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INTRODUCTION

• Keith Binsted – 8 years old 

• Aspiring Hydrologist

• Favorite Food: Pizza Bagels



INTRODUCTION
• Keith Binsted – 30 years old 

• Underwood & Associates – 100+ projects
• Partner, Lead Designer: 2019 – present
• Lead Designer: 2017 - present
• Restoration Designer: 2015 - 2017

• Metropolitan Washington Council of Governments
• Watershed Assessment Intern: 2014

• SUNY Environmental Science & Forestry – 2015
• Bachelors of Environmental Science, Watershed 

Science focus
• Minors in Urban Environmental Science, Water 

Resource Management



INTRODUCTION
Underwood & Associates

• Established 1990

• Inventor & Patent holder of Regenerative Stream Channel (RSC)

• 1,000+ ecosystem restoration projects of varying size and complexity
• Stream-Wetland Complex Restoration

• Nature-based Stormwater Retrofits

• Dynamic Living Shorelines

For more information, visit: 

https://www.ecosystemrestoration.com/aboutus
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DISCLAIMERS!

1. This is a complex topic – this presentation will include some 
simplifications and generalizations for the sake of time.  While 
every project site is different, there are overarching themes.

2. The science of stream restoration is constantly evolving – we 
learn from each project to improve the next.  There are 
ongoing debates between stream restoration professionals, 
which will fuel efforts to further the science of stream 
restoration.



WHAT IS STREAM RESTORATION?



WHAT IS STREAM RESTORATION?

“For the purposes of this workshop, stream restoration is broadly defined 
as an intervention to move a degraded ecosystem to a trajectory of 
recovery as informed by reference condition considering local and global 
environmental change.” 
- Tess Thompson Ph.D., Associate Professor, Virginia Tech

at:
Scientific and Technical Advisory Committee - The State of the Science and Practice of Stream Restoration in the Chesapeake:
Lessons Learned to Inform Better Implementation, Assessment and Outcomes
March 21-23, 2023



WHAT IS STREAM RESTORATION?

“The manipulation of the physical, chemical and biological characteristics 
of a site with the goal of returning natural/historic functions to a former 
or degraded aquatic resource.”
from:
Harman, W., R. Starr, M. Carter, K. Tweedy, M. Clemmons, K. Suggs, C. Miller. 2012.
A Function-Based Framework for Stream Assessment and Restoration Projects. US Environmental Protection Agency, Office 
of Wetlands, Oceans, and Watersheds, Washington, DC
EPA 843-K-12-006.



WHAT IS STREAM RESTORATION?

Reconnection of streambed and floodplain to slow water down, spread it 
out, and soak it in.



WHAT IS NOT STREAM RESTORATION?

Block wallsConcrete retaining walls Stone bank armoring

NEVER
Gabions, Dumped rip-rap, Sheet piling/planking, 

Geogrid/concrete/gabion mattresses, Non-
biodegradable soil stabilization mats/systems

RESTRICTED
Imbricated rip rap, 

berm/pool cascades, 
boulder revetments



WHY RESTORE STREAMS?



STREAM / WATERSHED HISTORY
“Prior to European settlement, beaver populations in North America were 
estimated to be around 60 to 400 million individuals (Seton, 1929), compared 
with just 9–12 million beaver today (Naiman et al., 1988; Pollock et al., 2015).”
- Scamardo, Julianne E., Sarah Marshall, and Ellen Wohl. 2022.  Estimating Widespread Beaver Dam Loss: Habitat Decline and 
Surface Storage Loss at a Regional Scale.” Ecosphere 13(3): e3962. https://doi.org/10.1002/ecs2.3962

“Paleoenvironmental information in the form of buried hydrosols, wetland plant 
macrofossils, and pollen (e.g., Brown, 2002; Davis et al., 2002) confirms that 
heavily vegetated, multi- threaded systems were much wetter than the 
contemporary, artificially drained river corridors to which we have become 
accustomed.”

