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Ford Stream Crossings - Topics

e Ford vs. Culvert Crossings

— Brief Culvert Introduction
e Site Selection
e Surveying and Field Data Collection
e Design
e Construction
e As-Built/Certification
e Case Studies/Examples
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Culverts vs. Fords
e Fords should be the default for planning

— “Least-cost technically feasible alternative” to address the
resource concern

e Culverts: More expensive, more likely to fail
e Fords: Less expensive, less likely to fail

— Also serve as a limited access watering point!

e Both require maintenance

— Culverts: Removing debris from inlet, repairing damage from
overtopping and possible scouring at inlet/outlet

e Repairs may require heavy construction equipment

— Fords: Periodic re-surfacing, removal of sediment deposits

e Repairs typically accomplished with any farm tractor with loader
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Key Features:
e o

Earthfill over culvert

Compacted Earthfill, (9% lifts Max.) or continue
to top of banks with rockfill with o geotextile
fabric cap over the rockfill,

/—Original Ground — 17'7(;“7"3 e —— e
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= E LAY /1{/- /

Strip and remove topsoll
and/or organics from
copstryction areq

Geotextile Fabric

Geotextile Fabric

Invert of culvert
must be
installed 67
lower than
exigting
streambed.

Geotextile /

- Vi Merterials
I e A Chart 2 — Culvert Crossing Meterial
\ Depth of
. Place geotestile fabric and 4100 = A Zene Censtruction Material Material
3" to 6" of rockfill in bottom Place rocktill in 9"(Max.) litte on {inches)
before installing culvert. both sides of culvert. (See Stone
Size Chart Page :lo* :l) A VIXT # 57 3
8 VoOT # 1 s
Single—Culvert Crossing Section Detai| {See Stone Size Chart ch page Eo\‘ |:| )
Not to Scale
Zone A {see Chait 2 for construction
E material fype and depth)
Riprap:  d50 = i

__Zone B (see Chart 2 for construction

d100 = N
material type and depth)

Place riprap in 9"(Max.) lifts on
both sides of culvert.
*¥eNote: Side slopes that dre 2:1 or

Flatser may be vegstated. [ a0 00050, 4 { P : 2
{See Stone Size Chart en puge|:|of I:l ) '-

Culvert Grade = B —t
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V" (Min.)

Surtace Arrmor  (See Chart 2)\

Earthfill over culvert

Compacted Earthfill, {97 lifts Max.) or continue
o top of banks with rockfill with o geotextile
fabric cap over the rockfill,

Original Ground — -—' (iifn) — -
R Ol o R 2 e =
IR /5 A A A A A Y e
=, Lk Llop "y Lk L S P AL
CELLZL Ll AT ES /f N Strip and remove topsoll
R ES X / (/] /’//»3.-/ Geotexiile Fabric and//or organics from
Gegtextile Fabric /7 Invert of culvert X771 copstruction areq
Y/ must be iy
. v installed &° ‘
Nonwoven geotextile : lower- Erar
1eting

between all stone and earth strearmbed.

Place geotextile fabric and
3" to &7 of rockfill in bottom

before installing culvert,

Culvert will be bedded at
least halfway up with
granular rockfill

» Te

an’

Sect]

Scale

[ ]
d100 = ::l"

Slace rocktill in 9"(Max.) lifte on
=£_rulvert. (See Stone

Culvert will be embedded 6”
into streambed

Rockfll:  dS0 =

L
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The stone layers are identical to those for ford
crossings because the culvert is only sized for the
2-yr or bankfull flow and will likely be overtopped

oy fairly frequently.

Chart 2 — Culvert Crossing Moterials
Zona Canstruction Material Drfg'ft:ri;T M inimum Of 1 ’ Of ea rthfi”
{inches)
T £ 7 5 over culvert
B WOOT § 1

(See Stone Size Chart oh page I:In‘r I:l )]

Zone A (see Chart 2 for construction
E material type and depth)
Riprap:  dS0 = K

d100 =
Place riprap in 9‘(Mnx) lifts on
both sides of culvert
*riNote: Side slopes that are 2:1 or
Flatter may be wvegatated

(See Stone Size Chart on page I:l ot I:] )

Zone B {see Chart 2 for constructon
material type and depth}

~ 03

1" Min, - I.‘_
r——l— = o Culvert (vlude = B
—— —ﬂ—m—n‘;

Riprap the downstream :| Culvert grade will match
embankment if 2:1 or stream grade

steeper B
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When to use culverts:

e VA-578: “If the stream crossing is to be used frequently,
or daily, as in a dairy operation, a culvert
crossing...should be used...”

e |n a heavily incised channel

e |[n an area where a 6:1 ramp cannot be achieved for a
ford and relocation to an area where it can be achieved is
not possible

e When the resource concern requires it (e.g. small
ruminants)

e NOT “because the farmer wants one”
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Daylight point would be
hundreds of feet uphill,
requiring excessive cut.
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Sketch of Previous Example:

This site is more well-
suited for a culvert.

-It will only need a small
amount of fill.

-Right side will function
nicely as a spillway.

Spillway




When NOT to use culverts

e When a ford is feasible
— Least-cost technically feasible alternative

e \When the ONLY reason to install it is because the
landowner is pushing for it

e When the culvert size needed to carry the design
flow cannot fit in the channel

e VA-578:

— Where large flows of sediment or large woody material
are expected

— Where channel gradient exceeds 6%



See DCR Website for more detailed
presentation on design of culvert
crossings:

e http://www.dcr.virginia.gov/soil-and-
water/document/des-strm-xing-culverts.pdf



http://www.dcr.virginia.gov/soil-and-water/document/des-strm-xing-culverts.pdf

Site Selection

e Conservation Planning Considerations
e Existing vs. New

e Topography

e Wetlands/High Water Table

e Stream Stability

e Stream Bottom

e Watershed/Drainage Area



Conservation Planning Considerations

Before planning a crossing:
e |sthere an existing resource concern?

e Will a resource concern be created by a fencing
project?
e Are there any alternative solutions?

— VA-578: “Avoid or minimize the use of or number of
stream crossings, when possible, through evaluation of
alternative trail or travel-way locations.”

e |s acrossing justifiable?

— What’s on the other side of the stream? Must be Existing
Pasture for SWCD projects



Resource Concern?

VA-578: Purpose of Stream Crossing:
-provide access to another land unit (This should not be the ONLY
purpose)

-improve water quality by reducing sediment, nutrient, organic, and
inorganic loading of the stream

-reduce streambank and streambed erosion
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Conservation Planning Considerations

Will crossing also serve as a limited access?

For water quality, typically prefer watering facility over limited
access

If not feasible to install trough (cost, practicality, etc), crossing
can serve as limited access

Fencing Challenges:
— Must be good enough to contain livestock continuously
— Especially problematic on large, flood-prone streams

Ideally: locate limited accesses in stretches of stream with no

trees

— VA-578: “Keep vegetative disturbance in surface waters to a
minimum.”
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VA-578: “Discourage livestock
loafing in the stream by locating
crossings, where possible, out of

Limited Access in Shade: shadyipaian areas or by

including gates in the design.”

Cattle have shade and water in one place;
why would they leave on a summer day?

Results in:
-Reduced grazing efficiency
-Negative Water Quality

-Maintenance Issues
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Limited Access Outside of Shade:

Cattle will only be in stream long enough
to drink before heading back to shade

_—

/

Results in:

-Increased grazing efficiency
-Better Water Quality

-Less Maintenance Issues
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Limited Access

e Reference CPS 614 “Watering
Facility” if also serving as a
limited access

NATURAL RESOURCES CONSERVATION SERVICE
VIRGINIA CONSERVATION PRACTICE STANDARD

WATERING FACILITY
(No.)

CODE 614

Watering Ramps

Where livestock or wildlife will drink directly
from a pond or stream, use a watering ramp to
provide a stabilized access to the water.
Evaluate the existing and proposed fences,
grazing patterns, shoreline slope, and water
depth when choosing the optimum location for
the ramp.

Width. Make the ramp wide enough to
accommodate the expected usage but not less
than 12 feet.

Length. Extend the ramp into the stream or
pond far enough to achieve the desired depth
during the driest times of the year.

Surface drainage. Divert surface runoff from
the approach to the ramp.

Slope. Make the slope of the watering ramp
consistent with planned animal usage but not
steeper than 3:1.

Side slopes. Make all side slope cuts and fills
stable for the soil materials on the site. Make
the side slopes of cuts or fills in soil materials
no steeper than 2 horizontal to 1 vertical (2:1).
Make rock cuts or fills no steeper than 1.5
horizontal to 1 vertical (1.5:1).

Foundation. Where necessary, prepare the
foundation by removal and disposal of material
that are not adequate to support the design
loads.

Surface material. Use the criteria in NRCS
CPS Heavy Use Area Protection (Code 561) to
design the ramp surface. The selected
material must be of adequate quality to
withstand underwater conditions.

Access. Use fencing or other barriers to
delineate the boundaries of the ramp. Use
Virginia NRCS CPS Fence (Code 382) for the
design and construction of a fence. Barriers
must be of sufficient size, strength, and quality
to meet the intended use of the facility. Do not
use electric fencing in the area immediately
adjacent to the water.

Ramps in Streams. Use the criteria in Virginia
NRCS CPS Stream Crossing (Code 578) for
the design and construction of a ford crossing
except as noted above.

