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BSR Floodplain-Wetland Restoration Experiment Rationale

1. Mid-Atlantic streams with high banks are not natural, and
they are sources of sediment and nutrient loads.

Pre-
J—
2.| Legacy sediments typically bury Pre-Settlement wetlands.
3.| Buried wetland soils bear evidence for stable and resilient
wetland conditions for the last 10k years.
Rarely Overbank Removal Frequently Overbank

4.] Removing legacy sediments reduces a prominent source of
—— suspended sediment and nutrients to streams:

5.] Removal creates the hydraulic conditions necessary to
restore the buried wetland ecosystem.

6.| It also creates an accommodation space for frequent flooding
to interact with emergent wetland vegetation.

7.| These are optimal conditions for carbon and nutrient
retention, including and especially denitrification.
\

8. The restoration target is the buried wetland soil.
Walter and Merritts, 2008; Forshay et al., 2022
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Big Spring Run - Our First Look at the Pre-Settlement Hydric Soil
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Floodplain-Wetland Restoration Policy Implications

Natural Floodplain, Stream, and Riparian
Wetland Restoration Best Management Practice

Definition and Nutrient and Sediment Reduction Efficiencies
For use in Phase 5.0 of the Chesapeake Bay Program Watershed Model

Recommendations for Formal Approval by the Nutrient
Subcommittee's Watershed Technical Workgroup, the
Modeling Subcommittee and the Nutrient
Subcommittee’s Sediment Workgroup

This document summarizes the recommended definition and nutrient and sediment
reduction efficiencies for the Natural Floodplain, Stream, and Riparian Wetland
Restoration Best Management Practice. The Tributary Strategy Workgroup, the Modeling
Subcommittee, and the Sediment Workgroup were asked to consider and review the
proposed practice at their meetings on March 5, 2007, April 3, 2007, and April 26, 2007,
respectively. Attached to these recommendations is a full accounting of the Chesapeake
Bay Program's discussions on this practice and how these recommendations were
developed, including data, literature, data analysis results, and discussions of how various
issues were addressed.

PA DEP 2007

BSR Restoration

1. Based on a better understanding of the
mechanisms responsible for the origin and
stability of natural landscape patterns.

2. This landscape-scale experiment enables PA
DEP to assess whether this new restoration
approach will optimizs ecosystem function and
restores ecosystem services.

3. Long-term monitoring will determine
whether restoring floodplains and riparian
wetlands will improve hydro-geomorphic
conditions, ecosystem services, and water
quality.

Hartranft et al., 2011

10




BSR Design Criteria

Began September 2011

1. Flows greater than normal spring base flows will be
conveyed through the floodplain.

2. Woody material will be placed within the channel to
increase the water surface elevation during base flow.

3. Legacy sediments will be excavated and removed from
the valley bottom.

4. Channel plan form will be based on increasing flow
retention and flow exchange from the channel into the
adjacent hyporheic zone and across the valley bottom.

5. Stumps and woody material will be placed frequently
within the channel and floodplain to provide additional
denitrification potential, habitat and base-flow grade
control.



BSR Design Objectives

1. Objectives: Restore the ecological potential at Big
Spring Run.

2. Maximize Stream Stability: Based upon the pre-
settlement valley geomorphology and
stratigraphy, modern bed material analysis,
watershed area, and other hydrologic and
hydraulic design considerations, the allowable
boundary shear stress within the channel will be
less than 0.3 lbs per square ft. Therefore, the
design depth from base flow water surface to
floodplain will vary between 0.3 and 0.7 feet,
depending upon the local water surface slope.

Completed November 2011



BSR Design Objectives and Goals

Completed November 2011

3. Maximize Nutrient Reduction:

Nitrogen — (a) increasing the amount and availability
of carbon based material, (b) increasing the retention
time and flow contact with the carbon based material
and (c) increasing the base flow channel water
elevation to promote hyporheic exchange and
increase hyporheic zone ecosystem function

Sediment and phosphorus —(a) removal of the main
source (legacy sediment removal); (b) frequent
overtopping of channel flows into the floodplain and
(c) increase floodplain area and roughness to increase
flow retention time.



Stream Restoration Objectives™® Applied at Big Spring Run

i. Reduce suspended sediment & total P loads
ii. Increase surface water retention time on floodplain

iii. Add Dissolved Organic Carbon (DOC) — enable frequent overbank flow

iv. Attenuate flows — slow water velocity

v. Reconnect floodplain wetlands with surface water and groundwater —

*Recommendations of EPA/CBP Expert Panel on Stream Restoration (2014)
Sections 3.2 and 3.3




Conceptual Model for Pre- and Post-Restoration
Carbon & Nitrogen Changes
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BSR 13/Cs Activity by Landscape Position
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Biogeochemistry
httpsZ/doi.org/10.1007/510533-022-00975-z
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Check for
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Unearthing a stream-wetland floodplain system: increased
denitrification and nitrate retention at a legacy sediment
removal restoration site, Big Spring Run, PA, USA

