NATURAL RESOURCES CONSERVATION SERVICE
VIRGINIA ENGINEERING DESIGN NOTE 578 (DN-578)
Stream Crossing


 (
Photograph courtesy of John Cooke, Richmond 
NRCS 
State Office.
)[image: Henchman 01]




May 2013



Acknowledgements

This document is a collection of accumulated knowledge from many of Virginia’s most experienced technical partners in conservation.  Special thanks are due to those who provided photographs, researched current regulations, developed examples, and reviewed drafts.  In addition, Virginia NRCS gratefully acknowledges Kale Gullett, Fisheries Biologist with NRCS East National Technology Support Center, for his technical contributions regarding aquatic organism passage.   

Table of Contents
Planning Considerations	1
Design Procedures	6
Ford Crossing	9
Culvert Crossing (Hydraulic Design)	12
Notes on Installation	16
Rock Ford Crossing	16
Concrete Ford Crossing (Formed-in-Place)	17
Concrete Slat Crossing	18
Culvert Crossing	19
Design Examples	21
Ford Crossing	21
Culvert Crossing	26
References	34
Appendix A - Watershed Delineation and Area Measurement Tips	35
Appendix B - Manning’s n	38
Appendix C - Using Manning’s Equation	41
Appendix D - Aquatic Organism Passage	43
Appendix E - USGS Physiographic Regions	47
Appendix F - Other Design Aids	48

List of Figures
Figure 1.  Signage examples for ford crossings ...	4
Figure 2.  Stream crossing design steps	8
Figure 3.  Typical stream channel cross section 	10
Figure 4.  Parameters for computing minimum culvert pipe length 	15
Figure 5.  Profile representation of culvert with armoring on the downstream slope 	19
Figure 6.  Cross-section representation of culvert with one pipe countersunk 6” 	20
Figure D1.  Culvert sizing for aquatic organism passage.	44
Figure D2.  Culvert position with respect to channel profile 	45


List of Tables
Table 1.  Pipe capacity correction factors for countersunk pipes  .……………………...……... 15

Table 2.  Factors Affecting Manning’s n (based on the Virginia Erosion 
and Sediment Control Handbook and USGS WSP 2339)  ……………………………..……… 40


NATURAL RESOURCES CONSERVATION SERVICE
VIRGINIA ENGINEERING DESIGN NOTE 578 (DN-578)
STREAM CROSSING


	Stream crossings are stabilized areas or structures built across a stream to provide a travel way for people, livestock, equipment, or vehicles.  The purposes of this practice are to provide access to another land unit, improve water quality, and to reduce streambank and streambed erosion.   Stream crossings can be an important component of a rotational grazing system by connecting pastures on opposite sides of a watercourse as well as providing controlled access to emergency or supplemental water.  While accomplishing these purposes, the crossing must not interfere with the migration of aquatic organisms.  This design note, based on the April 2012 Virginia Conservation Practice Standard Stream Crossing (Code 578), emphasizes good planning and design methods to maximize crossing longevity and positive environmental impact.

	The major types of crossings are:
· Fords – rock, concrete (poured-in-place or pre-cast), or geo-cell
· Culverts – concrete, metal, or plastic pipe
· Bridges

Bridges must be designed by a Virginia registered professional engineer.  This Design Note is limited to providing guidance for the design of rock ford and culvert crossings.  Concrete crossings are briefly discussed.  Consult your NRCS Area Engineer regarding design of concrete or geo-cell crossings.
[bookmark: _Toc335993948]Planning Considerations
	
	Consider the following while working with the landowner during the planning phase of the project:  

Location
· Consolidation.  Before designing a new crossing, review all stream crossings on a property to determine whether or not crossings can be removed and consolidated to the fullest extent practical within the context of a landowner’s operational needs.  Limiting the number of crossings on a property and focusing on fewer, well-designed and well-placed crossings can decrease operation and maintenance costs.  

· Existing travel paths.  Investigate the site to determine present travel patterns.  The landowner and/or livestock usually know the best places to cross.  Choose a crossing site at a relatively straight stream reach and ensure the road or trail crosses perpendicularly to the stream flow to minimize the crossing length and to simplify the design.

· Channel stability. If the stream channel is not stable, another site should be selected, if practical.  Otherwise, measures such as riprap slope protection and grade stabilization may be needed.  If the stream channel is degrading (becoming steeper or wider), stabilization of the channel is critical.  It is not enough to look only at the crossing site -- look upstream and downstream for signs of instability over a distance from the crossing location of at least 10 bankfull channel-widths each way (Castro, 2003).
· [image: H:\JED FY2012\from david hancock 106___10\IMG_0494.JPG]Channel bed stability.  Locate stream crossings at riffles or other similar hydraulic controls that offer long-term bed stability.  These can be bedrock outcroppings or “steps” in the channel formed by boulders or large cobble.  If the channel bottom is firm and stable, it need not be armored.  An unarmored crossing will result in less channel disturbance, less cost, and better aquatic organism passage conditions.  

·  (
Firm channel bottom left undisturbed.  
Photograph courtesy of David Hancock, Christiansburg Area Office.
)Site Access. Locate crossings with sufficient space for construction equipment access and temporary storage of materials.  Take into account property lines and utilities.


Type of Crossing:
· Channel geometry.  Deep, narrow channels are better suited for culvert and bridge crossings.  The high, steep banks of an entrenched channel mean long ramps for a ford crossing and thus more expense and potentially more obstacles to avoid.  Conversely, wide, shallow channels are better suited for ford crossings.  

· Livestock.  Consider the type and number of livestock and frequency of crossing use.  Some livestock may avoid bridge crossings that are narrow and high above the stream bottom.  However, a bridge or culvert crossing might be best for water quality if the crossing is to be used frequently by a large number of livestock.

· Farm Equipment.  Consider the type of equipment, both as single vehicles and towed combinations, that will use the crossing.  Take into account the width of the equipment, turning radius, ground clearance, etc.

· Large Woody Debris. Channels prone to debris blockages require crossings with large openings to pass sediment and debris.  Fords or bridges are suitable for these conditions.  Do not use culverts in such cases as they may become blocked, causing damage to the crossing and surrounding areas. 

· Maintenance.  Culverts are prone to sediment build-up and debris blockage and should be checked after each storm.  Rock ford crossings also need to be checked regularly and will likely need to have the hoof contact stone layer replaced after larger storms.  Concrete fords are easier to maintain than rock fords and may be suitable for high-velocity streams, high-traffic situations, or where sediment deposition is a problem.  


Environmental Impact:
· Aquatic organism passage.  Both culverts and ford crossings may cause habitat fragmentation by interfering with aquatic organism migration:  
· Undercutting below a culvert outlet creates a jump and velocity barrier that prevents fish and other organisms from entering the pipe.  
· The surface of a ford crossing can make aquatic organism passage difficult.  Quarried stone of uniform size presents sharp surfaces and little variation in velocity which can block passage to some species.  A variety of stone shapes and sizes creates areas of slowed water and refuge. 

· Sensitive Areas.  Avoid placing a crossing in a wetland.  These sites offer minimal long-term stability and may be regulated by a number of state and federal statutes.  The landowner is responsible for adhering to all relevant federal, state, and local laws.  If the stream is a designated trout stream, the landowner must notify the Virginia Department of Game and Inland Fisheries.  In addition, many Virginia streams harbor aquatic species listed as threatened or endangered under the Endangered Species Act.  Since in-water construction activities will often include effects that pose risks to listed animals, coordination with the US Fish and Wildlife Service (USFWS) and/or National Oceanic and Atmospheric Administration Fisheries (NOAA Fisheries) is necessary to ensure that NRCS complies with the Endangered Species Act and protects landowners from liability.

· Flooding.  Stream crossings (culverts in particular) have the potential to adversely impact flood elevations. When a stream crossing is placed in a FEMA or other officially designated floodplain, the effects of the flood hazard need to be carefully considered.  Avoid increasing the 100-year flood hazard.  Detailed hydraulic analysis may be required by local government ordinances.  Contact your NRCS Area Engineer for further assistance.  Site-specific FEMA flood insurance maps (FIRMettes) can be obtained online from the FEMA Map Service Center website: http://www.msc.fema.gov/webapp/wcs/stores/servlet/info?storeId=10001&catalogId=10001&langId=-1&content=firmetteHelp_A&title=FIRMettes

This information is also available for most parts of Virginia as a GIS layer on the NRCS field office geodata servers (F:\\geodata\hydrography\femaq3_a_vaxxx.shp, where ‘xxx’ is the county FIPS code).  The shapefiles depict the regulated floodplain and can be used in GIS or CADD applications.  The layer is not available for six localities: Chesterfield County (041), City of Colonial Heights (570), Newport News (700), Prince George County (149), Scott County (169), and Smyth County (173).  For these localities, produce a FIRMette from the FEMA website.  

· Water Quality. Water quality may be affected where fords are used for livestock crossings.  When used for livestock, locate the crossing in such a way as to minimize creation of a direct conduit for pollutants to reach the stream.  Access lanes to crossings should include measures to divert contaminated runoff into vegetated areas before the runoff reaches the stream.  Avoid shady areas to discourage loafing. In addition, stream crossings should be used in conjunction with gated riparian fencing or other conservation practices that manage livestock access to the entire stream corridor on the property.   


Safety:
· Culverts and Bridges.  Consider the need for guardrails or curbs.

