% ASTMD3895 (11) 55% 
retained after 90 days 

or 

• High Pressure OIT (min . ASTMD5885 80% 
avg.), % retained after 
90 days 

UV Resistance (8) GRIGM-11 

• Std. OIT (min. avg.), or ASTMD3895 (11) (9) 

• High Pressure OIT ASTMD5885 50% 
(min. avg.) % retained 
after 1600 hrs (10) 
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(2) Machine direction (MD) and cross machine direction (XMD) average values shall be on the 
basis of 5 test specimens each direction. 
• Yield elongation is calculated using a gage length of 1.3 inches 
• Break elongation is calculated using a gage length of2.0 inches. 

(3) The SP-NCTL test is not appropriate for testing geomembranes with textured or irregular 
rough surfaces. Test shall be conducted on smooth edges of textured rolls or on smooth 
sheets made from the same formulation as being used for the textured sheet materials. 

(4) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable if an 
appropriate correlation to D 1603 (tube furnace) can be established. 

(5) Carbon black dispersion (only near spherical agglomerates) for 10 different views: 
• 9 in Categories 1 or 2, and 
• 1 in Category 3. 

(6) The manufacturer has the option to select either one of the OIT methods listed to evaluate · 
the antioxidant content in the geomembrane. 

(7) It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day 
response. 

(8) The condition of the test shall be 20 hr. UV cycle at 75 C followed by 4 hr. condensation at 
60C. 

(9) Not :recommended since the high temperature of the Std-OIT test produces an unrealistic 
result for some of the antioxidants in the UV exposed samples. 

(10) UV resistance is based on percent retained value regardless of the original HP-OIT value. 
(11) Manufacturer may provide certification letter per resin formulation. 
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High Density Polyethylene (HDPE) Geomembrane 100 Mil Smooth 

Properties Test Method Manufacturer Required Test 
QC Test Values 

Frequency 
Thickness (min. avg.) ASTMD5199 1 per Roll 100 mil 

• Minimum individual 97 mil 
Sheet Density ASTMD792 or 1 per 50,000 sf 0.940 glee 
(min) ASTMD1505 
Tensile Properties t1> ASTMD6693 1 per 50,000 sf 
(min. avg.) 

• Yield strength 210 lb/in 

• Break strength 380 lb/in 

• Yield elongation 12% 

• Break elongation 700% 

Tear Resistance ASTMD1004 1 per 50,000 sf 70 lbs 
(min. avg.) DieC 
Puncture Resistance ASTMD4833 1 per 50,000 sf 180 lbs 
(min. avg.) 
Stress Crack Resistance tLJ ASTMD5397 (10) 300 hours 

(App.) 
Carbon Black Content ASTMD1603 1 per 50,000 sf 2-3% 
(range) 
Carbon 1Black Dispersion l4

J ASTMD5596 1 oer 50,000 sf Category 1,2, or 3 t4
J 

Oxidative Induction Time ASTMD3895 
(OIT) (min. avg.) (S) ASTMD5885 (10) 

• Std. OIT, or 100 min. 

• High Pressure OIT 400 min. 
Oven Aging at 85 C PJt!lJ ASTMD5721 

• Std OIT (min. avg.),% ASTMD3895 55% 
retained after 90 days (10) 

or 

• High Pressure OIT (min . ASTMD5885 80% 
avg.), % retained after 
90 days 

UV Resistance l 11 · GRI GM-11 

• Std. OIT (min. avg.), or ASTMD3895 (8) 

• High Pressure OIT ASTMD5885 (10) 50% 
(min. avg.)% retained 
after 1600 hrs <9) 

' 
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(1) Machine direction (MD) and cross machine direction (XMD) average values shall be on the 
basis of 5 test specimens each direction. 
• Yield elongation is calculated using a gage length of 1.3 inches 
• Break elongation is calculated using a gage length of2.0 inches. 

(2) The yield stress used to calculate the applied load for the SP _NCTL test shall be the 
manufacturer's mean value. 

(3) Other methods such as D 4218 (muffle furnace) or microwave methods are acceptable if an 
appropriate correlation to D 1603 (tube furnace) can be established. 

(4) Carbon black dispersion (only near spherical agglomerates) for 10 different views: 
• 9 in Categories 1 or 2, and 
• 1 in Category 3. 

(5) The manufacturer has the option to select either one of the OIT methods listed to evaluate 
the antioxidant content in the geomembrane. 

(6) It is also recommended to evaluate samples at 30 and 60 days to compare with the 90 day 
response. 

(7) The condition of the test shall be 20 hr. UV cycle at 75 C followed by 4 hr. condensation at 
60C. 

(8) Not recommended since the high temperature of the Std-OIT test produces an unrealistic 
result for some of the antioxidants in the UV exposed samples. 

(9) UV resistance is based on percent retained value regardless of the original HP-OIT value. 
(10) Manufacturer may provide certification letter per resin formulation. 
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TABLE3 
REQUIRED SEAM PROPERTIES 

PROPERTY QUALIFIER UNIT 
SPECIFIED 
VALUE 1 

Physical Pronerties - Hot Wedge Seams 
Thickness Nominal Mils 60 100 
Shear Strength 21 Minimum Lb/in 120 200 
(at yield point) width 

FTB32 FTB 
Peel Adhesion Minimum Lb/in 91 151 

width 
FTB FTB 

Physical Pronerties - Extrusion Seams 
Thickness Nominal Mils 60 100 
Shear Strength 21 Minimum Lb/in 120 200 
(at yield point) width 

FTB32 FTB 
Peel Adhesion 4 Minimum Lb/in 78 130 

width 
FTB FTB 

0600X-SP-C0068 
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TEST METHOD 

ASTMD6392 

ASTMD6392 
ASTMD6392 

ASTMD6392 

ASTMD6392 

ASTMD6392 
ASTMD6392 

ASTMD6392 
l. Destructive testing shall meet specified values for all testing. Values from GRIGM-19 
2. Also called "Bonded Seam Strength". 
3. FTB = Film Tear Bond (failure occurs through intact geomembrane, not through seam). 
4. No more than 25% of the seam width can separate (peel) to be considered a passing specimen. 
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TABLE4 
REQUIRED GEOTEXTILE PROPERTIES 

PROPERTY UNIT 

Thickness 
Mass/Unit Area 
Apparent Openingc 
Size (b) 

Mils 
oz/yd2 

U.S. Sieve 

Grab Strength Lb 
Trapezoidal Tear Strength Lb 
Puncture Strength Lb 
Permittivitl sec-1 

UV Resistance % strength 
(500 hours) retained 

VALUE(a) 
TYPE A TYPEB 

80 155 
8 16 
80 

220 
95 
120 
1.5 
>70 

390 
150 
240 

>70 

Notes: (a) All values are minimum average roll values. 
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TEST METHOD 

ASTMD1777 orD5199 
ASTMD5261 
ASTMD4751 

ASTMD4632 
ASTMD4533 
ASTMD4833 
ASTMD4491 
ASTMD4355 

(b) Out-of-range values will be reviewed and can be approved by the CONTRACTOR on a case-by-case 
basis. · 

(c) Not Required for Cushion Geotextile (Type B) 
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TABLES 
REQUIRED GEONET PROPERTIES 

GEONET 
PROPERTY QUALIFIER UNIT VALUE 

Polymer composition Minimum % polyethylene 95 
Mass per Unit Area MARV<1> ozlyd2 24 
Polymer specific gravity Minimum NIA 0.94 
Polymer melt index Range g/10 min 0.1-1.1 
Carbon black content Range % 2-3 
Thickness MARV Mils 200<2> 

Notes: 
MARV= Minimum Average Roll Value. 

0600X-SP-C0068 
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TEST 

ASTMD5261 
ASTMD1505 
ASTMD1238 
ASTM D1603 or D4218 
ASTMD1777 orD5199 

(1) 
(2) Represents minimum value, a thicker geonet may be required to meet transmissivity requirement of 

geocomposite. 
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REQUIRED GEOCO:MPOSITE PROPERTIES 

PROPERTY 
Transmissivity <2l<3l 
Ply Adhesion <4) 

Notes: 

TYPE A GEOCOMPOSITE 
QUALIFIER UNIT VALUE 

MARV (I) m2/sec 1 x 10·3 

Minimum lb/in 1.0 

MARV = Minimum Average Roll Value. 

