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I.  Scope 

The work shall consist of constructing a soil-cement lining in a pond.  The surface of the compacted soil-cement shall conform to the elevations and cross sections shown on the drawings or as staked in the field.  

II.  Subgrade Preparation 

The subgrade area for the soil-cement shall be cleared of all trees, brush, weeds, sod, loose rocks, or other material not suitable for the subgrade.  

Clearing and disposal methods shall be in accordance with applicable state and county laws with due regard to the safety of persons and property.  

In the area to be lined, the soil material used with the cement shall be at least 5 inches thick.  

The inside embankment slopes shall not be steeper than 5:1 horizontal to vertical.  Slopes steeper than 5:1 will be permitted if the Contractor demonstrates that the soil-cement can be mixed or deposited on grade and compacted as specified to the satisfaction of the Engineer.  The maximum slope shall be no more than 3:1 horizontal to vertical where a lift (layer) type lining is used.  

The subgrade shall be firm and able to support without yielding or subsequent settlement the construction equipment and the compaction of the soil-cement.  Soft or yielding subgrade shall be corrected and made stable before construction proceeds.

III.  Materials 

Cement

Shall be Type II low alkali or Type V Portland cement; and shall be free of lumps and partially set masses.  The rate of application shall be as specified on the “Practice Requirement” sheet.  

Water

Shall be relatively free from acid, alkali, oil, or organic matter.  

Soil Material

Shall not contain aggregates larger than 1/2 the lining thickness, and no more than 40 percent by dry weight shall be retained on a No. 4 sieve, and shall not have more than 35 percent nor less than 5 percent material passing the No. 200 sieve.  Soil material with less than 5 percent passing the No. 200 sieve can be used, but the cement factor shall be increased 1 percentage point for each 1 percent that the portion of the soil passing the No. 200 sieve is less than 5 percent.  

Clay balls (nodules of clay and silt intermixed with granular soil) greater than 1 inch shall be removed.  Clay balls less than 1 inch shall be limited to 10 percent. 

IV. Mixing and Placing

The soil aggregate shall be so pulverized that, at the completion of moist mixing, 100% by dry weight passes a 1-in. (25.4 mm) sieve, and a minimum of 80% passes a No. 4 (4.75 mm) sieve, exclusive of gravel or stone retained on those sieves.
Soil-cement shall not be mixed or placed when the soil aggregate or subgrade is frozen, or when the air temperature is below 45° F (8o C).  However, when the air temperature is at least 40oF (5o C) and rising, soil-cement construction may proceed.
Moisture in the soil at the time of cement application shall not exceed the quantity that will permit a uniform and intimate mixture of the soil and cement during mixing operations, and shall be no more than the optimum moisture content for the soil-cement mixture.

The operations of cement application, mixing, spreading, compacting, and finishing shall be continuous and completed within 4 hours in daylight or under satisfactory lighting. 
IV.  ADDITIONAL CRITERIA FOR In-Place Mixing 

General

No soil-cement mixture shall remain undisturbed more than 30 minutes during mixing or compaction.  

Preparation.  The surface of the soil to be processed into soil-cement shall be at an elevation so that, when mixed with cement and water and recompacted to the required density, the final elevation will be as shown in the plans or as directed by the engineer.  The material in place and surface conditions shall be approved by the engineer before the next phase of construction is begun.

Pulverizing.  Before cement is applied, the soil to be processed may be scarified to the full depth of mixing.  The soil should be damp at the time of scarifying to reduce the amount of dust and to aid in pulverization.  The product of pulverization shall be such that at the completion of moist mixing, 100% by dry weight passes a 1-inch sieve, and not less than 80% passes a No. 4 sieve, exclusive of gravel or stone retained on those sieves.

Application of cement

Prior to distribution of cement, the soil shall be moistened to at least a 2-foot depth.  The moisture content and depth will be determined by inspection prior to application of cement.  No cement shall be applied when moisture content in the soil exceeds the optimum moisture content for the soil-cement mixture.  

The cement shall be uniformly distributed over the soil at the specified rate.  No cement shall be spread more than 60 minutes ahead of the start of mixing.  

Mixing

The cement shall be uniformly mixed with the soil material to a depth of 4 inches below the finished grade.  Mixing in-place shall be completed within 1½ hours.  

Application of water

Sufficient water in light applications shall be added during mixing to maintain the moisture content of the soil-cement mixture near optimum as determined by the engineer, and soil-cement mixture shall be mixed until the result is a uniform mixture of soil, cement, and water is obtained for the full design depth and width.  

V.  ADDITIONAL CRITERIA FOR Off-Site Mixing 

General

Soil and cement can be central-plant-mixed in an approved mixer of either the continuous flow or batch type.  The plant shall be equipped with metering and feeding devices that will add the soil, cement, and water into the mixer in the specified quantities.  The mixing time shall be that which is required to secure a uniform mixture of soil, cement, and water.  

