
New techniques have been pioneered in the Chesapeake Bay
watershed to restore urban streams using diverse approaches.
Stream restoration improves the health of aquatic resources, and,
when combined with upland restoration practices, is one of the
more cost-effective practices to remove sediment and nutrients
from urban watersheds.
Credit is only given when stream restoration projects meet stringent
qualifying conditions and can produce functional uplift for local
streams so they provide a net environmental benefit in the
watershed. 
Stream restoration projects undergo extensive regulatory review and
require state and federal permits. 
Potential unintended environmental consequences must be
considered when designing a stream restoration project.
The updated computation of pollutant removal credit includes five
different protocols.

PRACTICE AT A GLANCE

STREAM RESTORATION
Stream restoration projects, if done properly, can restore habitat, increase accessibility, and
slow down and spread out the flow of the water to reduce flooding. These projects are also
capable of removing nutrient and sediment pollutants in several ways. First, the projects retain the
sediment and attached nutrients in a stable, restored stream back or channel that would
otherwise be delivered downstream by an actively eroding stream. Some projects can also
increase the interaction of the stream baseflow with groundwater, and promote conditions that
lead to nitrogen removal. Lastly, projects that reconnect a stream to its floodplain help trap and
retain sediment and nutrients carried in smaller floods. 
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Natural Channel Design (NCD) - Application of fluvial geomorphology to create stable channels that maintain a
state of dynamic equilibrium among water, sediment, and vegetation such that the channel does not aggrade
or degrade over time. 
Regenerative Stormwater Conveyance (RSC) - Refers to two specific classes of stream restoration: dry channel
and wet channel. The technique uses a series of step pools, in-stream weirs, and/or sand seepage wetlands
to increase floodplain connection and nutrient processing.
 Floodplain Restoration (FR) - Practitioners generally take one of two basic design approaches to reconnect
incised streams with their floodplains: raising the stream bed and legacy sediment removal. The technique
includes creating low-bank conditions, shallow groundwater, enhancing hyporheic functions, and increasing
the runoff diverted into the floodplain for treatment.
 Outfall and Gully Stabilization (OGS) - Refers to practices that use an engineering approach to design a stable
channel to dissipate energy that extends from the upland source to the stream channel.

Four Different Approaches can be used to restore streams:
1.

2.

3.

4.



Stream Restoration Approaches

Natural Channel Design
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Floodplain Restoration

Regenerative Stream Channel

As part of a comprehensive watershed approach
Geomorphic evidence shows active stream degradation
The index of biological diversity for the stream scores as
fair or worse
Hydrologic evidence shows the floodplain is
disconnected from the stream
Evidence shows that legacy sediments are prevalent in
the project reach
Evidence that stream functions can be improved 
Adjacent land becomes available through eminent
domain due to flooding and offers opportunities for
floodplain reconnection
Some of the best locations are streams that run through
public parks and municipal land

Stream Restoration Qualifying Conditions
The goals for stream restoration projects can vary. It is
important to understand the location, design and
maintenance of the project in the context of the restoration
goals in order to avoid potential adverse environmental
impacts. 

A complete list of qualifying conditions can be found in Section
3.1 of the "Unified Guide for Crediting Stream and Floodplain
Restoration Projects in the Chesapeake Bay Watershed".

Stream restoration projects are best implemented when:

Verification  
The maximum duration for the removal rate for stream
restoration projects is 5 years but it can be renewed based
on the inspection to ensure that the project is still existing,
stable, and maintained properly to achieve the project's
intended restoration goals.
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Outfall and Gully Stabilization

Focus on the dominant protocol in the project reach
Utilize a two-stage inspection

first stage: perform a rapid inspection to assess the
BMP condition
second stage: perform a forensic inspection to
diagnose the cause of problems and potential
recovery  

Trained field inspections rely on simple indicators along
the reach
Establish numeric failure thresholds for the reach and
tie specific management responses to each threshold
The quality of inspection is greatly improved when
inspection crews have access to good documentation
on the original project constructions
Remote unmanned aircraft (drones) can be used 

Recommended Inspection Approach

https://chesapeakestormwater.net/wp-content/uploads/dlm_uploads/2021/10/Unified-Stream-Restoration-Guide_FINAL_9.17.21.pdf


Definition
This is the zone along the project reach where the overall rate of lateral bank retreat is measured before and
after a channel is restored, which is a key input into the prevented sediment protocol.

