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Agenda
1. Brief and boring introductions
2. Background on Chesapeake 

Bay and SR as a nutrient 
offset for TMDL purposes

3. Costs associated with SR
4. Variables that affect ROI
5. The Wisconsin Connection!
6. Discussion points and 

questions



Safety
Moment

Safety Culture: 
• Assess Risk
• Be Aware
• Wear the Proper PPE



1. Introduction
Who is this guy and when am I going to get these 50 minutes of my life back?



Josh Running
• National Technical Lead –

Ecosystems Restoration (US)
• Williamsburg, VA
• 19 years of experience



Racine 





2. Stream Restoration as a 
Nutrient Reduction Offset (credit)
Note: The purpose of this presentation is focused on costs and the application of stream 
restoration as a nutrient reduction offset.  However, it is recognized that there are many 
other benefits to a stable stream and that doing restoration purely for the nutrient benefit is 
not the intention of this discussion



Quick Ches-Bay Download

Costs are for SWM only (Total = $13.6-15.7B if include Ag, WW) and are attributed to Local Governments and State 
Agency in Virginia.  Costs (source: VA Senate Finance Committee).

Largest Polluter in the Chesapeake is Sediment.   Also Carries with it other Macro Nutrients (N &P) 

The Chesapeake Bay (CB)
• 1983: CB Agreement leading to formation of CB 

Program Office and CB Executive Council

• 1987 & 2000: CB Landmark Agreements

• 2009: E. O. declaring CB a National Treasure

• 2010: CB TMDL established; 6 Bay States and DC 
begin WIP development to achieve 2025 goals

• 2013: Regulatory changes in Virginia alter way MS4 
localities & agencies plan and develop in the Bay

• 2018 & 2023: Incremental Numeric Reduction 
Target dates for VA MS4s ~1.25% & ~8.75%)

• 2025 Target Date: Reduction of Pollution Levels 
by 20-25% over 2009 levels*  

*Cost estimated at $7-10 Billion.  



The Role of Stream Restoration

• Degraded and Eroding Urban streams are and can be a significant 
source of sediments and nutrients.  Some estimates have found: 

“almost ¾ of the sediment…in streams…comes from channel and 
bank erosion with only about ¼…coming from upland soil erosion”. 
(Osmond et al. 2012 summarizing several watershed studies) 

• Stream restoration is very cost effective solution 
($/lb basis compared to traditional SWM)

• CBPO estimates that 418 miles of Urban Stream Restoration will be 
implemented in VA and MD alone by 2025*

Some Debate 
Here 

*(NOTE: estimates include historical projects and is derived from Phase 2 WIP submissions to EPA in 2012 and summarized by 
Jeff Sweeney of EPA CBPO.)



CBPO Stream Restoration Expert Panel Report 

Stantec invited to “test drive” Report
~ May 2013 – Oct 2013 

Developed to outline methods to quantify 
sediment and nutrient reductions from 
individual projects in an effort to “credit” 
projects to help offset reduction requirements



Methods to Quantify Reductions:

- Default Removal Rate
 Fixed rate of TN, TP, TSS reductions per L.F. of stream restoration (ex: 

0.068 lbs/LF/yr x 1,000 LF = 68 lbs TP/yr)

OR
- Application of 4 Protocols from Expert Panel Report…they are:

1. Credit for Prevented Sediment During Storm Flow 
2. Credit for Instream & Riparian Nutrient Processing 
3. Credit for Floodplain Reconnection Volume 
4. Dry Channel RSC as an Upland Stormwater Retrofit

CBPO Stream Restoration Expert Panel Report 



Interim/Default Removal Rate

One Size fits all? 
0.068 lbs TP/ft/yr
Sediment loss from stream banks varies depending on many factors including rate 
of lateral erosion, bank heights,  hydrology and hydraulics, channel geometry, 
landscape position, sediment dynamics, historical development, conditions in 
upland watershed, soils, vegetation, etc.

