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Natural resources conservation service
conservation practice sPECIFICATION

521a - Pond sealing or lining
flexible membrane

I.  Scope

The work shall consist of furnishing and installing a Flexible Membrane Liner, the necessary mechanical attachments, cover soil, and concrete pads as shown in the drawings or as specified herein.

II.  Shipping and storage

The liner shall be shipped to the job site in a manner not to damage the rolls or panels. The liner shall be stored and protected from puncture, dirt, grease, excessive heat, or other damage.  Rolls shall be stored on a prepared smooth surface (not wooden pallets) and shall be stacked no more than three rolls high.  Palleted panels shall not be stacked on top of one another.

Damaged material shall be repaired or replaced at the contractor’s expense.  Damaged material that cannot be satisfactorily repaired to comply with the requirements of Material Specification 594 shall not be used and shall be removed from the job site.

III.  Subgrade Preparation

The area to be lined shall be drained and allowed to dry until the surface is firm and can support the equip​ment that must travel over it during in​stallation of the lining.  

All banks and fills in the area to be lined must be sloped no steeper than 3:1. 

The foundation area for flexible membrane linings shall be smooth and free of projections that can damage the lining.  Subgrade preparation shall include removal of large and sharp objects such as rocks, hard clods, stumps and roots.  Remove soft materials and backfill with appropriate subgrade material to provide a uniformly compacted base may be required.  Smooth the surface by rolling with a rubber-tired or steel wheel roller or cover with a cushion of fine soil.  

When specified, an effective sterilant shall be applied to the subgrade at the rate recommended by the manufacturer.  

An anchor trench shall be excavated completely around the area to be lined at the planned elevation of the top of the lining.  The trench shall be a minimum of 18 inches deep and 18 inches wide.  Location of the anchor trench shall be no closer than 3 feet from the crest of the berm.  Material from the trench shall be stored to use as backfill of the trench.  The corners of the trench shall be slightly rounded to avoid sharp bends in the liner.

Backfill soil shall be compacted by rolling with rubber-tired equipment or a manually directed power tamper to provide a stable anchor trench for the liner.

The Engineer will inspect and approve the subgrade prior to placement of any liner material.

IV.  Placement

Placement of the geotextile or soil padding and drains, if required, shall be completed prior to placement of the liner.

The liner shall not be placed during fog, precipitation, or in the presence of excessive winds.  HDPE and LLDPE liners shall not be placed in temperatures less than 50 degrees Fahrenheit.  PVC liners shall not be placed in temperatures less than 40 degrees Fahrenheit or greater than 105 degrees Fahrenheit.  EPDM liners shall not be placed in temperatures less than 0 degrees Fahrenheit or greater than 120 degrees Fahreheit.

The liner shall be deployed with a minimum of handling.  Liner rolls shall be deployed using a spreader bar assembly attached to a front-end loader, track-hoe bucket, or by other method approved by the liner manufacturer.  The liner shall be positioned with the seams up and down the slope.  Position the liner to minimize folds with enough overlap to ensure proper seaming.  Place sandbags to protect the liner from wind uplift forces.  The liner shall be placed on a daily basis and seamed and secured by the end of the workday.  No construction equipment shall be allowed directly on the liner except for light ATV’s, with ground pressure not exceeding 5 pounds per square inch, and generators to power the seaming equipment.

The liner shall be loosely laid over the foundation with sufficient slack (about 2 percent) to accommodate thermal expansion and contraction encountered during construction.  Each panel shall be laid out and positioned to minimize the number and length of the liner field joints and to be consistent with accepted installation practice.  The methods used to place panels shall minimize wrinkles especially along field seams.  Wrinkles shall not exceed 6-inches in height or “fold over” during soil cover placement or other load application. 

Approximately 36 inches of the top of the lining shall be placed in the anchor trench.  The trench shall be backfilled and compacted to the density of the adjacent soil.  

For covered liners, the material to be used as a protective cover shall be free of large clods, sharp rocks, sticks, and other objects that can puncture the lining.  The cover shall be placed to the specified depth without damage to the membrane.  

V.  Materials

The liner, welding rod, vent covers, pipe boots, metal battens, bolts, embed channel, and sealant shall conform to the requirements of Material Specification 521A, the Practice Requirements Sheet, and those shown on the drawings.

