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Topics
• Erosion Fundamentals

• Overview of Upland Erosion Stabilization Practices

– Grassed Waterways, Drop Structures, Critical Area 
Stabilization, Lined Waterways 

– NOT Covered: Streambank Stabilization, Diversions, etc.

• Hydrologic and Hydraulic Calculations

• Design of Grassed Waterways

• Drop Structure & Lined Waterway Design 

• Case Studies



Erosion Fundamentals



Erosion Fundamentals
• Factors influencing erosion:

– Soil characteristics

– Vegetative Cover

– Topogrpahy

– Climate (frequency, intensity, duration of rainfall)



Virginia Erosion 
and Sediment 
Control Handbook



Virginia Erosion 
and Sediment 
Control Handbook



Common Erosion Stabilization Practices
• Grassed Waterways: NRCS CPS 412 Grassed Waterway

• Drop Structures: NRCS CPS 410 Grade Stabilization Structure

• Lined Waterways: NRCS CPS 468 Lined Waterway or Outlet

• Critical Area Stabilization: NRCS CPS 342 Critical Area Planting

Important for SWCD technicians 
to be able to make conservation 
planning decisions about which 
practices are appropriate.

Reminder: All engineering
practices require EJAA for I&E, 
Design, and Construction.



Grassed Waterways (CPS 412)
• DCR Practice Spec: WP-3

• Stabilize eroded drainage 
swale areas in crop fields

• Maintained in grass 











Drop Structures (CPS 410)
• DCR Practice Spec: WP-1

• Stabilize headcut areas &  
gullies (vs. rills)

• More engineering work and 
more expensive to construct 
than grassed waterways
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Lined Waterway or Outlet (CPS 468)
• DCR Practice Spec: WP-1

• Stabilize eroding channels  
where grassed waterways 
will not be sufficient



Critical Area Stabilization: CPS 342
• DCR Practice Spec: SL-11

• Stabilize eroding areas

• NOT for areas where runoff concentrates 
(unlike grassed waterways, drop 
structures, lined waterways)

• Not an engineering practice



Conservation Planning Considerations:

Is there an active
erosion problem 
creating a water 
quality concern?



Conservation Planning Considerations

What is causing
the problem, 
and will the 
practice solve 
the problem?



Background: Hydrologic Calculations
• Design of grassed waterways, drop structures, and lined 

waterways requires hydrologic calculations

• We need to determine how much water the waterway or 
structure needs to carry 

Practice Design Storm Requirement

Grassed Waterway Peak 10-yr, 24-hr

Drop Structures Depends on type, vertical 
drop, receiving channel depth

Lined Waterways Peak 10-yr, 24-hr

cfs = cubic feet per second = ft3/sec (This is a volume per time.)
Velocity is measured in feet per second and will depend on the channel shape, slope, and 
roughness. 



Flow Rate vs. Velocity



EFH-2 vs. USGS Regression Analysis
EFH-2 USGS Regression Analysis

Description Computer program based on 
NRCS Engineering Field 
Handbook Ch. 2

Spreadsheet or StreamStats web 
application

Inputs Drainage Area, watershed 
length, avg. watershed slope, 
curve number (based on land 
use and hydrologic soil group)

Location, Drainage Area

Accuracy Very good, site specific Marginal (typically no better 
than ±22%)

Ease of Use Fairly time-consuming Very Easy and Quick

• Summary: EFH-2 requires a little bit more work but will generally produce much 
more accurate results. The USGS method may provide a good starting point, but 
EFH-2 is generally preferred. 

• The Rational Method may also be used where appropriate. 

For Grassed Waterways, Drop 
Structures, Lined Waterways



EFH-2

• Can use WinTR-55 for watersheds with 
more impervious or sub-watersheds



EFH2 Limitations

• Watershed is accurately represented by
a single runoff curve number between 40 and 98.

• Watershed area is between 1 and 2,000 acres.

• Watershed length is between 200 and 26,000 feet.

• Average watershed slope is between 0.5 and 64%.

• No valley or reservoir routing is required.

• Urban land use within the watershed does not exceed 10%.



What are HSGs?

For EFH2, you 
will need the 
“Hydrologic Soil 
Group” of the 
soil types in the 
watershed.



To find the HSG of the soils, Click the “Soil 
Data Explorer” Tab, then the “Soil Properties 
and Qualities” Tab, then “Soil Qualities and 
Features,” then “Hydrologic Soil Group,” 
then click “View Rating”



Results

Add the “like” HSGs 
together to 
determine the total 
acreage of each 
HSG in the drainage 
area.

HSG Total Percentage

A 40.1

B 59.9

C 0

D 0

XXX



EFH2 Inputs
Input Units Description

Drainage Area Acres Area draining to proposed practice location

Curve Number - EFH-2 has a curve number calculating tab – you 
input the breakdown of area by HSG and land 
use

Watershed Length Feet Length of longest flow path from watershed 
boundary to the outlet

Watershed Slope Percent Average slope of WATERSHED – NOT slope of 
flow path

Rainfall Information - Electronic files available by county, OR get 
pinpoint accurate data from NOAA PFDS

This is different from most other hydrologic methods and is the 
most commonly seen problem in EFH2 calculations



Average Watershed Slope

OR, the soils report can also be 
used to estimate the average 
“Watershed Slope” for EFH2.

