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Topics

e Erosion Fundamentals
e QOverview of Upland Erosion Stabilization Practices

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

— NOT Covered: Streambank Stabilization, Diversions, etc.
e Hydrologic and Hydraulic Calculations
e Design of Grassed Waterways
e Drop Structure & Lined Waterway Design
e (Case Studies



Erosion Fundamentals
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Erosion Fundamentals

L Fa Cto rS I nfl U e n CI ng e rOS I O n : Erosion factor K indicates the susceptibility of a scil to sheet and rill erosion by

water. Factor K is one of six factors used in the Universal Soil Loss Equation (USLE)
and the Revised Universal Soil Loss Equation {(RUSLE) to predict the average

- SO'I Cha ra Cte ristlcs annual rate of soil loss by sheet and rill erosion in tons per acre per year. The

estimates are based primarily on percentage of silt, sand, and organic matter and
on soil structure and saturated hydraulic conductivity (Ksat). Values of K range

— Vegetative Cover from 0.02 to 0.69. Other factors being equal, the higher the value, the more

susceptible the soil is to sheet and rill erosion by water.

—_ TO pogrpa hy "Erosion factor Kw (whole soil)" indicates the erodibility of the whole soil. The

estimates are modified by the presence of rock fragments.

— Climate (frequency, intensity, duration of rainfall)

E- I'Mibili!y' - The major soil consideration from an erosion and sediment control standpoint
is its erodibility. An erodibility factor (K) indicates the susceptibility of different soils to the
forces of erosion. A soil survey report includes the K factor for each soil found in the
survey area. These K factors are used in the Universal Soil Loss Equation to determine soil
lo_ss frqm an area over a period of time due to splash, sheet, and rill erosion. K factors in
Virginia range from about .10 (lowest erodibility) to about .50 (highest erodibility). K
factors can be grouped into three general ranges:

0.23 and lower - low erodibility
0.23 to 0.36 - moderate erodibility
0.36 and up - high erodibility

Cohesiveness of sogl particles varies with different layers of the same soil, causing varying
degr;es of_erodﬂnhty at different depths. Therefore, depth of excavation must be
considered in determining soil erodibility on a construction site.



Virginia Erosion
and Sediment
Control Handbook

TABLE 3.18-B?

PERMISSIBLE VELOCITIES FOR EARTH LININGS

Soil Types
Fine Sand (noncolloidal)
Sandy Loam (noncolloidal)
Silt Loam (noncolloidal)
Ordinary Firm Loam
Fine Gravel
Stiff Clay (very colloidal)
Graded, Loam to Cobbles (noncolloidal)
Graded, Silt to Cobbles (colloidal)
Alluvial Silts (noncolloidal)
Alluvial Silts (colloidal)
Coarse Gravel (noncolloidal)
Cobbles and Shingles

Shales and Hard Plans

Permissible
Velocities

(ft./sec)
2.5

Z5
3.0
3.5
5.0
5.0
5.0
5.5
5.5
5.0

6.0



Virginia Erosion
and Sediment
Control Handbook

TABLE 3.18-A

PERMISSIBLE VELOCITIES FOR GRASS-LINED CHANNELS

Channel Slope

Lining

0- 5%

Bermudagrass

Reed canarygrass
Tall fescue

Kentucky bluegrass

Grass-legume mixture

Red fescue

Redtop

Sericea lespedeza
Annual lespedeza
Small grains
Temporary vegetation

5-10%

Bermudagrass

Reed canarygrass
Tall fescue

Kentucky bluegrass

Grass-legume mixture

Greater than 10%

Bermudagrass

Reed canarygrass
Tall fescue

Kentucky bluegrass

* For highly erodible soils, decrease permissible velocities by 25%.




Common Erosion Stabilization Practices

e Grassed Waterways: NRCS CPS 412 Grassed Waterway

e Drop Structures: NRCS CPS 410 Grade Stabilization Structure
e Lined Waterways: NRCS CPS 468 Lined Waterway or Outlet

e C(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)
e DCR Practice Spec: WP-3

e Stabilize eroded drainage
swale areas in crop fields

e Maintained in grass















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

e Stabilize headcut areas &
gullies (vs. rills)

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

e Stabilize eroding channels
where grassed waterways
will not be sufficient



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

e Stabilize eroding areas

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

e Not an engineering practice



Conservation Planning Considerations:

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



Conservation Planning Considerations

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



Background: Hydrologic Calculations

e Design of grassed waterways, drop structures, and lined
waterways requires hydrologic calculations

e 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

MANNING'S EQUATION

The most widely used open channel formulas express mean velocity of The elements of cross sections of an open channel required for
flow as a function of the roughness of the channel, the hydraulic radius, hydraulic computations ave:
and the slope of the energy gradient. They are equations in which the e, the cross-sectional ares of Flow:
values of constants and exponents have been derived from experimental P, the werted perimeter, that is, the length of the
data. Manning's equation is one of the most widely accepted and commonly :‘::::f“ of the cross section in contact with the
used of the open channel formulas: 4
- :. the hydraulic radius, which is the cross-sectional

v = 1.:86 r2/3 '1/2 (Eq. 3-15) area of the stream divided by the wetted perimeter,
v = mean velocity of flow in feet per second

r = hydraulic radius in feet

8 = sglope of the energy gradient

8o = slope of channel bottom

n = coefficient of roughness

Since Q = av, Manning's equation may also be written:

Q = Lﬂ a r2/3 11/2 (ECI- 3-16)

n

where a = cross-sectional area in square feet.



