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Jurisdictions throughout the Chesapeake Bay watershed have implemented approximately 266 miles of stream 

restoration by 2010, with an additional 84 miles planned as reported in the Phase 3 WIPs 

Stream restoration in the Chesapeake watershed

Streams are restored for many motivations and goals throughout the Chesapeake Bay watershed

 often, but not always, for TMDL crediting

Stream restoration approaches vary across differing goals, land use setting, regulatory agencies, and contractors:

e.g. Natural Channel Design vs. Legacy Sediment Removal vs. Floodplain Reconnection vs. Regenerative Stream Conveyance vs. Beaver Dam Analogues vs. ….

T. Thompson



State of the science and the art of stream restoration

Crediting: Holistic outcomes:

“In general, stream restorations have led to minimal improvement to stream aquatic 

biota, effective ‘stabilization’ of channel form over time, moderate improvements to 

water quality, and short-term negative impacts to riparian vegetation.”

Evidence base is mostly from urban streams



Turtle Creek

Valley and Ridge

Tributary of West Branch of Susquehanna R.

Union County, PA

24 stream miles

 9 miles listed as impaired

13 mi2 drainage area

 47% agriculture

 46% forest

(PA DEP 2013)



Turtle Creek: stream impairment

Stream degradation →

Regulatory/policy drivers → 

Goals → 

Design approaches/practices → 

Monitoring → 

Outcomes

Causal Chain (STAC 2024)

PA DEP



Turtle Creek: before restoration

“A Total Maximum Daily Load (TMDL) for sediment was 

developed to address impairments noted in Pennsylvania’s 

2004 Section 303(d) and Integrated Lists.  The impairments 

were documented during biological surveys of the aquatic 

life present in the watershed (10/17/2001). Excessive 

siltation resulting from agricultural activities and small 

residential runoff has been identified as the cause of these 

impairments in the basin.“



Turtle Creek restoration: 4+ miles of less intensive, less expensive,  holistic restoration

Many log vanes and mudsills and shaved banks, plus stream crossings and fencing, and riparian tree planting



Restored and Unrestored stream locations

Restored  2013, 2014, 2014, and 2019

Measured over 3 years: 2019/2020 to 2022/2023 



Locations of measured stream reaches

4 Restored and 4 Unrestored reaches

 One Downstream reference Unrestored



Measurements of geomorphic change in each stream reach

Restored and unrestored reaches measured for 3 yrs after restorations: 5 x-sections per site.



Restoration effects on channel shape
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→ Stream channel widened 2X



Calculation of sediment fluxes

Streambank Flux = lateral change rate (m/yr) * height (m) * bulk density (g/cm3) = kg/m/yr

Floodplain Flux   = vertical change rate (m/yr) * width (m) * bulk density (g/cm3) = kg/m/yr

Net Balance Flux = Streambank + Floodplain Flux

Erosion = negative (reach is losing sediment)

Deposition = positive (reach is storing sediment)



Restoration effects on sediment fluxes

p=0.042 p=0.112 p=0.030

→ Streambank erosion changed from erosional to depositional

→ Net Balance changed from slightly to greatly depositional

-1.9 cm/yr +0.7 cm/yr



Restoration effects on sediment fluxes

Restoration p=0.006

Drainage area p=0.020

Interaction p=0.040

Restoration p=0.070

Drainage area p=0.630

Interaction p=0.820

→ Floodplain deposition 

increased 7X at 

headwaters



Uncrewed aerial systems (UAS; drones)



UAS can better identify stream instability

Drones produce much higher resolution imagery and topography than other remote sensing (e.g. plane lidar)



UAS measure geomorphic x-sections over larger reach

Terrain analysis confirmed that field-based measurements were representative of larger reaches



Restoration effects on sediment fluxes

p=0.112 p=0.312 p=0.665

→ Streambed likely coarsened 2X



Summary of restoration effects on sediment fluxes

→ Net Balance increased 7X

Net = +13 Net = +94



Summary of restoration effects on sediment fluxes: N and P



Turtle Creek restoration successes



Turtle Creek in context:

USGS Chesapeake & Delaware Floodplain Network (CDFN)

Measure long-term rates of streambank erosion using 

dendrogeomorphology

68 sites over Chesapeake and Delaware watersheds diversity

Noe et al. 2022 | ERL

Predictions of change, flux, and load (kg/yr) per 

NHDPlusV2 1:100K stream reach 



5 to 52 km2 drainage areas
Streambank erosion only, not floodplain deposition

Just dendrogeomorphology and surveying, no sediment characteristics 

https://doi.org/10.3133/fs20243030 

https://www.sciencebase.gov/catalog/item/62fea68ed34e3a4442876167

Turtle Creek in context:

USGS + VT Stream Team



Summary of restoration effects on sediment fluxes: N and P

CDFN floodplain:

+130 sed

+0.31 N

+0.09 P

CDFN streambank:

-62 sed

-0.09 N

-0.03 P

Net = +13 Net = +94

CDFN net:

+69 sed

+0.22 N

+0.06 P



Streambank

Erosion

Area

Rate

(cm2/yr)

[lateral erosion rate * streambank height]

USGS CDFN + ST

Turtle Creek:

Unrestored average

=   -108 

CDFN+ST:

Unrestored average

=   -231 



The original Chesapeake Bay Program TMDL crediting system assigned a 

default rate of 369 kg/m/yr (248 pounds/ft./yr).  An expert panel 

concluded that stream restoration should be provided a TMDL credit 

calculated as a reduction in streambank erosion by 50%, or a 185 kg/m/yr 

(124 pounds/ft./yr) reduction due to restoration (prevented erosion; 

Berg et al., 2013);

The measured to agricultural total net reduction in sediment net 

balance flux due stream restoration in Turtle Creek averaged +54.5 

pounds/ft./yr (+81 kg/m/yr).

CBP crediting

The current protocol requires a site-specific calculation (Altland et al., 

2019), and currently applies the urban stream restoration protocol to 

agricultural settings due to the insufficient number of agricultural 

stream studies



Conclusions

Streams are restored for many motivations and goals throughout the 

Chesapeake Bay watershed, with differing outcomes

Turtle Creek stream restorations were very effective

 - 7X increase in preventing downstream sediment

 - Improvement of habitat

 - Relatively low cost and low impact



Streambank Lateral Erosion Rate

Streambank Total Height

Streambank Lateral Area Erosion Rate

USGS CDFN + ST

Turtle Creek:

Unrestored average

-1.9 cm/yr

0.59 m

-108 cm2/yr

 

CDFN+ST:

Unrestored average

-1.7 cm/yr

1.24 m

-231 cm2/yr 
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