Calculate a weighted average of 
the slope of the soil types in the 
watershed.



Watershed Slope
(A)

Slope Range of 
Soil Type

(B)
Avg. Slope of 
Soil Type

(C)
Total 
Percentage of 
Area

(D)
Decimal Percentage

(E)
Weighted 
Slope

2-7% 5% 9.5 0.095 0.48

7-15% 11% 16.1 0.161 1.77

5-15% 10% 0.5 0.005 0.05

15-25% 20% 26.9 0.269 5.38

25-55% 40% 33.7 0.337 13.5

25-45% 35% 3.2 0.032 1.12

25-50% 38% 10.1 0.101 3.84

Total:
(Average Slope): 26.1Column B: Average the slope range in Column A

Column C: Add together the “Percent of AOI” of all of the soil types with this slope range
Column D: Column C/100
Column E: Multiply Columns B and D (Avg. Slope of Flow Path = 7.2%)



Curve Number Calculation

Considerations:
-The 2-yr storm is most likely to happen during summer months (thunderstorm), so it may be 
conservative to consider the highest runoff-producing land cover conditions expected during 
summer.

-If cropland, consider early July when straw is baled, or April/May for full tillage corn 

-If pasture, consider the “summer slump” of cool-season forages

-Think about management tendencies of the landowner.
-If you know of imminent land development, go ahead and factor it in to your calculation.



Rainfall Information
• More accurate (site-specific) precipitation data 

can be obtained from NOAA at: 
http://hdsc.nws.noaa.gov/hdsc/pfds/index.html

• Enter the lat. & long. for the 
site and it will give you the 
rainfall amounts for different 
storm events

• Can be entered manually into 
EFH2

http://hdsc.nws.noaa.gov/hdsc/pfds/index.html


Example
Waterway

Q10 = 174cfs



Avoid concentrating runoff on unprotected fill
• Try to achieve final grades by cut

Ensure outlet is stable
• May require outlet protection, stilling basin, level spreader, etc. 

Once runoff is concentrated, it is difficult
to un-concentrate

Ensure elevations within design do not conflict

Overarching Engineering Concepts

• Profile vs. Cross-Sections

• Convergence Point of Multiple Conveyances

Ensure inlet can accept all runoff



For all lined outlets and waterways, it is CRITICAL that the 
armored area is low enough to accept the runoff!







Design of Grassed Waterways





Grassed 
Waterway 

Types





Steps in the Design of a Waterway



Step 1: Plan the optimum location of the waterway centerline

• Optimum location usually easily 
determined during site 
investigation

• Can also often be seen on aerial 
photographs (especially aerials 
taken over winter)







Step 2: Select design points along the waterway where grades, drainage 

areas, and/or type of lining change significantly.



Step 3: Determine the watershed area for the points in step 2 and for the 

outlet.

• For this site, 
where should 
watersheds be 
analyzed?

• Analyze for each 
portion of the 
waterways.









Step 4: Compute the peak runoff produced by the design storm. 

• Design storm for Grassed 
Waterway is 10-yr, 24-hr

• Analyze for each portion of 
the waterways.



Step 4: Compute the peak runoff produced by the design storm. 

• Design storm for Grassed 
Waterway is 10-yr, 24-hr

• Analyze for each portion of 
the waterways.

782ft.



• All soils are 
HSG B
– 3.6ac. row crops

– 0.25ac. woods





Design Flow = Q10 = 12cfs

Q



Step 5: Determine the slope of each reach of the channel from the 

topographic map, profiles, or cross sections.

Determine slope of waterway:

Slope(%) = 
∆Elevation
∆Distance

0+00, 349’

3+51, 326’

∆Elevation = 349’ – 326’ = 23’

∆Distance = 3+51 – 0+00 = 351’

X 100 

Slope(%) = 
∆Elevation=23’
∆Distance=351’

X 100 

Slope(%) = 6.6% 



What if the slope of your waterway 
varies?
• Use highest measured slope for stability 

calculation
– Make sure the channel won’t erode where water is moving the fastest

• Use lowest measured slope for capacity 
calculation

– Make sure the channel won’t overtop where water is moving the slowest



Step 6: Select the appropriate channel cross-section and the type of 

channel lining(s) to be used. Advantages Disadvantages

-Mimics natural shape of 
most drainage swales
-“Most common & generally 
the most satisfactory”

-Sometimes difficult to 
install true parabolic shape

-Easy shape to form in field
-Steep side slopes can make 
it difficult for equipment to 
cross (can be an advantage if 
you don’t want equipment 
to cross it)

-Steep side slopes can make 
it difficult for equipment to 
cross
-If bottom is not perfectly 
level, flow concentrates on 
one side 

-May be easy to install for 
contractors who install a lot 
of road ditches

-Low flows concentrate at 
bottom of “V” and cause 
erosion
-Sharp “V” can make it 
difficult for equipment to 
cross



• Check with producer: 
– What type of grading equipment is available for use?