EFH-2 vs. USGS Regression Analysis

Description

Inputs

Accuracy

Ease of Use

EFH-2

Computer program based on
NRCS Engineering Field
Handbook Ch. 2

Drainage Area, watershed

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

Very good, site specific

Fairly time-consuming

GS Regression Analysis

sheet or StreamStats‘web
application

Location, Drainage

Margin
than

(typically no better

Very Easy and Quick

For Grassed Waterways, Drop
Structures, Lined Waterways

e 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.

e The Rational Method may also be used where appropriate.



EFH-2

e 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.

e 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.

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



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

What are HSGs?

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration stoms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (AD, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiliration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. Thess soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downwand movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils havimg a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water tahble, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearty impenvious material.
These soils have a very slow rate of water transmission.

If & soil is assigned to a dual hydrologic group (AD, BFD, or /D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.



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”



XXX

HSG

o O @™ »r

Results

Total Percentage

40.1
59.9
0
0

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



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 EFHZ2 calculations




Average Watershed Slope

Average watershed siope

The average watershed slope (Y) is the slope of the land
and not the watercourse. It can be determined from soil
survey data or topographic maps. Hilside slopes can be
measured with a hand level, Locke level, or clinometer in
the direction of overland flow. Average watershed slope is
an average of individual land siope measuremdnts.

The average watershed slope can be determined using the
following relationship:

Y = 100CI (Eq. 2-6)

A

where Y = average watershed siope in percent,
C = total contour length in feet,
I = contour interval in feet, and
A = drainage area in square feet.

OR, the soils report can also be
used to estimate the average
“Watershed Slope” for EFH?2.

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



Watershed Slope

(A) (B) (C) (D) (E)
Slope Range of Avg. Slope of Total Decimal Percentage Weighted
Soil Type Soil Type Percentage of Slope
Area
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: |
Column B: Average the slope range in Column A (Average Slope): 26.1

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 _@Q(V‘g_s{'@ﬁe_ﬁf_HﬁW_Pﬁfh%_



Curve Number Calculation

Percent (CN)

COVER DESCRIFTION Hydrologic Soil Group
A B C D
OTHER AGRICULTURAL LANDS
Pasture, grassland or range poor 16.04(66) | 23.96(79) - -
Woods fair 24.06(36) | 35.94(60) - -
Total Area (by Hydrologic Soil Group) 401 599
TOTAL DRAINAGE AREA: 100 Percent WEIGHTED CURVE NUMBER: 60

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

PF tabular

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 2, Version 3

PF graphical

Supplementary information

PDS-based precipitation frequency estimates with 90% confidence intervals (i

Average recurrence interval (years)

Duration
1 2 5 10 25 50 100 2
5.min 0.343 0.410 0.435 0.549 0.622 0.679 0.735 0.
(0.310-0.378) || (0.372-D.454) || (0.438-0536) || (0D.485-0.606) || (0.557-0.685) || (0.606-D.747) || (0.651-0.808) || (0695
10-min 0.546 0.654 0.774 0.872 0.986 1.08 1.16 1.
- (0.494-0604) || (0.593-0.723) || (0.700-0.855) || (0.786-0.963) || (0.884-1.09) || (D.960-1.19) (1.03-1.28) (1.09
15-min 0.630 0.819 0.975 1.10 1.24 1.36 1.46 1.
(0.616-0.752) || (0.742-D806) || (0.881-1.08) || (0991-1.22) (1.12-1.37) (1.21-1.49) (1.30-1.61) (1.37
30-min 0.929 1143 1.38 1.58 1.83 2.03 2.22 2,
- (0.840-1.03) (1.02-1.25) (1.25-1.52) (1.43-1.75) (1.64-2.02) (1.81-223) (1.97-2.44) 212
&0-min 1.16 1.41 1.76 2.06 243 2.74 3.05 3.
- (1.05-1.28) (1.28-1.56) (1.58-1.85) (1.85-2.27) (2.15-2.68) (244-301) (2.70-3.35) (296
2-hr 1.38 1.68 211 2.48 2.97 3.38 3.81 4,
(1.24-154) (1.50-1.87) (1.89-2.35) (222-277) (264-331) (298-377) (3.34-423) (3.70
3hr 1.51 1.83 2.30 2,70 3.23 3.69 4.16 4,
) (1.35-1.70) (163-207) (2.04-2.80) (2.39-3.05) (2.84-384) (3.22-414) (3.61-4.67) (4.01
6-hr 1.92 2.32 2.29 3.40 4.09 4,70 534 6.
(1.71-2.18) (2.06-264) (2.55-3.28) (3.00-3.86) (2.55-485) (408-532) (4.59-6.05) (513
12-hr 2.40 2.89 3.61 4.27 519 6.02 6.92 7.
” (2.13-273) (2.57-3.30) (3.20-4.11) (3.76-4.85) (4.54-58%) (5.20-6.82) (5.91-7.83) (667
24 _hr 2.95 3.57 4.55 6.58 7.62 8.76 1
(265-3.31) (3.21-4.01) (4.08-5.10) (5.85-7.38) (6.72-5.50) (TE7-8.76) (568