0.068 lbs TP//ft/yr 0.068 lbs TP/ft/yr 0.068 lbs TP/ft/yr= =

2 ft

10 ft 15 ft+



 P3- Credit for Floodplain 
Reconnection Volume

CBPO SR Expert Panel Report: 4 Protocols 

 P2- Credit for Instream & Riparian 
Nutrient Processing within the Hyporheic
Zone During Base Flow

 P4- Dry Channel RSC as an 
Upland Stormwater Retrofit

 P1- Credit for 
Prevented Sediment 
During Storm Flow 



Protocol 1 – Prevented Sediment 

Acceptable Approaches to Application of P1:

• METHOD 1: BANCS - (BEHI/NBS) for yearly tonnage 
with default  concentration of 1.05 lb P/ton Sed, 
2.28 lb N/ton Sed

• METHOD 2: Direct Measurement - Site monitoring 
with bank pins/toe pins/cross-section surveys, soil 
samples and precipitation monitoring 

• METHOD 3 Alternative- Modeling Approach 



P1 Method 1 – BANCS
Prevented Sediment 



BEHI/NBS Field Assessments 

Protocol 1: Method 1 – BANCS

Photo 2: Reach 2 
(BEHI Very High, NBS Extreme)



BEHI/NBS Field Maps



Bank Erosion Rate (BER) Curve 

- USFWS  
(Hickey Run)

- NC Revised

- Colorado
- Yellowstone
- Sequoia
- Local Curves

Figure B-1. Bank Erosion Rate Curve Developed by the USFWS [Hickey Run].  Appendix B, Protocol 1 Supplemental 
Details.  Recommendations of the Expert Panel to Define 
Removal Rates for Individual Stream Restoration Projects. 2014, Sept 8.  

Protocol 1: Method 1 – BANCS



Sediment & Nutrient Reduction Estimates

NC Rev. BER Curve 

Hickey Run BER Curve (USFWS) 

Default Rate Comparison

* Default/interim rate = 0.068 lbs TP/LF/yr x 172 LF = 11.7 lbs TP/yr

Protocol 1: Method 1 – BANCS



Protocol 1: Method 1 – BANCS
Comparing Application of Various Bank Erosion Rate (BER) Curves  

1 Most projects utilizing default nut. concentrations & 50% efficiency
2 Utilized measured nutrient concentrations in stream bank soils for low estimate.  



P1 Method 2 – Direct Measurement

• Nutrient Concentrations in soils
• Bulk Density 

• Lateral Erosion Rates (Toe/Bank Pins) 



Default Nutrient Concentration in Stream 
Bank Soils (P1 BANCS)

One Size fits all? 
1.05 lbs TP/ton Sediment
Nutrient Concentration in stream bank soils can 
vary widely depending on soil type, geology, 
vegetation, historical land use, soil applications, 
and other factors



Protocol 1: Method 2 – Direct Measurement
(Nutrient Concentrations in Stream bank Soils)

• CBPO Default TP concentration:

aaaa

1.05 lbs TP/ton sediment 
(~525mg/kg) selected as 
CBPO default value for ALL 
projects. However, range is 
0.19 – 1.92 (10 x)

• 2013 White Paper Sample Findings:
Looked at 16 past Restoration Reaches w/ 124  
bankline soil samples 



Protocol 1: Method 2 - Direct Measurement
(Nutrient Concentrations in Stream bank Soils) 



• WEG (Stantec) 2013 White Paper Findings: 

Number of 
Projects

Sample Locations by 
Physiographic 

Province1
Test Year

Total # of 
Samples1

TKN Conc. 
Range (lbs 

TN/ton SED)2

TKN Conc. 
Avg. (lbs 

TN/ton SED)

TP Conc. 
Range (lbs 

TP/ton SED)2

TP Conc. 
Avg. (lbs 

TP/ton SED)

16
Piedmont lowland & 
upland, Coastal Plain

2008-
2013

124 0.06-3.12 0.62 0.02-4.24 0.33

1 All projects in tidewater and northern Virginia; most projects tested 2-5 samples; three projects contained a large number of samples;
2 TKN as Total Kjeldahl Nitrogen; TP tested with USEPA SW-846 method; total samples for TKN less than TP
3 All samples tested at A&L Eastern Laboratories in Richmond, VA and reported as ppm; results coverted to lbs/ton of SED by WEG.

Summary: 
124 sample Average = 0.33 lbs TP/Ton Sediment 
w/ range of 0.02 – 4.24 (vs. 1.05 lbs TP/Ton Sediment CBPO default)
(High value is 100 x greater than low value)

Yikes!