TEST 
ASTMD4716 
ASTMD7005 

(I) 
(2) Measured using water at 20°C (68°F) with a gradient ofO.l, under a compressive stress of 479 kPa (10,000 

psf) between two smooth steel plates. 
This transmissivity exceeds the regulatory requirement of3x10-5 m21 

Certify there are no un-bonded areas for the geotextile to geonet. 
(3) 
(3) 
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4. Weather Projection: 60 percent or more. 
5. Insect Screen: Manufacturer's standard 14 to 18 mesh. 
6. See Louver Schedule on Drawings for tabulation of louver characteristics. 

E. Metal Building Blanket Insulation: 

1. ASTM C991 , Type II, thickness as required to achieve a minimum R-value of 19 at 
exterior walls and 30 at roof.+ 

2. 2-mil thick white vinyl vapor barrier backing with Water Vapor Permeance Rating of 
0.1 maximum, ASTM E96, Procedure A. 

3. Flame Spread: ASTM E84, 25 or less (DOE-STD-1066-99, Section 9.3.1). 
4. Smoked Developed: ASTM E84, 50 or less (DOE-STD-1066-99, Section 9.3.1). 
5. Provide at roof and walls in R-value specified and as indicated on Drawings. 

F. Thermal Blocks: High-density, 3/4-in. thick extruded polystyrene, for installation over 
structural framing members. · 

G. Trim: Factory-formed and factory-painted ridge cap, rake trim, simple eave trim, panel 
side trim, corner trim, door trim, and all other trim as necessary. 

H. Gutter Fascia and Downspouts: 

1. Material: ASTM A653/ A653M 26-gauge galvanized steel. 

2. Gutter Fascia: 

a. Pre finish. 
b. Furnish hangers with factory-applied paint. 

3. Preformed Corner Closures: Furnish to match configuration of gable fascia. 

4. Downspouts: 

a. Configuration: Nominal 4-in. corrugated rectangular box with minimum 
11 square in. of cross-section area. 

b. Factory finish to match wall panels. 

I. Sealants and Caulking 

1. Sealants and caulking shall conform to the following: 

a. Sealant Type 4: Multipart polyurethane; ASTM C920, Type M, Grade NS, 
Class 25 ; Sonolastic NP- II, Pecora Dynatrol II, or Tremco Dymeric. 
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b. Sealant Type 6: One-part polyurethane; ASTM C920, Type S, Grade NS, 
Class 25; Sonolastic NP-I, Pecora Dynatrol I, or Tremco Dymonic. 

c. Sealant Type 9: One-part acrylic; Tremco Mono, Pecora 60+ Unicrylic, or PTI 
738. 

J. Sealant materials shall be delivered to the job in the manufacturer's original unopened 
containers. The container label or accompanying data sheet shall include the following 
information as applicable: manufacturer, name of material, formula or specification 
number, lot number, color, date of manufacture, mixing instructions, shelflife, and curing 
time at the standard conditions for laboratory tests. Materials shall be handled and stored 
to prevent inclusion of foreign materials. Materials shall be stored at temperatures 
between 4 and 27 degrees C (40 and 80 degrees F) unless otherwise specified by the 
manufacturer. Manufacturer shall also include material safety data sheets (MSDS) for 
each type of sealant used on site. 

K. Plywood 

1. Plywood Grades: U.S. Product Standard PS 1. Identify each plywood panel with 
appropriate grade trademark of APA-The Engineered Wood Association. 

Provide fire-retardant treated plywood panels with grade designation, AP A C-C 
PLUGGED EXT, 3/4 in. thick, sanded surface. 

2. Pressure treat plywood with fire-retardant chemicals in accordance with A WP A 
Recommended Practice C20 and C27, respectively, so that it has a flame spread rating 
not higher than 25 with no evidence of significant progressive combustion when 
tested for 30 minutes duration under the standard Test Method UL 723, NFP A 255, 
. and ASTM E84 and smoke developed 50 or less. Treated lumber and plywood 
labeled and tested by Underwriters ' Laboratories, Inc. showing the performance 
rating. 

3. Fasteners (Lag, Toggle, and Miscellaneous Bolts and Screws) shall conform to ASTM 
A307. Type, size, and finish best suited for intended use. Screws shall be self­
tapping type to connect to structural steel members. Finish options include zinc 
compounds, cadmium, and aluminum paint impregnated finishes. 

L. Miscellaneous: Furnish fasteners, metal-backed neoprene washers, weather stripping, 
sealants, roof jacks, roof curbs, gaskets, and other items as required for a complete 
installation. 
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2.4 FABRICATION 
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A. Factory Fabricate: To manufacturer's written standards, MBMA Low Rise Building 
Systems Manual, and AISC LRFD Specification for Structural Steel Buildings. 

B. Building Parts: Accurate and true to dimension to facilitate building erection without 
cutting, fitting, or other alterations. 

C. Welded Connections: In accordance with AWS Dl.1 and Technical Specification 0600X­
SP-C0073 Metals. 

D. Shop Primer for Primary Framing: 

1. Clean and apply one coat of manufacturer's standard primer in accordance with 
MBMA Low Rise Building Systems ManuaL 

3.0 EXECUTION 

3.1 EXAMINATION 

A. Examine supporting concrete foundation and anchor bolt placement for compliance with 
requirements for installation tolerances and other conditions affecting_performance of 
metal building. 

3.2 BUILDING ERECTION 

A. Erect building system in accordance with manufacturer's standards and instructions. 

B. Provide temporary bracing in accordance with MBMA standards and as required for safe 
installation. The metal building supplier shall incorporate permanent fall protection tie­
off points to top of crest pad building roof framing as part of building design. 

C. Structural Framing: 

1. Do not field cut or alter primary or secondary framing members. 

2. Installation and tolerances shall be in accordance with MBMA Low Rise Building 
Systems Manual. 

D. Roof and Wall Panels: 

1. Field cutting of panels by torch is not permitted. 
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2. Attach panels to structural supports to maintain a weather tight seal while allowing for 
thermal and structural movement. 

a. Install exposed fasteners in true vertical and horizontal alignment. 

b. Field seam side laps of standing seam roof panels using electrically operated 
seaming machine. 

c. Use proper tools to install screw fasteners to compress neoprene washer without 
damaging washer or stripping metal. 

3. Install manufacturer's standard joint sealants, gaskets; and closure strips as required for 
weather tight installation. 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. 
Joints shall be sealed as detailed in the drawings. Sealant shall be forced into joints with 
sufficient pressure to expel air and fill the groove solidly. Sealant shall be installed to the 
indicated depth without displacing the backing. Unless otherwise indicated, specified, 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 when and as specified by the sealant 
manufacturer. 

4. Field Cutting and Patching: Perform in manner not to impair appearance, weather 
tightness, or structural capacity of panel system. 

3.3 INSTALLATION OF SEALANTS AND CAULKING 

A. Conform to ASTM C962. 

B. Backup Rod: Install in joints wider than 3/16 in. 

C. Seal joints around doors, and louver frames, and as indicated. 

D. Apply materials in accordance with manufacturer's recommendations and instructions. 

E. Fill joints completely from back to face, without voids. 

F. Tool joints concave. 

G. Clean smears and other soiling caused by sealant. 
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H. Replace or repair to OWNER's satisfaction damaged surfaces resulting from sealing or 
cleaning. 

I. Application Schedule: 

1. Type 4 or 6: Exterior joints. 

a. Type 9: Interior joints. 

3.4 INSTALLATION OF PLYWOOD 

A. Plywood shall be applied with tight edges at side and end joints, and screwed at supported 
edges at 300 mm (12 in.) on center and at intermediate supports 300 mm (12 in.) on 
center. 

B. Fasteners of edges shall be 13 mm (1/2 in.) from the edges. Furnish where shown on 
Drawings. 

3.5 HARDWARE INSTALLATION AND PROTECTION 

A. Mounting Dimensions: Follow National Builder's Hardware Association Standard; lock 
and latch backset, 2-3/4 in. 

B. Follow manufacturer's instructions. Make Work neat and secure, developing full strength 
of components and providing intended function. 

C. Prevent marring, scratching, or otherwise damaging adjacent finishes during installation. 

D. · Set stops over solid backing after painting is complete. 

E. Cope ends of thresholds neatly to jamb profile and set in sealant, anchoring securely. 

F. Do fitting, dismantling, and reinstalling of finish hardware required before and after 
painting. 

G. After installation, adjust hardware for noise-free operation without resistance. 

H. Protect doors, frames, and hardware from damage after installation. 
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3.6 · HARDWARE SETS 
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A. Hardware sets are guide to functional requirements of each opening. Provide hardware 
complete. Size omitted shall be as recommended by manufacturer. 