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

EFH-2 ESTIMATING RUNOFF AND PEAK DISCHARGE Version 1.1.2
Client:
County: Example A-C State: VA
Practice: \/ate rway
Calculated By: ... Date: 4/6/2016
Checked By: Date:
Drainage Area: 132 Acres (user entered value)
Curve Number: &0 (provided from RCN Calculator)
Watershed Length: 2158 Feet
Watershed Slope: 26.3 Percent
Time of Concentration: 0.33 Hours (calculated value)
Rainfall Type: Il
Storm Number 1 2 3 4 5 6 T
Frequency (yrs) 1 2 5 10 25 50 100
24-Hr rainfall (in) 290 3.50 4.40 530 6.50 7.50 8.60
la/P Ratio 00.46 00.38 00.30 00.25 00.21 00.18 00.16
Used 00.46 00.38 00.30 00.25 00.21 00.18 00.16
Runoff (in) 30 53 97 1.48 2.26 298 3.79
(ac-ft) 03.30 0583 10,67 16.28 2486 32.56 41.69
Unit Peak Discharge 00.544 | 00.715 | 00849 | 00892 | 00928 | 00.950 | 00.965
(cfs/acre/in)
TN
Peak Discharge (cfs) 21 50 108 C.LZGV 276 371 484

Q,, = 174cfs



Overarching Engineering Concepts
Ensure inlet can accept all runoff

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

Avoid concentrating runoff on unprotected fill

e Tryto achieve final grades by cut

Ensure elevations within design do not conflict

e Profile vs. Cross-Sections
e Convergence Point of Multiple Conveyances

Ensure outlet is stable

e May require outlet protection, stilling basin, level spreader, etc.



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



Ste p 1 e 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)









Ste p 2 s Select design points along the waterway where grades, drainage
areas, and/or type of lining change significantly.

. I i i o | Bev. o |
BE | ML o ot Prasted Eles, |l | /
| |

i [ /




Ste p 3 « Determine the watershed area for the points in step 2 and for the

outlet.
, e For this site,
where should
watersheds be
- -~ f\ analyzed?
A e Analyze for each

portion of the
waterways.












Ste p 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.



Ste p 4: Compute the peak runoff produced by the design storm.

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

e Analyze for each portion of
the waterways.

Introduction T Basic data

Clignt: |E:-camp|e State: [y Courty:

1ACHCE! | Graszed ‘wWatenway - Area 1
By |RC Date:  Jama/2m7

Drainage Area............. | 385 acres  from RCN Calculator
Runoff Curve Mumber... I—I-—’"‘ fram RCH Calculator
w/atershed Length ....... | 7Ez fest

Watershed Slope ... |—95 percent

Time of Cancentration.. [ 017 hows  calculated



e All soils are
HSG B

— 3.6ac. row crops

— 0.25ac. woods

Tables — Hydrologic Soil Group — Summary By Map Unit

Map unit symbol
AsC
AsC3
AsD
Grg2

GvC3

Summary by Map Unit — Louisa County, Virginia (VA109)

Map unit name
Ashlar sandy locam, 7 to 15 percent slopes
Ashlar sandy loam, 7 to 15 percent slopes, severely eroded
Ashlar sandy loam, 15 to 25 percent slopes
Grover sandy loam, 2 to 7 percent slopes, eroded

Grover sandy clay loam, 7 to 15 percent slopes, seversly eroded

Rating

m m m m



EFH-2 ESTIMATING RUNOFF AND PEAK DISCHARGE Version 1.1.2
Curve number Computation

Client: Example

County: Louisa NOAA-C State: VA
Practice: Grassed Waterway - Area 1
Calculated By: RC Date: 8/18/2017
Checked By: Date:
Acres (CN)
COVER DESCRIPTION Hydrologic Soil Group
A B C D
CULTIVATED AGRICULTURAL LANDS
Row crops SR + Crop residue good - 3.B6(75) - -
OTHER AGRICULTURAL LANDS
Woods good - .25(55) - -
Total Area (by Hydrologic Soil Group) 3.85