· Fords.  Flowing water can push or float a vehicle off the travel way or hide scour holes.  Consider the need for water level indicators and warning signs.  Signage examples are shown in Figure 1.
[image: H:\Stream Crosing Design Note Dec 2011\edits to Richmond draft\LoWholeDoc.jpg]
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From Figure 4.21 of Clarkin et al., 2006.
) (
Figure 
1
.  Signage examples for ford crossings.  
)


· [image: From outside Virginia, call 800-552-7001]Livestock.  Consider animal safety issues such as icy or slippery surfaces and the selection of a hoof contact material suitable to the type of livestock.

· Utilities.  Make sure that construction equipment will not interfere with overhead utilities.  Avoid placing crossings where public utilities cross streams.  Beware of underground utilities.  Discuss with the landowner their responsibility to ensure that the excavator contacts Miss Utility at least 3 days prior to construction:  Dial 811 or 1-800-552-7001; www.missutilityofvirginia.com. 

Travel-way and Construction Constraints:  
· Vertical constraints:   maximum road grade, crossing slopes, and any fixed or required elevations.
· Horizontal constraints:  topography, sightlines, maximum or minimum curve radius.
· Right of way and property boundaries.
· Utilities and property developments.  Note that a livestock watering system pipeline can be installed across the stream at the time the crossing is constructed with no additional permits.
· Material constraints.
· Site access for equipment.
· Means for detouring equipment or livestock during construction.
· Time constraints:  regulatory limitations to protect Threatened and Endangered species, including any “work windows” that dictate construction timing and duration.  These constraints may also affect some construction techniques, especially those using concrete formed on-site.
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Bog turtle -  Federal Threatened, State Endangered Species. 
© John White - Virginia Herpetological
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[bookmark: _Toc335993949]Design Procedures
	For all types of stream crossings, the first two steps in the design process are to conduct a watershed inventory and a site inventory.
 (
1
)
Watershed Inventory:
· Watershed boundary, using the crossing location as the outlet.
· Watershed area.
· Land use within the watershed.
· Special environmental concerns within the watershed to be documented in the CPA-52. 

Tips on watershed delineation and area measurement are provided in Appendix A.  Land use can be determined from observation in the field or with recent aerial photography.  

If the watershed is larger than 5 square miles, or if special environmental concerns are identified, then the landowner is responsible for obtaining a permit from either the U. S. Army Corps of Engineers (USACE) or the Virginia Department of Environmental Quality (depending on the jurisdiction).  See the Virginia Conservation Practice Standard Stream Crossing (Code 578). Bear in mind that issuance of a USACE permit may also include consultation under the Endangered Species Act if the project site contains listed animals or occurs within designated critical habitat for a listed animal.  

 (
Watershed for stream crossing on Clear Fork in Grayson County, VA.  Area = 1024 ac. 
)[image: ]

 (
2
)Site Inventory:
· Note evidence of channel instability upstream and downstream of the crossing.  Table 3-2 of NEH 654, Chapter 3 (excerpted below), lists possible indicators:
[image: ] (
Evidence of degradation 
Terraces (abandoned flood plains)
Perched channels or tributaries
Headcuts and nickpoints
Exposed pipe crossings
Suspended culvert outfalls and ditches
Undercut bridge piers
Exposed or “air” tree roots
Leaning trees (hockey stick trunks)
Narrow/deep channel
Banks undercut, both sides
Armored bed
Hydrophytic vegetation located high on bank
Points of diversion for irrigation have been moved upstream
Failed revetments due to undercutting
)












 (
Evidence of channel instability:  exposed roots and bank sloughing on the North Fork of the Roanoke River in Montgomery County, VA.  Photograph courtesy
 of 
Kelly Ramsey, NRCS Richmond State Office.
) (
Evidence of aggradation 
Buried structures such as culverts and outfalls
Reduced bridge clearance
Presence of midchannel bars
Outlet of tributaries buried in sediment
Sediment deposition in flood plain
Buried vegetation
Channel bed above the flood plain elevation (perched)
Significant backwater in tributaries
Uniform sediment deposition across the channel
Hydrophobic vegetation located low on bank or dead in flood plain
Evidence of stability 
Vegetated bars and banks
Limited bank erosion
Older bridges, culverts, and outfalls with bottom elevations at or near grade
Mouth of tributaries at or near existing main stem stream grade
No exposed pipeline crossings, bridge footings, or abutments
)
•  Note streambed material (sizes and type) and stability at the crossing location.  Note bedrock outcrops, pools, riffles, boulders, or embedded wood with sketches or photographs.

•  Note characteristics of channel roughness (see Appendix B).

· Note on-site soil construction properties (depth to bedrock, sand lenses, organic material, etc.)

· Identify bankfull elevation and corresponding width.  Some indicators of bankfull elevation include (based on Schumm,1960; Leopold, 1994; Rosgen, 1994; and field experience):
· Elevation of active floodplain
· Change in vegetation (herbs, grass, shrubs)
· Tops of depositional bars
· Break in bank slope
· Change in bank material (from coarser to finer)
· Small inundation benches
· Staining on rocks
· Exposed root hairs
· Survey channel longitudinal profile.  Ideally, the person responsible for the design should run the rod.  For the channel profile, collect points along a reach that extends at least 10 bankfull widths upstream and downstream of the crossing site.  Include shots of at least two stable points (riffle to riffle shots) for later channel slope calculation.  While only two points are needed to compute slope for the purpose of computing stream velocity, the more detailed profile is useful for analyzing stream channel stability.  

· Survey channel and floodplain cross section at the crossing location as well as at a typical, natural cross section.    It is recommended that seven points be surveyed to describe the typical cross section.  Additional points may be needed at the crossing location to adequately describe the section for construction purposes.
· Left floodplain
· Left top of bank
· Left toe of bank
· Center of channel
· Right toe of bank
· Right top of bank
· Right floodplain

· Mark and document the planned location of the crossing.  Don’t leave it up to the contractor to choose where the crossing is constructed.  Constructing a crossing in a location different from its planned location could cause undesired environmental impacts and violation of regulations.

	Additional design steps for both ford and culvert crossings are outlined in Figure 2 and are described below. 
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[bookmark: _Toc335993950]Ford Crossing
 
	Ford crossings may be constructed using rock, concrete (pre-cast or poured-in-place), or geocells.  This section outlines the calculations needed for the design of rock ford crossings. The reader is directed to their NRCS Area Engineer and manufacturer’s specifications for information on geocell and pre-cast concrete crossings.  Concrete crossings are discussed in the Notes on Installation section.
  	
Design Objectives:	
	Designs for rock ford crossings need to specify:
· Rock sizes
· Rock layer thicknesses
· Crossing width
· Ramp location, slopes, and lengths. 

Design Criteria:	
	Design criteria that must be met include:
· Armor material must be stable for the velocity associated with the bankfull flow. 
· A multi-use stream crossing must be at least 12’ wide.  Crossings used only by livestock must be at least 8’ wide and no more than 30’ wide.  The landowner should determine a width that will serve their operation.  
· The cross-sectional area of a ford crossing shall be equal to or greater than the natural cross-sectional area so as not to constrict flow.   
· The slopes on the entrance and exit ramps shall be 6:1 or flatter.  Slopes of 6:1 or flatter are recommended for livestock and slopes of 8:1 or flatter are recommended for vehicles.   
· Ramp length is not specifically addressed by VA CPS 578.  Extend the ramp from the channel toe towards the floodplain at the design slope until original ground is met.  Continue as long as needed to address the resource concern (the width of the stream buffer as a minimum). (See the Ford Crossing design example.)
· If the channel bottom must be armored, the finished surface must be at the same elevation as the original stream bottom so that aquatic organisms are not obstructed at low flows. 

	For rock ford crossings, the object of design calculations is to size the stone to withstand the velocity associated with bankfull flow.  Stream velocity is computed using Manning’s Equation for the channel cross section defined by top of low bank.  For exceptional cases where there is no obvious “top of bank,” as with entrenched channels, consult your Area Engineer. Steps for typical cases are outlined below.  Many of the associated calculations are coded into the Virginia Stream Crossing Worksheet available on the NRCS Sharepoint site.

Design Steps:
	The inventories of Steps 1 and 2 will include a surveyed stream profile; a typical, natural cross section; and a cross section at the crossing location.  The profile and typical cross section will be used to derive inputs for computing velocity using Manning’s equation as described in Steps 3-5.  The cross section at the crossing location will be used to show how the crossing will be constructed as illustrated on sheet 3 of 4 of the Ford Crossing design example.

 (
3
)Compute the channel slope using riffle-to-riffle shots from the channel profile. Riffle-to-riffle shots are important; using a pool bottom elevation can result in misleading slope values.  




 (
4
5
55
5
)Determine Manning’s n for the bankfull channel.  Methods for estimating “n” are presented in Appendix B, including one described in the Virginia Erosion and Sediment Control Handbook.

 (
5
)Use Manning’s equation to determine the velocity associated with bankfull flow (water level at top of low bank).  Use the typical cross section for this analysis if the cross section at the crossing location has been altered by livestock or equipment traffic. 


			where:
			V = computed velocity (ft/s)
			n = Manning’s n value for the channel (see Appendix B)
			R = hydraulic radius = 
			A = cross-sectional area (ft2) (See Figure 3 below and Appendix C.)
			P = wetted perimeter (See Figure 3 below and Appendix C.)
			S = channel profile slope (as determined from riffle-to-riffle survey shots 				      and expressed as a decimal)



 (
Top of low bank 
(Water surface elevation at bankfull flow)
)
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Wetted perimeter, 
P = a + b + c + d.
)
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Channel cross section
)


 (
Figure 
3
.  Typical stream channel cross section.
)

 (
6
)Size the stone using the velocity computed in Step 5.  

