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POND SEALING OR LINING

COMPACTED CLAY TREATMENT
(no.)
CODE NO. 521D
1. scope

The work shall consist of all preparing, furnishing and installing of materials, as required, to construct compacted clay liners for clean water or waste storage ponds.
2. general requirements

A.
Preparation
The liner subgrade area to be treated shall be drained, dried, and stripped to remove vegetation, trash, stones and other unsuitable material.

Liner subgrade surfaces, namely the pond earthfill, shall be graded to remove surface irregularities and shall be scarified and loosened to a minimum depth of 2 inches.  The liner subgrade shall be compacted and bonded with the first layer of compacted clay liner, at the density and moisture content specified for the compacted clay liner.
B.
Placement
Compacted clay liner shall not be placed upon a frozen surface nor shall snow, ice, or frozen material be incorporated in the compacted clay liner matrix.

Clay liner material shall be placed in horizontal layers at approximately equal layers over the surface. The thickness of each layer before compaction shall not exceed the maximum thickness of 8-inches unless otherwise specified on the drawings.  Materials placed by dumping in piles or windrows shall be spread uniformly to not more than the specified thickness before being compacted.

Compacted clay liners shall be placed in a manner that prevents damage to the structures and allows the structures to assume the loads from the liner material gradually and uniformly at approximately the same rate on all sides of the structure.

Treated areas shall be protected from puncture by livestock trampling, desiccation cracking, surface erosion, erosion from pipe outlets, or items installed through the liner.  Unless otherwise specified on the drawings, a minimum thickness of 6 inches of soil shall be placed and graded on top of the clay liner for protection. The protective liner shall be lightly compacted using a wheel roller.
C.
Control of moisture content

During placement and compaction of the compacted clay liner, the following shall be used:

1) For waste storage ponds,  the moisture content of the compacted clay liner material being placed shall be maintained within plus or minus 2% of optimum unless otherwise specified in the drawings. The optimum moisture content shall be determined by a certified laboratory.
2) For clean water storage ponds, the compacted clay liner material moisture content shall be maintained within plus or minus 2% of optimum unless otherwise specified in the drawings and within the limits to prevent dilatency and bulking. 
The application of water to the clay liner material shall be accomplished at the borrow areas insofar as practicable. Water may be applied by sprinkling the material after placement of clay liner, if necessary.  Uniform moisture distribution shall be obtained by disking or rotor tilling.

Material that is too wet when deposited shall either be removed or be dried to the specified moisture content prior to compaction.

If the top surface of the preceding layer of compacted clay liner or a subgrade or abutment surface becomes too dry to permit suitable bond, it shall either be removed or be scarified and moistened by sprinkling before placement of the next layer of clay liner.

D.
Compaction

Clay liners shall be compacted according to the following requirements:

1)   For waste storage ponds, each layer of clay liner shall be compacted to a minimum dry density of 95 percent of standard proctor at a moisture content of plus or minus 2% of optimum unless otherwise specified in the drawings.  The standard proctor tests of the clay liner shall be performed by a certified laboratory.
2)   For water storage ponds, each layer of clay liner shall be compacted by the specified number of passes of the type and weight of roller or other equipment as specified on the drawings. Each pass shall consist of at least one passage of the roller wheel or drum over the entire surface of the layer.
The following is the minimum requirement for common types of compaction equipment.  The compaction equipment to be used for the work is specified on the drawing.

1)
Sheepsfoot Roller
The sheepsfoot roller shall weigh 2500 pounds per foot of width and have uniformly spaced 7-inch long tamping feet.  The surface area of each layer shall receive a minimum of six passes of sheepsfoot roller.  The maximum speed of the compaction equipment shall be 3 MPH.

2)
Pneumatic Rollers
The roller shall exert a force of not less than 60 PSI.  The surface area of each layer shall receive a minimum of six passes of the pneumatic roller.

3)
Vibratory Rollers
The roller shall have a minimum weight of 10,000 pounds and have a vibrating frequency of not less than 1,000 vibrations per minute.  The surface area of each layer shall receive a minimum of six passes of the vibratory roller.

4)
Construction Equipment
The minimum weight of the construction equipment shall be 40,000 pounds and the tracks or wheels shall traverse the entire surface of each layer. The maximum layer thickness shall be 4 inches before compaction.