TOTAL DRAINAGE AREA: 3.85Acres WEIGHTED CURVE NUMBER: 74




Drainage Area: 3.85 Acres (provided from RCN Calculator)

Curve Mumber: T4 (provided from RCM Calculator)
Watershed Length: 782 Feet
Watershed Slope: 95 Fercent
Time of Concentration: 017 Hours (calculated value)
Rainfall Type: |
Storm Number 1 2 3 4 5 4] 7
Frequency (yrs) 1 Q 10 > 25 50 100
24-Hr rainfall (in) 270 5.00 6.20 7.20 8.30
la/P Ratio 00.26 00.14 00.11 0010 00.08
Used 00.26 00.14 00.11 0010 00.10
Runoff (in) 72 236 335 422 519
(ac-ft) 0023 00.76 01.07 01.35 01.67
Unit Peak Discharge 01.208 01.301 | 01.322 | 01.332 | 01.332
(cfs/acrefin)
A‘
Peak Discharge (cfs) 3 5 9 ( 12 ) 17 22 27

Design Flow = Q,, = 12cfs



Ste p 5 « Determine the slope of each reach of the channel from the
—topographicmap; profiles, or cross sections.

Determine slope of waterway:

AElevation
%) = X 100
Slope(%) ADistance

AElevation = 349" — 326" = 23

0+00, 349’ | ADistance = 3+51 — 0+00 = 351’

AElevation=23’

= X 100
Slope(%) = ADistance=351’

3451, 326’
Slope(%) = 6.6%



What if the slope of your waterway

varies?

e Use highest measured slope for stability
calculation

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

e Use lowest measured slope for capacity
calculation

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



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

channel lining(s) to be used.

Advantages

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

-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)

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

Disadvantages

-Sometimes difficult to
install true parabolic shape

-Steep side slopes can make
it difficult for equipment to
Cross

-If bottom is not perfectly
level, flow concentrates on
one side

-Low flows concentrate at
bottom of “V” and cause
erosion

-Sharp “V” can make it
difficult for equipment to
Cross



Ste p 6: Select the appropriate channel cross-section and the type of
channel lining(s) to be used.

e 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?

e NOTE: CPS 412 says to “Avoid using waterways as turn-rows during tillage and cultivation operations” and
“Avoid crossing with heavy equipment when wet”

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

. | necessary at .
530 }—— ————— _ = — 5 = 530
7 D.)

r@
e 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)



Ste p 7 . Design the channel for stability, typically based on the sparsest
and shortest vegetation expected.
e Stability 2 Making sure the channel will not ERODE

Ste p 8: Adjust the depth to obtain adequate capacity based on the

densest and longest vegetation expected.

e Capacity =2 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 —







G C_ = (.75






Determine slope of waterway:

Slope(%) — AEI.evatlon
Distance
Slope(%) 4 6.6%

/




6.6%




Finally...

| e Now we have enough
information to use the

charts in Appendix C of

" EFH/




The tables are

organized according to
input parameters:
e Channel Type: Parabolic
e Cover Factor: 0.75
D e Allowable Soil Stress: 0.02
6.6% e - Design: B-D
P

e Side Slope (for trapezoids) (n/a)

Find the table that matches ALL of these
parameters.

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



Chapter 7 Grassed Waterways Part 650
Engineering Field Handbook

Input Parameters:

Channel Type = Parabolic
Cover factor=0.75
Allowable Soil Stress = 0.02
B-D Design

Q S=01% [85=025%| S=05% |[S=0.75%| S=1% |S=125%|S5=-15% [85=175%| S=2% S5=3% S=4% S=5% 5 =6% S=0% S5=10%
Difty T(ft) | Dift) Tift) | DR T(fh | DRt TOR) | DORY TORD | D) TOR) | Dift) TR | O(R) TOR) | DORY TR | DIt TOR) | DOty TORD | DR TR D0 TIft) | Db TOf) JO0R) TR

10 1% 9 |12 9 (13 10|11 12| 0% 16|09 15 (08 210 |07 25 j06 28

20 2 7 43 1158 15 [ 1.4 A7 | 1.3 19 | 1.2 31 1 27 |09 32109 37 (408 41 |07 50 N0O6 55

a0 18 16 |17 19 |15 22 (14 25|13 28 (12 M 1 40|09 48 |09 56 (08 62|07 74|06 83

40 24 16 |19 21|17 26 |15 30 (14 34|13 38|12 4 1 54 109 64 (09 74|08 83|07 99|06 110