	Typically, two to four layers of stone are specified for the crossing.  The base layer is sized to withstand the design velocity and is topped with one or two layers of smaller stone that fill in the voids to provide stability.  The travel surface can be capped with an optional hoof contact layer.  Typical materials for this cap include crushed limestone, rock screenings, and crusher run.  In cases where the channel bottom requires armoring, consider capping the wetted portion of the crossing with local alluvial stone to facilitate aquatic organism passage if the local stone is suitable for hoof contact.


Design Velocity ≤ 6 fps
	
	When the computed design velocity is less than or equal to 6 fps, place VDOT #1 stone (d50 = 2” and d100 = 4”) over a nonwoven geotextile fabric.  The minimum thickness of this armoring layer (layer C below) is 6”, but 8” is recommended.    Place 3” of VDOT #57 (d50 = ½” and d100 =1 ½”) or #357 (d50 = 1” and d100 = 2”) (layer B) over the base layer C.   An optional hoof contact zone (layer A) may be added.  The hoof contact layer should be at least 2” thick and is expected to be replaced periodically by the landowner as livestock traffic or runoff events erode the surface material.  
[image: ]
 (
A. Optional hoof contact zone:
  2”-3” thick (crushed limestone, local alluvial stone, or other material)
)	

 (
B. Stabilizing layer: 
 3” thick (VDOT #57 or #357)
)

 (
C. Armoring base layer
 
with stone 
sized to resist velocity
 
computed in 
Step 5:  6” thick minimum, 8” recommended (VDOT #1 for velocity 
≤
 6 fps). 
Place over nonwoven geotextile fabric.
)








Design Velocity > 6 fps
	
	For design velocities greater than 6 fps, consult your Area Engineer.  Methods for selecting the base stone size vary with location.  The base layer should be placed on top of nonwoven geotextile fabric, with layers of smaller stone used to fill the voids to provide stability.  This combination should be used at least up to the elevation corresponding to top of low bank.  The approaches above top of low bank can be armored with the stone layers specified for velocities of 6 fps and less.







[bookmark: _Toc335993951]

Culvert Crossing (Hydraulic Design)
	This section outlines the procedure for meeting the hydraulic criteria of Virginia CPS 578 and includes measures for facilitating aquatic organism passage.  If aquatic organism passage is a primary resource concern, the alternative design method outlined in Appendix D may be used.  

Design Objectives:		
	Designs for culvert crossings need to specify:
· Culvert pipe material, diameter, and number
· Installation elevations of culvert pipes
· Crossing width and length, side slopes, and pipe lengths

Design Criteria:	
	Design criteria that must be met include:
· The culvert or culverts must pass the lesser of the bankfull discharge or the 2-year, 24-hour discharge.  In the case where the culvert crossing is part of an access road, use the design event specified for the road use as prescribed in Virginia CPS Access Road (Code 560).

· The largest culvert pipe, typically located at the centerline of flow, must be countersunk at least 6” below the stream channel bed to allow for passage of aquatic organisms during low flows.

· A multi-use stream crossing shall be no less than 12’ wide.  Consideration should be given to adding two feet of shoulder width on each side for crossings that are used for vehicles or equipment.  Crossings used only by livestock shall be at least 8’ wide.  A crossing should not be wider than 30’ (not including the side slopes).  The landowner must determine a width that will serve their operation. 

· Earthen fill or cut side slopes must be 2:1 or flatter; rock cut or fill side slopes must be 1.5:1 or flatter.

Design Steps:
	Conduct the watershed and site inventories described in Steps 1 and 2 for all crossings.  The results will determine the next step.  


 (
3a
)If the drainage area for the crossing is less than 50 acres, and the predominant land use is agriculture or forest, then the minimum culvert size can be selected without making flow calculations and the designer may continue to Step 8.  The minimum size is 30” for the Northern and Southern Piedmont regions and 24” for the rest of the state (see the regional map provided in Appendix E).   If the designer prefers to calculate the diameter instead, go to Step 3b.   


 (
3b
)If the conditions in Step 3a are not met, then the culvert must be sized to carry a computed design flow rate, but must not be less than 24” in diameter.  Determine the peak runoff rate for the 2-year, 24-hour storm (cfs) (or the design event specified for the access road use, if applicable).  This value is usually estimated using empirical methods such as:
	a) EFH-2 
	b) USGS Regression Equations

	EFH-2 (USDA-NRCS, 2003) is a computerized version of the SCS curve number method described in Chapter 2 of the Engineering Field Handbook.  It is applicable to drainage areas less than 2000 acres.  This method requires watershed area in acres, watershed length in feet, average watershed slope, and a curve number based on land use and hydrologic soil group.  The computer program can be requested from ITS-TSD.  Virginia-specific soils and rainfall data files used by EFH-2 are available from the VA NRCS Share Point site.   The program has a Help button that explains basic operation.  
	
	The USGS Regression Equations (USGS, 2001) provide an alternate method of computing design peak discharge.  These equations are the result of statistical analysis of data from eight regions in the State, shown on the map in Appendix E.  The only required input is the drainage area, in square miles.  An Excel spreadsheet is available from the VA NRCS Share Point site.  The spreadsheet includes a table that lists by region the range of drainage areas and other variables for which the regression analysis is appropriate.  Other methods for computing the 2-year, 24-hour peak discharge may be used at the discretion of the NRCS Area Engineer.

 (
4
)Compute the bankfull flow rate, Q, using Manning’s equation.  The Virginia Stream Crossing Worksheet (available on the Virginia NRCS Sharepoint site) facilitates this step.  Plot the surveyed cross section (for the culvert outlet) and determine the cross-sectional area up to the elevation of the lower bank.  Also determine Manning’s n for the channel.  



			where:
			Q = computed flow rate (cfs)
			n = Manning’s n value for the channel (see Appendix B)
			A = cross-sectional area (ft2) (see Appendix C)
			R = hydraulic radius =   (see Appendix C)
			P = wetted perimeter (ft)
			S = channel profile slope (as determined from riffle-to-riffle survey shots 				      and expressed as a decimal)

 (
5
)
Select the lesser of the flow rates computed in Steps 3b and 4 as the culvert design flow.  Use the water surface elevation associated with the design flow as the tailwater elevation in performing culvert analyses in Step 6.  This value is highlighted on the Virginia Stream Crossing Worksheet.


 (
6
)Determine the culvert diameter necessary to carry the design flow.  This is most easily accomplished using the Culvert Flow tab of the USDA-NRCS Hydraulics Formula package which is based on the methods outlined in Engineering Field Handbook Chapter 3 - Hydraulics.  Its use is demonstrated in the Design Examples section.  Key inputs for most methods include:
· Manning’s n of the pipe material:  Typical values are 0.012 for dual-walled plastic pipe and 0.020 for corrugated metal pipe.
· Pipe diameter:  This is the goal of the analysis.  Start with 24” (the minimum allowed) and increase as needed to get the desired design flow.
· Pipe length:  Start with 30’ (typical for most applications).  Since length is dependent on diameter (see Step 8), this may need to be adjusted with iterative calculations.
· Outlet elevation:  This value typically corresponds to the channel centerline elevation of the surveyed cross-section.
· Inlet elevation:  This value is computed from the outlet elevation, pipe length, and channel slope (expressed as a decimal fraction).



· Tailwater elevation:  Use the water surface elevation corresponding to the design flow of Step 5.
· Headwater elevation:  Use the elevation of the lowest feature that should not be overtopped during design flow conditions – top of fill, top of low bank, base of bypass flow channel, or a nearby road.
[image: ]
Culverts require a minimum of 1’ of fill on top.  If space constrains the use of the designed size, the analysis can be repeated using multiple smaller pipes (not smaller than 24”).  The designer should be aware of the increased potential for debris blockage when smaller pipes are used.   If the channel is not deep enough for the minimum-sized culvert, suggest using a ford crossing instead.
 (
Existing 24” culvert in channel with insufficient depth.  Failed culvert to be replaced with a ford crossing.  Photograph courtesy of Kevin Cornett, Marion Field Office.
)

	Table 1.  Pipe capacity correction factors for countersunk pipes.


	Pipe diameter 
	Multiply pipe capacity by:

	24”
	0.80

	30”
	0.86

	36”
	0.89

	42”
	0.91

	48”
	0.92

	>48”
	N/A


 (
7
)Adjust for 6” countersink.   The main culvert should be installed with both upstream and downstream inverts placed 6” below the channel grade to allow for aquatic organism passage during low flows.  When using multiple pipes, only the largest requires submergence.  The other pipes should be installed at higher elevations so that base flow is only in the lowest pipe.  The capacity derived from the Culvert Flow tool should be multiplied by the value shown in Table 1 to determine the capacity of the countersunk pipe.  If the capacity does not meet the design capacity, increase the pipe size, repeating the calculations in Steps 6 and 7 until an adequate pipe size is determined.


 (
8
)Determine the length of culvert(s) needed.  The pipe must extend the width of the crossing, the width of the sloped fill material, plus one foot beyond the fill toe for each side.  Figure 4 illustrates the required minimum length represented by the equation below.



	where:		Lmin = minimum pipe length (ft)
			W = width of the crossing (including shoulders) (ft)
			Sh = side slope horizontal units per vertical unit (a 2:1 side slope means 2 				         horizontal units per vertical unit.  Sh for a 2:1 side slope = 2)
			F = fill height above pipe (ft) (1’ minimum above highest pipe)
			D = diameter of pipe (ft) – 0.5 ft countersink

			 (
F
D
S
h
(F+D)
1’
W
S
h
(F+D)
1’
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h
1
)


 (
Fill
)
 (
Culvert Pipe
)
 (
6” countersink
)



 (
L
min
)

 (
Figure 4.  Parameters for computing minimum culvert pipe length.
)

The actual culvert length used can be rounded up to accommodate standard available pipe section lengths.