Locate the watering ramp so that it does not
impede the movement of aquatic organisms in
the stream.

Ramps in Ponds. A minimum water depth of 3
feet, measured from the designed permanent
water level, is recommended. Where the pond
depth is greater than 3 feet at the ramp
location, it may be necessary to excavate the
ramp into the pond bank to provide a stable
base at the lower end. Extend the ramp a
minimum of 0.5 feet above the designed
permanent water level.

Watering ramps. Where livestock exclusion
from a stream is part of the planned
installation, consider installing a watering ramp
that can be used if emergency access to water
is needed. Use a gate to restrict access to the
ramp.

The slope of the ramp can influence animal
behavior. Steeper slopes tend to discourage
loitering in the ramp area.

Select a surface material for the ramp that will
discourage loitering but still provide a stable
footing. The larger stone will make the hoof
contact slightly uncomfortable.

Avoid locating watering ramps in shady places
where possible.

It is difficult to put a fence in the middle of a
stream. Where possible, extend the fence

completely across the stream. Swinging gates
can be used to restrict animal movement.
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VIRGINIA CONSERVATION PRACTICE STANDARD

WATERING FACILITY
(No.)

CODE 614

It is difficult to put a fence in the middle of a
. stream. Where possible, extend the fence

- completely across the stream. Swinging gates
can be used to restrict animal movement.
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Conservation Planning Considerations

e Avoid areas that will require excessively long walkways (adds
to initial cost and maintenance)

Sometimes, your best option
may still be a long road...

e Planning new infrastructure around crossing locations can
maximize use while minimizing cost
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Consider this farm:

Two crossings is:
-twice the expense
-twice the maintenance
-twice the risk of failure

/

- —




Consider this farm:

T




Beware of potential
management issues...
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. ...but the landowner has historically fed

adjacent to it, and on the far side of the
< stream from his hay storage. Old habits
’ die hard. Landowner will likely continue
B ] to feed here, resulting in excesswe

. crossing. This will likely increase
maintenance requirements.




Existing vs. “New” Crossing Sites

e Typically, the livestock and/or landowner have
already found the best available crossing location

— Naturally solid bottom

— Easy approaches
— May be excavated already

e |nfrastructure may already be set up for the existing
location

e Existing sites are better regarding environmental
compliance
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When NOT to use an Existing Crossing:

e Existing maintenance issues
— Stream Instability
— Banks eroded too far back

e Existing culverts that are too small or will not
last

e When there is a clearly better location
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. design storm; the top should not be hardened with

cost-share because of frequent overtopping. Stream "o

s morphology is not conducive to a new culvert (will e
. require excessive fill for minimum culvert size). ‘

Recommend removing existing culvert and installing a ‘f

ford. La

p [23 7 (
e
SR ~
/ P ol " Where a trail/walkway crosses a stream, use
N 2 " Virginia NRCS CPS Stream Crossing (Code
RAI KW £ ) 578). If a drainage feature is typically dry, use
TRAILS ANDWWALINAYS: pu %/ Virginia NRCS CPS Structure for Water Control
Ft. - el 4 (Code 587). At a minimum, design drainage
(Ft.) e

culverts to carry the flow from the 2-year, 24-
hour storm event. Use a larger storm event to

CODE 575 design the drainage culvert where watershed

conditions or anticipated usage warrant a larger
structure.



Topography

e Avoid areas where the stream crossing will
begin/end at base of a steep slope

e Exceptionally flat (floodplain) areas

— will require excavated material to be moved long
distances

— May require armoring a longer distance if wet
e All else being equal, select a site where the

stream grade is lower to reduce expected
velocity



.

' 5*'*2@‘

T
‘:ﬁ\ e \» *%;\‘
" '»t ; 5




SDCR

Virggn&a Department of Conservation & Recreation

AAAAA

F N
A o A | L N E ekt =
A N e A e &4 et R e o ——

3 Beware of upland drainage. Here is an instance where a swale

'__,ff to wash away. Some of this can be corrected by ditches/diversions, but
~ all else being equal, avoid areas such as this.
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Wetlands/High Water Tables
AVOID because of:

e Permitting/Environmental Compliance Issues

e Construction Issues
— Equipment issues
— Lack of suitable subgrade

— Hydrostatic pressure under geotextile 2 “pumping”
e Check for high water table during soil investigation
VA-578: “Avoid wetland areas.”
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Stream Stability

e Select a spot where the crossing will be
perpendicular to the stream in a relatively straight
stretch of the stream




g
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Stream Stability

e Avoid turbulent areas

— Immediately downstream of culverts (esp. roadway
culverts)

e VA-578: “Ford crossings should not be placed immediately

downstream from a pipe or culvert because of potential damage
from localized high velocity flows.”

— Near large boulders
— Rapid grade changes

e VA-578: “Do not place crossings where channel grade or

alignment changes abruptly, excessive seepage or instability
it evident, overfalls exist (evidence of incision and bed
instability), where large tributaries enter the stream...”









SDCR

Virggn&a Department of Conservation & Recreation

Stream Bottom

e |f the stream bottom is solid enough for
vehicles/tractors to cross, then you may only need
to harden the ramps and not mess with the

streambed

— Make sure grades can be achieved — check for bedrock in areas
where ramps would be cut

e Areas immediately upstream of “riffle” sections
generally make good crossing locations

— Solid stream bottom
— Low depth of water
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520 520
510 —mmr trgial 510
ground
8.3:1 |
L 1
500 5# e —/ 500
Gootpxtila 1 g\* Geofextile
1 m 4/4 tor
490 for streoqn welocities 490
of & 1ps or less
Looking | Downatrearmn
480 480
-0+10 0+00 0+10 0+20 0+30 0+40 0+50 0+60 0+70 0+80 0+90 1+00 1+10 1420
Crossing Profile
. Scaole:
i Hordzontol 1=  10'-0" | Vertical  1°= 10'-0"

1.
2,

The slops of the opprooches (romps) sholl be B:1 or flotter. (8:1 s recommended)

M fivestock will hove access to the side siopes, then the side slopes shall be armored. I fencin
wilt restrict Bvestock occess, the side slopes moy be seeded. Crode side slopes to 31 or flotter
thoy ore 1o be seeded. Grode skde siopes to 2:1 If they ore to be ormored. Armoring sholl consist
of B inches of VDOT §1 (2" to 47) stone over geotextie.

¥ necessory to provide o sofid bottom ot the crossing, the existing str d shall be ted to
the depth of the selected Typical Stone Loyer (on Sheet 2) Any stone ploced to horden the channel
bottom must be instolled below the existing notural grode of the streom.

4. If no stone is needed to harden the stream bottom, then the stone on the ramps sholl be ploced so

that the remps blend noturolly into the streambed. A 2'x2" rock key moy be ploced ot the end of
?&M\pw"\;m*mmﬁm. Do not ploce any stone thot will obstruct the noturc! flow poth
°

. Excavated materiol ahaoll be spreod outside of the floodplain.
8. Geotextile sholl meet the Closs | requirements for nonwoven geotextile in Virginioc Construction

Specificotion VA~795 Geotextiles. Closs || may be used with engineers cpprovel

. Seed all disturbed creas occording to the Attachment to Virginia Construction Specification VA=706.

Seeding.
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Watershed/Drainage Area

e Less DA means (generally) lower peak flow,
but not necessarily lower velocity

e Must be less than 5 square miles to fall under
578 blanket permit (USACE, VMRC, DEQ, etc.)

— See the standard for the full list of conditions
that must be met for the JPA exemption

e VA-578: “Do not place crossings...where large
tributaries enter the stream...”



U SG S St ream StatS https://streamstats.usqgs.gov/ss/

e A quick delineation tool to tell you if your
watershed is above or below 5sq.mi. of
drainage area!



https://streamstats.usgs.gov/ss/

Site Selection: Final Tip

e Walk as much of the stream as possible. You
might find a decent site for a stream crossing,
but there may be an even better site that you
could miss if you don’t inventory the whole

stream.

e All else being equal, select a site that is close
to the spoil site.



Sometimes the best engineered
solution is not an engineered one.

Not every site is suitable for a stream crossing.
Look for management alternatives.



Survey/Field Data Collection



Survey/Field Data Collection

e Soils Investigation

e Survey

e Manning’s “n” Recon
e Photographs

See the “Design Data” section of the 578 standard.