50 23 20|19 26 |17 32|15 37 (14 42|13 47 (12 ™ 1 67|09 80|09 93 (08 104)07 124

60 23 23|19 3|16 35 |15 45 (14 51|13 56 (12 62| 1 80 (0% o7 |09 111|08 124

] 23 27|19 37|16 45|15 52 (14 59 |13 66 |12 72| 1 94 | 0.9 113( 0% 130 08 145

a0 3% 19|23 M |19 42|16 51 (15 60|14 68 (13 75|12 82| 1 107| 09 128|09 148

90 35 21|23 3B |19 47|16 58 (15 67 |14 76 (13 85 |12 92 1 120|059 145( 085 167

100 34 23 |23 39|19 52 (16 64 (15 75|14 85 |13 94 |12 103 1 13409 161

Q=12cfs
S=6.6%



Luckily... ParabolicChannel.xlsx

Welocity/Stress Check

Design Flow, O 12|cfs

Channel Slope, 5 0.066 |ft/ft

SCS Retardance Class D

Retardance Curve Index, Ci 4.44

Cover Factor, Cf 0.75

Allowable Stress, Ta 0.02|lb/ft* Final Dimensions (with Freeboard)

Trial Depth, D ft Total Top Width, T 26.2|ft
Total Depth, D 1.4(ft

Calculated Top Width, T (ft) | 21 Side Slope at D 4.68|:1

Depth/Stress Check Final Dimensions [without Freeboard)

Design Flow, Q 12|cfs Total Top Width, T 21.0|ft

Channel Slope, § 0.066|ft/ft Total Depth, D 0.9|ft

SCS Retardance Class B Side Slope at D 5.83|:1

Retardance Curve Index, Ci 7.64

Cover Factor, Cf 0.75

Allowable Stress, Ta 0.02|Ib/ft?

Trial Top Width, T 21|ft

\Vegetal Stress Check | OK




Can also check TrapezoidalChannel.xlsx

Velocity/Stress Check

Design Flow, Q. 12|cfs

Channel 5lope, § 0.066 |ft/ft

Side Slope, z 61

SCS Retardance Class D

Retardance Curve Index, Ci 4.44

Cover Factor, Cf 0.75

Allowable Stress, Ta ' 0.02|Ib/ft’ Final Dimensions (with 0.5 ft of Freeboard)

Trial Depth, D ' 0.34|ft Total Top Width, T 26.4|f
Total Bottom Width, B 12.0|ft

Calculated Top Width, T (ft) | 12 ‘ Total Depth, D 1.2_f1:

Depth/Stress Check Final Dimensions (without Freeboard)

Design Flow, Q 12|cfs Total Top Width, T 20.4|ft

Channel 5lope, § 0.066 | ft/ft Total Bottom Width, B 12.0|ft

Side Slope, z 6:1 Total Depth, D 0.7 |ft

SC5 Retardance Class B

Retardance Curve Index, Ci 7.64

Cover Factor, Cf 0.75

Allowable Stress, Ta 0.02 Ib,’th

Trial Top Width, T 12|t

Vegetal Stress Check 0K |







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



Seeding Rate Mountain/Valley/Northern . .
. ng Plant ! ¥ Southern Piedmont Coastal Plain
Species Species (Ib/acre) PLS Devth Piedmont
# P B:broadcast; -p . . .
Didrill (4-g" 1 6“-3 (in.) Best Dates Paossible Dates Best Dates Possible Dates Best Dates Passible Dates
Average La 1-May 15-Apr 1-Apr
PERENNIAL GRASSES*
Tall F ze in high
) 2 ) -escue l_{u;e -1n 1_g, ) . Ang 15-Sep 103 Ang i-Sep 303 Sep 1-Sep 2o0; Mar Ang 25-Nov 13 Sep 1-Oct 107 Feb Sep 1-Nov 10;
1 velocity and highlv erosive B: 6o Y-ty
situations Mar i5-Aprio Mar 1-Apr 3o 1-Apri Feb 15-Apris i-Mar io Feb 1-Mar 20
) =
2 Switchgrass D:i0; Biig Ha Mar 15-Jun 30 Mar i-Junis Feb 15-Jun 1
MIXTURES
, } . Ang 15-Sep 103 Ang i-Sep 303 Sep 1-Sep 2o0; Mar Ang 25-Nov 13 Sep 1-Oct 107 Feb Sep 1-Nov 10;
Tall Fescue + Ladino Clover B:qo+ E
3 40+3 “ Mar 15-Apr 1o Mar 1-Apr 30 1-Apri Feb 15-Apris 1-Mar 1o Feb 1-Mar 20
; . Ang 15-Sep 103 Aug 1-Sep 30; Sep 1-Sep z0; Mar Aug 25-Nov 13 Sep 1-Oct 10; Feb Sep 1-Nov 10;
Tall F + Red Clow E: 6 £l
4 a escue © over 40+ * Maris-Aprio Mar 1-Apr 3o 1-Apri Feb 15-Apris i-Mario Feb 1-Mar zo
5 Tall Ff:;;:;ﬁj:nual B:gqo+10; Dizo+8 iy Mar 1-Apris Feb 15-Apri Feb i-Mar 15
. Jul 25-8ep 13 Jul 15-8ep 15; Ang 25-0Oct 25; Sep 1-Oct 31;
Tall F + Redt D/E: -1 = ’ 2 = A -3 3 2 = 3 -3 ’
6 a escue edtop (5 40+10 * Mar zo-Apr =20 Mar i1-Mav 15 U8 250EP 15 Feb 15-Mar 31 FP 1-58p 30 Feb 15-Mar zo
7 S\ﬂtchlg,;:::';i::i::scue * D/B: 10+15+4 iy Mar 15-April 30 Mar 15-Jun 30 Mar 1-Apris Feb 15-Mav 31 Feb 1s5-Mar 31 Feb 1-April 5o
8 S‘ﬂtcﬂg;?;;::;::;z?gra” D/B: 5 each ta Mar 15-Jun 5o Mar i~Junisg Feb 15-Jun 1
Tall Fescue + Redtop + Jul 25-8ep 13 Jul 15-8ep 15; Aug 25-Oct 25; Sep 1-Oct 313
(B: 14y ’ ’ = = ’ . ?
9 Birdsfoot Trefoil D/B: 60+6+10 iz Mar zo-Apr 20 Mar i-Mav 15 Aug 25-8ep 15 Feb 15-Mar 31 Sep 1-3ep 30 Feb 15-Mar zo
10 S\ﬂtcl:g;‘:::r:dzie;et:ngue D/B: 8+8+4 Ha Mar 15-April 30 Mar 15-Jun 30 Mar 1-Apris Feb i5-Mav 31 Feb 15-Mar 31 Feb 1-April 50
Perennial Ryegrass + _ ) _ _ _ . _ .
11 Dis+2; Bi7+3 1o-3 Mar 1-Apris Aug 1-Sep 15 Feb 15-April 1 Aug 15-Oct 1 Not adapted