“It is notable that every US state except Hawaii includes at least one Beaver 
Creek.”
- Wohl E, Castro J, Cluer B, Merritts D,Powers P, Staab B and Thorne C (2021) Rediscovering, Reevaluating,and Restoring 
Lost River-Wetland Corridors.Front. Earth Sci. 9:653623. doi: 10.3389/feart.2021.653623

https://doi.org/10.1002/ecs2.3962


STREAM / WATERSHED HISTORY



STREAM / WATERSHED HISTORY



“We propose that valley 
sedimentation not only 
resulted from accelerated 
hillslope erosion caused by 
deforestation and 
agricultural development (8, 
11) but also was coupled 
with widespread valley-
bottom damming for water 
power, after European 
settlement, from the late 
17th century through the 
early 20th century.”

- Walter, R.C. and Merritts, D.J., 
2008. Natural streams and the 
legacy of water-powered mills. 
Science, 319 (5861), pp.299-
304. DOI: 
10.1126/science.1151716

STREAM / WATERSHED HISTORY



- Walter, R.C. and Merritts, D.J., 2008. Natural streams and the legacy of water-
powered mills. Science, 319 (5861), pp.299-304. DOI: 10.1126/science.1151716

STREAM / WATERSHED HISTORY



STREAM / WATERSHED HISTORY
“Since 1950, the human population in 
the Chesapeake Bay region has more 
than doubled. Between 1980 and 2023, 
this number rose roughly 45%, from 
12.7 million people to 18.6 million 
people. While the rate of population 
growth is expected to slow in the 
coming years growth will likely exceed 
one million people each decade. The 
region's total population is expected to 
surpass 20 million people in less than 
10 years.”

 
https://www.chesapeakebay.net/issues/threats
-to-the-bay/population-growth

“While impervious surfaces currently 
cover less than 5% of the Bay 
watershed’s 64,000 square miles, they 
are spreading at the rate of 50,651 
acres or 79 square miles every five 
years, the groups’ analysis found. The 
District of Columbia encompasses 68.3 
square miles, by comparison.”

Tree cover declines, pavement spreads across 
Chesapeake watershed

Timothy B. Wheeler – Bay Journal 



STREAM / WATERSHED HISTORY
“Changes to hydrographs are perhaps the 
most obvious and consistent changes to 
stream ecosystems influenced by urban 
land use, with urban streams tending to be 
more ‘‘flashy’’, i.e., they have more 
frequent, larger flow events with faster 
ascending and descending limbs of the 
hydrograph. The primary driver of these 
changes occurs from a combined effect of 
increased areas of impervious surfaces and 
more efficient transport of runoff from 
impervious surfaces by piped stormwater 
drainage systems (Dunne and Leopold 
1978, Fig. 1).”
- Walsh, C. J., A. Roy, J. W. Feminella, P. D. Cottingham, P. M. 
Groffman, and R. P. Morgan. The urban stream syndrome: current 
knowledge and the search for a cure. P. Silver (ed.), Journal of the 
north american benthological society. North american benthological 
society, Lawrence, KS, 24(3):706-723, (2005).

Storm hydrographs by Ken Belt

From: https://www.chesapeakequarterly.net/V07N2/side1/



STREAM / WATERSHED HISTORY
In summary

1. Slow & wide stream-
wetland complexes were 
much more abundant

2. These streams-wetland 
complexes were buried by 
sediment-laden runoff 

3. Increases in impervious 
surfaces and drainage 
result in increased peak 
flows.
--------You are here--------

4. The stream channel reacts 
to the higher peak flow 
conditions, thus 
deepening and widening. -Cluer, B. and Thorne, C. (2014), A STREAM 

EVOLUTION MODEL INTEGRATING HABITAT 
AND ECOSYSTEM BENEFITS. River Res. Applic., 
30: 135-154. https://doi.org/10.1002/rra.2631



STREAM / WATERSHED HISTORY

- Walsh, C. J., A. Roy, J. W. Feminella, P. D. Cottingham, P. M. Groffman, and R. P. Morgan. 
The urban stream syndrome: current knowledge and the search for a cure. P. Silver 
(ed.), Journal of the north american benthological society. North american 
benthological society, Lawrence, KS, 24(3):706-723, (2005).