Item Type 
HDW-1. Sinj;tle Locked Entrance Door 
1-1/2 Pair butts, 4-1/2 by 4-1/2 Hl 
1 Lock Ll 
1 Closer C6 
1 Threshold Tl 
1 Set weather-strip Wl 

HDW-2. Connecting Interior Door, No Lock 
1-1/2 Pair butts, 4-1/2 by 4-1/2 Hl 
1 Latch L3 
1 Closer C4 

HDW-3. Overhead Coiling Door 
Slide Bolt (provided by Door Manufacturer) NIA 

B. See Door and Hardware Schedule on Drawings for indication of hardware sets, and door 
and frame types. 

3.7 REPAIR, CLEANING, AND PAINTING 

A. hnmediately following erection, remove unused material, screws, fasteners, and other 
debris from completed installation. Use caution in removing metal cuttings from surface 
of pre-finished metal panels. 

B. Replace damaged, dented, buckled, or discolored metal panels. 

C. Repair damaged painted and galvanized surfaces as specified in Technical Specification 
for Finishes. 

D. Finish Painting: As specified in Technical Specification for Finishes. 

3.8 CONSTRUCTION QUALITY CONTROL 

Construction Quality Control and testing requirements are provided in Construction Quality 
Requirements, Specification No. 0600X-SP-G0037. 

At locations where the field testing conducted by either the SUBCONTRACTOR, 
CONTRACTOR or CQA Subcontractor indicates conditions are outside the acceptable limits of 
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the specifications, the failing area shall be reworked or removed and replaced. These areas shall 
be retested and the repair process repeated as necessary until passing results are achieved. 

The SUBCONTRACTOR shall maintain records of his quality control for operations including 
but not limited to the following: 

(1) Inspection of material delivered to the project site against approved material data list(s). 
(2) Storage and handling of materials. 
(3) Installation as required. 

Copies in duplicate of these records and tests, as well as records of corrective action taken when 
results are unsatisfactory, shall be furnished to the CONTRACTOR within 1 working day of the 
inspection or test. 

3.9 MANUFACTURER'S SERVICES 

Provide manufacturer' s representative at site for installation assistance, inspection, and 
certification of proper installation. 
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1.0 GENERAL 

1.1 SUMMARY 

SITE WORK 

0600X-SP-C0072 
Rev. 0 

This specification establishes quality and workmanship requirements for Site Work. 

1.2 ABBREVIATIONS 

The abbreviations listed below, as used in this specification, shall have the following meaning: 

AWS 
ASTM 
CFR 
FS 
OSHA 
CQC 
QAP 
SSRS 
WSDOT 

American Welding Society 
American Society for Testing and Materials 
U.S. Code of Federal Regulations 
Federal Specifications 
Occupational Safety and Health Administration 
Construction Quality Control 
Quality Assurance Program 
Subcontractor/Supplier Submittal Requirement Summary 
Washington State Department of Transportation 

1.3 CODES, STANDARDS, LAWS, AND REGULATIONS 

Unless otherwise approved or shown, the following Codes, Standards, Laws, and Regulations of 
the latest issue, at the time of bid, shall apply to establish the minimum requirements for Site 
Work. Referenced test methods, specifications, and recommended practices are to be used to 
verify material properties and to identify acceptable practices applicable to Site Work. Failure to 
identify applicable codes and standards does not imply elimination of required knowledge and 
compliance to perform work. 

ASTMC94 

ASTMC 117 

ASTM C 131 

ASTMC 136 

ASTMD 75 

0600X-SP-C0072 Sitework 

Standard Specification for Ready-Mixed Concrete 

Standard Test Methods for Materials Finer than 200 (75 
micrometer) Sieve in Mineral Aggregates by Washing 

Standard Test Method for Resistance to Degradation of Small Size 
Coarse Aggregate by Abrasion and Impact in the Los Angeles 
Machine 

Standard Test Method for Sieve Analysis of Fine and Coarse 
Aggregates 

Standard Practice for Sampling Aggregates 
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ASTMD422 

ASTMD 1140 

ASTM D 1556 

ASTMD 1557 

ASTM D 2167 

ASTM D 2216 

ASTM D 2419 

ASTMD 2487 

ASTMD 2922 

ASTM D 3017 

ASTMD 4318 

ASTMC 94 

ASTMF 1043 

ASTMF 883 

AWSWZC 

29 CFR 1926 
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Standard Test Method for Particle Size Analysis of Soils 

Standard Test Methods for Amount of Material in Soils Finer than 
the No. 200 (75-micrometer) Sieve 

Standard Test method for Density and Unit Weight of Soil in Place 
by the Sand-Cone Method 

Standard Test Methods for Laboratory Compaction Characteristics 
of Soil Using Modified Effort (56,000 ft-lb/cu. ft. 
(2,700 kN-m/cu.m.) 

Standard Test Methods for Density and Unit Weight of Soil in 
Place by the Rubber Balloon Method 

Standard Test Methods for Laboratory Determination of Water 
(Moisture) Content of Soil, and Rock by Mass 

Standard Test Method for Sand Equivalent Value of Soils and Fine 
Aggregate 

Standard Practice for Classification of Soils for Engineering 
Purposes (Unified Soil Classification System) 

Standard Test Methods for Density of Soil and Soil-Aggregate in 
Place by Nuclear Methods (Shallow Depth) 

Standard Test Method for Water Content of Soil and Rock in Place 
by Nuclear Methods (Shallow Depth) 

Standard Test Methods for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils 

Standard Specification for Ready-Mixed Concrete 

Standard Specification for Strength and Protective Coatings on 
Steel Industrial Chain Link Fence Framework 

Standard Performance Specification for Padlocks 

Welding Zinc-Coated Steels 

Safety and Health Regulations for Construction 
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FS RR-F-191/GEN 

FS RR-F-191/lE 

FS RR-F-191/2 

FS RR-F-191/3E 

FS RR-F-191/4 

WAC 173 216 

WAC 173 400 

WSDOT M41-10 

1.4 DEFINITIONS 

1.4.1 Clearing 

0600X-SP-C0072 
Rev. 0 

Fencing, Wire and Post, Metal (Chain-Link Fence Fabric, and 
Accessories) 

Fencing, Wire and Post, Metal (Chain-Link Fence Fabric) 

Fencing, Wire and Post, Metal (Chain-Link Fence Gates) 

Fencing, Wire and Post, Metal (Chain-Link Fence Posts, Top Rails 
and Braces) 

Fencing, Wire and Post, Metal (Chain-Link Fence Accessories 

State Waste Discharge Permit Program 

General Regulations for Air Pollution Sources 

Standard Specifications for Road, Bridge, and Municipal 
Construction 

Clearing shall consist of shredding vegetation within the limits of construction. It shall also 
include the satisfactory disposal of the cleared material and other rubbish from areas that are to 
be grubbed. 

1.4.2 Grubbing 

Grubbing shall consist of the removal and disposal of stumps, roots larger than 75 mm (3 in.) in 
diameter, and matted roots from the designated areas. 

1.4.3 Satisfactory Materials 

Materials classified in ASTM D 2487 as GW, GP, GM, GW-GM, SW, SP, SM, SP-SM and SW­
SM and free from roots and other organic matter, trash, debris, and frozen materials. 

1.4.4 Unsatisfactory Materials 

Materials which do not comply with the requirements for satisfactory materials and materials 
classified in ASTM D 2487 as Pt, OH, and OL are unsatisfactory. Unsatisfactory materials also 
include man-made fills, refuse, or backfills from previous construction. 
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1.4.5 Cohesionless and Cohesive Materials 
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Cohesionless materials include materials classified in ASTM D 2487 as GW, GP, SW, and SP. 

Cohesive materials include materials classified as GC, SC, ML, CL, MH, and CH. Materials 
classified as GM and SM will be identified as cohesionless only when the fines are nonplastic. 
Testing required for classifying materials shall be in accordance with ASTM D 4318 (for admix 
and excavation fill soils containing> 12% fines passing the #200 sieve), ASTM C 136, ASTM D 
422, and ASTM D 1140. 

1.4.6 Degree of Compaction 

Degree of compaction is a percentage of the maximum density obtained by the test procedure 
presented in ASTM D 1557 abbreviated hereinafter as a percent of maximum density. 