Clay liner backfill adjacent to structures shall be placed in layers not to exceed 4 inches before compaction. Drainfill around structures shall meet Construction Specification 24, NEH Part 624 NRCS requirements.
Clay liner backfill shall be compacted to a density equivalent to that of the surrounding in place earth material or adjacent required clay liner. Compaction shall be accomplished by hand tamping or manually directed power tampers, plate vibrators, walk-behind, miniature, or self-propelled rollers.  Heavy equipment including backhoe mounted power tampers or vibrating compactors and manually directed vibrating rollers and towed or self-propelled vibrating rollers shall not be operated within 5 feet of any structure.
Compacting of clay liner backfill adjacent to concrete structures shall not be started until the concrete has attained the strength specified for this purpose. The strength is determined by compression testing of test cylinders cast by the contractor's quality control personnel for this purpose and cured at the work site in the manner specified in ASTM C 31 for determining when a structure may be put into service.

When the required strength of the concrete is not specified as described above, compaction of clay backfill adjacent to structures shall not be started until the following time intervals have elapsed after placement of the concrete.

Structure, Time interval (days)
Vertical or near-vertical walls with earth loading on one side only, 14 days

Walls backfilled on both sides simultaneously, 7 days

Conduits and spillway risers, cast-in-place (with inside forms in place), 7 days

Conduits and spillway risers, cast-in-place (inside forms removed), 14 days

Conduits, pre-cast, cradled, 2 days

Conduits, pre-cast, bedded, 1 day

Cantilever outlet bents (backfilled both sides simultaneously), 3 days
E.
Reworking or removal and replacement of defective clay liner
Compacted clay liner placed at densities lower than the specified minimum density or at moisture contents outside the specified acceptable range of moisture content or otherwise not conforming to the requirements of the specifications shall be reworked to meet the requirements or removed and replaced by acceptable clay liner material. 
F.
Testing

During the course of the work, the following tests are required:
1) For waste storage ponds, the contractor shall perform quality control in-situ tests to determine if compaction requirements of the installed compacted clay liner have been met. Unless otherwise specified, a minimum of 2 in-situ tests will be required per pond liner installation, as follows: 1 test on the berm and 1 test within the pond bottom and for the total number of tests, as shown in Table A.  In addition, Quality Control testing  certification of the person conducting the tests shall be provided to the engineer for documentation. Copies of tests performed by the contractor shall be submitted and used to verify conformance and acceptance to the specifications of the contract.
    Table A, Compaction Testing Requirements
	Volume

Water Depth
	< 10 Ac-Ft
	10.1 – 18 Ac-Ft
	 > 18   Ac-Ft

	< 16 Ft
	2
	4
	8

	16.1 Ft – 24 Ft
	4
	6
	10

	> 24 Ft
	6
	9
	12


2) For the clean water storage ponds, unless otherwise specified by the engineer or specified in the drawings, quality control compaction testing shall not be required.

Densities of compacted clay liner will be determined in accordance with ASTM D 1556, Sand Cone Method D 2167, Rubber Balloon Method, D 2922, Nuclear Methods or D 2937, Drive Cylinder Method. Moisture content will be determined by one of the following methods: ASTM D 2216, Laboratory Determination, D 3017, Nuclear Methods, D 4643,  Microwave Oven Method, D 4944, Calcium Carbide Gas Pressure Tester Method or D 4959, Direct Heating Method.
G.
Material

All clay liner material shall be obtained from required excavations and designated borrow areas. The selection, blending, routing, and disposition of the liner material shall be subject to approval by the engineer.

Clay liner materials shall contain no frozen soil, sod, brush, roots, or other perishable material. The maximum size specified for each type of fill shall be removed prior to compaction of the liner.
3. Special Requirements

Installation shall be in accordance with the following drawings, specifications and special requirements.  NO CHANGES ARE TO BE MADE IN THE DRAWINGS OR SPECIFICATIONS WITHOUT PRIOR APPROVAL OF NRCS.

Other Requirements

     
4. 
Required Attachments

 FORMCHECKBOX 
  Construction Drawings to include at a minimum the following requirements: project location map; layout of pond; section views and details of compacted clay liner, and appurtenances, where appropriate.

 FORMCHECKBOX 
  Job Approval Authority Certification
 FORMCHECKBOX 
  O&M Plan
5. Other Attachments 

 FORMCHECKBOX 
  Associated Practice Specifications
     
 FORMCHECKBOX 
  Water Quality Considerations

 FORMCHECKBOX 
  Other      
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