Maryland Department of Natural Resources – Maryland 
Biological Stream Survey – Current Stream Health Overview

https://dnr.maryland.gov/streams/Pages/streamhealth/Curr
ent-Stream-Health-Overview.aspx
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REASONS FOR STREAM RESTORATION
• EROSION CONTROL (FOR TMDL / INFRASTRUCTURE PROTECTION)

• WETLAND CREATION / ENHANCEMENT / RESTORATION

• FLOOD CONTROL / PEAK FLOW REDUCTIONS

• IMPROVE FISHERIES (FISH PASSAGE, NURSERY HABITAT) 
WATER QUALITY IMPROVEMENT

• WILDLIFE HABITAT CREATION / BIODIVERSITY

• PUBLIC SAFETY 

• RECREATION / IMPROVED ACCESS

• RARE, THREATEN, ENDANGERED (RTE) SPECIES RECOVERY

• CARBON SEQUESTRATION



REASONS FOR STREAM RESTORATION

Wohl E, Castro J, Cluer B, Merritts D,Powers P, Staab B and Thorne C(2021) Rediscovering, Reevaluating,and Restoring Lost River-Wetland 
Corridors.Front. Earth Sci. 9:653623. doi: 10.3389/feart.2021.653623

RIVER-
WETLAND 
COORIDORS 
PROVIDE ALL 
OF THESE 
ECOSYSTEM 
FUNCTIONS



EXISTING CONDITION REFERENCE CONDITION

HOW IS STREAM RESTORATION ACHIEVED?



GENERAL REFERENCE CONDITIONS

JM, Thorne CR. The stream evolution 
triangle: Integrating geology, hydrology, and 
biology. River Res Applic. 2019; 35: 315–
326. https://doi.org/10.1002/rra.3421



HOW IS STREAM RESTORATION ACHIEVED?

Changing Views of the River – Dorothy Merritts, Robert Walter, Patrick Fleming, Michael Rahnis, Su Fanok, Simon Shenk, and Jeremy Zimmerman

STEP 1 – Improve 
valley connectivity 
(excavate floodplain)



HOW IS STREAM RESTORATION ACHIEVED?

STEP 1 – Improve 
valley connectivity 
(raise streambed)



HOW IS STREAM RESTORATION ACHIEVED?

STEP 2 – Provide 
vertical grade control



HOW IS STREAM RESTORATION ACHIEVED?

STEP 3 – Establish surface 
and sub-surface flows 



HOW IS STREAM RESTORATION ACHIEVED?

STEP 4 – Plant, Plant, Plant! 



TYPES OF STREAM RESTORATION
• Natural Channel Design

• Many Channel Types

• Regenerative Stream Channel
• Baseflow Channel

• Legacy Sediment Removal

• Valley Restoration

• Beaver Dam Analogs
• Beaver Reintroduction

• Stage 0 Restoration



NATURAL CHANNEL DESIGN



NATURAL CHANNEL DESIGN



REGENERATIVE STREAM CHANNEL



REGENERATIVE STREAM CHANNEL



REGENERATIVE STREAM CHANNEL

BEFORE



BASEFLOW CHANNEL



BASEFLOW CHANNEL



Changing Views of the River – Dorothy Merritts, Robert Walter, Patrick Fleming, Michael Rahnis, Su Fanok, Simon Shenk, and Jeremy Zimmerman

LEGACY SEDIMENT REMOVAL



LEGACY SEDIMENT REMOVAL

http://www.bsr-project.org/photos.html



VALLEY RESTORATION



BEAVER DAM ANALOGS



BEAVER DAM ANALOGS

BEAVER REINTRODUCTION



STAGE 0 RESTORATION



WHAT IS STREAM RESTORATION?

Reconnection of streambed and floodplain to slow water down, spread it 
out, and soak it in.



EXISTING CONDITION REFERENCE CONDITION

HOW IS STREAM RESTORATION ACHIEVED?