Handling and placing

The soil-cement mixture shall be transported in trucks having beds that are smooth, clean, and tight.  

The total elapsed time between the addition of water to the mixture and the start of compaction shall not exceed 45 minutes, and the mixture is not to be left undisturbed for longer than 30 minutes during this period.  

Necessary precaution shall be taken to avoid damage to the in-place mixture by the equipment.  

Deposition of raw earth or foreign materials between layers or strips of soil-cement shall be avoided.  

Earth ramps crossing completed soil-cement must have at least 2 feet of compacted thickness.  

The mixture shall be placed on moistened embankments or previously completed soil-cement, with spreading equipment that will produce strips or layers of such widths and thickness as are necessary for compaction to the required dimensions.  

All soil-cement surfaces which must be bonded to succeeding layers or strips of soil-cement shall be kept moist.

VI.  Compaction 

Compaction of the soil-cement mixture shall commence immediately following the completion of mixing or deposition on grade and shall be completed within 1 hour.  

The soil-cement mixture shall be uniformly compacted in such a manner that the completed soil-cement in-place forms a dense, uniform mass with a relatively smooth surface.  

Compaction shall meet the requirements of one of the following as specified:  

1.
Compaction shall be accomplished with pneumatic-tired equipment.  Initial compaction may be done with a sprocket packer or similar equipment to provide a firm support for the pneumatic-tired equipment.  

2.
Compaction shall result in densities equal to or greater than 96 percent of the maximum obtained by laboratory compaction at optimum moisture of like soils in accordance with ASTM D558.  

At the time of compaction the moisture content shall not be less than 1 percentage point below optimum; shall be less than that which will cause the soil-cement to become unstable during compaction and finishing operations; and shall not be more than 2 percentage points above optimum.

Areas within 2 feet of any structure need not be compacted with the pneumatic-tired equipment but will be “sealed off” in accordance with Paragraph “Structures”.  

Compliance with compaction requirements will be determined by the procedure given in ASTM D1556 or D2167 for Methods 2 and by observation of performance for Method 1.  

Compacted areas not meeting the specified requirements shall be repaired in accordance with Paragraph IX.  

VII.  Curing 

Immediately upon completion of compaction, the surface shall be moistened with a light spray of water and shall be kept wet until no more moisture is absorbed.  

Soil-cement surfaces cured with water shall be kept wet for a minimum period of 7 days immediately following compaction.  

When a curing compound is used, it shall be applied as soon as the surface film of moisture disappears but while the surface still has a damp appearance.  

The curing compound shall meet the requirements of ASTM Designation C309.  Coverage shall not exceed 200 square feet per gallon.  

VIII.  Construction Joints 

At the end of each day's work, or whenever construction operations are interrupted for more than 3 hours, a transverse construction joint shall be made. Such joints shall be full-depth vertical joints.

IX.  Special Requirements 

Structures

The structures within the area being lined with soil-cement shall be “sealed off” with a concrete or plastic soil-cement slab with a minimum thickness of 4 inches.  The projection of the slab from the structure will depend upon the distance required to cut a true vertical surface, free of loose or shattered material, in the compacted soil-cement, usually 2 feet or more.  The slab shall be adequately cured prior to filling the reservoir with water.  

Materials for slab

Concrete--The recommended proportions of the various ingredients of concrete shall be such as to obtain adequate strengths for the intended purpose.  In no case, however, shall there be more than 6.3 cubic feet of bulk aggregate per sack of cement, nor shall there be more than 7½ gallons of water per sack of cement introduced into the mix.  All material shall be proportioned by weight and/or volume.  

Plastic Soil-Cement

Plastic soil-cement is a mixture of soil and Portland cement combined with sufficient water to produce, at time of placing, a consistency similar to that of plastering mortar.  The cement content shall be at least 4 percent, by weight, more than for the soil-cement mixture.  

X.  Repairs 

Unsatisfactory areas of soil-cement shall be replaced by excavating 4 inches deep and outward the distance required to cut a true vertical surface, free of loose or shattered material, in the compacted soil-cement.  The repair area shall be dampened with water and immediately refilled with a mixture of soil-cement.  The soil-cement mixture shall be compacted and cured.  No skin patches will be permitted.
XI.  Vegetative Cover 

Unless otherwise specified, a protective cover of vegetation shall be established on the disturbed area outside of the area treated.  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 enhance 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 10 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 artificial liners at the construction depth.

Limit the use or travel of any equipment in the area that was sealed. 

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

If fences are installed, they 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.

Eradicate or otherwise remove all rodents or burrowing animals.  Immediately repair any damage caused by their activity.

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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