Soils Investigation

e Perform an on-site
soils investigation at
the crossing site

e Do borings prior to
surveying to make
sure site will work

e Do borings where cut
will occur




Soils Investigation:
What to Look For

e Layers that would affect
construction:
— Bedrock
— Sand Lenses
— Water Table

— Mottling (evidence of hydric soils)

e Typically orange/red/brown streaks/spots
in gray soils

ey

https://www.na.fs.fed.us/spfo/pubs/n_res
ource/wetlands/wetlands5_soils.htm



U.S. DEPARTMENT OF AGRICULTURE

NATURAL RESOURCES CONSTRVATION SERCE 500 G
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FARNERS NAME QETRCT
DaTe COUNTY
NRCS PEOTO SHEET NO. WORK NI
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Skotch of proposed peactice whare boring were made.  (Apssar. scele 1 e ny

. . Looeke referente point 'n certer fine of darm ond idenily on shatch
Pick locations where
cut will occur (typically § ) IL
at least one boring on Q X
each top of bank; if \
significant cut will be N (1 (\
needed, do more A\ 1 TOB-(0+45)

. 2 s \ \)}
borings). \ 2: TOB (0+55)
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Typically use 0.5ft
increments (depth
of bucket of soil
auger)

D€ Y SICNATURE AND TITLE




NRCS-ENG-238

(CONTBAIATION)
TIPES OF NATERAL ENCOUNTERED N BORNGS
(Use one of myslems below)

= UNIFED CLASSINCATION USDA CLASSIPOATION
‘_‘MM"E'}_D_‘:&_ g = Wel groded gravel; sotd mix g — grovel
™ s - sond
o~ reve —sand—1it mik -
x-éw’gm“-?“ ~cley Wik :'— :‘J.”""..,..""‘
y—h qms.:u sond~gravel mie :n-m-mwm
SN~ wrd - avelly loam
!c-qu end-cloy mibturss 'i‘— l' y
M.~ Sl sily, v. fine scnds; ssndy or cleyey wil o« 4k ben
&-mﬂlnm:ﬂlw “m :ld- day
- ) -~
Wi~ Dextic wis o - -d-ﬁ* i
OL = QOrgong sits ond ety doys, b plosticly sic - iy
OH ~ Omanic days, median t9 Ngh plovticity ¢ -~ oy
1. Susble materisl is availsble fot practice. Cdws [Jw (indicate whare located on the shetch on reverse 3ide)

FOwaeas:

Make notes about your | = s s s o
findings on the back of
the form.
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Tips for Soils Investigations

e Do a quick calculation to determine where the final grade
will daylight

— Lets you make sure the crossing will be reasonable and that you’ve
collected enough survey and soil boring data

3 ft. of rise at an 8:1 H:V - 3 ft. x 8 = 24 fti.

E
.§'~§
g

§ —_—
| = possible ~ o
¢ soil boring t
location I
24 ft.***

***This distance will actually be longer if the “top of bank” elevation is lower than the
estimated daylight point; this will just get you “in the ballpark”
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3. Survey and plot data: profile, cross-
sections, topography, as needed.
a. Survey and plot profile along
: centerline of stream (distance should

be sufficient to determine channel
slope).

b. Survey and plot the existing cross-
section perpendicular to the flow,
S D t extending beyond the ends of the
u rvey a a planned ramps to ensure adequate
representation of the designed cross

section. Include typical cross sections
as needed.

Virsgnia Department of Conservation & Recreacion

e Cross-section of stream along centerline of
proposed crossing

|” |”

e “Natural” or “typical” cross-section of stream if
crossing site has been altered

III

— “Natural” cross-section will be used for velocity calculations

e Upstream and downstream stream centerline
points to calculate stream slope

— Take shots in riffles, not in pools

— DN-578: “collect points along a reach that extends at least 10
bankfull widths upstream and downstream of the crossing site”



“Bankfull Widths” Example

8 ft.

A

Bankfull Width: 8 ft.

10 Bankfull Widths: 8 ft. x 10 = 80 ft.

Find riffles for stream slope shots at least 80 ft.
upstream and 80 ft. downstream



Best estimate of
Channel Slope, S: channel slope.

Y V4

\\%\

Funs
uphill?

Survey “riffle to riffle.”



Survey 2 Cross-Sections:

Crossing
Location

“Typical”
Section
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Survey Cross-Sections

e Capture enough elevation data to make an accurate
representation on paper

1. Enter Survey Data (ft):
Distance (ft) Elevation [t}
. Cross Section:
e Take at least 7-points:  iFospar
Top Left Bank
Toe Left Bank
Center
Toe Right Bank
Top Right Bank
Right Floodplain

e Survey to the fence setbacks; recommend going
farther to make sure you capture enough data



Surveying Suggestion

It is better to take too many survey shots in the
field and not need a few than to get back to the
office and realize that you should’ve taken a
few more than you did!



Measuring the Survey Stations

e The survey stations for the cross-sections
need to be measured in such a way that they
reflect only the horizontal distance.

e A measuring wheel is fine for relatively flat
areas, but at the channel, use a measuring
tape or lay the survey rod horizontally to
measure the horizontal distance.



Using the measuring wheel to measure stations
across the channel will result in a distorted
representation on paper and will affect the
velocity calculations.

A channel that actually looks ...will look more like this on
like this... paper if survey stations are

1// l measured with the wheel.

A tape (pulled taut)
or rod across the
channel will
\ accurately measure
horizontal distance.

\

S
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Recommended
Approach:

Use pin flags to temporarily mark
survey point locations

Measure horizontal distance between
pin flags & write on station number
on flag

Use wood stakes (with lumber
crayons) to mark permanent locations

— E.g., planned start of stream
crossing
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“Bankfull”

e VA-578 requires rock ford crossings to “remain stable
for the bankfull flow”
— Lower top of bank elevation

— “Bankfull flow is the discharge that fills a stream channel up
to the elevation at which flow begins to spill onto the
floodplain”

e Bankfull elevations are not always easy to determine

e When in doubt, take plenty of survey shots and take
good notes



Bankfull Indicators

« Elev. of active floodplain
* Change in vegetation

« Tops of depositional bars
* Break in bank slope

« Change in bank material (from coarser to
finer)

« Small inundation benches
e Staining on rocks
« Exposed root hairs



Survey Notes Sketch

North
e TBM Location and Description

Stream Flow Direction
Centerline of Crossing with Direction of Stations

— Typically survey from left to right looking downstream

Location of “natural” cross-section (if needed)
Existing fences and structures

Note planned crossing width (discuss with
landowner)



Deciding on Crossing Width

e VA-578:
— Multi-Use (Equipment+): No less than 12ft.
— Livestock-Only: 8ft. to 30ft. wide

— 16ft. wide will suffice for most equipment, but
be sure to ask the producer

e VA-614: “not less than 12 feet”

Design the “least-cost technically feasible™ alternative.



Manning’s “n” Recon

e Gather information about the channel to
determine the Manning’s “n” value when you
get back to the office

e This value will be used to help determine the
bankfull velocity

e Print the following worksheet to take with you
and circle values while you’re in the field
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e Page 40 of DN-578

e Keep in mind: total
values for most
Virginia streams will
be between 0.035
and 0.075

Tabkle 2. Factors Affecting Marming'= n (based on the F

Handbpok and TEEE WEP 23307,

.
wEe

O 375-40

ireinia Eresion and Sediment Contral

Condition of | n Value or
n Teobor Chimnmesl or Adjuctmant Decoription for Channslc Decoription for Floodplaine
Floodplain Faotor
En i iz
na Rock oS
[Base ‘Valus Fine gravel 00z4
Mat=ral Cuoarss oozs
rael
- - e - Smaoothest and flati=st abeinanie for
Erncoth a Emocthest afisinabie for maizriak pr——
ng Minoe oos Zoiod dredged channels; siighdy Slighty Imegedar In shape with 8 Tew
Adllusiment =roded side slopes dips, rises, or sloughs
b I"hr =n Y R— oo Fair o poor dredged channsis; More rises, dips, slougis,
[ B | mademi=ly ercded side skopes hummacks
R . . WEry Imeguilar with many rizes, digs.
Zayere amp | D= shoughed benks of neture orsoughs. May nave furoas
| = penpendicular io Sow.
ns Smdual ] Sradsal change
4] ustment - Large and sl seciions aftemating
farvarabon Decesicnal e socasianaly
Ini Cross Mot applcainie o ficodplains.
seciion ske= - - - | Large and small seciions aitemabing
and shape neguent CLXE-0.HE frequentty
for channels)
Oicstnechons. (debris, siumps, oots, | Chstruciions [debris. stumps. roots
Megligibi= a boulders) occupy les= than 5% of poulders) ocoospy ks fhan 5% of fhe
n | | | the cross-sectonal arss Cross-sachional anss
= . _ | Oostructions oocupy =55 than 15% | Obsirucions ocoopy sy e 15%
[.A:Ilurgl:-ent Mims | REAE-aaE | of the cross-sechonsl anss iof the cnoss-seciional ares
Y . - Dostructions oocupy 155%-50% of Obsirucions ccougy 15%-50% of
dmstruchions) | Apprecieie | 0.020-0.020 fhe cross-sechonal anss thie croas-sectional ares
- y Dostructions oocupy mone Seen S0 Obsiructions ccosgy mare than 53
SevEm EaC-a.050 | % ofthe cros=-z=cdonal arss %5 of T cross-sachiomsal anes
Dimreses turl gress or wesds with avg. | Dense furd grass or weeds with mvg.
di=pih of Sow = I or more imes the depih of flow = 3 ar mans dmes, the
y wegetmban height wepetation helght.
= BEEEDSM qras satiches wim mug. cepmn of Tres mwiches wih s degth of
fiow = 3 or more Hmes the fiow = 3 or more fimes fhe
| wegeinbon height weasiation helghi.
Turf grasses with ficw 1-2 tmes Turf grasses wiih fow 1- imes
ni hizight of grass; si=mmy graszes helght of gress; sismeny grasses,
4] ustment e free seadlings with fliow I bo 2 Hmes | res seediings with flow 2 o 2 fimes
far Medlum - DEIEDEID o wnt of vag - ushy growtn, height of veg.: busy grows
wegetation) darmant saazan, no veg. elong dormani SEason, o veg. along
nofiom, with R=2 & aothom.
Turf grass with Sow = hekghd of Turf grazs with fiow = height of
High O0ZE-0.050 | grass; wilows, cobbonwoods in the gress; willoes, cotiomeoods In the
dormant season with Bl = 2 o £ §. dormand SEBLon
Turf grass with very shallow Sow; Turf grazs with very shalow fios;
Wery High CLZEC-D.100 | bushy willows; trees, with full follage | bushy willows; ineex with Sl dollage
| andwests with A= 10D 121 end wesds.
T o _h:e:'a;-:i.-' kg thistrakght length = 4.0
ng . o= Meandier lemg histraight length = 1.2
[Adjustreant | OPREEEEE L LUER Y Mot appicese fn oadpiais,
Tor simucsky) il - E
gk o— 0,300 Meandiar lemg histraight length = 1.5

mredl premter

WWRENE P, = M+ My + Ny # By + Ay




Photographs

e Take pictures while you’'re surveying for the
following uses:

— If needed for T&E Review

Stream Crossing Location
Facing Upstream of Crossing
Facing Downstream of Crossing
Banks

e Streambed

— To help with Manning’s “n” determinations
— For “Before & After” purposes

— To send to DCR or NRCS engineering staff if you
have questions while designhing
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Design



Design

1) Velocity Calculations

2) Determine Stone Layers

3) Plot on Stream Crossing Design Sheets
4) Determine Ramp Slope

5) Complete Design Packet
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1) Velocity

Calculations

e NRCS “Stream Crossing
worksheet” makes
velocity calculations easy

e |f your cross section does
not follow the normal 7-
point profile:

— Calculate manually (see
DN-578, pg.10 & 41-42)

— Use another cross-section
analyzer worksheet

Stream Crossing Worksheet
Verstam 21 12
ENABLE macros 1o use the butions on this spraadsneat. For culvent crossings, comput the pesk flow rate far the desired design storm fo¢
e watarshed draining to the proposed crossing Use EFH-2 or other mesns o perform this calculation, (Use the 2.yr, 24 hr storm for culven
crosaings, sccording to YA CPS 5TR)

Project Descripion: | ]

Prepared by; E= 1 L_azezors |

1. Enter Survey Data (N): Cross Section
Distance {M} Elevaticn (N)

Cross Section

Top Lef& 8ank
Toe Left Bark
Certter

Tos Right Bank
Top Right Bank
Fight Floodplsn

Dawestion (%)

] < x » 0 o
Profile (riffie ro rifie)

Upstream station 1
Dowrstream station | ——arre e L L
S Tl Vowinr Sunt Diere st anse boueTeny

Note! Plat scalws can bu modified by right-clicking tham and then ol

chooaing “Format Axis.” v

0 m . L a 0
Déstarsce (%)

lCompuu ln-dnnnel n value:

et ¥ rose § Secbewmet Corges Mrancoook)

3. Determine Water Surface Elevation for Design Flow:

Charewl characier nMw= P e
kregularity 2=
Size & shape varivtora = Design Q from other wocls | cfs
Obsructions - Stomm Retum Period | yrs
Vagetation -3 Method (EFH2, USGS, eic.)
Sum of nt through rd "= 0000
CoeMoent for meander: Triet waber surface efev. {ft) =3
o D by Adway, 0.1 A e N A
g =

Area of chaovwl, A . N
Bankhdl charmsd *n" 0 000 Composte n value
Usar-defined "n® %or Left Floodplan: Flow rate, Q ch
Usar-definad “n" for Right Floodplein Resuling avg. velocity = QA 1ps
4. Bankfull Fliow: 5. Stone Size Reguired for Ford Crossing:
ganktul water mao otov cm | — Veloaty Sone | Wi Degh_|

et 349 v S0 o7 Do 00-6.0 fps < w | -
=00 Tps cormult Engreecng stafl |

Area of channel, A Mqn
Wetlod perimater, P, [
Mydrautic radhus, R: [ 6. Design Capacity for Culvert Flow
Siope (decimal), S:
Bankl charvel n Q= lesser of Q2 and bankdl fow =
Mgy e S LE 0 R Al |
BnnWl ueloc«ly \. - 1 [ | Talwater surface elevation 1o
Fiow r#e, G = VA = L cfs 1 e in Cubvert Flow Tool (ftk =38
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1) Velocity
Calculations

Use the “natural”/
“typical” cross-section
survey data

If upstream slope is
significantly higher than
the average slope,
consider using the
upstream slope for the
calculation

“Select the lower top of
bank elevation”

Stream Crossing Worksheet
Verstam 21 12
ENABLE macros to use the hutions on this spreadsheat. For cutvert crossings, compute the pesk flow rate for the desired design storm foe
e watarshed draining to the proposed crossing Use EFH-2 or other mesns o perform this calculation, (Use the 2.yr, 24 hr storm for culven
crosaings, sccording to YA CPS STR)

Project Descripion: | |
Prepared by: | ] L a0 |
1. Enter Survey Data (N): Cross Section
Distance (M} Elevaticn () %0
Cross Section
-
Top Lekt Bark 3
Toe Left Bark ‘ 2
Corner -
Toa Right Bank i
Top Right Bank £
Fight Floodplan =
Profile (rffie to riffie) " . bm-iu n “ “
Upstream station i n
Dowrstream station | —vrred Seveen —— A W Bt By
Sm - Triel Vowinr Gust Dire st anse boueTeny
Note. Plat scalws can bu modified by righf-clicking tham and then Prokie
chooaing “Format Asts.™ g ”:
»
-
@
%
0 m «© w a 0
2 Compuh In-dnnnd 'n* value: mamadiad
Se0 Cawen shvaried ¢4 Srosee § Sectewrt Corsrs fanctood)
3. Determine Water Surface Elevation for Design Flow:
Charmwl characier nw- o o CurveT TeeG
kregularity 2=
Size & shape varivtora - Design Q from other wols | cfs
Obstucsions - Stoom Retum Period Ly
Vagetation = Method (EFH2, USGS, elc. )
Sum of nt through ré "= 0000
Coefoient for meander, l mumsmm (R =3
o D b Adeay, 01 Aw Seveen) s e LY
=
Area of channel, A N
Bankhdl charmel *n* 0000 Composte n value
Usar-defined "n* for Left Floodplain: Flow rate, Q )
Usar-definad "n" for Right Floodplein Resuling avg. velocity = QA E
8. Stone Size Requi for Ford Cr 9
Hankhad water W otov (lu | e | Veloaty Shone T
Sewt Yoo L A1z Lask MevIEN 0.0-6.0 fps = [ | -
=00 fps cormult Engreecng stafl |
Area of channel, A: M
Wetlod perimater, P: n
Mydrautic radus, R: R 6. Design Capacity for Culvert Flow
Siope (decimal), S:
Bankiudl charved n: Q= leszer of Q2 and bankksl fow = —=al
MG st ¥ s Ayt g

Bankidl velocy, V =

[ | Tailwater surface elevation 1o
Flow rate. G = VA = cls

8 use in Cubvert Flow Tool (ftk  —

[
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Avecanf, Slopis 31
v

Uit Slagesl 4. d /e
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1) Velocity Calculations: Manning’s
" determination

2. Compute in-channel "n" value:

(See Cowan as referenced in VA Erosion & Sediment Control Handbook) ° See D N _5 78, Pg . 40 fo r C rlte rl a

nror s A for selecting these values

Size & shape variations n3 =

Obstructions nd = e Come up with one

Vegetation nS = . .

(S:umofn1 through n5 , ass 0.000 representatlve value for entire
oefficient for meander:

(Use 0 for Minor, 0.3 for Severe |

OB A2 8 I - — 5w bankfull height

Bankfull channel "n": 0.000 e Betterto UndereStimate

User-defined "n" for Left Floodplain:
User-defined "n" for Right Floodplain:

Higher “n” = More resistance in channel 2 Lower Velocity

Overestimating “n” means the velocity will be underestimated and the stone
will be prone to washing away. THIS IS A DISSERVICE TO THE LANDOWNER who
has to maintain the crossing.



SDCR

Virggn&a Department of Conservation & Recreation

PREFACE
SUPPLEMENT B

HYDRAULICS

This supplement expands and augments subsection 4.4 of the
Hydraulics Section of the Engineering Handbook.

The obJective of Supplement B is to present a systematic pro-
cedure for the estimation of n values for use in hydraulic computa-
tions assoclated with natural streams, floodways and drainage channels.

This method of estimating roughness coefficients was developed by
Woody L. Cowan. Mrs. Vivian Edwards typed the manuscript.
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For n5, Vegetation:

Dense turf grass or weeds with avg. ® M d ny Of the

depth of flow = 2 or more times the

ow | 00050010 | I L eptnor descriptions depend on
roaion aan s the the depth of flow.

Turf grasses with flow 1-2 times

ns height of grass; stemmy grasses, —_ Eg
(Adjustment Medium 0.010-0.020 tree seedlings with flow 2 to 3 times
far : : height of veq.; bushy growth, ° bankfuII depth - th
vegetation) dormant season, no veg. along '
bottom, with R=2 ft. .
t] . -
Turf grass with flow = height of Fescue-lined channel
High 0.025-0.050 | grass; willows, cottonwoods in the (H=8in_)
dormant season with R=21to 4 ft.
Turf grass with very shallow flow; e N5=0.005-0.010

Wery High 0.050-0.100 | bushy willows; trees with full foliage
and weeds with R =101t0 12 ..

