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NATURAL RESOURCES CONSERVATION SERVICE 

CONSTRUCTION SPECIFICATIONS 

LINED WATERWAY OR OUTLET 

1. Scope  

The work shall consist of the earthwork required to shape a waterway or outlet and the installation of an 
erosion-resistant lining of concrete, stone, synthetic turf reinforcement mats (TRMs), or other permanent 
material.  

2. Location 

The location of the work shall be as shown on the plans or as staked in the field.  Changes to the location 
shown on the plans must be approved by the landowner and designer prior to making the change. 

3. Site Preparation  

Clearing.  The limits of the areas to be cleared will be marked by means of stakes, flags, tree markings, 
or other suitable means.  Trees outside this area will be left standing and uninjured.  Trees and other 
woody vegetation will be cut off no higher than 4 inches above the ground surface, unless otherwise 
specified in Section 13.  

Areas designated for grading to a uniform surface will have all stumps, root clusters, and roots larger than 
1 inch in diameter grubbed to a depth of at least 1 foot below the subgrade elevation, unless otherwise 
specified in Section 13. 

Disposal.  All materials removed from cleared or grubbed areas shall be burned, buried, or piled at 
locations shown on the plans or as directed by the landowner.  Burning shall comply with all state and 
local policies pertaining to open burning. 

4. Excavation 

All excavations shall conform to the lines, grades, and elevations shown on the plans or as staked in the 
field. 

Excavated surfaces against which earthfill or concrete is to be placed shall be preserved in the most sound 
condition possible and protected from drying that may cause the formation of shrinkage cracks.  The 
excavated subgrade surface shall be graded to remove rutting or uneven surfaces.  The subgrade shall be 
proof rolled with a tamping roller or loaded earthmoving equipment to identify soft pockets of soil or 
other soil conditions that will require removal and replacement by compacted soil.  The excavated 
subgrade shall be approved prior to placement of the lining materials. 

All suitable materials from the excavation shall be used as earthfill as required.  Unsuitable or excess 
materials shall be designated as waste and placed, spread, leveled, or shaped as shown on the construction 
plans or so as not to interfere with the waterway function, farming operations, or field drainage. 

5. Earthfill 

Foundations for earthfill shall be stripped to remove vegetation, topsoil, and other unsuitable materials 
such as large stones or rubbish.  Fill materials shall be obtained from required excavations and/or 
designated borrow areas.  Cuts and fills shall be balanced to the greatest extent possible.  Fill materials 
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shall contain no sod, brush, roots, or other perishable materials.  Rock particles larger than the 6 inches 
shall be removed prior to compaction of the fill.  

The earthfill materials shall be placed in nearly horizontal layers not exceeding 9 inches before 
compaction or as shown on the plans.  Materials placed by dumping in piles or windrows shall be spread 
uniformly to not more than the specified thickness before being compacted. 

During placement and compaction of earthfill and earth backfill, the moisture content of the material 
being placed shall be sufficiently moist to prevent dusty conditions.  The material will also be sufficiently 
dry to be workable (without excessive rutting of the compacted surface by the earthmoving equipment).  
Tracks from the earthmoving equipment should not exceed one-half of the compacted fill layer depth.  
The top surface of the preceding layer of fill shall have adequate moisture to permit suitable bonding with 
the next layer of fill prior to the placement of additional fill. 

Machine compaction shall be accomplished by the controlled movement of hauling and spreading 
equipment over the fill area.  Every point on the surface of each lift shall be traversed by not less than 
1 tread track of the equipment. 

The completed work shall conform to the lines, grades, and elevations shown on the plans or as staked in 
the field.  

6. Concrete 

Concrete shall have a minimum design strength of 3000 pounds per square inch (psi) at 28 days with a 
maximum net water content of 6.0 gallons/bag.  Portland cement shall be Type I or II.   

Coarse aggregate shall be hard and free from dirt and organic materials and shall consist of well-graded 
gravel, crushed stone, or other suitable materials larger than a #8 sieve.  Maximum size shall be 1 inch. 

Fine aggregate shall consist of well-graded natural or manufactured sand with a gradation ranging from 
coarse (¼ inch) to fine (#200 sieve).  

Mixing water shall be clean and free from oil, alkali, or acid. 