 (
9
)Provide for out-of-bank flow protection.  Even with good maintenance practices, culverts will frequently be blocked with debris during high water events.  If a culvert crossing is overtopped, unprotected earthfill will be eroded and the crossing will be damaged or fail.  See Notes on Installation, Culvert Crossing.  Contact your Area Engineer for assistance with design of out-of-bank flow protection, particularly for drainage areas greater than 50 acres.
[bookmark: _Toc335993952]
Notes on Installation
	Each stream crossing site will have unique installation requirements.  The following photographs illustrate some widely-applicable installation tips.
[bookmark: _Toc335993953]Rock Ford Crossing 
[image: Mvc-002f]
1)  Foundation excavation. 
 (
Photograph courtesy of John Cooke, VA NRCS State Office.
)Notice the vertical cut on the side.  Think of the final excavation as forming a cup into which to put the base stone.  Place geotextile fabric over the cut and then place the base stone on the fabric.  The fabric should extend to the top of the stone layer on the sides.


[image: LOWERTRXING2]
2) Stable Channel Bottom
This crossing was constructed on a stream with a gravel bottom.  The ramps have been excavated and armored but the bottom was left as it was.  Leave the streambed undisturbed if it is stable.      


 (
Photograph courtesy of John Cooke, VA NRCS State Office.
)

[image: MVC-005S]
3) Extend Gravel to or beyond Fence Line
 (
Photograph courtesy of John Cooke, VA NRCS State Office.
)Extend the gravel to the fence on each side.  One reason for doing this is to discourage cattle from walking on an unprotected surface between the edge of the gravel and the fence.  It is difficult to place gravel up to the fence line if the fence is installed before the gravel.  This crossing was installed first and then the cross fence.  Talk to the landowner about staging the work correctly.

[image: H:\Stream Crosing Design Note Dec 2011\IMG_2871.jpg]
 (
Photograph courtesy of 
Skyline SWCD and the Christiansburg Area Office.
)4) Install Water Gap.  Hanging wire strands at one foot intervals along an electric fence is one way to discourage cattle from going upstream or downstream of the crossing.  The wire strands also allow most debris to pass instead of catching. 

[bookmark: _Toc335993954]Concrete Ford Crossing (Formed-in-Place)

	Formed-in-place concrete crossings offer durability in high traffic areas and can be easier to maintain than rock ford crossings, particularly if sediment deposition is a concern.  VA CPS 578 provides criteria regarding concrete thickness and strength.  Installation issues include:
· Protecting aquatic life from the high pH of fresh concrete; 
· Diverting flow to allow construction; and
· Placing the concrete so that the surface is sloped with the channel and conforms to the stream bed.  The downstream edge should not create a waterfall that will lead to scour and passage problems.  

[image: H:\Stream Crosing Design Note Dec 2011\concrete crossing\2-17-11 Creek Crossing 003.jpg]1) Temporary Culvert.  Flow is temporarily dammed and diverted through a culvert during construction.  Be sure to comply with all regulations regarding aquatic species.







 (
Photograph courtesy of E. B. Watson, Peaks of Otter SWCD.
)



[image: H:\Stream Crosing Design Note Dec 2011\concrete crossing\3-28-11 003.jpg]
2) Finished Crossing Surface.  Roughen the finished surface to prevent livestock from slipping.  Match the finished elevation with the channel bottom.  
 (
Photograph courtesy of E. B. Watson, Peaks of Otter SWCD.
)









[bookmark: _Toc335993955]Concrete Slat Crossing
	Concrete slats (such as used in confined livestock operations) offer a good alternative to formed-in-place concrete. 
[image: H:\Stream Crosing Design Note Dec 2011\john kaylor hog slats\slat photos-601080225-0001.jpg]
1) A flat, level, firm stream bottom is essential for installation.  If the stream bottom is not stable, use stone on top of nonwoven geotextile to provide a firm and level base. Key the geotextile into a trench on the upstream side to prevent water from flowing underneath.

2)  (
Photograph courtesy of 
John Kaylor
, 
Headwaters
 SWCD.
)Hog slats work well for crossings used only by livestock but do not support heavy equipment use.  Beef slats are better if the 							         crossing is to be used for equipment.
[image: H:\Stream Crosing Design Note Dec 2011\john kaylor hog slats\slat photo 1.jpg]
3) Slats can be installed length-wise or width-wise.  Slats should be installed flush with the existing stream bottom so as not to dam the water or create a waterfall that interferes with aquatic organism migration.  Slats will eventually fill in with sediment.  

4)  (
Photograph courtesy of 
John Kaylor
, 
Headwaters
 SWCD.
)Stone on top of geotextile can be used for the approaches as described on p. 11 for velocities ≤ 6 fps.

[image: H:\Stream Crossing Design Note Dec 2011\Area I\photos from John Jeffries\cattleGuardCrossing (1).JPG]









 (
Photograph courtesy of 
John Jeffries, Culpeper Field Office
.
)









[bookmark: _Toc335993956]Culvert Crossing

[image: Henchman 05]1)  Out-of-bank flow protection.
·  (
Photograph courtesy of John Cooke, Richmond NRCS State Office.
)Armor the top and downstream slope of the earthfill.  Place a minimum of one foot of riprap over geotextile fabric on the downstream slope of the culvert fill.  Contact your Area Engineer for sizing the riprap and armor thickness.  Vegetation is sufficient to protect the upstream fill slope.  Armoring the upstream slope is not necessary since the floodwaters will be pooled and at much lower velocities upstream of the crossing.  The top of the crossing should be as level as possible to spread the flow across the entire top.  The loss of crossing surface gravel is a small price to pay for keeping the culvert in place.
[image: ]








 (
Figure 5.
  
Profile representation of culvert with armoring on the downstream slope.
)

· [image: G:\DCIM\100CANON\IMG_2828.JPG]Build the crossing top higher than the lower existing flood plain.  This will cause the normal high water events to bypass the crossing and re-enter the channel downstream of the crossing.  

·  (
Concrete used to protect the crossing surface and downstream fill slope.  
(Probably cost-prohibitive in most cases.)
  Photograph courtesy of Sharyl Ogle.
)If it is not possible to build the crossing higher than the floodplain, then a bypass channel can be installed.  Consult your Area Engineer for design guidance.  This channel will allow high water to flow around the crossing.  In no case should the bypass channel be lower than the top of the culvert.  Suitable material excavated from the bypass may be used in the construction of the crossing.  It is also important to protect the streambank at the point where the bypassed flow re-enters the stream.  This may require shaping or armoring the streambank.  

· It is important for the landowner to understand that the armoring and bypass channel will only lessen the damage that may occur during an event -- maintenance will still be required.  Debris should be cleaned out after each high water event. 

[image: ]2) Six-Inch Countersink and Culvert Backfill

One pipe is to be installed 6” below the streambed. This is required in the standard to provide for aquatic organism passage.  If the existing channel is usually dry, earth backfill is sufficient.  However, if the channel has water flow, use stone to backfill the pipe as shown in Figure 6.  Place geotextile fabric between the subgrade and the stone.  Stone size should be evaluated for each site with d50 ranging from 2”-4” and d100 ranging from 4”-8”.   Consult your Area Engineer.  Back fill the stone up to at least one half of the pipe diameter.  Place geotextile fabric over the top of the stone and culvert to prevent the earth backfill from migrating into the stone layer.   Multiple culverts should be spaced at least 2’ apart to allow room to consolidate the backfill between the pipes.















 (
Figure 6.  Cross-section representation of culvert with one pipe countersunk 6”.
)



[image: ]

 (
This 24” pipe was installed 6” below the stream bed as designed; however, within weeks of installation, high velocity flows exposed the invert.  A culvert crossing should not have been planned for this steep gradient stream.
  Perhaps the crossing could have been moved to a less steep location.
)











 (
Photograph courtesy of 
Sharyl Ogle
, 
Christiansburg Area Office
.
)



[bookmark: _Toc335993957]Design Examples
	
	Use of the Stream Crossing Worksheet is illustrated for designing both a rock ford crossing and a culvert crossing.  Construction drawings follow each example.
[bookmark: _Toc335993958]Ford Crossing
[image: ]        A ford crossing in Carroll County is needed to provide access between pastures.  The crossing will be 12.5’ wide and approximately 80’ long to accommodate both beef cattle and farm equipment.  The watershed for the crossing is shown to the left.

Steps 1 & 2:  Watershed and Site Inventories
· Watershed area = 85 acres
· Land uses:  pasture and woods
· Watershed soils:  rock outcrops may 
             make excavation difficult.
· Stream appears to be stable.
· Channel bottom is bedrock.

Steps 3-5:  Input survey data for the typical cross section and channel profile, Manning’s n, and bankfull elevation into the Stream Crossing Worksheet.  See completed worksheet on the following page.  Worksheet items 3 and 6 are only needed for culvert crossings and can be ignored for ford crossings.

Step 6:  Size the Stone.
[image: ]	Item 4 in the Stream Crossing Worksheet indicates an estimated velocity of 4.9 fps at bankfull flow.  Since the velocity is less than 6 fps, VDOT #1 can be used for the armoring layer (layer C).  For this example, the layers would be designated as follows:



A = 2” thick layer of crusher run or other suitable hoof  
        contact material
 B = 3” thick layer of VDOT #357, d50 = 1”, d100 = 2”
                                                                                                                                                                             
           C = 8” thick layer of VDOT #1, d50 = 2”, d100 = 4”



In this example, the channel bottom is stable and so there is no need to armor it.  However, if streambed armoring were needed, one should consider using local river rock for the surface layer for that portion of the crossing that is typically wet.  Such rock might be recovered from the excavation of the channel bed at the crossing location or stockpiled from another project.  Using at least some local alluvial material will provide a surface more conducive to aquatic organism pasage.