Redtop

‘*For critical area establishment and gravays use an acceptable nurse crop.

VA& Plant Establishment Guide

Erosion Prevention

Forage

Wildlife Herbaceous




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

TABLE 3.32-D
SITE SPECIFIC SEEDING MIXTURES FOR PIEDMONT AREA

General Slope (3:1 or less)

- Kentucky 31 Fescue 128 1bs.
- Red Top Grass 2 Ibs.
- Seasonal Nurse Crop * 20 1Ibs.

150 Ibs.

* Use seasonal nurse crop in accordance with seeding dates as stated below:

February 16th through April ...................... Annual Rye
May 1st through August 15th ..................... Foxtail Millet
August 16th through October . .................. ... Annual Rye

November through February 15th . .................. Winter Rye




Erosion Control Matting:

Vegetation much thicker
From EFH7: where matting was used

From CPS 412:






DETAIL B-4-6-C PERMANENT SOIL
STAE|L|EAT|ON MATT|NG FSSMC — % Ik /1
CHANNEL APPLICATIO ok mewee sear swess)
p— =

KEY IM
“} UEFER
A ——-—— ROLL END

_ Lr}\_ ALL waT voiDs
Tl IF

OVERLAS OF ABUT—.
EDGES (TvF.) -

SFECIFIED

G [N MIN, —. [SEE MOTE -:__J.
OVERLAR 77 / V4
AT RCLL . . =i
EMD (TYP.) - (el |
& IN DEEP (MIM.)
KEY THREMCH FOH
FREFARED FLOW gl UPPER EMD OF

N FLACE

e

CONSTRUCTION SPECIFICATIONS: Z00°7

HAMMEL WITH SEEC DOWW SLOPE ROLL (TYP.)

s

C [SOMETRIC VIEW

1.

JEE MATTING THAT HaS A DESICM VALLUE FOR SHEAR STRESE EGUAL TO CR HIGHER THAM THE SHEAR ETRES
DESIGWATED OM APPROVED PLAMS.

JEE PERMAKENT SOIL STABILIZATION MATTING WMADE OF CFEM WEAVE SYWTHETIC, WOM—-DECRADAELE FIBERS O
ELEMEMTE OF UNIFORM THICKMNESS AMD DISTRIBUTICM THROUCHCUT, CHEMICALS USED 1N THE MAT MUST BE
NON—=LEACHING AMD NON=TOXIC TO VEGETATION AND SEED GERMINATION ANWD NON—INJURICUS TO THE SKIM. |
PRESENT, METTING MUST BE EXTRUDED PLASTIC WTH A MAXIMUM MESH OPEWING OF 2x2 INCHES AND
SUFFICIENTLY E0MOED OF SEWW OW 2 [MCH CEMTERS ALCMWEG LOMCITUDIMAL &xI5 OF THE MATERIAL TO
FREVENT SEFARATION OF THE MWET FROM THE FAREMT MATERISL