Keep in mind that you are coming up with a composite for the whole channel at
the bankfull elevation. If you have a wide channel with trees on the banks, do NOT
use “Very High” for n5, because the bulk of the flowing water will not actually be
impacted by the trees.
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U T fgﬁn

.rr,»

e Veg. Height: 9”
Bankfull Height: 9”

ns = 0.025

0.025-0.050

Turf uraas 1m|h ﬂnw height of
grass; willows, cottonwoods in the
dormant season with R = 2 to 4 fi.

e Veg. Height: 2’
Bankfull Height: 4’
Ns = 0.015

[edium

0.010-0.020

height of grass; stemnw grasses,
tree seedlings with flow 2 to 3 fimes
height of veq.; bushy growth,
dormant season, no veg. along
Dottom, with R=2 fi.
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For n6, Coefficient of Meander:

TABLE 5-23

REDUCTION IN PERMISSIBLE VELOCITY BASED ON SINUOSITY

Percent Reduction in

sity* Permissible Velocity
Slight (1.0 to 1.2) 5%
Moderate (1.2 to 1.5) 13%
Very Sinuous (1.5 and greater) 22%

* Sinuosity - degree of curvature of channel.

Sinuosity = L'/L




Manning's n for Channels (Chow, 19859).
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1. Main Channels i
a. clean, straight, full stage, no rifts or deep pools 0.025 0030 | 0033
b. same as above, but more stones and weeds 0.030 0.035 0.040
¢. clean, winding, some pools and shoals 0.033 0040 | 0045
| d. same as above, but some weeds and stones 0.035 0.045 0.050
easadicy SNSRI 0.040 0048 0055
{. same as "d" with more stones 0.045 0050 | 0080
After calculating the “n” 9. shugoish reaches. woedy. doep puck 000 | osm | oow
. :ﬁmmmu'ma:mu%'m 0.075 0100 | 0150
value using the “Stream e e S T R R
. ” _M‘W”
CrOSSII’]g WOFkSheet , a. bottom: gravels, cobbles, and few boulders 0.030 0.040 0.050
] " . bottom: cobbles with large boulders 0.040 0050 | 0070
come back to this chart to s fcodpains
a. Pasture, no brush
see if your value falls LI o | oo 1 oms
within the general range & Enlblai s
1. no crop 0.020 0.030 0.040
for the stream type. If not, RS Sk | Som | oA
3. mature field crops 0.030 0040 | 0050
COnSIder adJUSting your amﬁmm.mm 0.035 0050 | 0070
values. R R e
' 4. medium to dense brush, in winter 0045 | 0070 | 0.110
7 5. medium to dense brush, in summer | 0070 0100 | 0.180
d. Trees
 1.dense willows, summer, straight 0.110 0.150 0.200
| 2. cleared land with tree stumps, no sprouts 0.030 0.040 0.050 |
{ 3. same as above, but with heavy growth of sprouts 3 ooso 0.080 0.080
| m&m & S Cowy N, e 0.080 0100 | 0120
_5.same as 4. with flood stage reaching branches | 0100 0.120 | 0.160
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xsecAnalyzerVer16.xlsm

Ma_ﬂ_ﬂj_ﬂgg Equ_at[[)_ﬂ Anal}rgj'_g w.s elew flow area wetted P hydr. radius topwidth = hydr. depth 1 value darcy-weis. f conveyance — discharge velocity shear
version 16, Jan 2016 h
Murky Creek station 27+00 analyze single water surface v = 1486 pasqin unitsystem: | eng
- " - c
crogg_gec‘tmn data: 4 preview 4 elevation n auto scale: yes
station elevation n-value
0 100 0.05 hydraulic properties for given water surface elevation:
10 a8 w.s, elew flowarea | wetted P | hydr. radius | top width h hydr. dEPﬂl‘ n value ) darcy-weis. _r" cmweyance‘ discharge h m'elu{ity‘ shear
100 97.6 0.04 97.75 790 | 1045 | 076 104 | 076 | 0.046 0058 . 4557 1705 | 216 | 0.066
105 95.2 0.03
110 95 calculate rating profile slope= bank stations:  left right
120 95.1 0.04 table 0.00120 1000 | 1300
130 97 0.05
150 97.5 hydraulic properties rating table:
190 a8 w.s, elew flow area wetted P | hydr. radius | top width h hydr. depﬂ'l‘ n value 7 darcy-weis. _f‘ ct}n':eyance‘ discharge h velo{ity‘ chear
196 899.1 100.00 463.2 197.9 249 196 2.52 0.045 0.1476 32525 1217 2.47 0.218
99,30 395.8 194.9 2.03 194 2.05 0.045 0.1457 23718 §57.4 .24 0.177
99.00 299.7 191.4 1.57 190 1.57 0.045 0.1376 16227 607.1 2.03 0.137
95.50 205.8 1586.1 1.11 185 1.11 0.045 0.1154 10225 3582.6 1.56 0.097
95.00 114.5 180.7 0.63 180 0.64 0.045 0.0624 5857 2191 1.91 0.055

a7 &/in I LT 122 A0 & 174 nnd? N NRaG 634 135 0 2 nAna
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2) Determine Stone Layers

For All Streams Flowing Al o+ -
6Tps or Less EQLH__Lmnla_Efm_uﬂﬂ
Lregier Thon &fps

Consult your Area
Engineer or DCR
Engineering Staff

egtaxtile
For Streams Flowing Bfps or Recommend avoiding
LESE 1] ” 13 ”
) clean” or "washed
Loyer Malerial Type Depth stone; specifying a
s | VDOT#570r#357 (050 | 4, |- “well-graded” stone will
=075 D100 =15") aid in packing/
. | VDOT#1 (D50 =2, 6" Midi 8" ) q |
D100 = 47) inimum ( gggregatlon an .resut
——  Reeemimended) In a better crossing.

*May be capped with optional 2" of
Crusher Run (#25) or VDOT #21A
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Sizes of Open—Graded Coarse Aggregates

7o Passing Sieve Openings

Ve Size . 1 B - 1 . . N . . .
—q—"Lt i 4 in ‘31‘52 A an, 2]1_."{2 2 in. —ullfz 1ip. (244 Gp |A/2 in, (348 jn | Moo 4 | Mo, B | Mo, 16 Mo, S0 Mo, 100

1 Nim 100 80— 100 25-—-80 Wax. 15 Mo &

2 Wi, 100 | S5—100 | 35-70 | Maw 15 Mox. 5

3 Wi 100 | S0—100 | 2570 015 Mas. &

Ly Min. 10 S0—-100 A53—-70 10—30 Max, 5

57 Min. 100 | 95-100 25-60 Max. 10 | Maw 8

TR Win, 100 =100 40-T5 =35 Mex, 10 Kz, 5

k Fram YDOT Racd and Bridge Specifications, 2007

Due to variatiens in sizing from ope quarry o ancther, refer to chart above for proper stone sizing when ardering stone,

The VDOT classifications may vary slightly from quarry to quarry across
the state. To make sure that the contractor acquires the right size stone,
you can specify the gradation more specifically using the chart above
from the VDOT Road and Bridge Specifications.

Peil

Stone Sizing Schedule

Kl Sy Domerefir S
Untad b eparrat o ik

TONRCS

H
¥

i
i

q
"
i

i
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VDOT #1
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Clean Stone (#57)

e Avoid clean stone on
ramps. It does not
aggregate well.

e Add a note to the design
to use a “well-graded”
stone, NOT a “clean” or
“washed” stone




Clean Stone
AVOID on Ramps)
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VDOT #21A
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Keep in mind that velocity calculations are for the base
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If your bankfull elevation seems excessively

high and the resu
unrealistically hig
Area Engineer or

ting velocity is
n, check with your NRCS

DCR Engineering Staff for

possible alternatives

Will this stream ever
actually flow at bankfull?
Or were the banks eroded
historically by cattle?
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3) Plot on SC Design Sheets

Plot the proposed crossing centerline profile here. (There is no
need to plot the “natural” cross-section in the design.)

Pl

Connect survey points with a dashed line for the existing grade.

1” =10’ (horizontal) and 1” = 2’ (vertical) typically works well for 7
stream crossings.
Start the vertical elevation low enough that you can show the

full depth of the stone layer.

Stream Crossing Profile Scale:

{On certerine of crossing) Horizontal 1-_|:| Vertical "-|:|

Stream Crossing Design MNotes M
1. The slope of the appreaches (ramps) shall be G:1 or flatter. (8:1 Iz recommended) 4. If no stone is reeded to harden the stream botiom, then the stone on the ramps shall be ploced so
that the ramps blend naturally into the streambed. A& 2'x2' rock key may be placed ot the end of
Z. If livestock will hove access o the side slopes, then the side slopes shall ke armored.  |f fencing aach 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 37 or flatter i# of the stream.
they are %o be seeded. Grade side slopes fo 2:1 i they are to be armored.  Armoring shall consist
of & inches of VDOT #1 (2" to 47} stene over geotestile. 5. Excavated material shall be spread outside of the flocdplain,
3. If necessary te provide a solid bottom at the crossing, the existing streambed shall be esxcavated to 6. Geotextile shall meet the Class | requirerments for nenweven gectestile in Virginio Construction .
the depth of the selscted Typical Stone Layer (on Sheet 2).  Any store placed fo harden the channel Specification VA—795 Geotewtiles,  Class || may be used with engineers approvel.
bottom must be instolled below the ewisting notural grode of the stream. . . . . . . - Thiz drawing
7. Seed all disturbed areas aceerding to the Aftachment to Virginia Construetion Specification VA—T0B. adapted from
Seeding. NACS Standard
Crawing
WA—SD—B
va. 1.0
Crawirg Bare
Eary Ol oy ey v mﬁI
[T e woi—so brean Gy | 1 1 T
] I I I [t o
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102 gEmanmEns
O o _ -
100 e e 2
\* '.— -

1

98 g
.~., T
96
0+00 0+20 0+40 0+60 0+80 1+00

1. Plot the points from the survey.

2. Connect the points with a dashed line. Dashed lines represent existing
grades. Final grades (if different than existing grades) will be shown with
solid lines.
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3) Plot on SC Desi

Tupi B View

Shawing typical fercing debal inz ook}

Creassing width o bel:lﬂ.
Side Slopes fto be I:I

dr.:lra- |

End permanent riparian
fencing here
Begin cross stream
riparian fencing here,

;/ _ IT*’;;.d,'élur,jl ‘ L

Mote:
| Cross the stream with fencing that is net attached

/ directly to the permanert riparian fencing. Double

fence posts ot the fence intersections will prevert
permarent fence damage in a flood Type of
fence to be approved by local NRCS ar SWOD
representotive,

igh Sheets

Plot the stream profile (from your upstream and
downstream survey shots) on this sheet.