The area of restored channels and floodplain wetlands used to calculate nitrogen reduction credits using
Protocol 2. A zone located below and alongside a stream, occupied by a porous medium where there is an
exchange and mixing of shallow groundwater and the surface water in the channel. 

This term quantifies the benefit that a given project may provide in terms of bringing streamflow in contact
with the floodplain. The FRV is defined as the additional annual volume of streamflow that is effectively
diverted onto the available floodplain, riparian zone, or wetland complex, over the pre-project volume.

The area where low energy conditions encourage trapping and filtering of sediments and organic matter in
the floodplain during and shortly after storm events. 

Stream segments connected to open or closed channel segments within zero to first order channels where
water first originates in a stream system. 

The zone connecting upland land uses and urban drainage (swales, ditches and storm drain pipes)
discharging stormwater discharges into the perennial stream network. 

A zone located below a stream and extending into the floodplain, occupied by a porous medium where there
is an exchange and mixing of shallow groundwater and the surface water in the channel. 

Legacy sediments are defined as sediment stored in the valley bottoms as a byproduct of accelerated erosion
caused by landscape disturbance following European settlement (Miller et al 2019). 

Term
Bank Erosion Zone
(BHZ)

Effective Hyporheic
Zone (EHZ)

Floodplain
Reconnection Volume
(FRV)

Floodplain Trapping
Zone (FTZ)

Headwater channels

Headwater Transition
Zone (HTZ)

Hyporheic Zone

Legacy Sediment

Evaluate options for combining stream and floodplain restoration with stormwater, forestry, and agriculture BMPs
Identify and remedy site-specific source(s) of impairment in the stream and floodplain
Follow guidance from appropriate federal, state, or local regulatory authorities regarding how existing high-quality
habitat and ecosystem functions are assessed
Give special consideration to protecting aquatic life and avoid disturbance
Clearly describe the proposed project's effects on local and downstream elevations
Assess potential for toxic contaminations
Minimize tree clearing during construction

Best Practice on Project  Planning and Design
Some of the key recommendations from the stream experts include:

There is a more complete list of best practices for all stages of design, construction and post-construction in the Unified Guide.
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Inadequate project assessment
Site-specific factors
Exposure to extreme flows
Care taken in project location, design, and
construction
Use of specific best practices to minimize
impacts

Potential Unintended Consequences
Stream restoration projects have the potential to
exert unintended environmental consequences.
The severity of impacts is related to:

Impacts need to be considered in relation to the stressors measured in a comparable
unrestored urban stream/floodplain system
Short-term adverse impacts are common during and shortly after construction, followed by
project adjustment and recovery over several years

General Notes on Impacts

New Definitions

Top right: tree loss

Bottom right:
lower dissolved
oxygen

Top left: iron
flocculation

 
Bottom left:

stream warming
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Computing the Pollutant Removal Credit 

There are five protocols to define the pollutant load reductions associated with individual stream restoration projects. The
protocols are additive (except P1 and P5), and an individual stream restoration project may qualify for credit under one or
more of the protocols, depending on its design and overall restoration approach. Jurisdictions may find it beneficial to
perform the calculations as a part of their design contracting to optimize the project's pollutant reductions.

Protocol 1: Credit for Prevented Sediment during Storm Flow

This protocol provides an annual mass nutrient and
sediment reduction credit for qualifying stream
restoration practices that prevent channel or bank
erosion that would otherwise be delivered downstream
from an actively enlarging or incising urban stream. The
size of the credit depends on the length of the project,
the measured rate of bank retreat, and the height of the
eroding streambanks.