All lining materials shall be free of damage or defect.  Each package delivered to the job site shall bear the name of the material, the manufacturer's name or symbol, the quantity therein, and the thickness or weight of the material. 

VI.  Seaming Methods

HDPE, LLDPE, PP - The primary method of seaming shall be hot wedge fusion welding.  Fillet extrusion welding shall be used for repairs, T-seams, and detail work.  Hot Air Fusion or Chemical Fusion welding may be used for PP.  Seaming shall not be attempted when the ambient sheet temperature is below 45 degrees Fahrenheit or above 90 degrees Fahrenheit.

PVC - Seams shall be joined using hot wedge fusion welding, hot air fusion welding, chemical fusion welding, or an adhesive. Special precautions, as recommended by the manufacturer, shall be taken for seam joining if the ambient sheet temperature is above 105 degrees Fahrenheit.  Seam joining shall not be attempted when the ambient sheet temperature is below 40 degrees Fahrenheit or above 140 degrees Fahrenheit.

EPDM - Seams shall be joined using double-faced inseam tape or a cover strip recommended by the manufacturer.  Seaming shall not be performed when the ambient sheet temperature is below 0 degrees Fahrenheit or above 120 degrees Fahrenheit.

GCL - Seams shall be formed by overlapping the panels a minimum of 9 inches.  A granular bead of clay similar to the material used in the clay liner shall be poured continuously along the seam at a minimum rate of 1/4 pound per linear foot of seam.

VII.  Seaming Procedures

Seaming shall extend to the outside edge of the liner to be placed in the anchor trenches.  Seaming shall not be conducted in the presence of moisture, dust, dirt, standing water, or soft subgrade.  Seaming procedures shall be in accordance with the liner manufacturer specifications. 

Hot wedge welding - Hot wedge welding shall be accomplished by a double-wedge fusion welder that produces a double track weld.  Welding equipment and accessories shall be approved by the liner manufacturer.  To produce acceptable seams for the site-specific condition, the welder shall be calibrated at the beginning of each seaming period. 

Fillet extrusion welding - Extrusion welding equipment and accessories shall be approved by the liner manufacturer. To produce acceptable seams for the site-specific condition, the extrusion welder shall be calibrated once per day at the beginning of each seaming period.  To ensure proper bonding of the extrusion weld, edges of the patch material and the adjacent liner shall be properly abraded by a light grinding. This operation shall be done no more than 15 minutes before the welding operation. The abrasion shall remove no more than 10 percent of the material thickness.

Hot Air welding - Hot air welding shall be accomplished by a single or double tracked fusion welder.  Welding equipment and accessories shall be approved by the liner manufacturer. To produce acceptable seams for the site-specific condition, the welder shall be calibrated at the beginning of each seaming period. 

Chemical Fusion welding - The chemical fusion agent shall be applied to both panels by a squeeze bottle or paint brush.  The width of application shall be a minimum of 2 inches.  Light pressure shall be applied by an acceptable roller to force intimate contact between the panels.  Excess agent extruded from the seam shall be removed immediately.

Adhesive - The adhesive shall be applied to both panels by a paint brush or other approved method.  The adhesive shall cover the entire seam overlap.  Light pressure shall be applied by an acceptable roller to force intimate contact between the panels.  Excess adhesive from the seam shall be removed immediately.  Adhesive shall be approved by the manufacturer and consist of material with a life expectancy similar to the liner material.

Inseam Tape - A primer shall be applied to both panels by a scrub pad or other approved method.  The primer shall cover the entire seam overlap.  Once the primer has flashed, install the tape on the bottom sheet, remove tape backing, place overlap, and roll it with light pressure to force intimate contact between the panels. 

Cover Strip - A primer shall be applied to both panels by a scrub pad or other approved method.  Close and roll the seam.  Apply additional primer to cover the entire seam overlap.    Once the primer has flashed, install the cover strip and roll it with light to force intimate contact between the cover strip and the panels. 

Seam overlap - Liner panels shall have a minimum overlap of 4 inches for hot wedge welding, hot air welding, chemical fusion welding, adhesive seams, inseam tape, and cover strip seams.  A minimum overlap of 3 inches shall be used for extrusion welded seams.  Upslope panels shall overlap downslope panels to provide a shingle effect for drainage.