&
:,‘_E
7]
[
o
-E
m
Scale: &
s
Stream Profile Eé.
{0 certering of siream) o
Typical Stope Laver [
For_all Streams Flowing
Gfps or less
8
f : N s
Geatastile Geotaxtile 8
For Streams Flowing Greater For Streams Flowing Efps or .
than Gfps Less
> L P— Layer Thiz drawing
Layer Material Type Laye ayer erial lype Depth adapted fram
) et NACS Standard
Drawing
A B VA—S0—-B01
v 1.1
B [
Trvirg are
[+ Emaskn
— 1 et




100

98

96

94

SDCR

Virsgnia Department of Conservation & Recreacion

Plot on SC Design Sheets

Stream Slope: 1.5%
Bankfull Velocity: 4.5 fps
°

. —
"
" —
" —
-
L e
-—
—
-_—,
—y

o-.

-~ -
-
~
—
-~
te
-~
=9
:,‘_E
[T
]
=]
: £
/ 100 7
, ’ ’ ’ , ) ) ) ) Scale: o
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3) Plot on SC Design Sheets

Top of stone layer must be flush with
streambed. Excavate 97, lay geotextile,
and backfill with 6” of VDOT #1 and then
37 of VDOT #57 or #357.

Nonwoven
Geotextile
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4) Determine Ramp Slope/Final Grades

e The final grade you choose will depend on
the planned use and existing site conditions
(slopes and soil investigation)

e VA-578: “Make the approaches stable, with
gradual ascent and descent grades which are

not steeper than 6 horizontal to 1 vertical
(6:1).”

e 8:1is recommended for crossings that will
also serve vehicles and tractors
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4) Determine Ramp Slope/Final Grades

e Especially for narrow stream channels, 6:1 approaches will likely cause trailer
tongues/hitches or tractor implements to drag.

If the ramps are both 6:1 and Without a level section in the
intersect to form a “V”, the . Stream channel, the ramp

tractor is really facing a 3:1 " slopes would need to be
grade change. decreased.

e VA-578: “Configure the crossing approaches (gradient and curves)
to properly accommodate the length and turning radii of vehicles

using the crossing.”




4) Determine Ramp Slope/Final Grades

e Beware that a similar problem can occur if
there is a drastic grade change at the point of
daylight.

Try to provide smooth transitions

and avoid drastic grade changes. e =
M

e VA-578: “Configure the crossing approaches (gradient and
curves) to properly accommodate the lengnth and turning

radii of vehicles using the crossing.”
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Determining Max. Gradient Change without
Bottoming Out

(at top of ramps)

Trailer Tractor/Vehicle Body

9”

12.5%
6 =72

1. Find mid-point of vehicle or mid-point of trailer (i.e. halfway between axles for tractor or axle &

hitch for trailer)
2. Measure height of lowest point at midpoint
3. Calculate slope by comparing the halfway length to the chassis height. This is the maximum

grade change that could occur without bottoming out when going over break point at top of ramp.
Ex: 9°/72" = 0.125 = 12.5% = 8:1 & Max. Grade Change at top of ramp can be 8:1 or 12.5%

*NOTE: This is generally a conservative approach for trailers because of extra clearance
provided by the tongue.

Slide adapted from one provided by Keith Burgess, Monacan SWCD



Example: A producer has a rotary cutter that
extends 10’ from the center of the rear tire and,

when fully raised, is 2’ off of the ground.

. 10:7 AQN .ﬁgﬁﬁﬁ If ramps will form a V (in a narrow
“33-‘?"{"{' —_— ,,ﬁg{h-& 100/
10% S gg®  10% channel), then ramps would have
T 7 20%  to combine to be less than a 20%
T~ grade change. Two 10:1 ramps

would work (barely).
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Example Continued

Max. Grade Change at Centerline of Stream = 2°/10" = 20%

If the channel has a wider bottom (4’+), then 8:1
slopes would still allow the producer to cross
with the attachment.

|
4 ft.
Note: This type of attachment is not a concern at
4 the top of the ramp (unlike a trailer). Just check to
‘%@gﬁw ~ make sure that the tractor itself will not bottom out.

P 5 -~



4) Determine Ramp Slope/Final Grades

o VA-578: “Make the cross-sectional area of the
crossing equal to or greater than the natural
channel cross-sectional area.”

— Also avoid excessive cutting and/or widening of the
channel at the crossing; will create depositional areas

e Avoid any fill material for a ford crossing

— Fill material means that the stone layers would be above
the natural grade and be more prone to washing away

— Fill may cause permitting issues (USACE, FEMA, etc.)



; possible.”
& For the crossing below, the area in the foreground is lower than the channel

bottom. Cutting the bank too much may allow the stream to break out of the ¢
bank. The slope was cut at a 6:1 to maintain the bank height and shape.

Low"Point
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Example Stream Crossing Profile
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47,97.3

0+00 0+20 0+40 0+60 0+80 1+00

1. Plot the point that corresponds to the 8:1 slope from the Left Toe of Bank.
Station: 0+47 — 8 = 0+39
Elevation: 97.3 + 1 = 98.3

2. Plot the point that corresponds to the slope from the Left Toe of Bank.
Station: 0+47 — 6 = 0+41
Elevation: 97.3 + 1 = 98.3

3. Draw the lines to “connect the dots” to determine which line fits best.
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102
100
98
96
54, 97.5
0+00 0+20 0+40 0+60 0+80 1+00

4. Plot the point that corresponds to the 8:1 slope from the Right Toe of Bank.
Station: 0+54 + 8 = 0+62
Elevation: 97.5+ 1 =98.5

5. Plot the point that corresponds to the slope from the Tight Toe of Bank.
Station: 0+54 + 6 = 0+60
Elevation: 97.5+ 1 =98.5

6. Draw the lines to “connect the dots” to determine which line fits best.
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0+00 0+20 0+40 0+60 0+80 1+00
7. Use your judgment to determine the final grades that will best suit the site.

Left Side: 8:1 would result in excessive cut; 6:1 ties in nicely to an existing
grade change and will more closely maintain channel shape. Pick 6:1.

Right Side: 8:1 does not require much more cut than 6:1, and it may be
best to avoid having 6:1 slopes on both sides (for trailer access). Use
8:1. For the final grade line, tying into the existing point will give a nice
uniform slope.
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Stone Begins
(Planned Fenceline)

Stone Ends

(Planned Fenceline)

0+00 0+20 0+40 0+60 0+80 1+00
8. Draw in the stone layers.

a. Determine where the stone will start and stop. (In this case, fences will be
35 ft. from the top of bank.)

b. Draw points for the depth of stone. If using the standard 9” of stone,
draw points 9” = 0.75’ below each vertex of the final grade line.

b. Connect the dots to show the final boundaries of the stone layer.
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0+00 0+20 0+40 0+60 0+80 1+00

***Double-check your soils investigation to make sure that no construction
hazards (bedrock, water table, sand lenses, etc) will be encountered at the
excavation depth.
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LEFT € >  RIGHT
Looking Downstream Looking Downstream
102 Proposed Final Proposed Final -
O T T T Grade: 6:1 (max.) | Grade: ~8:1 gAL maa b
~ ry L
~
100
Key in geotextile at ends
according to manufacturer’s
recommendations
98
96 See Sheet 4 f i
ee Sheet 4 for Nonwoven Geotextile
stone layer Under entire length and width of istone.
details. Stone layer must extend at least/to planned
fencelines (approx. Sta. 0+10 to 0+90).
0+00 0+20 0+40 0+60 0+80 1+00

9. Draw geotextile fabric.

10. Add labels.



5. Complete the Designh Packet
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3. Survey and plot data: profile, cross-
sections, topography, as needad.
a. Survey and plot profile along
centerline of stream (distance should
be suffickent to determine channel

slope).

reinforcement, and other special
requirements for concrete, If used.

. Vegetation and/or ground cover
requirements.

. Identfication of needed Erosion &

Design Data

See complete list of “Design
Data” in the VA-578 CPS.

DESIGN DATA

1. Completed Environmental Evaluation and
subsequent requirements.

2. Soils investigation.

b. Survey and plot the existing cross-
secton perpandicular to the flow,
extending beyond the ends of the
planned ramps 10 ensure adequate
representation of the designed cross
section. Include typical cross sections
as needed.