1.4.7 Unyielding Material 

Unyielding material shall consist ofrock and gravelly soils with stones greater than 75 mm 
(3 in.) in any dimension or as defined by the pipe manufacturer, whichever is smaller. 

1.4.8 Unstable'Material 

Unstable material shall consist of materials too wet or too soft to properly support the materials 
to be placed on or above it. 

1.5 TECHNICAL SUBMITTALS 

Submittals stated herein or elsewhere in the specification shall be submitted for review and 
approval in accordance with Exhibit "I", Subcontractor Submittal Requirements Summary 
(SSRS). Submittals that do not meet the requirements will be rejected. Rejected submittals 
shall be resubmitted to avoid delays. 

1.5.l Manufacturer's Literature 

Manufacturer's descriptive data, catalog cuts, literature and other data as necessary to fully 
describe that materials comply with specified requirements. 

1.5.2 Field Testing Control 

Qualifications of the commercial testing laboratory, procedures, personnel, etc. performing 
testing in accordance with paragraph FIELD TESTING CONTROL and Construction Quality 
Requirements, Specification No. 0600X-SP-G0037. 
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1.5.3 Materials Test Reports 
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Certified test reports and analysis certifying materials conform to the specified requirements, and 
for tests conducted in accordance with paragraph FIELD TESTING CONTROL and 
Construction Quality Requirements, Specification No. 0600X-SP-G0037. Provide copies of 
laboratory and field test reports within 1 working day of the completion of the test. 

1.6 SUBSURFACE DATA 

Subsurface soil boring logs are shown on the drawings. The subsoil investigation report is 
included as an attachment to the specifications. These data represent the best subsurface 
information available; however, variations may exist in the subsurface between boring locations. 

1.7 CLASSIFICATION OF EXCAVATION 

No consideration will be given to the nature of the materials, and excavation will be designated 
as unclassified excavation. 

2.0 MATERIALS AND EQUIPMENT 

2.1 SELECT BORROW MATERIAL 

Borrow material shall be selected from material excavated under this Subcontract and shall meet 
the requirements and conditions of the particular fill for which it is to be used. 

2.2 PLASTIC MARKING TAPE 

Plastic marking tape shall be of a type specifically manufactured for marking and locating 
underground utilities. The metallic core of the tape shall be encased in a protective jacket or 
provided with other means to protect it from corrosion. Tape color shall be as specified in 
TABLE 1 and shall bear a continuous printed inscription describing the specific utility. Tape 
shall be a minimum of 75 mm (3 in.) in width. 

Table 1. Tape Color 

Red: Electric 
Blue: Water Systems 
Purple: Leachate (use "Reclaimed Water" inscription) 
Yellow: Transfer Line 

2.3 EROSION CONTROL MATERIALS 

2. 3 .1 Fertilizer 

Fertilizer to be applied shall be a commercial, chemical type, uniform in composition, free 
flowing, conforming to State and Federal laws suitable for application with a grain seed drill. 
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Fertilizer shall have a guaranteed analysis showing not less than 16 percent nitrogen, 16 percent 
available phosphate, and 16 percent water-soluble potash. 

2.3.2 Seed 

Seed shall be delivered to job site in original unopened packages bearing content tags. Seed 
shall be guaranteed 95 percent pure live seed with a minimum germination rate of 85 percent. 
Seed shall be crested wheatgrass, variety Hycrest (Agropyron cristatum x desertorum), 
Sherman's Big Bluegrass (Poa amp/a), and Bluebunch Wheatgrass variety Secar (Agropyron 
spicatum). 

2.3.3 Mulch 

Straw mulch shall be applied after drill or broadcast seeding. Mulch shall be grass straw, free 
from noxious weeds. The straw shall be capable of being applied over the seedbed using a 
mulcher or straw spreader pulled by a tractor. 

2.3.4 Hydromulch 

Hydromulch shall be a wood fiber based mulch. 

2.4 CHAIN LINK FENCE 

2.4.1 Fabric 

FS RR-F-191/1, Type I, zinc-coated steel wire with minimum coating weight of 370 grams 
(1.2 ounces) of zinc per square meter (square ft) of coated surface, or Type II, aluminum-coated 
steel wire. Fabric shall be fabricated of 11-gauge wire woven in 51 mm (2-in.) mesh. Fabric 
height shall be 1.83 m (6 ft) for perimeter fence, and 2.44 m (8 ft) for collection fence. Fabric 
shall be twisted and barbed on the top selvage and knuckled on the bottom selvage. 

2.4.2 Posts 

FS RR-F-191/3, zinc-coated; Class 1 Grade A or B, steel pipe; Class 3, formed steel sections; 
Class 6, steel square sections; or DQ-40 galvanized steel pipe meeting ASTM F699. Class 4, 
steel H-section may be used for line posts in lieu of line post shapes specified for the other 
classes. Sizes shall be as shown on the drawings. Line posts and terminal ( comer, gate, and 
pull) posts selected shall be of the same class throughout the fence. Gatepost shall be either 
round or square, subject to the limitation specified in FS RR-F-191/3. 

2.4.3 Braces 

FS RR-F-191/3, zinc-coated, Class 1, Grade A or B, steel pipe, size SPl. Class 3, formed steel 
sections, size FSl, conforming to FS RR-F-191/3, may be used as braces if Class 3 line posts are 
furnished. 
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FS RR-F-191/4. Ferrous accessories shall be zinc or aluminum coated. Truss rods shall be 
furnished for each terminal post. Truss rods shall be provided with turnbuckles or other 
equivalent provisions for adjustment. Tie wire for attaching fabric to rails, braces, and posts 
shall be 9-gauge steel wire. 

2.4.5 Concrete 

ASTM C 94, using 19 mm (3/4-in.) maximum size aggregate, and having minimum compressive 
strength of 18 MPa (2500 psi) at 28 days. Grout shall consist of one part portland cement to 
three parts clean, well-graded sand and the minimum amount of water to produce a workable 
mix. 

2.5 SELECT GRANULAR MATERIAL 

Select granular material shall consist of well-graded sand, gravel, crushed gravel, crushed stone 
or crushed slag composed of hard, tough and durable particles, and shall contain not more than 
10 percent by weight of material passing a 0.075 mm (No. 200) mesh sieve and no less than 
95 percent by weight passing the 25-mm (1-in.) sieve. 

2.6 BEDDING AND INITIAL FILL MATERIAL 

Bedding and initial backfill for utilities shall consist of select granular material. The maximum 
allowable aggregate size shall be not more than 25 mm per 300 mm (1 in. per ft) of pipe 
diameter, 75 mm (3 in.) maximum, or the maximum size recommended by the pipe 
manufacturer, whichever is smaller. 

2. 7 TYPE I FILL 

Type I fill shall consist of satisfactory materials with a maximum particle size of 150-mm (6 in.). 

2.8 TYPE II FILL 

Type II fill shall consist of satisfactory materials with a maximum particle size of 25-mm (1-in. ). 

2.9 BASE MATERIAL, CRUSHED SURFACING BASE COURSE (CSBC) 

Base material and crushed surfacing base course (CSBC) shall be 32-mm (1.25 in.) minus 
crushed base course in accordance with the requirements of WSDOT 9-03.9(3). 
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2.10 SURFACE MATERIAL, CRUSHED SURFACING TOP COURSE (CSTC) 

Surface material and crushed surfacing top course (CSTC) shall be 19 mm (0.75 in.) crushed Top 
Course and Keystone in accordance with the requirements ofWSDOT 9-03.9(3). 

3.0 EXECUTION 

3.1 GENERAL 

Areas within the limits of construction shall be cleared and grubbed unless otherwise noted. The 
SUBCONTRACTOR shall survey and locate the limits of clearing and grubbing prior to 
initiating clearing and grubbing activities. Areas within the Cells 7 & 8 Stockpile Area shown 
on Drawing No. 0600X-DD-C0297 do not have to be grubbed prior to placement of stockpiled 
soil, unless base soil is excavated from the stockpile area. 

Excavations shall be performed in accordance with the requirements of 29 CFR 1926, Subpart P, 
Exhibit "G," Subcontractor Safety and Health Requirements and Exhibit "E," Technical 
Specifications. The Subcontractor's OSHA competent person for excavations shall maintain 
daily records of excavation observations and be responsible for implementing corrective actions 
for potentially unsafe conditions based upon physical observations noted and other conditions in 
the field. SUBCONTRACTOR shall submit the names and qualifications of OSHA competent 
persons for excavations. No excavation work shall take place if a competent person is not onsite. 