[image: ]
[image: ]
[image: ]

[image: ]


[bookmark: _Toc335993959][image: ]Culvert Crossing

	A culvert crossing in Patrick County is to provide access between fields.  The crossing will be 15’ wide and approximately 70’ long and will accommodate both beef cattle and farm equipment.  The watershed for the crossing is shown at right.

Steps 1 & 2:  Inventories
· Watershed area = 65 acres
· Land uses:  pasture and woods
· Watershed soils:  Hydrologic group B
· Stream appears to be stable with no evidence of headcutting.
· Channel bottom is fine gravel.
[image: ]

Step 3:  Compute Peak Runoff   	 for 2-yr, 24-hr Storm
See output from EFH-2.  
Q2 = 22 cfs

Note:  To determine the corresponding water surface elevation, input a trial elevation in the space indicated in Step 3 of the Stream Crossing Worksheet.  Adjust the trial elevation until the computed flow rate Q approximates the value determined from EFH-2.  In this example, an elevation of 87.3’ corresponds to a Q of 22 cfs which approximates the design flow rate.






Step 4:  Compute the Bankfull Flow Rate and Compare with Q2.   Manually compute Q using Manning’s Equation or use the spreadsheet as shown on the following page.  For this example, the bankfull flow rate is 69 cfs.

Step 5:  Select the lesser of the bankfull and Q2 flow rates.   The lesser of the bankfull flow and Q2 is 22 cfs in this case.    


[image: H:\Stream Crossing Design Note Dec 2011\edits to Richmond draft\feb 2013\Stream Crossing Worksheet - Jan_2012 culvert.jpg] (
Adjust 
this value
 
until Q ~= Design Q.
)                                                                                                                                                                        
Step 6:  Determine the culvert size necessary to carry the design flow.  This is most easily accomplished using the Culvert Flow tab (shown below) of the USDA-NRCS Hydraulics Formula package.  

For this example, the following elevations were input:	
1) Outlet elevation:  85.3’ (Centerline elevation of cross section.)
2) Inlet elevation:  85.6’ (Computed from channel slope, culvert length, and outlet elevation.)
3) Tailwater elevation:  87.3’ (Water surface elevation for design Q of 22 cfs.)
4) Headwater elevation:  88.7’ (Top of low bank is the controlling elevation in this case.)

A dual-wall HDPE plastic pipe (n = 0.012) will be used.

The computed capacity of a 30” diameter pipe = 32.2 cfs.   

[image: ]



























Step 7:  Adjust for 6” countersink.   

	Table 1.  Pipe capacity correction factors for countersunk pipes.

	Pipe diameter 
	Multiply pipe capacity by:

	24”
	0.80

	30”
	0.86

	36”
	0.89

	42”
	0.91

	48”
	0.92

	>48”
	N/A


Use Table 1 to adjust the computed capacity for the 6” countersink. 

For this example, 


The 30” culvert is adequate since the design flow is 22 cfs.

Step 8:  Determine the length of culvert needed.  The pipe must extend the width of the crossing, the width of the sloped fill material, plus one foot beyond the fill toe for each side.  The required minimum length can be computed from the equation below:



	where:		Lmin = minimum pipe length
			W = width of the crossing
			Sh = side slope horizontal units per vertical unit (a 2:1 side slope means 2 				         horizontal units per vertical unit.  Sh for a 2:1 side slope = 2)
			F = fill height above pipe (1’ minimum)
			D = diameter of pipe – 0.5’ for countersink

	For this example:

(Round up to 30’)

Step 9:  Provide for out-of-bank flow protection.   Use riprap or available field stone to protect the downstream fill slope as shown in construction drawing sheet 5 of 5 below.  

[image: ]

[image: H:\Stream Crossing Design Note Dec 2011\edits to Richmond draft\feb 2013\Culvert Crossing2.jpg]

[image: ]

[image: H:\Stream Crossing Design Note Dec 2011\edits to Richmond draft\feb 2013\Culvert Crossing2 Detail Sheet overflow (1).jpg]
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[bookmark: _Toc335993961]Appendix A - Watershed Delineation and Area Measurement Tips

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Watershed Delineation

GOAL:  Identify the boundary for the land draining to the watershed outlet of interest.  That is, distinguish the land draining to the outlet from land draining anywhere else.  

1) Mark the watershed outlet on a topographic map.

2) Examine the map to get a rough idea of what area contributes drainage to the outlet. 

 (
Flow direction
)	If the outlet is on an obvious stream channel, use a highlighter to trace the stream channel upstream to its headwaters.  Also highlight any tributaries flowing into the stream channel upstream of the outlet.  How do you know which way is upstream?  The elevation contour lines “point” upstream.
[image: ]





Once you’ve highlighted all the tributaries, you’ll have a good idea of the extent of the area that should be inside the watershed boundary.
 (
OUTLET
)

[image: ]

3) Now to draw the watershed boundary itself:  
	Put the tip of your pencil at the outlet and start drawing a line perpendicular to the contours and progress uphill.  
 (
OUTLET
)	You will come to the top of the hill where contour lines close on themselves or where there is a change in the direction of the grade (where contours point in a different direction).  Follow the ridge line, splitting contours as your best guess as to the location of the top of the ridge.  Continue to draw your line perpendicular to the contours.  You will start to move back downhill and will eventually close the boundary line back at the outlet.

4) If you get stuck (or just as a check):
	Pick up your pencil and put the tip at any point on either side of your draft boundary.  If rain falls on that point, which way will the water run -- towards or away from the outlet?  Follow the contours perpendicularly.  If you get to the outlet, the point you tested must be inside the watershed boundary.   Take a look at the highlighted stream channels:  Does your boundary capture all land draining to the tributaries?

5) A few more hints:
a) 	The watershed boundary will cross a given contour line ONCE as you move uphill and ONCE coming back downhill.

b)  	Watershed boundaries do not go up “draws” (pointy contours), but rather split “noses” (rounded contours).  Think about why this is so and, if necessary, make a landscape out of modeling clay to prove it to yourself.

c)  	Large flat areas can be difficult.  Look for where contour lines are pointed in opposite directions and split the flat area between them as a best guess.  If precision is important, go out in the field and take some measurements.

d)  	Roads will sometimes follow ridge lines. 

e)   Sometimes man-made features, such as diversions, road ditches, storm sewers, will direct flow in a direction different from that indicated by the surface elevation contours.  If precision is important, obtain more information.


Area Estimation:  Four Methods

1) Crude estimate from a hardcopy: 
	No matter what method you use, a quick reality check is always a good idea.

	Approximate the watershed area with a basic geometric shape and measure or “eyeball” its dimensions.  Know the scale of the hardcopy map.  If using a USGS 7.5’ quad sheet, the scale will be 1:24,000 or:
1 inch on paper = 24,000 inches on land or 
1 inch on paper = 2000 feet on land.

For the USGS quad sheet, 1 square inch of paper is roughly 100 acres of land (91.8 acres).  So, approximate watershed acres = number of paper square inches x 100.  
	Where does the 91.8 (~100) acres per square inch come from?
· a 1”x 1” square on paper represents a 2000’x 2000’ square on land or 4,000,000 ft2 
· There are 43,560 ft2 in an acre, so 4,000,000 / 43,560 = 91.8 acres



2) Estimate using GIS:
If you are comfortable with Toolkit ArcGIS, you can create a new layer to represent the watershed boundary.  Using the topographic layer as a backdrop, draw the boundary and then click the Identify tool to display the watershed acres.  

3) Dot Counter: 
This is a refinement of Method #1.  Instead of approximating your area with one simple geometric shape, break it into many squares or evenly spaced dots with the use of a plastic overlay dot-counter.  Different dot counters are made for different scales.  It doesn’t really matter what scale of dot counter you use as long as you know 2 things:
· How many dots (or squares) are contained in one square inch of the dot counter.
· How much real world area is represented by one square inch of the paper map.

Suppose 1 square inch of the dot counter contains 64 dots, and 1 square inch of paper map represents 91.8 acres (1:24,000 map scale).  Then each dot represents 91.8/64 = 1.43 acres.

4)  Planimeter: 
      If the directions for the planimeter have been lost, here are the basics:

a)  Find a clean, smooth, flat surface. Set up the planimeter (an arm usually connects a part that stays stationary with a part that has a bulls eye and a counter).  Follow steps b through e to calibrate the planimeter (so that you can convert planimeter units to land units).

b)  Mark off a square of known area (2” x 2” on paper would equal 367.3 acres for a 1:24,000 map).

c)  Note the reading on the planimeter counter and vernier scale (read value to 3 decimal places).  

d)  Trace the bulls eye around the square, starting and ending at the same point, and record the new reading on the planimeter.  Record the difference between the start and end readings.  Re-trace the square at least two times and average your results.  

e)  Divide the known area of the land inside the square by the average computed in Step d above to compute a conversion factor between planimeter units and land units.  For example:
· Known area inside of traced square = 367.3 acres
· Suppose the average difference in start and end readings for 3 trials = 0.4 planimeter units
· Therefore, 1 planimeter unit represents 367.3/0.4 = 918.3 acres

f)  After computing the conversion factor, trace the watershed boundary.  Trace the shape at least three times and compute the average of the difference between start and end readings.  Multiply this average value by the conversion factor determined in Step e.
[bookmark: _Toc335993962]Appendix B - Manning’s n
	Manning’s roughness coefficient, n, is used for estimating channel velocity. The roughness coefficient captures the effects of vegetation, channel obstructions, channel meandering, and other factors on the speed of the water flow.  The larger the roughness coefficient, the slower the speed of the water.  Selecting an appropriate roughness coefficient for an un-gauged stream requires judgment.  Values for natural channels in Virginia typically range from 0.035 (straight channel with grassy banks) to 0.075 (meandering channel with bushy willows). Three common methods for estimating Manning’s roughness coefficient, n, are:

1) Comparing the project site with photographs of sites where n has been back-calculated.  For example, see http://il.water.usgs.gov/proj/nvalues/search.shtml.  