4. Design computations, including purpose of
practice and references used.

a. Sketch of area to Indicate stream
meandering and liméts of stream

protection, if needed.

b. Determine drainage area, land use,
and, If applicable, design flows and
design velocities.

c. For ramp crossings, design ramp to
best fit the section and meet the
design crtena. For culvert crossings,
show culvert design calcudations.

d. Add construction sequence to incude
stream channel diversion, dewatenng,
and sediment control measures, as
needed.

e. Document landowner/VDGIF contact
conceming the proposed stream
crossing. Record date, contact
person, and outcome of site visit, if
one occurred.

5. Plan view of site with existing and plannad
features, showing dimensions, distances,
etc. Include such ftems as: utiities;
fencing; crossing wedth and length; ramp
slopes and side slopes; culvert matenal,
diameter, and length.

6. Standard Cover Sheet (VA-SO-100)
inchuding crossing location map.

7. Materials and quantities needed. identify
borrow matenial and/or spoll area, as
needed. Specfy thickness, gradation,
quantities and type of rock or stone.
Spedify type, dimensions. and anchorning
requirements of geotextide. Specify
thickness, compressive strength,

Sediment Control measures.
10.Supplemental practices required.

11.Virginia Conservation Practice
Specifications (700 Series).

12.Operation and Maintenance Plan

Note: Regulstory agencies may requesi spot
checks of stream crossings 1o ensure permit
conditions are beng followed.

CHECK DATA
1. As-bullt surveys.
a. Cross-section of completed crossing.

b. Profile of stream channel 10 show
crossing and stream are on a uniform
grade.

2. As-bullt plans including dimensions, types
and quantises of materials installed, and

variations from design. Include justification
for variations.

3. Locations of appurtenant practices.
4. Adequacy of vegetation and/or ground
cover.

5. Compéate as-built section of Cover Sheet.

OPERATION AND MAINTENANCE

Develop an operation and manienance plan
and impiement it for the life of the practice.

Inchude the followsng items in the operation and
maintenance plan, as a menkmum:

Inspect the stream crossing, appurtenances,
and assodlated fence after each major storm

event and make repairs If needed.

« Remove any accumulation of organic
material, woody material. or excess
sediment.

* Replace surfacing stone used for livestock
crossing as needed.
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Stream Crossing Desigh Components:

e Sheet 1: Cover Sheet

e Sheet 2: Plan View

e Sheet 3: Stream Crossing Detail Pt. 1: Stream Crossing Profile
e Sheet 4: Stream Crossing Detail Pt. 2: Stream Profile

e Attachments:

— NRCS Construction Specifications
— NRCS Practice Operation & Maintenance Agreement (VA-578 Stream Crossing)
— Survey Notes

e |n Project File: Calculations (e.g. material quantity calculations, stream crossing worksheet)



An Example Design
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ink Department of Conservation & Recreation

Note: For culvert crossings, may need to include
VA-745, VA-751, or VA-757.

Design Attachments: Construction Specifications

Spec. #
VA-703

VA-705
VA-706
VA-707
VA-708

VA-711
VA-721
VA-727

VA-731
VA-761
VA-795

Title

Structure Removal

Pollution Control
Seeding
Site Preparation

Salvaging & Spreading
Topsoil

Removal of Water
Excavation

Diversions

Concrete Construction
Loose Rock Riprap

Geotextile

When to Include?

E.g., if a culvert or fence needs to be removed
to install the crossing

Anytime ground disturbance involved
Anytime ground disturbance involved
Typically include for stream crossings

Include if topsoil will need to be stripped. May
not be necessary for ex. crossing sites

If working in live surface water
Always include for stream crossing

Include if diversions are planned to divert
upland surface runoff away from crossing

Only if crossing will be made of concrete
If riprap will be used to stabilize cut slopes

Covers geotextile under stone
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“X” out any notes not applicable to your
particular design to avoid confusion
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Availability

e DCR Design Sheets must be used for projects
designed by SWCD staff.

e Sheets are available online in .pdf and .dwg
(for AutoCAD) formats at:

http://www.dcr.virginia.gov/soil-and-
water/district-engineering-services

e NRCS Stds. and Specs. are available on the
eFOTG, section IV


http://www.dcr.virginia.gov/soil-and-water/district-engineering-services

Construction



General Steps in Construction

1) Pre-Construction Conference
2) Excavation

3) Armoring (Geotextile + Stone)
4) Fencing

5) Seeding
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1. Pre-Construction Meeting

e A pre-construction meeting and good
oversight will prevent many construction
issues from happening.

Must be “Approved” by

__ someone with appropriate
EJAA before issued for
construction

— Sy gt M b mmtets __ Sgas

Make sure to get

__ Acknowledgement
Signatures” from all parties
at pre-con meeting

e



Things to stress at Pre-Con Meeting/
Things that contractors tend to “forget”:

e Deliverables/Inspections
— Construction Specifications

e NON-woven geotextile

e KEY ends of geotextile

e MAX slopes

e Stone gradations

e Final stone layers must be FLUSH with streambed
e Removal of cut material outside of floodplain

e Seed all disturbed areas



Pre-Construction Meeting

ldeally: Meet on-site, stake the corners of the
proposed crossing and go over the cut depths
at different points along the profile
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2. Excavation

Cut to the depth at which the proposed stone layer thickness will bring the
crossing to the proposed final grade. Cut side slopes back to the desired slope
(3 1 (seeded), 2:1 (armored) or 1.5: 1 in rock cuts)

v"-'.

il .o-OQ_
: ...\.'

In this example, it Iooks I|ke the existing grade WI|| equal the final grade,
-~ so no side slopes needed to be cut. They have excavated 9" to be _
= backfrlled wrth 9” of stone (6” of VDOT#1 and 3” of VDOT#57 or #357) Wy

LW T T .

Photograph courtesy of John Cooke, VA NRCS State Office. From DN-578
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A Diversion Channel
may be utilized to allow
“work in the dry".

Virginia Erosion and Sediment
Control Handbook

STD & SPEC 3.25

UTILITY STREAM
CROSSING

DIVERSION CHANNEL CROSSING

FORMER LOCATION
OF FLOW BARRER

YSEE PLATE. 3.28-2
FOR CROSS-SECTION
AA

VEHICULAR STREAM
SING, 5TD,

ORIGINAL STREAMALD
FOR INTWL CROSSINGS)

BARRIERS OR SHEET e
FILING) OPERATION

FCRMER LOCATION

FPLACE RIPRAP
OF FLOW BaRRIER

AT TRANSTION

PERSPECTIVE VIEW




3. Armoring

Geotextile /

— Under entire length and width of stone layer

e Lay Nonwoven Geotextile

— Key in at all ends |
Army TM 5-818-8 Key Detail:

e Base Stone GEOTEXTILE
e Surface Stone

SLOPE TO BE PROTECTED

ANCHOR TRENCH, 2 FT-3 FT
WIDE 2 FT-3 FT DEEP




Geotextl e VA 795

VA-795: “Each roll of geotextile will be cIearIy marked to
identify the brand, type and production run.”

VA-795: “The surface on which the geotextile is to be placed
will be graded to the neat lines and grades as shown on the
construction drawings...The surface preparation will be
inspected and approved by the NRCS or SWCD
representative prior to placing the geotextile.”

“The geotextile will be unrolled along the placement area
and loosely laid (not stretched)”

“In no case will the cover material be dropped on uncovered
geotextile from a height greater than 3 feet.”

“The minimum overlap of adjacent geotextile panels will be
24 inches for unsewn fabric.”
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2 T S
e
N o .

tile shall meet the Clg requirements for nonwoven geotextile in Virginia Construction
ation VA—795 Geotextiles,  Class Il may be used with engineers approval.

- R )
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Mirafi® 180N

SDCR
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Mirafi® 180N is a needlepunched nonwoven geotextile composed of polypropylene fibers,
which are formed into a stable network such that the fibers retain their relative position.
Mirafi® 180N Is Inert to biological degradation and resists naturally encountered
chemicals, alkalis, and acids. Mirafi® 180N meets AASHTO M288-06 Class 1 for

Elongation > 50%.
TenCate Geosynthetics Americas Laboratories are accredited by a2La (The American

Association for Laboratory Accreditation) and Geosynthetic Accreditation Institute —
O I I W O V e I l Laboratory Accreditation Program (GAI-LAP). NTPEP Listed

Minimum Average
. Mechanical Properties Tastiod o MDR"" T
912) | 205 (912
Grab Tenstie Strengh A e - b ) = 50
e Yo St ASTM D4533 Ibs (N) T
CBR Puncture Str ASTM D6241 Ibs (N) Hiaximum Opening Size
80(0.18)
Minimum ‘alue
1
5
‘est Value
Rﬂ;m__;-——————-—‘
TABLE 2 - REQUIREMENTS FOR NONWOVEN GEOTEXTILES TN S
Property Test Method Units Class | 2/ Class 11 2/
Grab Tensile Strength ASTM D4632 pounds 202 (mun.) 157 (min.)
Elongation at Failure ASTM D4632 percent 50 (mun.) 50 (min.)
Trapezoidal Tear Strength ASTM D4533 pounds 79 (min.) 56 (min.) This parti cular
Puncture Strength ASTM D6241 pounds 433 (mun.) 309 (min.) geOteth Ie meetS bOth
Ultraviolet Stabihity o =
(Retamned Strength) ASTM D4355 percent 50 (mun,) 50 (min.) C | aSS I and I I
Permittivity ASTM D4491 sec™! 0.7 (min. ), or as specified req U I re m e ntS .
Apparent Opening Size = -
(AOS) 3/ ASTM D4751 mm 0.22 (max.), or as spectfied
11/ All values are minimum average roll values (MARV) tn the weakest principal direction, uniess otherwise noted.
R/ Needle punched geotextiles are required for both class | and class I1.