– What type of equipment and implements will he need to cross the waterway with?
• NOTE: CPS 412 says to “Avoid using waterways as turn-rows during tillage and cultivation operations” and 

“Avoid crossing with heavy equipment when wet”

• Look at your surveyed cross-sections: which type of channel can be 
installed most efficiently?

• Can try several channel types as you move through the calculations to 
see which would require the smallest footprint 

– Less expense to install (benefit to State and producer)

– Less land taken out of production (benefit to producer)

Step 6: Select the appropriate channel cross-section and the type of 

channel lining(s) to be used. 



• Stability Making sure the channel will not ERODE

Step 7: Design the channel for stability, typically based on the sparsest 

and shortest vegetation expected. 

Step 8: Adjust the depth to obtain adequate capacity based on the 

densest and longest vegetation expected. 

• Capacity Making sure the channel will not OVERTOP



Calculate capacity when channel looks 
like this (thick grass reduces capacity):



Calculate velocity when channel looks 
like this (thin grass increases velocity):



Steps 7 & 8 





CF = 0.75





Determine slope of waterway:

Slope(%) = ∆Elevation
∆Distance

Slope(%) = 6.6% 

D

CF =
0.75



P
6.6%

D

CF =
0.75



P
6.6%

D

B

• Now we have enough 
information to use the 
charts in Appendix C of 
EFH7

Finally…
CF =
0.75



P
6.6%

D

B

• Channel Type:

• Cover Factor:

• Allowable Soil Stress:

• __-__ Design:

• Side Slope (for trapezoids)

Find the table that matches ALL of these 
parameters. 

In our example, it can be found on page 7D-5

The tables are 
organized according to 
input parameters:

Parabolic

0.75

0.02

B-D

(n/a)



Q=12cfs

S=6.6%



Luckily…  ParabolicChannel.xlsx



Can also check TrapezoidalChannel.xlsx





Quantities for Seed Establishment
• CPS 412 references CPS 342 Critical Area Planting



NRCS Plant Establishment Guide



• Seeding quantity recommendations from 
Permanent Seeding Spec from Virginia 
Erosion and Sediment Control Handbook:



Erosion Control Matting:

From EFH7:

From CPS 412:

Vegetation much thicker 
where matting was used







Construction



• Potential Herbicide Problems:
– Drift into the waterways when spraying along the edges

– Contract sprayers who aren’t familiar with the field may spray the entire 
field (including waterways) – especially when killing cover crops



Herbicide Drift: Effect on Waterway

Reduced 
waterway 
capacity



Problem in Continuous Full-Till:



From CPS 412:





Diversions can be installed as an O&M practice to 

redirect flows into the waterway if this problem arises:













Lined Waterway Design



Lined Waterway Design
• CPS 468 is one of the better standards for providing calculation guidance





The Stream Crossing 
Worksheet can be used to 
analyze velocities and 
capacities of channels.



Drop Structure Design



Design Tools





Drop 
Structures-
when to 
use them















































Case Study #1: 
Drop Structure vs. Lined Waterway

• Three eroded 
channels

• Caused by barnyard 
runoff and cattle

• Fine sandy loam soils

Channel 1

Channel 2

Channel 3



Case Study #1: 
Drop Structure vs. Lined Waterway

Channels 1 & 3Channel 2



Case Study #1: 
Drop Structure vs. Lined Waterway

Channels 1 & 3Channel 2

Profile: Profile:

Cross-Section Cross-Section







































2+82

415’

After drawing the planned slope line, need to make the center-line elevation equal for 
each of the planned cross-sections to avoid conflicting elevations. 















Case Study #2: Coastal 
Plain Drop Structure

• Major eroding gully 

• 5’ wide at bottom, 5-10’ 
deep

• Direct discharge into 
Pamunkey River

• Soils: fine sandy loam, 
K=0.37 to 0.43

• NRCS-designed, District-
funded

• New Kent County, LC 
Davis & Sons Farm







Berm

Outlet

Inlet



Fill material in 
gully

Riprap-lined 
channel to 

protect fill from 
erosion























Case Study #3: 
Drop Structure / Lined Waterway

• Huge headcut area

• Farm road and steep 
hill above limited 
available space

• Huge pile of field 
stone available





Not as simple as dumping a bunch of 
stone in the gully!





For all lined outlets and waterways, it is CRITICAL that the 
armored area is low enough to accept the runoff!













Contact Information

Raleigh Coleman
Ag BMP Engineering Specialist
540-270-0039
Raleigh.coleman@dcr.virginia.gov

Amanda Pennington, P.E.
District Engineering Services Manager
804-786-0113
Amanda.pennington@dcr.virginia.gov
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