2) Comparing the project site to a written description of channel roughness characteristics.  Hydraulic Design Advisory 06-04 (VDOT, 2006) lists Manning’s n for a variety of channel conditions.  An excerpt is provided below:

	Channel Description 
(For minor, natural streams in the plain.)
	Manning’s n

	
	Minimum
	Normal
	Maximum

	1. Clean, straight, full stage, no rifts or deep pools
	0.025
	0.030
	0.033

	2. Same as above, but more stones/weeds
	0.030
	0.035
	0.040

	3. Clean, winding, some pools/shoals
	0.033
	0.040
	0.045

	4. Same as above, but some weeds/stones
	0.035
	0.045
	0.050

	5. Same as above, lower stages, more ineffective slopes and sections
	0.040
	0.048
	0.055

	6. Same as 4, but more stones
	0.045
	0.050
	0.060

	7. Sluggish reaches, weedy, deep pools
	0.050
	0.070
	0.080

	8. Very weedy reaches, deep pools, or floodways with heavy stand of timber and underbrush
	0.075
	0.100
	0.150



3)  Computing a composite n value for a site based on several roughness factors.  Such a method was proposed by Cowan (1956) and is presented in the Virginia Erosion and Sediment Control Handbook (1992) for estimating channel roughness.  Arcement and Schneider (USGS WSP 2339) describe a similar method for estimating the roughness coefficient for floodplains.  In both methods, Manning’s n is computed as the sum of the following factors:

· n1  =  base value related to the material of the channel bed or floodplain
· n2  =  modifier to account for surface irregularities
· n3  =  modifier to account for variation in channel cross section size and shape (= 0 for 
         floodplains)
· n4  =  modifier to account for obstructions in the channel or on the floodplain
· n5  =  modifier to account for vegetation in the channel or on the floodplain
· n6  =  modifier to account for sinuosity of the channel (= 0 for floodplains)







	Table 2 (on the following page) summarizes the range of values and associated descriptions for the six n factors. The wording from the original sources was abbreviated for simplicity.  Refer to the Virginia Erosion and Sediment Control Handbook and USGS WSP 2339 for full n-factor descriptions.   The following example illustrates the use of the table and equations.

Example:  Estimate n for a channel in fine gravel, with moderate irregularity, large and small cross sections alternating occasionally, minor effect from obstructions, medium effect from vegetation, and appreciable meander.   Also estimate n for the adjacent earthen floodplain, with minor irregularity, minor obstructions, and a high level of vegetation. 
	
	n factor
	Channel
	Floodplain

	n1
	0.024
	0.020

	n2
	0.010
	0.005

	n3
	0.005
	0

	n4
	0.013
	0.013

	n5
	0.015
	0.030

	ns = n1 + n2 + n3 + n4 + n5
	0.067
	NA

	n6
	0.15ns = 0.15(0.067) = 0.010
	0

	Answer:
	0.077
	0.068





 Table 2.  Factors Affecting Manning’s n (based on the Virginia Erosion and Sediment Control Handbook and USGS WSP 2339).
	n factor
	Condition of Channel or Floodplain
	n Value or Adjustment Factor
	Description for Channels
	Description for Floodplains

	n1
(Base Value:  Material)
	Earth
	0.02
	
	

	
	Rock
	0.025
	
	

	
	Fine gravel
	0.024
	
	

	
	Coarse gravel
	0.028
	
	

	n2
(Adjustment for irregularity)
	Smooth
	0
	Smoothest attainable for materials
	Smoothest and flattest attainable for materials

	
	Minor
	0.005
	Good dredged channels; slightly eroded side slopes
	Slightly irregular in shape with a few dips, rises, or sloughs.

	
	Moderate
	0.010
	Fair to poor dredged channels; moderately eroded side slopes
	More rises, dips, sloughs, hummocks

	
	Severe
	0.020
	Badly sloughed banks of natural streams
	Very irregular with many rises, dips, or sloughs.  May have furrows perpendicular to flow.

	n3
(Adjustment for variation in cross section size and shape for channels)
	Gradual
	0
	Gradual change
	Not applicable to floodplains.

	
	Occasional
	0.005
	Large and small sections alternating occasionally
	

	
	Frequent
	0.010-0.015
	Large and small sections alternating frequently
	

	n4
(Adjustment for obstructions)
	Negligible
	0
	Obstructions (debris, stumps, roots, boulders) occupy less than 5% of the cross-sectional area
	Obstructions (debris, stumps, roots, boulders) occupy less than 5% of the cross-sectional area

	
	Minor
	0.010-0.015
	Obstructions occupy less than 15% of the cross-sectional area
	Obstructions occupy less than 15% of the cross-sectional area

	
	Appreciable
	0.020-0.030
	Obstructions occupy 15%-50% of the cross-sectional area
	Obstructions occupy 15%-50% of the cross-sectional area

	
	Severe
	0.040-0.060
	Obstructions occupy more than 50 % of the cross-sectional area
	Obstructions occupy more than 50 % of the cross-sectional area

	n5
(Adjustment for vegetation)
	Low
	0.005-0.010
	Dense turf grass or weeds with avg. depth of flow = 2 or more times the vegetation height.
Tree switches with avg. depth of flow = 3 or more times the vegetation height.
	Dense turf grass or weeds with avg. depth of flow = 2 or more times the vegetation height.
Tree switches with avg. depth of flow = 3 or more times the vegetation height.

	
	Medium
	0.010-0.020
	Turf grasses with flow 1-2 times height of grass; stemmy grasses, tree seedlings with flow 2 to 3 times height of veg.; bushy growth, dormant season, no veg. along bottom, with R>2 ft.
	Turf grasses with flow 1-2 times height of grass; stemmy grasses, tree seedlings with flow 2 to 3 times height of veg.; bushy growth, dormant season, no veg. along bottom.

	
	High
	0.025-0.050
	Turf grass with flow = height of grass; willows, cottonwoods in the dormant season with R = 2 to 4 ft.
	Turf grass with flow = height of grass; willows, cottonwoods in the dormant season.

	
	Very High
	0.050-0.100
	Turf grass with very shallow flow; bushy willows; trees with full foliage and weeds with R = 10 to 12 ft.
	Turf grass with very shallow flow; bushy willows; trees with full foliage and weeds.

	n6
(Adjustment for sinuosity)
	Minor
	0
	Meander length/straight length = 1.0 to 1.2
	Not applicable to floodplains.

	
	Appreciable
	0.15ns
	Meander length/straight length = 1.2 to 1.5
	

	
	Severe
	0.30ns
	Meander length/straight length = 1.5 and greater
	

	
	Where ns = n1 + n2 + n3 + n4 + n5
	


[bookmark: _Toc335993963]Appendix C - Using Manning’s Equation
	The purpose of determining a design stream velocity is to select a stone size that is heavy enough to withstand the force of the flowing water.  It is usually impractical to measure velocity directly since we don’t know when the water will be at the design elevation.  Manning’s equation is typically used to compute an estimate.   The equation is only strictly applicable to steady uniform flow which is generally not the case with natural streams.  Nevertheless, the method has been used successfully in the context of design of typical conservation structures.  Dan Moore, Hydraulic Engineer with NRCS Water Quality and Quantity Technology Development Team, discusses this topic in more detail (Moore, 2011).  

			Manning’s Equation is written as:

			where:
			V = computed velocity (ft/s)
			n = Manning’s n value for the channel
			R = hydraulic radius =  
			A = cross-sectional area (ft2)
			P = wetted perimeter (ft)
			S = channel profile slope (as determined from riffle-to-riffle survey shots 				      and expressed as a decimal)

There are various spreadsheet tools being used in Virginia field offices to compute these variables.  Some tools have been used incorrectly resulting in erroneous answers.  The spreadsheet distributed with this design note is approved by the Virginia NRCS State Office.  Others can be used with approval from your Area Engineer.  However, before relying solely on any spreadsheet, it is useful to be able to compute the values by hand to be sure that you understand the inputs and that the spreadsheet is behaving as expected.  The following example illustrates manual computation of velocity for a channel using Manning’s Equation.

Given:  
· Channel with typical cross section surveyed and plotted as shown below.
· Channel slope from surveyed stream profile = 0.018
· Computed n = 0.045
 (
2
’
) (
3’
) (
4
’
) (
3’
)

 (
A
) (
B
) (
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) (
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)
 (
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) (
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) (
a
) (
b
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Find:  Estimated average velocity for the channel cross section. 

Solution:
1) Cross-Sectional Area, A:  After plotting the typical cross section, divide it into geometric shapes such as triangles, trapezoids, or rectangles.  Find the area of each individual shape (A, B, C, and D in the figure above) and add them together to find the area of the cross section.
		Area of a rectangle =  base × height
		Area of a triangle =  base × ½ height
		Area of a trapezoid = base × ½ (short height + long height)

2) Wetted perimeter, P:  Find the lengths of the line segments in contact with the water (a, b, c, and d in the figure above).  Each line segment can be considered as the hypotenuse of a right triangle.  Compute their length using the Pythagorean Theorem which states that the square of the hypotenuse is equal to the sum of the squares of the other two sides.   

