
Enhanced Roadside Ditch 
Management
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Welcome to the Webcast

To Answer a Poll Question 
◦ Simply select the preferred option. For those viewing this session 

alongside several colleagues, respond in a manner that represents 
your organization as a whole.

We ARE Recording this Session 
◦ All comments and questions will be recorded and included in the 

archives.  We will notify you as soon as the recording and related 
resources are loaded on the web.

We Appreciate Your Feedback
◦ Fill out our evaluations – our funders need to hear it!
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www.chesapeakestormwater.net

The Latest from CSN!

➢ Annual CSN Network Survey: 

Results Coming Soon!

➢ User’s Guide to Urban BMPs in the Bay: 
MOST Course

➢ Floating Treatment Wetlands Fact Sheet

➢ Enhanced Septic Systems Fact Sheet
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http://www.chesapeakestormwater.net/
https://goo.gl/forms/BP5jgZPoqllpYszJ3
https://mostcenter.org/courses/user%E2%80%99s-guide-urban-bmps-chesapeake-bay
http://chesapeakestormwater.net/download/7803/
http://chesapeakestormwater.net/wp-content/uploads/dlm_uploads/2017/09/U-13-Enhanced-Septic-Systems-Fact-Sheet_final.pdf


Upcoming Webcasts

Thursday, November 2nd:

Tracking and Eliminating Illicit Discharges
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http://chesapeakestormwater.net/events/webcast-tracking-and-eliminating-illicit-discharges/


Poll Question #1

Tell us a little about yourselves…who are you 
representing today?

▪ Local government

▪ Private sector

▪ Regulatory agency 

▪ Non-profit

▪ Academia

▪ Other…tell us in the chat box
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Poll Question #2

Is your community currently considering your ditch
network as an opportunity for water quality 
improvement?

▪ Yes

▪ No

▪ I’m not sure
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Tom Schueler
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Penn State
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Today’s Agenda

▪ Intro to Ditch Management in the Chesapeake Bay

▪ Talbot County Ditch Management Program

▪ Rural Roadside Ditch Management in PA

▪ Rethinking the Role of Roadside Ditches
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An Introduction 
to 

Roadside Ditch 
Management 

Practices 
in the 

Chesapeake Bay 
Watershed

Photo: J. Allenby, Chesapeake Conservancy  



What do we mean by roadside ditches? 

• Not the engineered open channels found along 

most urban roads and highways 

• Not the ditches that drain farm fields

• These ditch network can be a net source of 

sediment, nutrients and stormwater flows to the 

stream network

• Ditches require routine sediment cleanouts to 

preserve the hydraulic capacity  



Such Diversity in our Ditches !

Includes ditches adjacent to paved, gravel or dirt roads and 

highways along exurban and rural areas, farms and forests 



Most existing ditches are not engineered for design flows 
and are periodically mucked out to maintain  flows

Photo Credit: Schneider, 2014 



Roadside Ditch Management (RDM) 
in the Bay Watershed

STAC report on “Re-plumbing the Chesapeake 
Bay watershed by improving roadside ditch 
management” released in 2016. Key findings:  

 Ditches increase downstream flooding, 
export sediment, nutrients and bacteria, 
degrade aquatic habitat and promote 
invasive species 

 Changes in how ditches are maintained 
and operated can reduce those impacts 

 Local and state road agencies should be 
able to get credit for shifting to better 
RDM practices



Other Roadside Ditch Management 
Efforts

 Agricultural Ditch Expert Panel 
Launched

 Pilot CBP Ditch Mapping Project in 
PA

 Talbot County Ditch Retrofit and 
Monitoring 

 Dirt and Gravel Road Research

 Roadside Ditch Management Team 
Formed in 2017



Chesapeake Bay Roadside Ditch 
Management Team

 Jeremy Hanson, Va Tech

 Lucinda Power, EPA CBPO

 Tim Rosen, Midshore
Riverkeeper

 Rebecca Schneider, Cornell

 Bill Wolinski, Talbot County 
DPW

RDM Team Support:  

 David Wood and Tom Schueler, 
CSN

 Jeff Allenby, Chesapeake 
Conservancy

 Steve Bloser, PSU DGRC

 Chris Brosch, DE  

 Kathleen Boomer Nature 
Conservancy  

 Eric Chase, PSU DGRC

 Reid Christianson. CWP 

 Mark Dubin, CB AG 
Coordinator 

 Clint Gill, AGWG 



RDM Team Charge: Determine if RDM Credits can be defined in the context 

of existing expert panels or whether a new expert panel needs to be launched

Team met three times and came to consensus 
on a technical memo on crediting options 
for work group consideration