The SUBCONTRACTOR shall protect existing structures and embankments. Any structure or 
buried utilities damaged during clearing and grubbing operations shall be reported to the 
CONTRACTOR and shall be replaced or repaired by the SUBCONTRACTOR at no additional 
cost to the CONTRACTOR. 

Entry and exit points into excavations shall be marked and maintained. Ramps utilized for entry 
shall be maintained free of slip and trip hazards. 

Equipment operating near excavations shall be operated at a distance from the banks of the 
excavation to support the weight of the equipment, but in no instance closer than 600 mm (2 ft). 
SUBCONTRACTOR shall prevent cave-ins, equipment turn over, etc. 

3.2 CLEARING AND GRUBBING 

Vegetation shall be cleared by using a "brush-hog", or similar equipment, to cut, chip, and size 
reduce the organic material to chips and slash that will be removed from excavation area surface. 
Vegetation shall be cut down to within 150 mm (6 in.) of the ground surface. Clearing shall also 
include the removal and disposal of structures that obtrude, encroach upon, or otherwise obstruct 
the work. This includes, but is not limited to, loose rocks, boulders, and rock piles. Loose rocks, 
boulders, and rock piles shall be removed and disposed of in a location designated by the 
CONTRACTOR. Cleared and grubbed material shall be removed and disposed of in the 
unsatisfactory materials stockpile. 
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In areas to be grubbed, material shall be removed to a depth of not less then .03 meters (12 in.) 
below the original ground surface. Cleared material and other rubbish shall be removed and the 
remaining soil shall be stockpiled according to the soil's classification as described in . 
"Definitions" of the specification. 

3.3 EXCAVATION 

3 .3 .1 General 

Excavation of every description, regardless of material encountered shall be performed to the 
lines, grades, and elevations shown on the drawings and specified herein. Material required for 
fills shall be obtained from cell excavation or stockpiles if approved by CONTRACTOR. 
Satisfactory excavation material shall be transported to and placed in fill areas such as 
embankment, sub grades, shoulders, and other similar fills within the limits of the work or 
disposed of in the stockpile area shown on the drawings. Excavation below indicated depths 
shall not be permitted except to remove unsatisfactory material. In the event that unsatisfactory 
material is encountered below the grades shown or specified, the CONTRACTOR shall be 
notified. Determination of elevations and measurements of approved over depth excavation of 
unsatisfactory material and the replacement of such material with satisfactory material shall be 
done under the direction of the CONTRACTOR. 

Excavations below the depths indicated, without specific directions, shall, except as otherwise 
specified, be refilled and compacted in accordance with Section 3.11 of 0600X-SP-C0072 to the 
proper grade with the appropriate type of material at no additional cost to the CONTRACTOR. 
Excavation and filling shall be performed in a manner and sequence that will provide drainage. 
Excavations shall be kept free from water while construction therein is in progress. Surface 
water shall be directed away from excavation and construction sites so as to prevent erosion and 
undermining of foundations. Diversion ditches, dikes, pumping, and grading shall be provided 
and maintained by the SUBCONTRACTOR as necessary during construction. Excavated slopes 
and backfill surfaces shall be protected to prevent erosion and sloughing. Vertical excavation 
slopes shall not be left overnight, weekends, or holidays. CONTRACTOR approval is required 
to barricade vertical slopes in lieu of dressing. 

SUBCONTRACTOR may construct additional access ramps to facilitate excavation of the cell. 
SUBCONTRACTOR's access ramps located on the north and south side slopes shall be removed 
to the lines and grades shown on the Drawings in Exhibit "F". CONTRACTOR may elect to 
keep SUBCONTRACTOR's access ramp(s) located on the east side slope. 
SUBCONTRACTOR's access ramps located on the east side slope shall be removed as directed 
by the CONTRACTOR. The access ramp located on the east slope shown on the Drawings in 
Exhibit "F" shall be constructed to the lines and grades shown on the Drawings. 
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Excavation for buildings shall include trenching for utility systems to a point 1.5 m (5 ft) beyond 
the building line of each building and structure. Excavation shall extend a sufficient distance 
from walls and footings to allow for placing and removal of forms. Where excavations for 
footings are carried below the depths indicated without prior approval, the concrete footings shall 
be increased in thickness to the bottom of the over depth excavations and additional 
reinforcement included therein as determined necessary by the CONTRACTOR at the 
SUBCONTRACTORS expense. 

3.3.3 Utilities Systems 

During excavation, material satisfactory for backfilling utility systems shall be stockpiled in an 
orderly manner in accordance with OSHA 29 CFR 1926 trenching and shoring requirement at a 
distance from the banks of the trench equal to 1/2 the depth of the excavation, but in no instance 
closer than 600 mm (2 ft). 

3.3.3.1 Utility Trench Excavation. The trench shall be excavated as recommended by the 
manufacturer of the pipe to be installed. Trench walls below the top of the pipe shall be 
vertical and at a width recommended in the manufacturers installation manual. Trench 
walls more than 1.2 meters ( 4 ft) high shall be shored, cut back to a stable slope, or 
provided with equivalent means of protection for employees who may be exposed to 
moving ground or cave in. Trench walls which are cut back shall be excavated to meet 
the requirements of 29 CFR 1926. Special attent~on shall be given to slopes that may be 
adversely affected by weather or moisture content. The trench width below the top of 
pipe shall not exceed 600 mm (24 in.) plus pipe outside diameter (O.D.) for pipes of 
less than 600 mm (24 in.) inside diameter. Where recommended trench widths are 
exceeded, redesign, stronger pipe, or special installation procedures shall be utilized by 
the SUBCONTRACTOR. The cost of redesign, stronger pipe, or special installation 
procedures shall be borne by the SUBCONTRACTOR without any additional cost to 
the CONTRACTOR. 

3.3.3.2 Removal of Unyielding Material. Where unyielding material is encountered in the 
bottom of the trench, such material shall be removed a minimum 100mm ( 4 in.) below 
the required grade and replaced with bedding and initial backfill material as provided in 
paragraph BACKFILLING AND COMPACTION OF UTILITIES SYSTEMS. 

3.3.3.3 Removal of Unstable Material. Where unstable material is encountered in the bottom of 
the trench, such material shall be removed to the depth directed by the CONTRACTOR 
and replaced to the proper grade with bedding and initial backfill material as provided 
in paragraph BACKFILLING AND COMPACTION OF UTILITIES SYSTEMS. 
When removal of unstable material is required due to the fault or neglect of the ! 
SUBCONTRACTOR, the resulting material shall be excavated and replaced by the 
SUBCONTRACTOR without additional cost to the CONTRACTOR. 
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3.3.3.4 Excavation for Appurtenances. Excavation for precast manholes or similar structures 
shall be sufficient to leave at least 300 mm (12 in.) clear between the outer structure 
surfaces and the face of the excavation or support members. 

3.4 PREPARATION OF GROUND SURFACE FOR FILLS AND EMBANKMENTS 

3.4.1 Structural Fills and Waste Trench Embankments 

Ground surface on which structural fill is to be placed shall be stripped of live, dead, or decayed 
vegetation, rubbish, debris, and other unsatisfactory material to a depth of 300 mm (12 in.). 
Ground surface shall be plowed, disked, or otherwise broken up; pulverized; moistened or 
aerated as necessary: thoroughly mixed; and compacted to not less than 95 percent of maximum 
density as determined by ASTM D1557. The prepared ground surface shall be scarified and 
moistened or aerated as required just prior to placement of embankment materials to assure 
adequate bond between embankment material and the prepared ground surface. 

3.4.2 General Fill Areas and Excavation Soil Stockpile Area 

Ground surface on which general fill and excavation soil stockpile is to be placed shall be 
cleared. 

3.5 SUBGRADE PREPARATION FOR BUILDINGS 

The surface shall be scarified to a depth of 150 mm (6 in.) and shall be compacted to not less 
than 95 percent of maximum dry density as determined by ASTM D1557 prior to placing fill or 
backfill. Material shall not be placed on surfaces that are muddy, frozen, or contain frost. 
Material shall be moistened or aerated as necessary to provide the moisture content that will 
readily facilitate obtaining the specified compaction with the equipment used. Approved 
compacted subgrades that are disturbed by the SUBCONTRACTOR's operations or adverse 
weather shall be scarified and recompacted as specified to the required density prior to further 
construction. Recompaction over underground utilities shall be by hand tamping, except for 
concrete encased duct banks. 