Protocol 1: Method 2 - Direct Measurement
(Nutrient Concentrations in Stream bank Soils) 



Protocol 1:Method 2 – Direct Measure
(Example Project)

• Didn’t have time to monitor 
the site for even ½ year.   

• Performed a BANCS 
(NC Curve) : 358 tons/year 

• Collected soil samples within 
the channel and in the field 

Field TP = 1250 ppm

Forest TP = 314 ppm



Protocol1 : Method 2 – Direct Measurement 
Nutrient Concentrations in Stream bank Soils 
(Example Project )

• Potential Mitigation Bank Located in 
the Piedmont

• Required to show uptick in water 
quality value to proceed

• Spring-fed streams eroding into 
pasture, minimal wooded riparian 
corridor



10’+ Headcut
12-24’ Banks
No Vegetation left
Highly erodible soils
Just nasty

CBPO SR EP Report, Pg 33 
“Monitoring through methods 

such as cross section 
surveys or bank pins is 
the preferred approach…”

P1 Method 2 – Direct Measurement
Lateral Erosion Rate



Monitoring Needed
(Project Application)

• Network of Bank Pins
• Soil Concentrations
• Rainfall Observation
• ½ year – No  Bankfull

events (conservative)



Toe/Bank Pin Monitoring

Soil Loss over 1 Year

Stream Bank 
Profile 2015

Stream Bank 
Profile 2016
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>50% efficiency Spotsylvania County, VA (400 LF)

CBPO SR EP Report, Pg 36 :
“The Panel felt that efficiencies greater than 50% should be allowed for projects that 

have shown through monitoring that the higher rates can be justified subject to 
approval by the states.  This will hopefully promote monitoring (e.g., Big Spring Run 
in Pennsylvania) of stream restoration projects.” 

PRE – RESTORATION POST – RESTORATION 



Monitoring Results
(Lateral Erosion Rate) 

• Extrapolated for 1 year
• Provided range using lower soils 

concentration
• 90% efficiency was estimated 

(rather then 50%)

Bank 
Length (ft)

Bank 
Height (ft)

Lateral 
Erosion 

(ft)
Volume 
Lost (cf)

15 15 2.0 450
61 17 2.0 2074
83 16 0.3 332
88 15 0.1 132

105 19 0.1 199.5
70 21 0.1 147
89 23 0.1 204.7
38 17 0.1 64.6

SUM 3603.8

10/21/14 – 03/10-15 
(~5 months)

2 ft



Monitoring Results
(Comparison Applying Various 
Lateral Erosion Rate) 

Default 
0.09ft/yr

NC: 
0.65 ft/yr

Hickey: 
1.0 ft/yr

Measured: 
2 ft/yr

NOTE: 
Lateral erosion rates for NC and Hickey in graphic are adjusted to 
BEHI/NBS VH/Extr 5 month rate.  
Default rate estimated from TP removal, bank ht and other factors. 



3. Costs Associated with Stream Restoration 
and Nutrient Removal



Costs for removal – Traditional Stormwater

20-75K



Phosphorous Removed – 111 LB/YR
Total Project Cost - 700K 

Project A Spotsylvania County, VA (400 LF)

Per Pound of P - $6,306
Value in Watershed – 1.65 Million
( 15k/LB x 111lbs)



Per Pound of P - $8,511
Value in Watershed – 2.4 Million
(17k LB X 141 LBS)

York County, Virginia
800 LF

Phosphorous Removed – 141 LB/YR
Total Project Cost 1.2 Million 

Project B
York County, VA



Per Pound of P - $2,563
Value in Watershed – N/A

Phosphorous Removed – 2575 LB/YR
Total Project Cost 6.6 Million +/-
Estimated – Not constructed yet

Project C
Harford, MD (5288 LF)



Nutrient Removal Cost Summary  

• Traditional Stormwater         
• Nutrient Bank (in VA only) 
• Project A*                
• Project B**
• Project C***          

* Construction completed.  Numbers reflect actual measured bank recession and 
soil concertation rates.   Project efficiency was 90% (not 50%).

** Construction completed.  Number reflect actual measured soil concentration  
rates but utilized NC Curve.   Project efficiency was 50%.

*** Construction cost estimated.  Numbers reflect actual measured soil 
concentrations, bulk densities and recession rates.  Project efficiency was 50%.