Increased Soil Carbon Mineralization

Pre- Post-

Kenneth J. Forshay '~ - Julie N. Weitzman'~ - Jessica F. Wilhelm'" - Jeffrey Hartranft -
Dorothy J. Merritts'> - Michael A. Rahnis - Robert C. Walter " - Paul M. Mayer -

* The site dramatically shifted from a system starved of organic C to a
sediment matrix capable of denitrifying excess NO3

ol Carbon Mineralzaton (gm™ yr )
S ——
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* The observations made at BSR support the hypothesis that when Caniol o addion [l *N 93O, [l +C as cexvose [l +C 8 +N (Potensal
organic matter accumulates over time and interacts over a "
biogeochemically active plant-sediment matrix, restoration can :
drive a system to shift past a state of excess NO3-N with low organic CRy :
C, to lower NO3-N with higher C:N due to higher processing rates § ' :
under conditions of higher C availability. & » j:
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* Based on these observations, one should expect similar results in —
similar situations. Increased de-N Potential



BSR Key Monitoring Outcomes

Sediment Removed: ~21,955 tons (LandStudies)
Sediment Source: 85-100 % from banks (F&M/USGS)
Sediment Load Reduction: 600 tons/yr (71% USGS/F&M)
Total P Removed: ~50,500 lbs (F&M) (79% - USGS)

Total N Removed: ~63,600 Ibs (F&M)

Increase de-N Potential: Shift from carbon-starved to high
C:N denitrifying microbial ecosystem (EPA)

Nitrate Reduction: 12-23% (EPA)
Total SRP Reduction: 37% (EPA)
Carbon Storage: OM doubled in 10 years (F&M)

Surface Water T: Temperature modulation (F&M)

Biological Indicators: Shift from upland, invasive
dominated to aquatic ecosystem dominated plant
communities. Other indicators — fish, birds, diatoms,
amphibians show increased species richness and diversity
(Johns Hopkins, Drexel, Elizabethtown, PA DEP).

Cost Effectiveness:, LS removal reduces S and TP loading
rates at a substantial cost savings compared to standard
practices, and it is competitive for TN. 22
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Ehiocicn What’s Soil Got to Do with Climate Change?
OF AMERICA®

Todd Longboitom, Leila Wahab, Dept. of Life and Environmental Sciences, University of California Merced, Merced, California 95343,
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.Grazlng 2 4 6 8 10 12 14
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Enhanced
.R:‘,?gmmw PgCO,eq per year
! Restore Histosols
1 ha=2.47 acres
TABLE 1. CLIMATE MITIGATION POTENTIALS OF VARIOUS LAND USE
PRACTICES ACCORDING TO POSSIBLE AREA OF PRACTICE ADOPTION
Practice Climate Mitigation Potential ~ Area of Practice Adoption ~ References
(Pg CO, eq yr) (Mha)
Forests
Reforestation
Natural forest management 1.8 3665 1,2
Improved forest plantations 0.5 204
Agriculture and Grasslands
Biochar 1.7 2000-3000
Conservation agriculture 0.8 750-2000
Grazing—Optimal intensity 0.4 500-2000 23
Cropland management 15 750-2000 '
Rice management 0.3 20-50
Enhanced root phenotypes 0.1 1000-2000
Wetlands
Restored histosols @ 2,3
“Siry et al., 2005

2Griscom et al., 2017
3Paustian et al., 2016

Wetlands are 32x more efficient at storing carbon that forests

9,052 ac

247 ac



Big Spring Run Before Legacy Sediment Removal & Wetland Restoration
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Typical Existing Conditions (April 2005) — Three Years of Pre-Restoration Monitoring (2008 to 2011) -



Big Spring Run Immediately After Restoration

Restoration Completed, November 2011 —On-Going Post-Restoration Monitoring (2011 to Present)
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Big Spring Run Seven Months After Restoration

June 2012 — Beginning of first growing season, seven months after restoration
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Big Spring Run Floodplain Wetland Restoration

Telemonitor Cam33 09/18/2012:07:41

Storm of 18 September 2012




Big Spring Run Drone Aerial Video (9/6/18 ):
From downstream (unrestored) to upstream (restored)




Conclusions

e Stream bank erosion is a major source of high suspended and nutrient
loads.

* The restoration experiment at BSR shows substantial reductions in
suspended sediment and phosphorus loads, and improvements in
carbon storage and denitrification potential.

e Additional benefits include: (a) improved aquatic ecosystem services,
frequent overbank flow across a broad, low wetland floodplain; (b)
flood attenuation; (c) groundwater recharge; (d) surface water
temperature modulation; and (e) economically sustainable and cost-
effective.

* These benefits will continue to improve as the wetland ecosystem
matures.
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