3 Maximum average roll value.
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Nonwoven

Geotextiles

TABLE 2 - REQUIREMENTS FOR NONWOVEN GEOTEXTILES

Property Test Method Units Class | 2/ Class 11 2/
Grab Tensile Strength ASTM D4632 pounds 204y _IsHmiR)
Elongation at Failure ASTM D4632 percent 50 (mun,) 50 (min.)
Trapezowdal Tear Strength ASTM D4533 pounds M9ty _ Sbmin)
Puncture Strength ASTM D6241 pounds 4 in.) 309 (min.)
Ultraviolet Stability g
(R | Strength) ASTM D4355 percent 30 (min,) 50 (muin.)
Permittivity ASTM D4491 sec”! 0.7 (min.), or as specified
C\"O"‘”S)“ 3," PpeingSims ASTM D4751 mm 0.22 (max.), or as specified
I All values are minimum average roll values (MARV) in the weakest principal direction, unless otherwise noted.
R/ Needle punched geotextiles are required for both class ! and class 1.

3 Maximum average roll value.

This particular
geotextile does not
meet Class | or |l
requirements.
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J.If necessdary to provide d sclid boftorn at the crossing, the exisiing streambed shall be excavated fo
the depth of the selected Typical Stene Layer {on Sheet 2). Any stone placed to harden the channel
bottorn must be installed below the existing notural grade of the stream.
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Compacting Surface
Stone Layer:

e VA-795: “Gravel...will be compacted with

vibratory rollers EXCEPT on animal trails or
stream crossings.”

e VA-795: “...moderate to heavy static rollers
(steel drum or rubber tired) will be used.

Fine-grained backfill will be compacted with
sheepsfoot or rubber tired rollers.”



TREADS CREATE
GROOVES PERPENDICULAR

THE SLOPE.

DOZER
10

TRACKING

No matter what method of compaction is used, a well

graded stone will pack better than a “clean” stone.
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4. Fencing

Proper fence selection and
installation is an important
part of crossing success

Fencing. Restrict livestock access to the
crossing through the use of fence and gates,
as needed.

Install cross-stream fencing at fords, with
breakaway wire, swinging floodgates, hanging
electrified chain, or other devices to allow the
passage of floodwater and large woody
material during high flows.

Design and construct all fencing in accordance
with Virginia NRCS Conservation Practice

Standard Fence (Code 382).

Improper fencing can cause the crossing to fail

If separate contractors will be hired for fencing and
stream crossings, provide stream crossing design to

fencer

There should be no space between the stone and

the fence.

— If there is space, that is where cattle will walk, which
defeats the purpose of the crossing!
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Typical Plan View
Sroming typical fencing detgil (no scole)

You may even consider adding a
£ e penTank Mparton note that no fenceposts will be
/ Begin cross stream driven between the banks.

riparian fencing here. | e
| Sitie. élol e Liliel dio) I
of oo e T 1l il T | T

~ Gote

><_
U Note:

Cross the stream with fencing that is not attached
directly to the permanent riparian fencing. Double

| fence posts ot the fence intersections will prevent
permanent fence damage in o flood. Type of
fence to be opproved by local NRCS or SWCD
representotive.
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Installing fencing after the stone is placed:

e Keeps the fence out of the way during
grading

e Allows fenceposts to be installed
immediately adjacent to gravel (so there is
no gap between the fenceposts and the
stone)

— If given the choice, cattle will choose to walk on
soft ground next to the stone instead of the
stone.
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If livestock will hove access to the side slopes, then the side slopes shall be armored.  If fencing
will restrict livestock access, the side slopes rmay be seeded. Grode side slopes 1o 301 or flatter if
they are to be seeded. OCrade side slopes to 2:1 if they are to be armored. Armoring shall censist
of & inches of VDOT #1 (2" to 4") stone over geotextile.




For Crossing Fencing:

(especially in flood-prone areas)

AT

Smoofth
>

Barbed .
Woven

High-tensile smooth wire is the easiest to
repair and is less likely to catch debris.



SDCR

Virggn&a Department of Conservation & Recreation

- - -
4‘-’-" & ‘ L ~ay = g =N . -
- » > 2 - - - -
- o - > -
< - . g - a - - o
- - -
- g - - - ~ @ ¥ - - = >
- - : .4 -~ — - - - - d
- P - -— " ~
> - - -
y 4 - - - ~ N
o — - r 4 - -
B > D o= . . = » = = 4
! - . o . - o
= - g 5 “ - -- ’ ) . >
’ .
p——y » - y - ..
- ~ >
- 3 6
- ’ -
-~ LA . » h ’ o =yl
| A »
- ’ . . -
- A o & :



SDCR

Virggin&a Department of Consenvation & Recreation

Flastic Insulator 12 % ga. galvanized wire (+)
/ } chain or cable
I —a-
|
|

- II;' o
J _——Flood Gate /
| — Controller { ]
Bl - —
EQVTNENTNEN I NN A BT
R R RO RO

SN R (&K
SN I ANSNIANCN NN NN
GRRA R S Wl 774
EANAN I NN NN I EANEAN
P I, 7 IO IO
VNN 2 SNANANA, AN ANAS  ASAN
NN O ZSONZNZNZNANN OSSN Il 2N
WY IR R KRR R LR AL R X
I N N A N N A I I
SURERLLILLIGRAAARL A I R ARLRLRRRLRLRKLLLLLLIRA AR R

Flood gate wires should be approximately 12"
dbove normal water level for cattle and horses.

Electric Flood Gate
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http://www.lancasterwatersheds.org/Why Keep the Cows Out of the Streams.pdf
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5. Seeding

e Seed all disturbed area according to NRCS
Construction Spec. VA-706

e “Plant all areas to be vegetated as soon as
practical after construction.” (VA-578)

e “All excavated material must be placed in
upland sites and not in any
streams/floodplains or wetlands.” (VA-578)
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As-Built/Certification

CHECK DATA
1. As-built surveys.
a. Cross-section of completed crossing.

b. Profile of stream channel to show
crossing and stream are on a uniform
grade.

2. As-built plans including dimensions, types
and quantities of materials installed, and
variations from design. Include justification
for variations.

3. Locations of appurtenant practices.

4. Adequacy of vegetation and/or ground
cover.

5. Complete as-built section of Cover Sheet.
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As-Built/Certification
e Complete the checkout:

— As-Built Survey: Survey the profile of the crossing

e (If initial survey stakes have been removed, run the survey and use stream
center-line as reference)

e Also survey a few cross-sections to show that the side slopes were graded
back properly

e |f you armored all the way through the stream, survey the centerline of the
stream in proximity to the crossing to show that the stone was installed flush
with the streambed

— Measurements: Length, Width, Depth of Stone Layers

— Document Gradation of Stone and Presence of Nonwoven
Geotextile (and its class)

— Make sure crossing as installed meets stds., specs., and
design requirements

— Take photographs for case file



As-Built/Certification Continued

e Complete the “As-Built” Drawings:

— Plot the As-Built Survey in red on the original design sheets

e The stream centerline can often be used to standardize the stations with the
original survey

— Verify that the final grades are satisfactory: Did they achieve
the grades that were specified?

— Document Measurements of Stone Layers
— Document Gradation of Stone and Presence of Nonwoven

Geotextile /
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Hotes k]
. Tha lancasrar/cpergtar i& responsible for abfaning apd scrpling with al permite and sgssinants.
This ircludes all federal, state and lecal perrits,

If the crossing as installed meets NRCS 2. The landawner/cperator is responsible for checking and complying with all local ordnonces that

rmay affect the project.

H H H H a“ 3 WISS UTILTY (virsiria tel par 811 st b sgeted o least 3 werking days bed
Standards and Specifications, sign the “As- UISS LIV Qg baphne e S11) e be Conloced o oot 3 porkng S selors
corbacis MISS UMUTY. The cortracksr must be able ta pravide the MISS UTILTY fickst pumbsr

within 24 hours upoar request by the NRCS/SWCD represertotive.  The landownsr/operotor b=
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Alternative Materials



SDCR

Virggn&a Department of Conservation & Recreation

Geocells

Use minimum 6-inch deep geocells, if geocells
are used. Use durable geosynthetic materials
and install them according to the
manufacturer's recommendations, including
the use of staples, clips, and anchor pins.

Geoweb®, Presto Products Co

A Geoweb® is a plastic web that can be filled
with gravel. A Geoweb® filled with gravel, and
laid over filter fabric makes a very good stream
crossing.



SDC

Virggn&a Department of n &R

Hog panel stream crossing



SDCR

Virggin&a Department of Consenvation & Recreation

Pre-cast Cattle-Guards

& Consider adding a well-graded rock riprap
' apron on the downstream edge of concrete
& crossings to dissipate flow energy.

I3
"‘.’
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Questions?



Contact Information
DCR-DSWC Engineering Staff:

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.qgov
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