SECURE MATTIMG USIMG STEEL STAPLES ©R WOOD STAKES, STARLES WUST BE "UT CR "T" SHARED STEEL
WISE HAWMING A KINIMUM GAUGE OF MO, 11 AND MO, 8 RESPECTIVELY. “U" SHAFED STAFLES MUST AVERAGE
1 T2 1 K IMCHES WIDE AMD BE A& MINIMUM OF & INCHES LOMG. "T" SHAPED STAFLES MUST H&VE A MINIMLIL
8 INCH MAIN LEG, & MINIMUM 1 INCH SECONDARY LEG, AND MIMIMURK 4 [NCH HEADR, WOOD STAKES MUST BE
ROUGH—-5AWH HAROWOODD, 12 TO 24 INCHES IN LEMGTH, 1=3 INCH IN CROSS SECTION, AMD WEDGE SHAFE AT
THE BOTTOHM

PERFORM FINAL GRADING, TOPEOIL APFUCATION, SEEDEBED PREFARATION, &MND PERWAMENT SEEDIMG IM
ACCORDAMCE WITH SPECIFICATIONS, PLACE MATTING WITHIN 48 HOURS OF COMPLETIMNG SEEDING OPERATIONS,
UNLESS EMD OF WOREDAY STABRIUSATION |5 SPECIFIED ON THE AFFRONVED EXOSI0ON AND ZERIMEMT COMTHOL
PLAN,

UWEDLL MATTING W DIRECTION OF WATER FLOW, CEMTERING THE FIRST ®OLL OWM THE CHAWMEL CEMTER UME
WK FROM CEWTER OF CHAMMEL DUTWARD WHEM PLACING ROLLE:. LAY MATTING SMOOTHLY AMD FIRKLY LPC
THE =EEDED SURFACE. aWOID STRETCHING THE MATTIMG

SHEUT EOGES OF MATTING ROLLS PER MAHNUFACTURER RECOMMEMDATIONS, OvERLAE ROLL EMDS
= (WML, WITH THE UPSTREAM WMAT OVERLAPPING OM TOP OF THE MEXT DOWNSTEEAM MAT.

OVERLAP
a3y & INC

KEY IM THE TOF OF SLOSE EWND OF MAT & INCHES (MINIMUK) BY DIGCING & TREMCH, PLaCING THE WATTIMG
RO EMO I THE TREMCH, STAPUMG THE MAT M FLACE, REPLACING THE EXCAVATED MATERIAL, AMD TaRFIN
TO SECUSE THE AT EMD IM THE KE'Y.

STAPLE/STAKE WMAT IN A STAGGERED PATTERM ON 4 FOOT (MaAXIMUM) CEMTERS THROUGHCUT AMD
2 FOOT [(MANIMUM) CEMTERS ALOWG SEAME, JOINTS, AND ROLL ENDE.

IF SPECIFIEZ EY THE DESIGMER OR MANUFACTURER AMD DEPEMOIMG O THE TWPE OF WAT SEIMG IMSTALLED,
OWCE THE MATTING 15 KEYED AWD STAPLED IM FLACE, FILL THE MAT VOIDE WITH TOP SOIL OR GRANULAR
MATERIAL AMD UGHTLY COMPACT OR ROLL TO MAXIMIZE SCILAMAT COWTACT WITHOUT CRUSHIMG MAT

. ESTAELISH AND MAINTAIN VECETATION S0 THAT REQUIREMENTS FOR ADEQUATE WECETATIVE ESTABLISHMEMT

ARE COWTIMUOUSLY MET M ACCORODAMCE WITH SECTIOM B—4 VECETATIVE STABIUZATION,

MARTLAND STAMDARDS AMD SPECIFICATIONS FOR SCIL EROSICH AMD SEDIMENT CONTROL

RATI

L5, DEFARTMENT OF AGRICULTURE MARYLAND DEFARTMENT OF EMVIROMMEMN

JRAL RESOQURCES CONSERVATION SERVICE 2011 WATER KAMACEMENT ADMIMISTRATION



Jolg

Construct

TREADS BREATE

-~
Z
N -
xq
W
Q. 7
mwS
m%
-
2
S 2

DOZER

TRACKING



e 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

N~— ‘V

Reduced I

waterway -

i L
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.

S
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Lined Waterway Design



Lined Waterway Design

e CPS 468 is one of the better standards for providing calculation guidance



1992 317

TYPICAL WATERWAY
CROSS—SECTIONS

TYPICAL RIRRAP CHANNEL

D

==, I
EEElE IEIEENE

FILTER CLOTH NOTE: ALTHOUGH FILTER CLOTH IS
PREFERED, A GRANULAR FILTER MAY BE SUBSTITUTED FOR
FILTER CLOTH. ( FOR PHYSICAL REQUIREMENTS, SEE STD. &
SPEC. 3.19, RIPRAP)

& -
(KEY IN CLOTH)

TYPICAL CONCRETE CHANNEL
EXPANSION JOINT

N
(90" SPACING) N

R R e i D O o P RO
e L o et his S Lt L0 S 4 by
\ | i
NOT TO SCALE Al ja-18" DoweL, A 2 ¥
LOCATED AT JOINTS

6X6 WELDED WIRE FABRIC
AS REQUIRED

3" DIA. WEEP
HOLE. 8’ oc.