Approach reflects variability in ditch 
conditions across the Bay watershed:

o Coastal plain vs. headwater states

o Road type  (dirt, gravel or paved)

o Ditch engineering standards (none to very 
sophisticated)

o Adjacent land use (agricultural, forest, rural 
or suburban)  



If it was designed as a 

BMP, then it still is a 

BMP



Proposed Classification of Roadside Ditch Management 

Practices 

1. Ditch Buffers

2. Ditch Elimination

3. Ditch Slope/Length Reduction

4. Ditch Stabilization

5. Ditch Maintenance 

6. Ditch Treatment

7. Ditch Retrofits



Ditch Buffers

• Excludes crop or livestock production from the public road 

right of way and a narrow vegetated buffer from the ditch

• No applications of fertilizer, manure or pesticides are allowed 

in the buffer

• Some examples on the eastern shore, but unclear whether they 

can always be cost-shared   .

•



Ditch Elimination

This practice involves eliminating a roadside ditch to: 

(a) reduce or eliminate flow volumes introduced into 
streams 

(b) reduce or eliminate sediment and nutrient runoff to 
streams 

(c) disconnect the road network from the stream network. 

This is accomplished by raising the road profile, removing 
berms, and out-sloping the road in order to move water to 
areas where it can be infiltrated prior to reaching the stream 
network. 

Generally only applies to dirt and gravel roads 

•



Ditch Slope/Length Reduction

This practice involves modifying a roadside 
ditch to: 

(a) Reduce flow volumes in the ditch

(b) Reduce sediment and nutrient runoff 
to streams 

(c) Minimize the road connection to the 
stream network. 

Accomplished by road design 
improvements such installation of 
drainage cross pipes (culverts), turnouts 
(bleeders or lead-off ditches), broad-
based dips or grade breaks

Generally only applies to dirt and gravel 
roads 

•



Ditch Stabilization

• Restore a failed ditch that is an active source of sediment 
and nutrient loads exported to downstream waters.

• Involves stabilizing the banks and ditch channel and 
rapidly establishing dense vegetative cover to prevent 
further ditch erosion. 

• “Stabilized drainage way" practice is specified in most 
state ESC manuals, roadway construction specs or forest 
road design manuals.



Ditch Maintenance

• The practice involves routine removal of 

mobile sediments and organic matter that 

are trapped in the roadside ditch network 

• Sediments removed must be safely 

disposed in upland areas of the watershed. 

• Also involves rapid vegetative stabilization 

to ensure “clean” ditch does not produce 

further erosion    



Ditch Treatment

Involves modifying the ditch to improve its stormwater

treatment function by:  

(a) Incorporating media amendments into ditch soils  

(b) special check dams or in-ditch bioreactors to boost nutrient 

removal  

(c) re-shaping  ditch contours to increase hydraulic residence time 

Note: Many of these techniques are described in the PED report to 

USWG and the Ag Ditch Expert Panel 



Ditches with 
“Performance Enhancing Devices”

Underdrain system with 
Internal Water Storage

Soil Media With Reactive 
Amendments

Vegetation with dense coverage above & below + 
periodic harvesting



Retrofit Ditch to be Stormwater BMP

Increase stormwater treatment (ST) and/or runoff reduction (RR) by 
excavating additional on-line or off-line runoff storage volume within 
an existing ditch segment, via:

(a) Retrofit of existing stormwater conveyance systems 

(b) Converting existing ditch to a Dry Swale, Wet Swale, Bioretention Area 
or Sand Filter

(c) Restoring Ditch Function by Major Sediment Cleanout/Vegetative  
Harvesting

(d) Enhancing Ditch via Soil or Media Amendments  

(e) Dry Channel Regenerative Stormwater Conveyance Systems (for 
steeper ditches) 

(f) Continuous Monitoring and Adaptive Control (CMAC) Retrofits



The Adjustor Curve Protocol to Determine 

Retrofit Removal Rates

Developed by 4 Different 

Urban Expert Panels:

• Stormwater Retrofit  

• New State Stormwater

Performance Standards (LID)

• Filter Strip Retrofit Expert 

Panel

• Floating Treatment Wetland



Similar curves were developed for TN and TSS

Removal is tied to runoff capture and runoff reduction



RDM Crediting Options 

Launch an New Expert Panel. Must follow rigorous BMP review 

protocol established by CBP WQGIT, 2015 that require at least a 

year and a half to reach consensus and get full CBP approval. 