See section 2.2.1 in Unified Guide for more information

 Estimate stream sediment erosion rates and annual
sediment loadings (BANCS-modeled)
 Adjust project length to account for hard armoring
practices
 Convert streambank erosion to nutrient loading
 Estimate stream restoration efficiency

The protocol follows a basic four-step process to
compute mass reduction credit for prevented sediment:

1.

2.

3.
4.

Upper Watts Branch Pre-Restoration Bank Erosion

Technical Resources Index
Protocol 1 Design Example

Spreadsheet Tool for Erosion Rate Estimates
Bulk Density and soil Nutrient Concentration Methods

Guidance
BEHI Protocol Guidance
NBS Protocol Guidance

Protocol 2: Credit for Instream and Riparian Hyporheic Nutrient Processing

This protocol provides an annual mass nitrogen
reduction credit for qualifying projects that include
design features to promote denitrification during base
flow. Qualifying projects can receive credit under
Protocols 1 and 3, and use this protocol to determine
enhanced nitrogen removal through denitrification
within the effective hyporheic zone during base flow
conditions. The size of the credit is related to the size of
the effective hyporheic zone, the presence of carbon
sources, groundwater flows, the connection to the
floodplain and aquifer conductivity.

See section 2.2.2 in Unified Guide for more information

Define the extent of the EHZ
Apply the denitrification rate to the EHZ
Apply the site-specific discount factors to adjust the
base denitrification rate
Calculate the total nitrate removed

The protocol follows a four-step process to determine
enhanced nitrogen removal:

1.
2.
3.

4.

Technical Resources Index
Protocol 3 Design Example

Restored Floodplain Velocity Case Study Analysis
Developing Regional Flow Duration Curves for Protocol 

3
Non-Tidal Wetland Expert Panel Report

Derivation of Protocol 3 (Historic) from EPR

EHZ Cross-section View

https://chesapeakestormwater.net/download/11431/
https://chesapeakestormwater.net/download/11439/
https://chesapeakestormwater.net/download/11443/
https://chesapeakestormwater.net/download/11447/
https://chesapeakestormwater.net/download/11451/
https://chesapeakestormwater.net/download/11476/
https://chesapeakestormwater.net/download/11480/
https://chesapeakestormwater.net/download/11484/
https://chesapeakestormwater.net/download/11484/
https://chesapeakestormwater.net/download/11484/
https://www.chesapeakebay.net/documents/Wetland_REC_BMP_Panel_report_WQGIT_approved_18Mar2020.pdf
https://chesapeakestormwater.net/download/11488/


Protocol 4: Credit for Dry Channel RSC as an Upland Stormwater Retrofit
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Computing the Pollutant Removal Credit (cont.)
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Protocol 3: Credit for Floodplain Reconnection Volume

This protocol provides an annual mass sediment and
nutrient reduction credit for qualifying projects that
reconnect stream channels to their floodplain over a
wide range of storm events. Qualifying projects receive
credit for sediment and nutrient removal under
Protocols 1 and 2 and use this protocol to determine
enhanced sediment and nutrient removal through
floodplain wetland connection. 

See section 2.2.3 in Unified Guide for more information

 Determine the treatment depth in the FTZ
 Identify the channel flow, floodplain flow at the
treatment depth in the FTZ, and mean baseflow
 Develop an appropriate flow duration curve from
comparable USGS gauge station
 Determine the treatable flow
 Determine the load delivered to the project site
 Apply the appropriate floodplain wetland pollutant
removal rate

The protocol follows a six-step process to determine
enhanced sediment and nutrient removal:

1.
2.

3.

4.
5.
6.

Technical Resources Index
Protocol 3 Design Example

Restored Floodplain Velocity Case Study Analysis
Developing Regional Flow Duration Curves for Protocol 

3
Non-Tidal Wetland Expert Panel Report

Derivation of Protocol 3 (Historic) from EPR

Davis Branch Activated Floodplain

This protocol computes an annual nutrient and
sediment reduction rate for the contributing drainage
area to a qualifying dry channel RSC project. The rate is
determined by the volume of stormwater treatment
provided in the upland area using the retrofit rate
adjustor curves developed by the Stormwater Retrofit
Expert Panel.