Area and wetted perimeter are computed for the example in the table below:

	Sub-Section
	Area (ft2)
	Wetted Perimeter (ft)

	A, a
	½(3)(4) = 6
	(32 + 42)1/2 = 5

	B, b
	½(4+5)4= 18
	(42 + 12)1/2 = 4.1

	C, c
	½(5+3)(3) = 12
	(32 + 22)1/2 = 3.6

	D, d
	½(2)(3) = 3
	(22 + 32)1/2 = 3.6

	TOTAL
	39 ft2
	16.3 ft











3)  Hydraulic Radius, R  =   
		For this example, ft


4)  Example Velocity Calculation:
		Given:   n = 0.045
			  R = 2.4 ft
			  S = 0.018

 fps



[bookmark: _Toc335993964]Appendix D - Aquatic Organism Passage 
	Any discontinuity in the streambed can potentially interfere with the migration of aquatic organisms.  Bridges, bottomless arches, and fords are generally the least detrimental, particularly if the stream bed is left undisturbed.  Culverts, however, can make passage very difficult due to:


· [image: H:\Stream Crosing Design Note Dec 2011\kale gullett\Big Sandy1.JPG]“Perched” outlets above the stream 	channel (from streambed scour).   
· Higher velocities (constricted flow) that 	exceed swimming abilities of many 	organisms.
· Wider crossing widths than fords (i.e. 
	longer passage ways) to accommodate 	vehicle shoulders, width of the fill side 	slopes, and required 1-foot extensions 	beyond the fill.
· Blockage from sediment and debris 	build-up.
 (
Perched culvert outlet on Big Sandy Creek, NC.  
Photograph courtesy of 
Kale Gullett, ENTSC
.
)
	
	
	
	This section presents an alternative to sizing culverts strictly on the basis of a design flow.  It is offered for consideration in cases where aquatic organisms are a primary resource concern.  This method, which is a simplified version of the technique known as “stream simulation,” results in a crossing intended to mimic the geometry, slope, and composition of the original channel.  The culvert is sized so that the width matches the bankfull width and the bottom is lined with material similar to that of the natural channel.  Stream simulation culverts satisfy the hydraulic criteria in Virginia Conservation Practice Stream Crossing (Code 378).  While stream simulation culvert crossings typically have greater initial costs than conventionally-designed culvert crossings, they:

· Promote better transport of sediment and large woody material; 
· Minimize culvert failure risk; and 
· Usually diminish maintenance costs over time.  

 	The minimum steps necessary to design a stream simulation crossing are outlined below.  This procedure is intended for use only at sites where a new crossing will be built in an equilibrium stream channel—that is, one that is neither actively aggrading or incising.  Replacing an existing crossing or building a new crossing in an actively aggrading or incising stream includes additional analyses and design elements not discussed here.  Because this section is much abbreviated, the reader is encouraged to consult Stream Simulation: An Ecological Approach to Providing Passage for Aquatic Organisms at Road-Stream Crossings (USFS, 2008) for additional details.
 


Design Steps:

	Complete the watershed and site inventories recommended in Steps 1 and 2 for all stream crossings.  Watershed factors that affect the manner in which a stream channel conveys water, debris, and sediment are of special relevance.  Pay attention to channel stability because signs of recent deposition or erosion along the channel banks and bed indicate risk factors that can affect long-term crossing function and stability.  Also of importance is the inventory of channel bed material.  The goal is to record the arrangement of the existing streambed with sufficient detail so that it can be excavated and replaced inside of the culvert barrel and transition smoothly with the streambed at the upstream and downstream ends.  Harrelson et al. (1994) provide additional details for conducting a site inventory.  Parameters measured in Steps 1 and 2 and used in subsequent steps include:
· Bankfull width
· Depth of deepest pool along channel profile 
· Size of largest alluvial stone from streambed material analysis.


 (
3
)Culvert width, invert elevation, and slope.  

	Choose a culvert diameter that equals the bankfull width plus twice the diameter of stable bank rocks needed to preserve bank roughness (Figure D1a and D1b).  Bank rock size can be estimated by doubling the size of the largest alluvial stone measured during the channel bed inventory.  The culvert invert elevation is determined from the surveyed bed profile minus the depth of the deepest surveyed pool minus the diameter of the bank rock.  If necessary, increase the culvert diameter so that the culvert will be less than 70% submerged at bankfull flow in order to facilitate debris passage and to minimize the chance of the culvert becoming pressurized.  A pressurized culvert will likely flush out the streambed material placed in the barrel.

	
 (
Figure D1.  Culvert sizing for aquatic organism passage.
  
)
 (
Modified from USFS, 2008.  Figure D1a illustrates the concept of bankfull width measured from top of low bank of the original channel.  Figure D1b shows placement of a culvert or bottomless arch with respect to the bankfull width.  In the case of a culvert, the original channel bed is reconstructed within the countersunk pipe.
)	


	Once the culvert invert elevation is established, the fill depth of the simulated bed is determined by the project slope, illustrated in Figure D2.  The slope of the constructed bed through the culvert should match the slope of the reach as determined by the pre-construction streambed profile.  Be sure to identify stable endpoints above and below the new crossing, as well as the elevation of stable points inside of the crossing.  Stable features include bedrock outcrops, stable rock or log steps, riffle crests, or well-embedded, at-grade logs.  Ensure that the post-construction gradient through the crossing matches the pre-construction condition, with smooth transitions between the culvert bed and adjacent streambed at the inlet and outlet.  Fill depth through the barrel may not be uniform in all cases.  For example, in steep channels, fill depth at the culvert inlet may be greater than at the outlet, unless the culvert barrel itself is set to match grade.  Minimum fill depth, as explained above, is a function of pre-project surveyed pool depth and an estimate of scour depth defined here as twice the size of the largest alluvial particle.
 (
Courtesy of Kale Gullett, ENTSC.
) (
Figure D2.  Culvert position with respect to channel profile.
)
 (
4
)Reconstructing the streambed within the culvert.

	If the bed material is relatively well-graded with no major channel features such as rock bands, steps, riffles, or pools, then it can be excavated, stockpiled, and replaced into the barrel.  Take care to preserve stratification between the top armor layer and subsurface fines, commonly found in gravel/cobble bed streams.  

	If there are key features in the bed that create topographic highs and lows, these should be mapped and surveyed so that their position and elevations can be replaced.  Larger rock or woody debris that creates steps, riffles, or drops should be stockpiled separately from the bulk of the culvert fill.  Plan for hand work if the culvert barrel will be too small for equipment to operate within it.  Portable plate compactors may be necessary to achieve proper compaction inside the barrel.  Plan to have equipment on-site to wash fines into constructed riffles or coarse rock steps to help concentrate low flows to the channel surface.  
	
	Note bank lines and bank composition as well.  The stream simulation approach will include a stream bank and very limited “floodplain” (top of bank) inside the barrel, which often consists of the bank rock placed along the culvert wall or stemwall if a bottomless arch is used (Figure D1b).  The goal is to record the diversity, roughness and shape of the existing channel margins so that it can be replaced inside of the barrel following culvert placement.   Strive to mimic the pre-construction streambed, as closely as possible in plan, pattern, and profile to ensure channel stability and passage quality.  


[image: H:\Stream Crosing Design Note Dec 2011\kale gullett\inside stream simulation culvert.jpg]
 (
Inside of a stream simulation culvert.  
Photograph courtesy of 
Kale Gullett, ENTSC
.
) 

[bookmark: _Toc335993965][image: ]Appendix E - USGS Physiographic Regions

[bookmark: _Toc335993967]Appendix F - Other Design Aids

· Virginia Standard Drawing VA-SO-801 – Stream Crossing is available on the VA NRCS Share Point Site.

· Excel spreadsheet for USGS regression equations: USGSRegression_AllRegions.xls (developed by VA NRCS) is available on the VA NRCS Share Point Site.

· USDA-NRCS Hydraulics Formula programs – available upon request through ITS.

· EFH2 – Estimating Runoff and Peak Discharge – program available upon request through ITS.  Supporting data files (rainfall, rainfall type, and soils) are available on the VA NRCS Share Point Site.

· Engineering Field Handbook, Chapter 2:  Estimating Runoff, and Chapter 3:  Hydraulics.  PDF files are available from http://directives.sc.egov.usda.gov/viewerFS.aspx?id=3619

· Virginia Supplement to Engineering Field Handbook, Chapter 2.  PDF files are available on the VA NRCS Share Point Site and the national NRCS eDirectives website under state supplements to handbooks (http://directives.sc.egov.usda.gov/Default.aspx) 

· NEH Part 654 – Stream Restoration Design.  PDF files available from http://directives.sc.egov.usda.gov/

· Excel spreadsheet for cross section analysis:  xsecAnalyzerVer12.xlsm
	File is available from http://go.usa.gov/0Eo
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Stream Crossing Worksheet

Version 01.12

ENABLE macros to use the buttons on this spreadsheet. For culvert crossings, compute the peak flow rate for the desired design storm for
the watershed draining to the proposed crossing. Use EFH-2 or other means to perform this calculation. (Use the 2-yr, 24 hr storm for culvert
crossings, according to VA CPS 578.)

Project Description:
Prepared by:

1. Enter Survey Data (ft):

Cross Section:
Left Floodplain
Top Left Bank
Toe Left Bank
Center

Toe Right Bank
Top Right Bank
Right Floodplain

Profile (riffle to riffle):
Upstream station:
Downstream station:
Slope:

Ford crossing example

SWO

(

12/27/2012

Distance (ft)

Elevation (ft)

0.0 505.0
23.5 502.1
29.6 500.2
31.6 499.9
33.7 500.6
36.3 502.3
48.5 502.8

0 500.7
79.6 497.9
0.035

Note: Plot scales can be modified by right-clicking them and then

choosing "Format Axis."