The proportions of the aggregates shall be such to produce a concrete mixture that will work readily into 
the corners and angles of the forms and around steel reinforcement when consolidated.  The slump at the 
time of placing shall be 2 to 4 inches.  Copies of the concrete delivery tickets shall be furnished by the 
owner to designated personnel to verify proper concrete was delivered and placed. 

Inspection and approval of the subgrade and steel placement by designated personnel shall be made prior 
to the placement of concrete.  Steel reinforcement shall be Grade 40 or Grade 60 standard deformed 
reinforcing bars of the size indicated on the construction plans or welded wire reinforcement(WWR) 
conforming to the requirements of American Society for Testing and Materials (ASTM) A185.  All WWR 
joints are to be double-reinforced by laps of 15 inches or more. 

Steel shall have a minimum of 2 inches of cover (3 inches when against the earth).  All steel shall be 
accurately placed and adequately supported before concrete is placed.  Precast concrete chairs used for 
support shall be moist at the time concrete is placed. 

Concrete shall be conveyed from the mixer to the final location as rapidly as practical by methods that 
will prevent segregation of the aggregates and loss of mortar.  Concrete shall not be dropped more than 
5 feet vertically except where suitable equipment is used to prevent segregation. 

Immediately after the concrete is placed, it shall be consolidated by spading, hand-tamping, or vibrating 
as necessary to ensure smooth surfaces and dense concrete. 

All exposed surfaces of the concrete shall be screeded to grade and then finished with a wood-float or 
trowel as required in Section 13. 
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Concrete shall be prevented from drying for a curing period of at least 7 days after it is placed.  Exposed 
surfaces shall be kept continuously moist for the entire period or until curing compound is applied. 

Concrete shall not be mixed nor placed when the atmospheric temperature is less than 40oF or more than 
90oF unless facilities are provided to prevent freezing or for cooling as required. 

If concrete is placed when temperatures may fall below 40oF during the curing period, it will be insulated 
or heated to maintain a temperature of 50oF for the first 3 days of the curing period.  The Natural 
Resources Conservation Service (NRCS) will be notified a minimum of 2 days before placing concrete in 
cold weather to allow for inspection.  

Contraction joints shall be formed transversely to a depth of about 1/3 the thickness of the lining.  The 
spacing shall be as shown on the construction plans but shall not exceed 15 feet.   

7. Rock Riprap   

The rock shall be dense, sound, and free from cracks, seams, or other defects conducive to accelerated 
weathering.  The rock fragments shall be angular to sub-rounded in shape with the least dimension not 
less than 1/3 the greatest dimension of the fragment.  Rock used in the installation shall have a minimum 
specific gravity of 2.3, a maximum absorption of 4%, and a minimum freeze and thaw (F&T) soundness 
ratio of 0.85.  The specific gravity shall be saturated surface-dry basis.  Rock that is not tested or does 
meet these requirements may be used if approved by NRCS prior to placement.  Rock from approved 
sources shall be excavated, selected, and processed to meet the specified quality and grading requirements 
at the time the rock is installed. 

 
The rock riprap shall be placed by equipment on the surface and to the depth specified.  End dumping or 
tailgate dumping of rock directly onto geotextile will not be permitted.  It shall be installed to the full 
course thickness in one operation and in such a manner as to avoid serious displacement of the underlying 
material.  The rock shall be delivered and placed in a manner that ensures the riprap in place is reasonably 
homogeneous with the larger rocks uniformly distributed and firmly in contact one to another with the 
smaller rocks and spalls filling voids between the larger rocks.  Some hand placing may be required to 
provide a neat and uniform surface. 

The gradation of the rock riprap shall be as shown on the construction plans or in Section 13.  Rock riprap 
shall be free from dirt, clay, sand, rock fines, and other material not meeting the required gradation limits. 

Filter or bedding materials, if used, shall consist of clean sand, gravel, and/or crushed rock that meets the 
same quality requirements of the rock riprap.  The gradation of the filter or bedding shall be as shown on 
the construction plans or in Section 13.  The subgrade surfaces on which the filter or bedding is to be 
placed shall be cut or filled and finished to the lines and grades shown on the plans.  

8. Geotextiles 

Nonwoven geotextiles, if used, shall be installed as shown on the construction plans between rock, 
flagstone, or other materials and the prepared subgrade.  The geotextile shall have a minimum weight of 
8 ounces per square yard, a minimum tensile strength of 157 pounds, a minimum puncture strength of 309 
pounds, and a maximum apparent opening size (AOS) of 0.22 mm or as required in Section 13. 