See section 2.2.4 in Unified Guide for more information

 Determine CDA conditions
 Calculate RSC retrofit storage
 Enter it into the standard retrofit equation
 Use the adjustor curves to determine the site
removal rates
 Calculate site load reduction

The protocol follows a basic five-step process to
compute the final removal rate:

1.
2.
3.
4.

5.
Technical Resources Index

Protocol 4 Design Example
Stormwater Retrofit EPR

Annapolis Harbor Center RSC

https://chesapeakestormwater.net/download/11476/
https://chesapeakestormwater.net/download/11480/
https://chesapeakestormwater.net/download/11484/
https://chesapeakestormwater.net/download/11484/
https://chesapeakestormwater.net/download/11484/
https://www.chesapeakebay.net/documents/Wetland_REC_BMP_Panel_report_WQGIT_approved_18Mar2020.pdf
https://chesapeakestormwater.net/download/11488/
http://chesapeakestormwater.net/download/3714/
https://chesapeakestormwater.net/download/11492/
http://chesapeakestormwater.net/download/3714/


Title of Resource

A Unified Guide to Crediting Stream and Floodplain Restoration Practices in the
Chesapeake Bay Watershed
Recommended Methods to Verify Stream Restoration Practices Built for Pollutant
Crediting in the Chesapeake Bay Watershed
Recommendations for Crediting Outfall and Gully Stabilization Projects in the Chesapeake
Bay Watershed
Consensus Recommendations for Improving the Application of the Prevented Sediment
Protocol for Urban Stream Restoration Projects Built for Pollutant Removal Credit
Consensus Recommendations to Improve Protocols 2 and 3 for Defining Stream
Restoration Pollutant Pollutant Remove Credits

Type of
Resource
Expert Panel
Report
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Computing the Pollutant Removal Credit  (cont.)
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Protocol 5: Credit for Outfall and Gully Stabilization (OGS) Practices

This protocol is an adaptation of the prevented
sediment protocol that is applied to highly incised
channels in the headwater transition zone that are
experience severe vertical erosion problems The goal is
to create a stable channel that dissipates energy
extending from storm drain outfalls to the stream
network. The new channel is reconstructed to achieve
an equilibrium state where future sediment loss is
minimized or eliminated altogether. The size of the
credit depends on the degree of vertical incision
encountered in the headwater transition zone. 

See section 2.2.5 in Unified Guide for more information

 Define the existing channel conditions
 Define the equilibrium channel conditions
 Calculate the total volume of prevented sediment
erosion
 Convert total sediment volume to annual prevented
sediment load
 Determine annual prevented nutrient loads

The protocol follows a five-step process to compute
annual prevented nutrient loads

1.
2.
3.

4.

5.

Technical Resources Index
Protocol 5 Design Example

Protocol 5 FAQ Document (Lowe, 2020)
Example OGS Projects (MDOT SHA)

OGS Site Screening Appendix

Schematic of Headwater Transition Zone

Resources

https://chesapeakestormwater.net/wp-content/uploads/dlm_uploads/2021/10/Unified-Stream-Restoration-Guide_FINAL_9.17.21.pdf
https://chesapeakestormwater.net/wp-content/uploads/dlm_uploads/2019/07/Approved-Verification-Memo-061819.pdf
https://chesapeakestormwater.net/wp-content/uploads/dlm_uploads/2019/10/FINAL-APPROVED-OUTFALL-RESTORATION-MEMO-101519.pdf
https://chesapeakestormwater.net/wp-content/uploads/dlm_uploads/2020/03/PROTOCOL-1-MEMO_WQGIT-Approved_revised-2.27.20_clean_w-appendices.pdf
https://chesapeakestormwater.net/wp-content/uploads/dlm_uploads/2020/10/FINAL-Approved-Group-4-Memo_10.27.20.pdf
https://chesapeakestormwater.net/download/11496/
https://chesapeakestormwater.net/download/11500/
https://chesapeakestormwater.net/download/11504/
https://chesapeakestormwater.net/download/11508/