3.6 UTILITY TRENCH BOTTOM PREPARATION 

The bottoms of trenches shall be accurately graded to provide uniform bearing and support for 
the bottom quadrant of each section of the pipe or conduit. The pipe trench bottom shall be 
given a final trim, using a string line or laser for establishing grade, such that each pipe section 
when first laid will be continually in contact with the ground along the extreme bottom of the 
pipe. Bell holes shall be excavated to the necessary size at each joint or coupling to eliminate 
point bearing. 
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Subgrade shall be Type I material which is shaped to line, grade, and cross section, and 
compacted as specified. This operation shall include plowing, disking, and any moistening or 
aerating required to obtain specified compaction. Soft or otherwise unsatisfactory material shall 
be removed and replaced with Type I material or other approved material as directed. Low areas 
resulting from removal of unsatisfactory material shall be brought up to required grade with 
Type I materials, and the entire subgrade sh§lll be shaped to line, grade, and cross section and 
compacted as specified. The elevation of the finished subgrade shall not vary more than 30 mm 
(0.1 ft) from the established grade and cross section. 

3. 7.2 Compaction 

Subgrade shall be moisture conditioned and compacted to at least 90 percent maximum density 
as determined by ASTM D1557 for a depth of305 mm (12 in.). 

3.8 FILLING AND BACKFILLING FOR BUILDINGS 

Type I fill shall be used in bringing fills and backfills to the lines and grades indicated and for 
replacing unsatisfactory materials. Type I fill shall be placed in horizontal layers not exceeding 
200 mm (8 in.) in loose thickness, or 150 mm (6 in.) when hand-operated compactors are used. 
After placing, each layer shall be plowed, disked or otherwise broken up, moistened or aerated as 
necessary, thoroughly mixed and compacted as specified. Backfilling shall not begin until 
construction below finish grade has been approved by CONTRACTOR, underground utilities 
systems have been inspected, tested and approved by CONTRACTOR, forms removed, and the 
excavation cleaned of trash and debris. Backfill shall be brought-to indicated finish grade. 
Backfill shall not be placed in wet or frozen areas. Heavy equipment for spreading and 
compacting backfill shall not be operated closer to foundation than a distance equal to the height 
of backfill above the top .of footing. The area remaining shall be compacted in layers not more 
than 100 mm ( 4 in.) in compacted thickness with power-driven hand tampers suitable for the 
material being compacted. Backfill shall not be placed against foundation walls prior to 7 days 
after completion of the walls. As far as practicable, backfill shall be brought up evenly on each 
side of the wall and sloped to drain away from the wall. Each layer of fill and backfill shall be 
compacted to not less than 95 percent of maximum dry density as determined by ASTM D1557. 

3.9 BACKFILLING AND COMP ACTION OF UTILITIES SYSTEMS 

Backfill material shall consist of bedding and initial backfill material or Type I fill as required by 
the Drawings and these specifications. Backfill shall be placed in layers not exceeding 150 mm 
(6 in.) loose thickness for compaction by hand operated machine compactors, and 200 min (8 in.) 

· loose thickness for other than hand operated machines. Each layer shall be compacted to at least 
90 percent maximum dry density, unless otherwise specified for backfill of roadways and 
buildings. 
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Trenches shall be backfilled to the grade shown. The trench shall be backfilled to 600 mm 
millimeters (2 ft) above the top of pipe prior to performing the required pressure tests. The joints 
and couplings shall be left uncovered during the pressure test. 

3.9.1.1 Replacement of Unyielding Material. Unyielding material removed from the bottom of 
the trench shall be replaced with bedding and initial backfill material. 

3.9.1.2 Replacement of Unstable Material. Unstable material removed from the bottom of the 
trench or excavation shall be replaced with bedding and initial backfill material placed 

· in layers not exceeding 150 mm (6 in.) loose thickness. 

3.9.1.3 Bedding and Initial Backfill. Bedding and initial backfill material shall be placed and 
compacted with tampers to a height of at least one foot above the top of utility pipe or 
conduit. The backfill shall be brought up evenly on both sides of the pipe for the full 
length of the pipe. Care shall be taken to ensure thorough compaction of the fill under 
the haunches of the pipe. 

Bedding and initial material shall be provided for sewers, drainage pipelines, and other 
gravity flow pipelines. 

After compacting the bedding, the SUBCONTRACTOR shall perform a final trim using 
a string line (or laser) for establishing grade, such that the extreme bottom of each pipe 
section is continually in contact with the bedding. Excavation for pipe bells and 
welding shall be made as required. 

3.9.1.4 Final Backfill. The remainder of the trench, except for special materials for roadways, 
shall be filled with Type I fill. Backfill material shall be placed and compacted as 
required for the general area surrounding the utility trench. 

3.10 BACKFILL FOR ROADWAYS 

Compaction requirements for backfill materials shall also conform to the applicable portions of 
paragraphs SUBGRADE PREPARATION FOR ROADWAYS. Additionally, the material shall 
be placed in successive horizontal layers of 200 mm (8 in.) in loose depth for the full width of 
the cross section. 

3.11 FILLS AND EMBANKMENTS 

3 .11.1 Structural Fills and Waste Trench Embankments 

Fills and embankments shall be constructed at the locations and lines and grades indicated. The 
completed fill shall conform to the shape of the typical sections indicated or shall meet the 
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requirements of the particular case. Type I fill shall be used unless otherwise specified. No 
frozen material shall be permitted in the fill. Stones having a dimension greater than 100 mm ( 4 
in.) shall not be permitted in the upper 150 mm (6 in.) of fills or embankments. The material 
shall be placed in successive horizontal layers of 200 mm (8 in.) in loose depth for the full width 
of the cross section and shall be compacted to at least 95 percent maximum dry density. Each 
layer shall be compacted and tested before the overlaying lift is placed. Moisture content of the 
fill or backfill material shall be adjusted by wetting or aerating to provide the moisture content 
required to obtain 95 percent of maximum dry density as determined by ASTM D1557. 

3 .11.2 General Fills 

General Fill areas are limited to the areas identified on the drawings. Type I fill shall be used to 
bring the general fill areas to. the lines and grades indicated. The material shall be placed in lifts 
not to exceed 200 mm (8 in.) in loose depth and shall be compacted to 90 percent of maximum 
dry density. 

3.11.3 Fill for Anchor Trenches 

Fill material for Anchor Trenches shall consist of Type II fill material. Fill shall be placed in lifts 
not to exceed 150 mm (6 in.) in loose depth and compacted by a hand held mechanical or rubber 
tired compaction equipment, or other as approved by CONTRACTOR. Finished backfill shall 
be adequately sloped and drained to prevent ponding of water or softening of fill and adjacent 
soils. 

3.11.4 Fill for Termination Berms 

Type I fill shall be used for the Termination Berms and the Termination Protective Soils. · Fill 
shall be placed in lifts not to exceed 0.9 m (36 in.) in compacted depth and tracked with grading 
equipment. The fill shall be sufficiently wetted to eliminate soft pockets of dry material, and the 
surface compacted to 90 percent of the maximum dry density as determined by ASTM D 1557. 

3.11.5 Fill for Riser Pipes 

Type II fill shall be used for the fill around the sump riser pipes, sump level transducer pipes, and 
lysimeter access pipe. Fill shall be placed in lifts not to exceed 200 mm (8 in.) in loose depth 
and compacted to 90 percent of the maximum dry density as determined by ASTM D 1557. The 
backfill shall be brought up evenly on both sides of the pipe for the full length of the pipe. Care 
shall be taken to ensure thorough compaction of the fill under the haunches of the pipe. Care 
shall also be taken that the underlying pipes and geosynthetics are protected in accordance with 
the paragraph titled MATERIALS IN CONTACT WITH GEO MEMBRANES OR 
GEOCOMPOSITES in Specification No. 0600X-SP-C0069. 
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Roadway and shoulder surfaces shall be finished to a smooth and compact surface in accordance 
with the lines, grades, and cross sections or elevations shown. The degree of finish shall be 
within 30 mm (0.1 ft) of the grades and elevations indicated on design drawings. 