The geotextile shall be placed on the approved prepared surface at the locations and in accordance with 
the details shown on the construction plans and specified in Section 13 of this specification.  It shall be 
unrolled in the direction of water flow and loosely laid (without stretching) in such a manner that it 
conforms to the surface irregularities when materials are placed on or against it.  The geotextile may be 
folded and overlapped to permit proper placement in designated area(s).   

The geotextile shall be joined by overlapping a minimum of 18 inches (unless otherwise specified) and 
secured against the underlying foundation material.  Securing pins, which have been approved and 
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provided by the geotextile manufacturer, shall be placed along the edge of the panel or roll material to 
adequately hold it in place during installation.  Pins shall be steel or fiberglass formed as a U, L, or T 
shape or contain "ears" to prevent total penetration through the geotextile.  Steel washers shall be 
provided on all but the U-shaped pins.  The upstream or upslope geotextile shall overlap the abutting 
downslope geotextile.  At vertical laps, securing pins shall be inserted through the bottom layers along a 
line through approximately the mid-point of the overlap.  At horizontal laps and across slope laps, 
securing pins shall be inserted through the bottom layer only.  Securing pins shall be placed along a line 
about 2 inches in from the edge of the placed geotextile at intervals not to exceed 12 feet unless otherwise 
specified.  Additional pins shall be installed as necessary and where appropriate to prevent any undue 
slippage or movement of the geotextile.  The use of securing pins will be held to the minimum necessary.  
Pins are to remain in place unless otherwise specified.   

The geotextile shall be installed in anchor trenches on the upstream and downstream ends.  Anchor 
trenches may also be required at the edges of the lining material.  Anchor trenches shall be a minimum of 
6 inches deep and 6 inches wide or as shown on the construction plans.  The geotextile shall be secured to 
the bottom of the trench with pins spaced not more than 10 feet apart, and the trench shall be backfilled 
with soil materials.   

9. Synthetic TRM 

The TRM shall be a composite, machine-produced mat specially designed for erosion control on steep 
slopes and vegetated waterways.  It shall consist of a matrix of coconut fiber, straw, wood fibers, or other 
materials incorporated into a permanent, three-dimensional turf reinforcement matting.  The matrix shall 
weigh a minimum of 0.50 pound per square yard and be evenly distributed across the entire width of the 
matting.  TRM with a matrix of coconut fiber, straw, wood fibers, or other natural materials shall be 
contained between polypropylene netting.  The top and bottom netting shall weigh a minimum of 
5 pounds per 1000 square yards.  The netting mesh will have a maximum spacing of 1 inch, and the entire 
mat shall be sewn together with a permanent polypropylene thread that is stabilized to be resistant to 
decomposition from ultraviolet light.  The stitch spacing shall not exceed 2 inches on center.   

The mats shall be hand-placed after all fertilizer, seed, and other soil amendments have been incorporated 
into the soil unless otherwise directed by the manufacturer.  The mats shall be placed parallel to the 
direction of the flow, and the bottom netting and matrix shall be in direct contact with the soil. 

The mat shall be anchored at the upstream and downstream ends in a trench with a minimum depth of 
12 inches.  Staple the mats to the bottom of the trench with a maximum spacing for staples in the trench 
of 3 feet.  Anchor the mats on the side slopes of the channel in 6-inch deep trenches.  Adjacent mats shall 
be overlapped a minimum of 3 inches and stapled.  All other placing and anchoring requirements shall be 
as recommended by the manufacturer. 
 
The mats shall be secured to the slope using wood stakes, biodegradable stakes, or wire staples.  Stakes or 
staples shall be a minimum of 1 inch wide and 6 inches in length.  Stakes and staples shall be driven into 
the soil at right angles to the ground surface.  Where adjacent mats join, the sides shall be overlapped a 
minimum of 3 inches and anchored.  Where mats join in the middle of a channel slope, the upstream mat 
shall be installed in shingle fashion on top of the downstream mat with at least 1 foot of overlap. 