Add to Charge of an Ongoing Panel 

Map RDM Practices into Existing Expert Panel Reports.  USWG 

developed a new process to determine whether certain BMP 

variations or innovations can be interpreted or classified in the 

context of existing expert panel reports



Roadside Ditch Management Options Under Consideration 

DITCH:

 Buffers

 Elimination

 Reduce Length/Slope

 Stabilization

 Maintenance

 Treatment

 Retrofit



Potential Crediting Options for RDM Practices

RDM Category Pollutants Crediting
Difficulty

Available
Protocol

Buffer S? N, P Moderate Land Use Change?

Elimination S only Easy WEPP-Road

L/S Reduction S only Easy WEPP-Road

Stabilization S only Moderate ESC Level 2

Maintenance S, N? P? Hard Storm Drain Cleanout

Treatment S, N, P Easy Adjustor Curves

Retrofit S, N, P Easy Adjustor Curves



Next Steps in 2017 and 2018

Ditch Retrofit Monitoring 
Study

Talbot County Ditch 
Inspection and 
Maintenance Guide

Baywide Roadside Ditch 
Management Guidance



Questions and Answers

Photo: J. Allenby, Chesapeake Conservancy  



Talbot County
Ditch Enhancement Program 

October 12,2017



PARTNERS

• Center for Watershed Protection

• Chesapeake Stormwater Network

• Environmental Concern

• Nature Conservancy



Ditch to Bio-Swale Conversion

• 370 miles County roads

• 75 miles Town roads

• 140 miles private roads

• 155 miles State roads



Existing Ditch Conditions



Native Plants for Water Quality 
Improvement

Kentucky
Blue Grass
Poa
pratensis

Indian
Grass
Sorghastrum
nutans

Heath
Aster
Aster
ericoides

Big Blue
Stem
Andropogon
gerardii

Pale Purple
Coneflower
Echinacea
pallida

Switch
Grass
Panicum
virgatum

Little
Blue Stem
Andropogon
scoparius



Catchment 1

Inline Bioretention #1



In-Line Bio-Swale Conversions





Retrofit Enhancements

• Application of targeting approach using LIDAR

• Adaption of bioreactor technology to treat 
shallow groundwater

• Use of biochar in bioretention media

• Incorporation of limestone to mitigate 
acidification



www3w33



Woodlands  



Claiborne



Home Run Baker Park 



Roadside Ditch Management Team

Summary and examples of rural roadside ditches in PA

Presented by: Penn State University, Center for Dirt and Gravel Road Studies
Steve Bloser (smb201@psu.edu), Eric chase (ehc111@engr.psu.edu) 
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Note that the majority of our work occurs in the Ridge and Valley 
& Allegheny Plateau region.  Compared to coastal area:
- Much steeper topography
- Much more silt and clay in soils

1



PA Program Background
Since 1997, PA’s Dirt and Gravel Road Maintenance Program has been funding rural road projects 
to reduce stream pollution across Pennsylvania.  The Program’s annual allocation of $28 million 
allocation is distributed to PA’s 65 County Conservation Districts.  Local road owning entities, 
mostly townships, then apply to their Conservation District for funding.  Over 80% of the funding 
is directed towards “on the ground” projects, and projects must have a benefit to the road and 
the environment (i.e. long-term erosion and sediment reduction).

16,000+ Identified Stream Pollution Sites

More Information:
General: www.dirtandgravelroads.org
USFS field Guide: Great reference for on-the-ground practices 
https://www.fs.fed.us/eng/php/library_card.php?p_num=1177%201802P
2016 Annual Report: 
https://www.dirtandgravel.psu.edu/sites/default/files/PA%20Program%20Resources/Program%20Specific%20Resourc
es/Reference%20Material/Annual_Summary_Report_2016.pdf

PA has approximately 20,000 
miles of public unpaved roads

The majority of rural roads in PA 
are owned by 2,000+ small 
townships and boroughs.  Counties 
do not own roads in PA

49
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http://www.dirtandgravelroads.org/
https://www.fs.fed.us/eng/php/library_card.php?p_num=1177 1802P
https://www.dirtandgravel.psu.edu/sites/default/files/PA Program Resources/Program Specific Resources/Reference Material/Annual_Summary_Report_2016.pdf


Part 1
Background and examples of rural road and ditch 

impacts

2

Part 2
Examples of BMPs installed by PA Dirt and Gravel 

Road Program.