SECTION A-A

TRAPEZOIDAL WATERWAY CROSS-SECTIONS



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

Stream Crossing Worksheet

AL Ll R

EMABLE macros i uss the buthons onthis spreadehest For culvertcmesings, compute the peai Tiow rate for the decsined de sign storm for
he watershed draining o the proposed crossing Use EFH-2 or other means toperfoom this cabculation. {Usas the 2-4r, 24 hr storm for culvert

crossings, according to'va OP3 578
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Drop Structure Design



ENGINEERING FIELD MANUAL

CBAPTER 6. STRICTURES

Design Tool
es'gn oo S Compiled by: FKeith H. Beasuchamp, Agricultural Engineer, 5CS, Lincoln, Heb.




Trapezoidal Section

Straight Drop Structure ] Eox Inlet Drop ] Surface [nlet ] Mensuration Formulas ] Plunge Pool

- Straight Drop Inlet -

width [ [4 \

Weir

Elesw [ft]:

Depth af flow

aver weir [f): "I_

Flaar

Elew [ft]:

Flat Stage-Disch Compute FErint

Exit

l

Pipe Flow ] Cubert Flow Pipe Drop Structure Hooded Inlet

= Help to select "n" value ‘ - Pipe Drop Structure -
Mannings 'N% |0.025 Top Elev [ft]): “x\»
Top Wwidth (ft) [10 Emer Elev (i |  ———— B
Side Slope wiater Elev [ft] l— ety SRR
Upstream: |3 01 Riser Elev (ft) ,— Y
Downstream: |2 01 . L
Teimater Rizer Dian [in): |15 Pipe Diam [in]
Inlet Elev [ft]: p— 12 Extra Pipe [ft]
IB_
Olutlet Elew [f):
Exit Plat Stage-Dizch ‘ Compute ‘ Prrint
i Shaight Drop Structure . Surfacelnlet. ] F ersuration Folmulas. ] Flunge Pool ]
- Drop Box Inlet -
Depth of fow
ower weir [f]: |
Width (fe:[4
Weir Length (it [2
Elew [f):
Flaor
Ele [FE]:
Exit Flot Stage-Disch LCompute Erint




Drop
Structures-
when to
use them





































































Case Study #1:
Drop Structure vs. Lined Waterway

L7 e Three eroded
,/’/ channels
Chann;f_; P e Caused by barnyard
runoff and cattle
+ ® Fine sandy loam soils
Chané;lz '/

Channel 1



Case Study #1:
Drop Structure vs. Lined Waterway

Channel 2 Channels1 & 3



Case Study #1:
Drop Structure vs. Lined Waterway

Channel 2 Channels1 & 3

\\L Py.ﬁle:

Cross-Section Cross-Section

N N
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BEDDMG WATERAL [N ACCORDANCE WITH

G777 stction soz oF THE ROAD aNO BRIGE === NOTES:
SPECFICATERS Filt GENERAL_WOTES ON PIPE BEDDING,
) CLASS T BACKFLL MATERIAL N ACCORDIANCE SEE INSTALLATION OF MPE CULVERTS
WITH SECTION 302 OF THE ROaD WD BRIGGE B0 STOAN SEWERS CENERAL WOTES
. SPECFICATIONS. i @ ':f%#—;gﬁﬁ;{rgldli g‘ﬁT?‘E‘J—RE‘A;:r;&T;%;EE OM SHEET M7.00.
I ACCORDANCE, WITH SECTION 300 BF THE 504D SPECIFICATIONS. o SITE DEQUREVENTS FOR CRUSHER T
o e SReraTeRS DSBS PLAZE oF CLASS T BALKFLL.
t & C
P ACCIROMAE WTH SECTION 502 GF THE Rodd
A0 SRIDGE SPECIFICATIONS.
oSO SPECIFICATION
oot | INSTALL. OF PIPE CULVERTS AND STORM SEWERS | ‘wace
SHEET 1 OF 4 | REVISER DATE CIRC. PIPE BEDDING AND BACKFILL METHOD "A" 102
07.m ER] VIRGINIA DEPARTMENT OF TRANSPORTATION 303
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i )

CORRUGATED METAL PIPE RISER
WITH CONICAL TRASH RACK AND BAFFLE






















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.

2+82

415’ %





















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
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Case Study #3:
Drop Structure / Lined Waterway

e Huge headcut area

e Farm road and steep
nill above limited
available space

e 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

Amanda Pennington, P.E.

District Engineering Services Manager
804-786-0113
Amanda.pennington@dcr.virginia.gov

Raleigh Coleman

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