10. Other Materials 

Grid pavers.  These manufactured materials may be a solid paving block or a cellular type block that will 
be filled with soil or granular material.  The actual materials to be used shall be as shown on the 
construction plans or detailed in Section 13.  They shall be installed as recommended by the 
manufacturer.   
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Concrete masonry units (CMUs).  CMUs shall be standard weight (at least 30 pounds), 8-inch by 8-inch 
by 16-inch nominal size concrete blocks.  They shall be hand-placed on the approved geotextile material 
with holes up starting at the downstream end and working upstream.  The blocks in the channel bottom 
shall be placed with the long dimension in the direction of water flow.  The blocks on the slope shall be 
placed with long direction up the slope, perpendicular to the water flow.  Blocks shall have the sides and 
ends touching insofar as possible with the surface varying by less than ½ inch to the surrounding blocks.  
The total surface across any section shall not vary by more than 2 inches between the lowest and highest 
block.  Triangular voids at grade breaks and other locations will be filled with a concrete grout consisting 
of 1 part cement to 3 parts sand or a commercially available mortar mix.  The holes in the blocks shall be 
filled with sand or topsoil.  Concrete blocks shall not be driven on by any machinery during or after 
placement. 

Articulated concrete blocks (ACBs).  ACBs shall meet the requirements shown on the construction 
plans or in Section 13.  They shall be machine-placed on the approved geotextile as recommended by the 
manufacturer to the line and grade shown on the plans or the approved submittal from the manufacturer.  
Placement shall start at the downstream end and work upstream in a continuous fashion.  The ACB mats 
will be anchored in a termination trench at the upstream and downstream end as required on the 
construction plans.  Adjustment of the line and grade of the ACB mats after placement will be limited to 
avoid damage to the underlying geotextile.  Joints at grade breaks and other locations will be filled with a 
concrete grout as shown on the construction plans.  The grout will consist of 1 part cement to 3 parts sand 
or be a commercially available mortar mix.  The voids between the blocks will be filled with sand or 
topsoil. 

Cellular confinement systems or geowebs.  The systems shall be manufactured using a high density 
polyethylene with a minimum density of 58 pounds per square foot or as required by American Society 
for Testing and Materials (ASTM) D1505.  The polyethylene shall be stabilized with carbon black in 
accordance with ASTM D1603 for ultraviolet light protection or a similar type of stabilization if other 
colors are used.  Individual strip thicknesses shall meet the requirements of ASTM D5199 and may be 
perforated or non-perforated.  Strips shall be connected using an ultrasonic weld method.  Systems shall 
be installed on a compacted base layer of gravel or crushed rock as shown on the construction plans.  
Installation shall begin at the downstream end and work upstream.  Expand the system section into 
required position and temporarily anchor at corners and edges using stakes or anchors as recommended 
by the manufacturer.  Connect adjacent sections as recommended by the manufacturer and ensure that the 
top edges of adjacent cell walls are flush with each other and in proper alignment.  Fill the systems using 
gravel or crushed rock with a maximum size of 2 inches to a level approximately 2 inches above the cell 
walls.  Limit the drop height of the fill material to 3 feet to prevent damage to the cells.  The gradation of 
the fill material shall be as shown on the construction plans or in Section 13.  Compact the fill using a 
plate vibrator and screed level with the top of the cells.  

11. Vegetation 

A protective cover of vegetation shall be established on all exposed earthfill or excavated surfaces, and 
those areas shall be protected by TRM.  The seeding mix will be as shown on the construction plans or in 
Section 13.  Seedbed preparation will consist of lightly discing compacted or polished soil surfaces to a 
depth of 3 inches and smoothing with a cultipacker.  All accessible areas will be seeded with a grass drill.  
It shall be equipped with double disc or coulter furrow openers with depth bands and press wheels spaced 
not more than 12 inches apart.  Small, inaccessible areas or wet areas may be broadcast seeded.  
Broadcast areas shall be lightly harrowed or raked the same day the seed is spread. 

All seeded areas shall be mulched as specified in Section 13.  Mulch shall consist of native hay or clean 
straw and be applied at the rate of 2 tons per acre.  It will be anchored by hand methods or specialized 
equipment using straight blades to punch the mulch into the soil.  The mulch can be applied at the rate of 
1 ton per acre if it is anchored by an asphalt emulsion at the rate of 300 gallons per acre.   
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12. Measurement 

The completed lined waterway or outlet will be measured to the nearest linear foot along the grade line of 
the completed practice.  Measurement of the earthfill or excavation quantities will be calculated by using 
the average end area method and actual stakeout or checkout notes or by using drafting software to 
determine earthwork quantities.  Measurement of other individual components for payment purposes or 
as-built records will be as specified in Section 13.  

13. Construction Details   
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