GCL seam overlap - Native soil and debris should be removed from the contacting GCL surfaces to ensure seam integrity.  The GCL panels should be adjusted to smooth out any wrinkles or creases between adjacent panels.

VIII.   Seam testing
Seams shall be tested under field conditions at the beginning of each seaming period. Three specimens shall be tested by a tensiometer in shear and peel modes.  Test seams shall meet the requirements of Material Specification 521A.

Field seams shall be non-destructively tested over their entire length to ensure seam continuity.  Seam testing shall be performed as the seaming work progresses, not at the completion of field seaming.

Nondestructive seam testing - Air pressure tests shall be performed in accordance with ASTM D 5820 on all double-track fusion seams.  The air pressure test equipment and procedures shall conform to this specification and the liner manufacturer's specifications.  Seal both ends of the seam to be tested. Insert the pressure needle into the seam's air channel.  Pressurize the air channel through the needle to 25 to 30 pounds per square inch for HDPE, LLDPE, and PP liners, 15 to 25 pounds per square inch for 30 mil PVC liners, and 20 to 30 pounds per square inch for 40 mil PVC liners.

Monitor any pressure drops for 5 minutes. A loss of pressure in excess of 4 pounds per square inch for HDPE, LLDPE, and PP liners, 5 pounds per square inch for 30 mil PVC liners, 4 pounds per square inch for 40 mil PVC liners, or a continuous loss of pressure is an indication of a leak. Terminate the test by relieving the pressure from the opposing end of the seam. The pressure shall immediately drop to zero upon opening the opposing end of the seam. If this does not occur, the seam channel shall be checked for obstructions and retested. All defects shall be marked for repair.

Vacuum box tests shall be performed in accordance with ASTM D 5641 on all extrusion welds and may be used on PP Chemical fusion welds.  Vacuum box tests will not be allowed on PVC liner seams. The vacuum box equipment and test procedure shall conform to this specification and the liner manufacturer's specifications. Apply soapy water solution to the seam area to be tested. The vacuum box, equipped with a transparent viewing window, shall be centered over the seam area and a vacuum of 4 to 8 pounds per square inch shall be drawn. The seam area shall be visually monitored for any soap bubbles for 10 seconds. Seam testing shall continue by overlapping a minimum of 3 inches between each test interval. All defects shall be marked for repair.

Air lance tests shall be performed in accordance with ASTM D 4437 on single-track fusion welds, chemical fusion welds, and adhesive PVC seams, EDPM seams, and may be used on PP chemical fusion seams.  The air lance test shall apply a pressure of 50 pounds per square inch through a 3/16-inch nozzle held within 2 inches of the seam.  A seam that flaps or produces a whistling sound is an indication of a leak.

Destructive seam testing - If required, seam samples shall be cut at no more than one sample per 500 feet of weld for destructive seam testing.  All destructive seam samples shall be tested by a tensiometer in shear and peel modes to verify seams meet the requirements of Material Specification 521A.

IX.  Repairs

All defective liner areas and bad seams shall be repaired and tested before the installation is completed.

Tears, punctures, material defects - All tears, punctures, and material defects in liner shall be repaired by installing a patch over the defective area.  Surfaces of the liner to be patched shall be cleaned before the repair.  All patches shall be of the same liner material and extend a minimum of 6 inches beyond the edges of the defect area.  All patches shall have rounded corners and shall be seamed to the liner.  Alternatively, a bead of extrudant shall be placed over all holes that are less than 0.25 inch in diameter on HDPE, LLDPE, and PP liners.

Seam repair - All failed seams shall be repaired by installing a cap strip over the entire length of failed seam.  The cap strip shall be of the same liner material and shall extend beyond the failed seam a minimum of 6 inches in all directions.  Alternatively, the seam along the upper flap can be extrusion welded to the liner along the entire length of the failed seam.

X.   Mechanical attachments

The liner shall be mechanically attached to pipe, concrete, or steel structure as shown in the drawings and according to the liner manufacturer's specification.

Pipe boots - Factory fabricated pipe boots shall be used wherever possible.  Pipe boots fabricated in the field shall be from the same material as the liner.  The boots shall be welded and clamped to pipes of the same material as the liner.  They shall be clamped to other types of pipe as shown in the drawings, or as recommended by the manufacturer, to provide a leak-free attachment.