Road Impacts: Forested Areas
•Unpaved roads are largest 

source of sediment.
•Road ditches “extend the 

stream network”

PA Forestry road 
sediment production in 

Centre County

51
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Road Impacts: Forested Areas
•Unpaved roads are largest 

source of sediment.
•Road ditches “extend the 

stream network”

Township road ditch 
draining to stream in 

Potter county

52

bridge
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Road Impacts: Agricultural Areas
•Unpaved roads produce 

sediment.

Small township road in 
Centre County

53
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Road Impacts: Agricultural Areas
•Unpaved roads produce sediment.
•Roads also collect runoff from farm and fields.

Field Runoff to road 
ditch in York County

54
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stream

Road Impacts: Rural Residential Areas
•Roads often take drainage from roofs, 

yards driveways, etc.

Unpaved township road 
draining to State road 

and to stream in 
Luzerne County.

55
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stream

Often Urban Storm water practices (harden 
and convey) are applied in a rural setting

Drop inlet clogged with 
leaves and stone on 
township road in 
Clearfield County

Inlet bypassed

56
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hardened ditches
Rock            Concrete

Often Urban Storm water practices (harden 
and convey) are applied in a rural setting

57
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“cleaned” ditch to stream on 
township road in Elk County

stream

Often Urban Storm water practices (harden 
and convey) are applied in a rural setting

58
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Yes, these are all PUBLIC roads in PA
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Roads and ditches “extend the 

stream network” into the 

landscape.

In many typical rural 

watersheds, such as the one 

pictured here, road ditches 

may directly drain more than 

25% of the land area, often 

directly to the stream network

Ditch drainage

basins

Stream

Road ditches

-Rebecca Schneider

Cornell University 13



Part 1
Background and examples of rural road and ditch 

impacts

2

Part 2
Examples of BMPs installed by PA Dirt and Gravel 

Road Program.



Map shows 450+ projects completed in 2016 alone

More Information:
General: www.dirtandgravelroads.org
USFS field Guide: Great reference for on-the-ground practices 
https://www.fs.fed.us/eng/php/library_card.php?p_num=1177%201802P
2016 Annual Report: 
https://www.dirtandgravel.psu.edu/sites/default/files/PA%20Program%20Resources/Program%20Specific%20Resourc
es/Reference%20Material/Annual_Summary_Report_2016.pdf

3,000+ completed projects done to date

62
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http://www.dirtandgravelroads.org/
https://www.fs.fed.us/eng/php/library_card.php?p_num=1177 1802P
https://www.dirtandgravel.psu.edu/sites/default/files/PA Program Resources/Program Specific Resources/Reference Material/Annual_Summary_Report_2016.pdf


Environmentally Sensitive Road Maintenance

1. Avoid Concentrating Drainage

2. Minimize Flow Volumes

3. Reduce Effects of Concentrated Drainage

4. Prevent Surface Erosion

5. Reduce Cost and Frequency of Road Maintenance

“Disconnect the rural drainage system”



“cleaned” ditch to stream on 
township road in Elk County14 years later

Filling an entrenched road to eliminate ditches and encourage sheet flow.

Example Project: Huntingdon County

64
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BEFORE DURING

AFTER



Filling an entrenched road to eliminate ditches and encourage sheet flow.
Example Project: Jefferson County

AFTER

BEFORE

65
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AFTER

66
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stream

wetland

AFTER

18

level spreader

stream

BEFOREBEFORE

Roadside wetland with “level spreader” created to eliminate direct ditch flow to stream.
Example Project: Centre County

ditch flow



AFTER

BEFORE

67
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Addition of fill and multiple crosspipes to divide drainage on 10% slope township road.

19

Example Project: Bradford County

Drainage continues 
around corner to 
small headwater 
stream crossing.



BEFORE

68
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Addition of fill and multiple crosspipes to into pasture on township road.

20

Example Project: Mercer County

stream

stream

AFTER



BEFORE AFTER

Separate crosspipe and turnoutNo drainage outlets before stream

Example Project: Mercer County



BEFORE 1 AFTER BEFORE

Geotextile and fill

Base and surface improvement and off right-of-way drainage
Example Project: Snyder County



Replacement of open paved 
ditches with grass swale and storm 
sewer system.

Example Project: Berks County

71

AFTERBEFORE

Note that beginning in 2014, some 
Program funding was dedicated to 
paved low volume roads with less 
than 500 cars per day.