3.13 FINISHED EXCAVATION, FILLS, AND EMBANKMENTS OTHER THAN FOR 
ROADWAYS AND BUILDINGS 

Areas covered by the limits of construction on the design drawings including excavated and 
filled sections and adjacent transition areas, shall be uniformly smooth-graded. The finished 
surface shall be reasonably smooth, compacted, and free from irregular surface changes. The 
degree of finish shall be that ordinarily obtainable from blade-grader operations, but not more 
than 45 mm (0.15 ft) above or below the established grade and approved cross section, except as 
otherwise specified. Ditches and swales shall be finished to allow effective drainage and erosion 
control. 

3.14 BASE AND SURFACE MATERIAL INSTALLATION 

The surface on which the base and surface materials is placed, shall conform to the Subcontract 
requirements, and shall be approved by the CONTRACTOR before placement of base materials. 
No base or surface material shall be placed on snow, soft, muddy, or frozen subgrade. 

3.14.1 Placement and Shaping 

The SUBCONTRACTOR shall provide a homogeneous mixture of unsegregated and uniformly 
dispersed materials in position for compacting in layers not to exceed 200 mm (8 in.) of 
compacted material. During placement and compaction, the moisture content of the material 
shall be maintained at the highest level practical for the material without causing free water to 
drain through the material and build up on lower courses or on the subgrade. The 
SUBCONTRACTOR shall apply frequent light applications of water rather than heavy 
applications of water to provide the necessary moisture. 

3.14.2 Compaction 

Immediately following spreading and final shaping, the full depth of each layer shall be 
compacted to a minimum of 95 percent of maximum dry density as established by ASTM D 
1557 before the next succeeding layer is placed. 

3.15 STOCKPILES 

SUBCONTRACTOR shall submit for approval a stockpile plan complete with procedure for 
stockpiling and maintaining excavation soil material. Stockpiles shall be kept in a neat and well­
drained condition, giving due consideration to drainage. The ground surface at stockpile 
locations shall be sealed by rubber-tired equipment. Stockpile of satisfactory materials shall be 
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protected from contamination that may destroy the quality and fitness of the stockpiled material. 
If the SUBCONTRACTOR fails to protect the stockpile, and any material becomes 
unsatisfactory, such material shall be removed at no additional cost to the CONTRACTOR. 

SUBCONTRACTOR shall maintain a separate stockpile for Eolian base soil. Eolian base soils 
shall not be mixed with other soils. 

3.16 DITCHES AND SW ALES 

Ditches and swales shall be cut accurately to the cross sections and grades indicated. Roots, 
stumps, rock, and foreign matter in the sides and bottom of ditches and channel changes shall be 
trimmed and dressed or removed to conform to the slope, grade, and shape of the section 
indicated. Care shall be taken not to excavate ditches below the grades indicated. Excessive 
ditch and swale excavation shall be backfilled to grade with Type I material, thoroughly 
compacted. Ditches and swales excavated under this section shall be maintained until final 
acceptance of the work. 

3.17 SHORING 

Excavations shall be sloped or otherwise supported in a safe manner in accordance with 
applicable requirements of 29 CFR 1926 Subpart P. Shoring, including sheet piling, shall be 
furnished and installed as necessary to protect workmen, banks, adjacent paving, structures, and 
utilities. Shoring, bracing, and sheeting shall be removed as excavations are backfilled, in a 
manner to prevent cave-ins. 

3.18 FIELD TESTING CONTROL 

Testing is the responsibility of the SUBCONTRACTOR. Tests shall be performed by an 
approved commercial testing laboratory or may be tested by facilities furnished by the 
SUBCONTRACTOR. No work requiring testing shall be performed until the facilities, 
procedures, construction quality control plan, etc. have been inspected and approved by the 
CONTRACTOR. The SUBCONTRACTOR, or subtiers shall provide copies of nuclear gauge 
licenses, calibrations, procedures, and training certificates for operators. 

When ASTM D 2922 is used for field in-place density testing, the calibration curves shall be 
checked, and adjusted if necessary, using the sand cone method as described in ASTM D 1556. 
ASTM D 2922 results in a wet unit weight of soil and when using this method, ASTM D 3017 
shall be used to determine the moisture content of the soil. The calibration curves furnished with 
the moisture gauges shall be checked along with density calibration checks as described in 
ASTM D 3017. The calibration checks of both the density and moisture gauges shall be made at 
the beginning of a job on each different type of material encountered and at intervals as directed 
by the CONTRACTOR. 

Copies of calibration curves, results of calibration tests, and field and laboratory density tests 
shall be furnished to the CONTRACTOR. When test results indicate, as determined by the 
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CONTRACTOR, that compaction is not as specified, the material shall be removed, replaced and 
recompacted to meet specification requirements, at no additional expense to the 
CONTRACTOR. Tests on recompacted areas shall be performed to determine conformance 
with specification requirements. These certifications shall state that the tests and observations 
were performed by or under the direct supervision of the engineer and that the results are 
representative of the materials or conditions being certified by the tests. 

Testing requirements can be found in Specification G0037, Section 2.11-MINIMUM TESTING 
REQUIREMENTS. If there are discrepancies between C0072 and G0037, the more stringent 
requirements will be followed. 

3.19 SUBGRADE AND EMBANKMENT PROTECTION 

During construction, embankments and excavations shall be kept shaped and drained. Ditches 
and drains along subgrade shall be maintained to drain effectively. The finished subgrade shall 
not be disturbed by traffic or other operation and shall be protected and maintained by the 
SUBCONTRACTOR in a satisfactory condition until pavement is placed. The storage or 
stockpiling of materials on the finished subgrade shall not be permitted. Areas within 1.5 m (5 
ft) outside of each building and structure line shall be constructed true-to-grade, shaped to drain, 
and shall be maintained free of trash and debris until final inspection has been completed and the 
work has been accepted. 

3.19.1 Tolerance Tests for Roadways 

Continuous checks on the degree of finish specified in paragraph SUBGRADE PREPARATION 
FOR ROADWAYS shall be made during construction of the subgrades and as specified in 
FINISHING FOR ROADWAYS for placement of base materials on roadway surface. 

3.20 SPECIAL REQUIREMENTS 

Special requirements for both excavation and backfill relating to the specific utilities are as 
follows: 

3.20.1 Electrical Distribution System 

Direct burial cable and conduit or duct line shall have a minimum cover of 600 mm (24 in.) from 
the finished grade, unless otherwise indicated. 

3.20.2 Plastic Marking Tape 

Warning tapes shall be installed directly above the buried utility (pipe, conduit, direct buried 
cable, etc.), at a depth of 457 mm (18 in.) below finished grade unless otherwise shown. 
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Trench excavations crossing roads, or any other construction activity which may impede vehicle 
traffic flow, shall be limited to the hours of 8:00 am to 3:00 pm, and 6:00 pm to 6:00 am, 
Monday through Friday. There are no time restrictions on weekends. The SUBCONTRACTOR 
shall maintain one lane of traffic open or provide alternate temporary roadways during 
construction activities on or near roadways. Trenches that cross existing roads shall be 
backfilled prior to rush hour traffic ingress or egress. Cuts through paved roads shall be 
asphalted within 48 hours of backfilling. 

3.21 VEGETATIVE EROSION CONTROL 

The SUBCONTRACTOR shall provide erosion protection including fertilizing, seeding, and 
mulching for areas that are disturbed including slopes equal to or greater than 4 H: 1 V and in the 
bottom of drainage ditches and swales and the material in the stockpile area. Application of 
vegetative erosion control for the stockpile area shall be either by drill or Broadcast seed method 
on surfaces permitting safe tractor operation. Surfaces too steep for safe tractor operation shall 
be hyrdoseeded. No vegetative control is required on the interior sloping walls or bottoms of 
Cells. 

SUBCONTRACTOR shall coordinate transportation and use of fertilizer with CONTRACTOR. 

SUBCONTRACTOR will not be allowed to store fertilizer on-site overnight. Additionally 
SUBCONTRACTOR shall coordinate with CONTRACTOR for additional required on-site 
Hanford Security Procedures. 

3 .21.1 Soil Preparation 

The soil to be seeded shall be graded in conformance with the Drawings and shall be loose and 
reasonably free of large rocks and other material(s) that may interfere with successful seeding. 

3.21 .2 Method of Application 

Fertilizer and seed shall be applied using a range or grain drill or broadcast seeder. Straw shall 
be applied by a mulcher designed to apply this material on surfaces safe for tractor operation. 

3 . 21. 3 Fertilizer Rate 

Fertilizer application shall be 135 kg/ha (approximately 120 lb/acre). 