Metal battens - Metal battens shall meet the requirements of Material Specification 521A and shall be installed according to the drawings and the liner manufacturer's specifications.  The battens shall be bolted to structure concrete by bolts on 6-inch intervals to create a leak-free connection under submerged conditions. Bolt spacing shall be increased to 12 inches for connections above the fluid level.

Embed channel - Embed channel shall meet Material Specification 521A and be installed according to drawings and the liner manufacturer's specification.  The embed channel shall be prefabricated to the dimensions as shown in the drawings.  All sections of the channel shall be welded to the next section continuously to prevent gaps between sections or pieces of the embed channel before their installation in the concrete forms.  All corners shall be miter cut and welded all around.

Gas vents and drainage - Gas vent flaps or vent pipes shall be installed in accordance with the drawings to provide adequate venting for the liner system.  Drainage systems will be installed as specified and as shown on the drawings. 

GCL penetration and structure sealing - Granular clay of a material similar to the material in the GCL shall be packed around the pipe or structure and on the adjacent area so that it is encased in a pure clay seal.  The GCL panel should be placed over the penetration and slit into a "pie" configuration where the pipe is to protrude.  More granular clay is to be spread around the cut edges and over adjacent areas.
Covering the liner - Cover geomembranes as soon as possible after the liner installation.  Cover GCL liners on the same day as installation to prevent hydration of the clay layer.  Cover soil on liners, other than GCL, shall be placed during the coolest part of the day.

Work material, from the bottom of the slope to the top, onto the liner maintaining at least 12 inches of soil under the wheels or tracks of light equipment.

Cover soils shall meet the same requirements, as specified for subgrade soils in Section III of this specification.  Cover soil placement shall be performed by a loader or bulldozer with ground pressure of less than 8 pounds per square inch.  Cover soil shall not be dropped onto the liner from a height greater than 3 feet.  

Following construction of an access ramp, the soil shall be placed from the bottom of the slope upward.  

Construction equipment or machinery shall not operate directly on the liner. 

XI.  Vegetative Cover

Unless otherwise specified, a protective cover of vegetation shall be established on the disturbed area outside of the treated area.  The planting of vegetative materials shall conform to the requirements of Practice Specification 342, Critical Area Planting.

XiI.  Special Measures

Measures and construction methods shall be incorporated as needed and practical that enhances fish and wildlife values.  Special attention shall be given to protecting visual resources and maintaining key shade, food and den trees.  

XIII.  Construction Operations

Construction operations shall be done in such a manner that erosion and air and water pollution are minimized and held within legal limits.  The owner, operator, Contractor or other persons will conduct all work and operations in accordance with proper safety codes for the type of construction being performed with due regards to the safety of all persons and property.

The completed job shall be workmanlike and present a good appearance.

XIV  OPERATION AND MAINTENANCE ITEMS

A properly operated and maintained pond is an asset to your farm.  This pond sealing was designed and installed to limit the seepage loss from the pond.  The estimated life span of this system is at least 20 years.  The life of this system can be assured and usually increased by developing and carrying out a good operation and maintenance program.

This practice will require you to perform periodic operation and maintenance to maintain satisfactory performance.  Here are some recommendations to help you develop a good operation and maintenance program.

Maintain the soil covering on liners at the construction depth.

Equipment is permitted only on liners with a minimum soil cover of 12 inches.  If equipment is allowed on a liner covered with a minimum 12 inches of soil, avoid excessive speeds and sharp turns.

Prevent all livestock from using any area of the pond which was sealed by artificial liners.

Fences shall be maintained to provide warning and/or prevent unauthorized human or livestock entry.

Settlement or cracks in the soil weaken earthen sections and may accelerate the development of flow paths that may result in structure failure.  This should be investigated to determine the cause and immediately repaired.

Inspect for damage from rodents or burrowing animals.   Repair any damage.  Take appropriate corrective actions to alleviate further damage.

Immediately remove any debris that may harm or reduce the effectiveness of sealants.

Immediately repair any vandalism, vehicular, or livestock damage to any earthfills, spillways, or outlets or other apparatuses.

Other items specific to your project are listed on the "Practice Requirement" sheet.
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