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Two Main Questions:
• What are the effects of an urban stream restoration on 

loads of nutrients and total suspended solids (TSS)?

• What are the cumulative impacts of stream restorations and 
other BMPs on loads of nutrients and TSS in urban 
watersheds?

Hypotheses:
• Loads leaving the stream restoration will be lower than 

loads entering.

• Loads from watersheds will reflect the cumulative impact of 
BMPs within the watershed.

• Affects on loads of different forms of N and P will differ.



Why compare loads of different forms of N and P 
when TMDLs are for total N and total P?

• Different forms of N and P have different potentials for causing algal 
blooms.  

• Dissolved inorganic forms are more bio-available than particulate and 
organic forms (Glibert et al. 2016).

• Mechanisms of N and P removal differ for different forms of N and P.  
• Nitrate may be removed from stream water by denitrification and 

particulate N and P may be removed by sedimentation. 

• The Chesapeake Bay Program concluded that it is important to consider 
the different impacts of different forms of N and P to manage 
eutrophication (Shenk et al. 2020).
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Two Main Approaches for
Assessing Effects of BMPs:

• Measured fluxes of nutrients and TSS 
through a stream restoration.

• Compared discharges of nutrients and 
TSS from watersheds with different 
management practices in place.



RSC

Fluxes through a Regenerative 
Stormwater Conveyance (RSC)
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Design and Plans:
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Bay Engineering, Inc.
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Concentration X Water Flow = Load

Load in – Load Out = Amount Reduced

% Reduction = (Amount Reduced / Load In) X 100 

Calculating Reduction

Nitrate plus nitrite loads were reduced by 70% 

Inlet and outlet loads were significantly different 
(p<0.01, paired T test)



RSC effects on loads of other nutrients and TSS?

No significant differences between inlet and outlet loads of:

TSS, P forms, or N forms (except nitrate plus nitrite).

p>0.10 paired T test.



RSC

Comparing watersheds with different management practices.

What are the watershed-scale effects of BMPs? 



Comparing watersheds with different management practices.

31% Impervious

64-66% 
Impervious

What are the watershed-scale effects of BMPs? 



Rock weirs at junction of West and Allen Branches:  
Automated Samplers 4 and 5

4

5

Google Earth



Allen Branch 
RSC
Watershed 5

Step Pools and 
Rock Weirs

Google Earth
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Vertical lines denote significant 
difference between adjacent 
watersheds (p<0.5 paired T test)

Note: TSS lbs/1000

< ½ of TP

Do loads of total P and TSS reflect the effects of BMPs?



Why was nitrate plus nitrite the only nutrient 
reduced by the Harbour Center RSC and 
reduced to concentrations below those in 
rain?



Muddy Creek Watershed

450 m
RSC



0
0.2
0.4
0.6
0.8

1
1.2
1.4

nh4 nh4

MCr Harb

Ammonium 
mg/L

Series1 Series2

0
0.2
0.4

no3 no3

MCr Harb

Nitrate mg/L

Series1 Series2

0

1

2

3

4

5

6

TN TN

MCr Harb

Total N mg/L

Series1 Series2

Muddy Cr Harbour Muddy Cr Harbour Muddy Cr Harbour

Inlet

Outlet

Comparing flow weighted 
mean concentrations at the 
inlets and outlets of the two 
restored stream reaches.

Data for Muddy Creek are from Thompson et al. 2018. Ecological Engineering 124:7-18
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Higher concentration may enhance reduction
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Implications for Management:

Low concentrations of nutrients and TSS may 
decrease the potential and the need for reductions.

Concentrations should be measured before 
restorations to gauge the need and expectations for 
reductions.
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Possible “Translation” Points:

For Regulators:

Stormwater BMPs, including stream restoration, particularly in series, appear to be effective in 
terms of reducing TN, TP, and TSS, even without accounting for the benefits of prevented 
sediment associated with stream restoration.

Urban environments may not be contributing nearly the same levels of nutrient and sediment 
pollution to downstream waterways as agricultural watersheds, particularly once stream 
corridors are stabilized.

For Regulators and Practitioners:

It will likely require a critical mass of stormwater practices installed in an individual sub-
watershed to achieve significant pollutant reductions.

Practices need to be installed within the watershed locations where they will actually 
intercept/arrest pollutants.
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