3 .21.4 Seed Rate 

The seed and seeding rate are as follows: Crested Wheatgrass Hycrest variety (Agropyron 
desertorum) 11.3 kg/ha (10 lb/acre), Sherman's Big Bluegrass (Paa ampla) 5.6 kg/ha (5 
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lb/acre), and Bluebunch Wheatgrass variety Secar (Agropyron spicatum) 5.6 kg/ha (5 lb/acre) of 
seed. 

3.21.5 Mulch Rate 

Straw mulch shall be applied at rate to cover the soil surface 5 to 10 cm deep (2 to 4 in) or use of 
a standard up to 5600 kg/ha (approximately 4000 lb/acre), upon the completion of drill or 
broadcast seeding. Straw mulch shall be crimped into place to prevent wind erosion. 

Wood fiber mulch shall be applied at 2250 kg/ha (2000 lb/acre) after the seed and fertilizer. The 
wood fiber mulch and polyacrylamide soil stabilizer shall be distributed with a hydroseeder on 
steep soil surfaces after the seed and fertilizer have been applied. 

3.21.6 Seed Drill Method 

The seed application consists of using a grain or range drill to apply both seed and fertilizer 
concurrently. The seed drill shall be pulled using a 4-wd tractor to ensure even seeding on 
steeper slopes. The seed shall be placed between 0.64 to 1.27 cm (0.25 to 0.50 in) deep in the 
soil by the seed drill at rates specified in Sections 3 .21.3 and 3 .21.4. 

3 .21. 7 Broadcast Seed Method 

Broadcast seeding shall evenly distribute the seeds and fertilizer as specified in Sections 3 .21.3 
and 3.21.4. Upon the completion of broadcast seeding, a tractor pulled cultipacker shall be 
pulled over the entire seeded area 

3.21.8 Polyacrylamide Soil Stabilizer Application 

A polyacrylamide soil stabilizer shall be evenly applied over the seeded areas at a rate of 37 
kg/ha (15 lbs/acre) and activated with 7410 gallons of water per hectare (3000 gal/acre). 

3.21.9 Time of Seeding 

Seeding shall not be started until after application of all earthwork and site grading. 
Polyacrylamide soil stabilizer may be applied prior to seeding to minimize soil erosion upon the 
completion of construction activities. Seeding shall be performed in December through January 
or as approved by CONTRACTOR. The SUBCONTRACTOR shall return to the site after 
completion of the project if the project schedule does not allow for a fall planting prior tci the 
project completion date. 

3 .21.1 0Watering 

The SUBCONTRACTOR shall provide dust control during seeding operations by water truck or 
irrigation to prevent visible dust. Irrigation of the seedbed after polyacrylamide application will 
be required to activate the soil stabilizer product. Amount of irrigation shall be determined per 
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manufacturer's recommendation. Additional irrigation after seeding and mulching will only be 
necessary to control visible dust. Care shall be taken to avoid excessive washing or puddling on 
the surface and any such damage caused thereby shall be repaired by the SUBCONTRACTOR at 
no additional cost to the CONTRACTOR. 

3.22 CHAIN LINK FENCE 

Fence shall be installed to the lines and grades indicated on design drawings. Line posts shall be 
spaced equidistant at intervals not exceeding 3.05 m (10 ft). Terminal (corner, gate, and pull) 
posts shall be set at abrupt changes in vertical and horizontal alignment. Fabric shall be 
continuous between terminal posts; however, runs between terminal posts shall not exceed 152.4 
m (500 ft). Damage to the galvanized surface due to welding shall be repaired with "repair 
sticks" of zinc-cadmium alloys or zinc-tin-lead alloys per AWS WZC. 

3 .22.1 Post Holes. 

Postholes shall be cleared of loose material. Waste material shall be spread where directed by 
the CONTRACTOR. The ground surface irregularities along the fence line shall be eliminated 
to the extent necessary to maintain a 51 mm (2-in.) clearance between the bottom of the fabric 
and finish grade. 

3.22.2 Posts 

Posts shall be set plumb and in alignment. Posts shall be set in concrete to the depth indicated on 
the drawings. Posts set in concrete shall be set in holes not less than the diameter shown on the 
drawings. Concrete and grout shall be thoroughly consolidated around each post, shall be free of 
voids and finished to form a dome. Concrete and grout shall be allowed to cure for 72 hours 
prior to attachment of any item to the posts. Fence post rigidity shall meet the following 
requirement. When a 222 newton (SO-pound) force is applied on the post, perpendicular to the 
fabric, at 1.52 m (5 ft) above ground, post movement measured at the point where the force is 
applied shall be less than or equal to 19 mm (3/4 in.) from the relaxed position. 

3.22.3 Top Rails 

Top rails are not required for this project. Top tension wire shall be installed in place oftop 
rails. 

3 .22.4 Braces and Truss Rods 

Braces and truss rods shall be installed as indicated and in conformance with the standard 
practice for the fence furnished. Braces and truss rods shall extend from terminal posts to line 
posts. Diagonal braces shall form an angle of approximately 40 to 50 degrees with the, 
horizontal. 
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Tension wires shall be installed along the top and bottom of the fence line and attached to the 
terminal posts of each stretch of the fence. Top tension wires shall be installed within the top 
102 mm (4 in.) of the installed fabric. Bottom tension wire shall be installed within the bottom 
15 2 mm ( 6 in.) of the installed fabric. Tension wire shall be pulled taut and shall be free of sag. 

3.22:6 Chain Link Fabric 

Chain link fabric shall be installed on the side of the post indicated. Fabric shall be attached to 
terminal posts with stretcher bars and tension bands. Bands shall be spaced at approximately 
381 mm (15-in.) intervals. The fabric shall be installed and pulled taut to provide a smooth and 
uniform appearance free from sag, without permanently distorting the fabric diamond or 
reducing the fabric height. Fabric shall be fastened to line posts at approximately 381 mm 
(15-in.) intervals and fastened to tension wires at approximately 610 mm (24-in.) intervals. 
Fabric shall be cut by untwisting and removing pickets. 

Splicing shall be accomplished by weaving a single picket into the ends of the rolls to be joined. 
The bottom of the installed fabric shall be 51 mm (2 in.) (plus or minus 13 mm [1/2 in.]) above 
the ground . . Chain link fabric shall meet the following requirement. After being exercised by 
applying a 222 newton (50-pound), push-pull force at the center of the fabric between the posts, 
the use of a 133 newton (30-pound) pull at the center of the panel shall cause fabric deflection of 
not more than 64 mm (2.5 in.) when pulling fabric from the post side of the fence. 

3.23 SIGNAGE 

Signage shall meet all requirements for layout and color as specified by DOE. Requirements can 
be obtained from CONTRACTOR. Typeface on all signage shall be Helvetica. 

3.23.1 Post Holes 

Posts holes shall not be less then the diameter shown on the drawings. Waste material shall be 
spread where directed by the Contractor. Prior to placement of posts, holes should be inspected 
to ensure it is clear of loose material and rubbish. 

3.23.2 Posts 

Posts shall be set plumb and in alignment. Posts shall be set in concrete to the depth indicated on 
the drawings. 

3.23.3 Signs 

Signs shall be fabricated and fastened according to their respective details on drawing 0600X­
DD-CO263. 
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ASTM C 94, using 19 mm (3/4 in.) maximum size aggregate, and having minimum compressive 
strength of 18 MP A (2500 psi) at 28 days. Concrete shall be thoroughly consolidated around 
each post, shall be free of voids and finished to form a dome. 

3.24 CONSTRUCTION QUALITY CONTROL 

Construction Quality Control and testing requirements are provided in Construction Quality 
Requirements, Specification No. 0600X-SP-G0037. 

At locations where the field testing conducted by either the SUBCONTRACTOR, 
CONTRACTOR or CQA Subcontractor indicates that conditions are outside the acceptable 
limits of the specifications, the failing area shall be reworked or removed and replaced. These 
areas shall be retested and the repair process repeated as necessary until passing results are 
achieved. 

The SUBCONTRACTOR shall maintain and submit to CONTRACTOR records including but 
not limited to the following: 

( 1) Excavation and backfill to lines and grades indicated. 
(2) Field moisture and density tests. 
(3) Methods and procedures for providing drainage away from excavations. 

Copies in duplicate of these records and tests, as well as records of corrective action taken when 
results are unsatisfactory, shall be supplied to the CONTRACTOR within one working day of 
the inspection or test. 
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