BEFORE AFTER

Belt Diverter Strom Drain outlet

72

Note that beginning in 2014, some 
Program funding was dedicated to 
paved low volume roads with less 
than 500 cars per day.

Paving and small storm sewer to infiltration area

Example Project: Schuylkill County



BEFORE

73
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AFTER

13.5’ X 4.7’

5’

BEFORE

Replacement of undersized stream crossing to reduce erosion and improve aquatic passage.
Example Project: York County

Although not directly related to road ditches, the Program does a lot of work with 
improving stream crossing for sediment transport and aquatic organism passage.



470 completed in 2016 alone
You just saw 11 projects
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PA Dirt, Gravel, and Low Volume Road Program
• $28 Million Annual Grant Program in PA
• Run through Conservation Districts
• Focus on disconnecting the rural drainage system 
• 2 two-day “ESM Trainings” left in 2017

• Oct 24-25: Hamburg (Cabela's)
• Nov 8-9: State College (PSU)

• www.dirtandgravelroads.org

75

http://www.dirtandgravelroads.org/


RETHINKING THE ROLE OF 

DITCHES

Reid Christianson, PE, PhD

University of Illinois



Role of Ditches

• Protection

• Drain from valuable property

• Dewater for field access

• Pest control

• Collection system designed for:

• Maximum WQ enhancement?

• In-line treatment?

• Shallow GW mounding for 

denitrification?

• Pollinator habitat/greenway 

connection?



Ditches to Bioretention?

• Or maybe a Dry swale?

• Linear sand filters?

• Improved storage?

• Substrate enhancements?

• hybridized approach?

• The main point – we can start to 

influence watershed hydrology by 

making some changes



Shallow Groundwater

• Choke point

• Slight mounding of shallow 

groundwater

• Anaerobic substrate in certain 

ditches

• Carbon source needed for 

denitrification (amendment)

• Spin:

• Denitrifying wall parallel to ditch to 

intercept shallow groundwater before 

entering ditch

http://www.kgs.ku.edu/General/Geology/Pawnee/06_gw.html

http://artnsinks.apps.uri.edu/images/FAQs_clip_image004.png



Two-stage Ditches

• Being used heavily in Indiana

• Keeps water velocity high in center 

channel

• Reduces maintenance

• Provide storage in false floodplain

• Interaction with plant roots to 

increase denitrification

http://www.tippecanoewatershed.org/trump-

project-two-stage-ditch-2008



Flood Storage

• Can we ease flooding by storing 

water in our ditch network?

• Can we quantify WQ benefits with 

this?

• Water reuse/recycling

• Tile drainage

• Tailwater

From Genevieve Ali, University of  Manitoba -

umanitoba.ca/interdisciplinary/programs/watershed/m

edia/CWRApresentation_14May2013_GA.pdf

http://www.fwrc.msstate.edu/water/projects.asp?

id=23

http://umanitoba.ca/interdisciplinary/programs/watershed/media/CWRApresentation_14May2013_GA.pdf
http://www.fwrc.msstate.edu/water/projects.asp?id=23


Ditch Management

• MN Buffer Rule

• 50-ft buffers along rivers

• 16.5-ft buffers along public ditches

http://www.dnr.state.mn.us/buffers/index.html



Pushing into Urban Areas

Concepts still apply, though we might 

think about restoring hydrology rather 

than nitrate



Case Studies & Info



THANKS!



Webcast Resources
www.chesapeakestormwater.net
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Title of Resource Web link

Draft Options for Crediting 

Pollutant Reduction from 

Roadside Ditch Management 

Practices (RDM) in the 

Chesapeake Bay Watershed

http://chesapeakestormwater.net/wp-

content/uploads/dlm_uploads/2017/06/WORK-GROUP-DRAFT-

of-RDM-MEMO.pdf

Re-plumbing the Chesapeake 

Watershed:

Improving Roadside Ditch 

Management to Meet TMDL

Water Quality Goals

http://www.chesapeake.org/pubs/349_Boomer2016.pdf

http://chesapeakestormwater.net/wp-content/uploads/dlm_uploads/2017/06/WORK-GROUP-DRAFT-of-RDM-MEMO.pdf
http://www.chesapeake.org/pubs/349_Boomer2016.pdf


Please take a few moments to answer our short 
survey to help us better serve your needs in our 

webcast series.

We use this information to assess our work, your 
needs and to report it to our funders for future 

webcasts !

Evaluation

https://www.surveymonkey.com/r/roadside_ditches
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https://www.surveymonkey.com/r/roadside_ditches