DESIGN CYCLE



CATTAIL CREEK – EXISTING CONDITIONS



CATTAIL CREEK – EXISTING CONDITIONS



CATTAIL CREEK – EXISTING CONDITIONS



CATTAIL CREEK – PROPOSED CONDITIONS



HOW IS STREAM RESTORATION ACHIEVED?



CATTAIL CREEK – AS-BUILT CONDITIONS



CATTAIL CREEK – AS-BUILT CONDITIONS



CATTAIL CREEK – AS-BUILT CONDITIONS



CATTAIL CREEK – AS-BUILT CONDITIONS



CATTAIL CREEK – AS-BUILT CONDITIONS



CATTAIL CREEK – AS-BUILT CONDITIONS



CATTAIL CREEK – AS-BUILT CONDITIONS



MONITORING & RESEARCH
PROJECT 
REMOVES:

45.8% 
PHOSPHORUS

49.7% 
NITROGEN

73.8% 
SEDIMENT



MONITORING & RESEARCH
“Results of study 
provide evidence 
that RSCs 
decrease 
pollutant loads 
and improve 
natural 
hydrological 
functions.”

Increased baseflow by 
6%, compared to a 6% 
loss of baseflow in the 

control



ADAPTIVE MANAGEMENT
• We might not always get it right the 

first time due to the complexity of 
nature, or due to factors outside of 
our control

• Monitoring & research inform 
adaptive management and continue 
afterwards to inform future needs

• Common adaptive management:
• Re-plantings

• Invasive species removal

• Repair grade controls



CAUTIONS & CAVEATS
Ecological amnesia, and the shifting baseline syndrome
• “The idea that each generation perceives the environment into which it's 

born, no matter how developed, urbanized or polluted, as the norm. And 
so what each generation comes to think of as 'nature' is relative, based on 
what it's exposed to.” – Peter Kahn

What do we restore to?  What is our reference system? 
• This leads us to the reference system enigma – there are no “pristine 

streams” in this region to compare to our restorations.  Instead, focus on 
the trajectory of the ecosystem.

Is the reference system even relevant?
• We cannot restore all variables to their historic values, and we need our 

ecosystems to serve certain purposes today to address modern problems.



CAUTIONS & CAVEATS
Due to changes in hydrology, 
what appears to be a stream 
now may not have been a 
stream yesterday.

When comparing restorations 
of new ephemeral streams 
back into wetland complexes, 
use the correct comparisons 
to measure success.



CAUTIONS & CAVEATS
In urban stream corridors, our 
goal should be to manipulate 
the stream valley to provide 
as much of the historic 
functions as possible in the 
modern context.

BUT - Restoration potential for 
urban stream valleys is limited 
by development that has 
encroached upon floodplains 
and the upstream 
contributing drainage area.



CAUTIONS & CAVEATS
Stream restoration is not a 
miracle cure. We must moderate 
our expectations for a site based 
on its restoration potential.  

Within urbanized watersheds, 
restoration to ‘pristine’ biology 
may be out of our reach - but we 
can restore basic ecosystem 
functions.



CAUTIONS & CAVEATS

“There are no solutions, there are only trade offs; 
you try to get the best trade off you can get, that’s 
all you can hope for” - Thomas Sowell, economist

Newly constructed ecosystems take time to 
mature.  Research shows these projects continue 
to improve over time.



QUESTIONS?

FOR MORE INFORMATION VISIT ECOSYSTEMRESTORATION.COM

SIGN UP FOR OUR NEWSLETTER (BOTTOM OF WEBSITE HOME PAGE)

CONTACT ME AT KEITH.BINSTED@ECOSYSTEMRESTORATION.COM



Stream Restoration STAC - The Chesapeake Nontidal Watershed History and Evolution of Stream Degradation 
Patterns and Restoration

Matthew Cashman - US Geological Survey - Maryland-Delaware-DC Water Science Center - 21–March-2023

STREAM / WATERSHED HISTORY in AACO
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