2. Compute in-channel "n" value:
(See Cowan as referenced in VA Erosion & Sediment Control Handbook)

Channel character
Irregularity

Size & shape variations
Obstructions

Vegetation

Sum of n1 through n5
Coefficient for meander:
(Use 0 for Minor, 0.3 for Severe)

Bankfull channel "n™:
User-defined "n" for Left Floodplain:
User-defined "n" for Right Floodplain:

4. Bankfull Flow:

Bankfull water surface elev. (ft):
(Select the lower top of bank elevation.)

Area of channel, A:
Wetted perimeter, P:
Hydraulic radius, R:
Slope (decimal), S:
Bankfull channel n:

Elevation (ft)

506

Cross Section

505

504
503

502
501

f——‘

500

499

498 T

20

30 40 50 60
Distance (ft)

mpemm Surveyed Section
Trial Water Surf Elev

Bankfull Water Surf Elev

In-channel boundary

Elevation (ft)

501

Profile

500

499

498
497

496

0 10 20 30

40 50 60 70 80 90 100
Distance (ft)

nl= 0.028
n2 = 0.010
n3 = 0.005
n4 = 0.010
n5 = 0.010
ns = 0.063
0.000
né = 0.000
0.063
0.063
0.063
502.1
15.5 sq. ft.
13.4 ft.
1.2 fts
0.035
0.063

Manning's equation: V= (1.486 /n) *R%° 8”2

Bankfull velocity, V =
Flow rate, Q = VA=

76 cfs

3. Determine Water Surface Elevation for Design Flow:

(Use for culvert crossings.)

Design Q from other tools: cfs

Storm Return Period:

Method (EFH2, USGS, etc.):

yrs

Trial water surface elev. (ft):
(To approximate design flow.)

Area of channel, A: sq. ft.
Composite n value:
Flow rate, Q: cfs
Resulting avg. velocity = Q/A: fps
5. Stone Size Required for Ford Crossing:
Velocity Stone Min. Depth
0.0-6.0 fps dso= 2", dioo= 4" 8"
>6.0 fps consult Engineering staff

6. Design Capacity for Culvert Flow
Q = lesser of Q2 and bankfull flow =

Tailwater surface elevation to
use in Culvert Flow Tool (ft):
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Notes:

1) Estimated drainage area = B5 acres.
Estimated bankfull velocity is 4.9 fps.
Desired crossing width = 12.5 feet.
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EFH-2 ESTIMATING RUNOFF AND PEAK DISCHARGE Version 1.1.0
Client: Example 2
County: Patrick ZONE-3 NOAA-C State: VA
Practice: Culvert crossing
Calculated By: swo Date: 11/20/2012
Checked By: Date:
Drainage Area: 65 Acres (user entered value)
Curve Number: 60 (provided from RCN Calculator)
Watershed Length: 2100 Feet
Watershed Slope: 12 Percent
Time of Concentration: 0.48 Hours (calculated value)
Rainfall Type: NOAA_C
Storm Number 1 2 3 4 5 6 7
Frequency (yrs) 1 2 5 10 25 50 100
24-Hr rainfall (in) 3.00 3.70 4.70 5.60 6.80 7.90 9.10
la/P Ratio 0.44 0.36 0.28 0.24 0.20 0.17 0.15
Used 0.44 0.36 0.28 0.24 0.20 0.17 0.15
Runoff (in) 0.33 0.62 1.13 1.67 2.46 3.26 418
(ac-ft) 1.79 3.36 6.12 9.05 13.33 17.66 22.64
Unit Peak Discharge 0.412 0.537 0.630 0.667 0.684 0.695 0.705
(cfs/acrefin)
Peak Discharge (cfs) 9 22 46 72 110 147 191

Page 1 of 2
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Stream Crossing Worksheet

Version 01.12

ENABLE macros to use the buttons on this spreadsheet. For culvert crossings, compute the peak flow rate for the desired design storm for
the watershed draining to the proposed crossing. Use EFH-2 or other means to perform this calculation. (Use the 2-yr, 24 hr storm for culvert

crossings, according to VA CPS 578.)

| 3/8/2013

Project Description: Example Culvert Crossing
Prepared by: sw.
1. Enter Survey Data (ft):

Distance (ft) Elevation (ft)
Cross Section:
Left Floodplain 0.0] 90.0f
Top Left Bank 15.0] 89.4}
Toe Left Bank 20.0] 85.7]
Center 23.0] 85.3]
Toe Right Bank 25.0] 86.0]
Top Right Bank 29.0] 88.7|
Right Floodplain 53.0] 89.1
Profile (riffle to riffie):
Upstream station: 0f 87
Downstream station: 182] 85
Slope: 0.011

Note: Plot scales can be modified by right-clicking them and then

choosing "Format Axis."

2. Compute channel "

(See Cowan as referenced in VA Erosion & Sediment Control Handbook)

Channel character ni= 0.024]
Irregularity n2= 0.010]
Size & shape variations n3= 0.005
Obstructions nd= 0.015]
Vegetation n5= 0.025]
Sum of n1 through n5 ns= 0.079]
Coefficient for meander: 0.150]
(Use 0 for Minor, 0.3 for Severe)

=
Bankfull channel "n": 0.091
User-defined "n" for Left Floodplain: 0.065]
User-defined "n" for Right Floodplain: 0.065]
4. Bankfull Flow:
Bankfull water surface elev. (f):
(Select the lower top of bank elevation )
Avrea of channel, A: 27.2sq. ft.
Wetted perimeter, P: 15.0 ft.
Hydraulic radius, R: 1.8 ft.
Slope (decimal), S: 0.011
Bankfull channel n: 0.091

Manning's equation: V= (1.486 /n) *R % *5 ™
Bankfull velocity, V =
Flow rate, Q = VA=

Cross Section

a0

89 1
5 o \ /
£ \ J
3 87 - -
& \ /

. V

85

0 10 20 an 4 50 60
Distance (f)
e SUNVEYED SECHON —— Bankfull Water Surf Elev
= Trial Water Surf Elev
Profile

_ 68
£
-
g o
3 85
[

84

20 40 B0 80 100
Distance (ft)

120 140 180 180 200

3. Determine Water Surface Elevation for Design Flow:
(Use for culvert crossings.)

Design Q from other tools: 22
Storm Return Period: 2
Method (EFH2, USGS, etc.):

Trial water surface elev. (ft):
(To approximate design flow.)

Area of channel, A: 11.7 sq. ft.
Composite n value: 0.091

Flow rate, Q: 22 cfs
Resulting avg. velocity = Q/A: 1.9 fps

cfs
yrs

5. Stone Size Required for Ford Crossing:

elocity Stone [_Min. Depth
0.0-6.0 fps =2, dw=4"| 8"
>6.0 fps consult Engineering staff

6. Design Capacity for Culvert Flow

Tailwater surface elevation to
use in Culvert Flow Tool (f):

lesser of Q2 and bankfull flow b
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Stream Crossing Design Notes
1. The slope of the approaches (ramps) shall be 6:1 or flatter. (B:1 is recommended) 4. If no stone is needed to harden the stream bottom, then the stone on the ramps shall be placed so
that the ramps blend naturally into the streambed. A 2'x2’ rock key may be placed at the end of
2. If livestock will have access to the side slopes, then the side slopes shall be armored. If fencing each ramp to provide toe protection. Do not place any stone that will obstruct the natural flow path
will restrict livestock access, the side slopes may be seeded. Grade side slopes to 3:1 or flatter if of the stream.
they are to be seeded. Grade side slopes to 2:1 if they are to be armored. Armoring shall consist
of 6 inches of VDOT #1 (2" to 4”) stone over geotextile. 5. Excavated material shall be spread outside of the floodplain.
3. If necessary to provide a solid bottom at the crossing, the existing streambed shall be excavated to 6. Geotextile shall meet the Class | requirements for nonwoven geotextile in Virginia Construction
the depth of the selected Typical Stone Layer (on Sheet 2). Any stone placed to harden the channel Specification VA—795 Geotextiles. Class || may be used with engineers approval.

bottom must be installed below the existing natural grade of the stream.
7. Seed all disturbed areas according to the Attachment to Virginia Construction Specification VA—7086.
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Stream Profile and Crossing Details
Culvert Crossing Example
Patrick County, VA

Note:

Cross the streaom with fencing that is not attached
directly to the permanent riparian fencing.
fence posts ot the fence intersections will prevent
permanent fence damage in a flood.
fence to be approved by local NRCS or SWCD
representative.
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Install crossing surface armor as
shown on Stream Crossing Design

1" (Min.)
Earthfill over culvert

Compacted Earthfill, (8" lifts max.) or continue
to top of banks with rockfill with a geotextile
fabric cap over the rockfill.

Original Ground

Nonwoven
Geotextile
Fabric

Place nonwoven geotextile fabric and
3” to 6" of rockfill in bottom
before installing culvert.

Riprap:  d50 = S

d100 = g

1My ———

Y
4.7 \\, . - -
S /, \\\\ \\\\ r/m,i_u and remove topsoil

Nonwoven and/or organics from
Geotextile construction area
Fabric

Invert of culvert
must be
installed 6”
lower than
existing
streambed.

VDOT #1 Stone (d50 = 2", d100 = 47)

Culvert Crossing Section Detail

Not to Scale

See sheet 4 of 5 for construction
material type and depth

See sheet 4 of 5 for construction

Place riprap in 9"(max.} lifts
on both sides of culvert.
Local field stone is acceptable.

material type and depth
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Culvert Section and Profile
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Watershed Example 1:
Area =~170 ac
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Watershed Example 1:
Area =~170 ac
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