$20-75K per LB P
$15-20K per LB P
$6,306 per LB P
$8,511 per LB P 
$2,563 per LB P                      



4. Variables that affect ROI on 
Nutrient Stream Restoration Projects



Bulk Density 

Note: The USDA has some quick methods to help get a fairly accurate idea of bulk density.

equals 0.068 lbs TP/ft/yr

• Expert Panel Recommendations  - 125 lb/ft3 
• Rivermorph Software default – 96 lb/ft3
• Project C – 87 lb/ft3 



Soil Nutrient Concentrations  

0.068 lbs TP/ft/yr equals 0.068 lbs TP/ft/yr

• Expert Panel Recommendations  - 1.05 LB P/ton of sed
(range 0.19 – 1.9 LB/Ton)

• 124 Samples (Stantec paper) - 0.33 LB P/ton of sed
(range .02 – 4.24 LB/ton)

• Project C – 1.10 LB/Ton of P (18 samples)
• Observation –nutrient concentrations are typically higher in 

fields then forested environments



Bank Recession Rates  

equals

• BEHI/NBS Highly Variable & Subject to Evaluator’s BPJ.
• Using a High/High combination (BEHI/NBS)
• North Carolina Curve – 0.2 FT/YR
• Hickey Run Curve – 1.0 FT/YR
• Measured at Project C 2.3 – 2.5 FT/YR*
• (Project A > 2.0’ +/- (Bank Pins Fell Out)

* Measurements occurred for 9 months and 
were extrapolated for a year.



5. The Wisconsin Connection
Its available as an opportunity (DNR Docs) 
- Some discussion and clarification needed on application.    



The Wisconsin Connection

equals

It is available as an opportunity (DNR Docs)
- Shown below as a factor for P



The Wisconsin Connection

equals

Spec references to stream restoration 
practices 



The Wisconsin Connection

equals

Plum Creek (2016 DNR Grant) as an example…
- 24 of 43 miles eroding (45% of TSS loads?)

(



6. Discussion Points and Questions

! and ?



- 2010 EPA CB TMDL Documents 
began to include some 
estimates for bank 
erosion….followed by the 2012 
studies that further built upon it.

- Watershed Dependent 
(Urbanization and geologically 
dependent)

- Bank erosion just became to big of 
a concern to ignore…thus the 
2014 document for SR removal 
rates.    

Discussion Points (#1)
1. There is come uncertainty on how much stream channel erosion 
was considered in WI TMDL modeling, and therefore the allocations 
generally do not consider them.  
- The Chesapeake Model did not predict stream erosion as a major 
source of sediment initially.  It was not considered a significant source 
until the landuse models did not correspond with their in-stream WQ 
monitoring stations.



- Chesapeake Localities are expected to maintain outfalls 
as well.  All stormwater originating onsite must be 
discharged to stable, competent channels.  But, with 
streams and rivers, much of the problems can pass though 
these areas, typically a result of activates upstream that 
are not the responsibly of the MS4 locality.

- Project examples Lithia Road.

Discussion Points (#2)
2. MS4 communities are expected to stabilize and maintain the 
streams within the extents of the regulated areas.



Project Example: 
VDOT Troutville, VA – Lithia Rd Back Creek
- Aggrading channel a result of watershed 

conditions. Upstream of road, further exasperated 
by a poor restoration attempt.  

- Impassible 5 times a year….major road for the 
area.      



- Natural Channel Design, Fish Habitat, Proper Geomorph, and 
improved flood conveyance.

Project Example: 
VDOT Troutville, VA – Lithia Rd Back Creek



- The accumulation of data and understanding its reliability takes 
time and money.  But, things can be done NOW to start building 
that data set while focusing on specific project monitoring to 
start.

Discussion Points (#3)
3. We don’t have the data to support the widespread use, and do 
not have the resources to expend on getting it.



One of the research needs identified is 
to “Provide support for the 

development of regional stream 
bank erosion curves for the 
BANCS method using local 

stream bank erosion estimates 
throughout the watershed and a 

statistical analysis of their 
predicted results. Ideally, 

measured bank erosion rates within 
each subwatershed or County would 

be used to validate the BANCS 
Method specific to that location.” 

CBPO Stream Restoration Expert Panel 
Section 8.2 Research Management and Needs

Local Bank Erosion Rate Curve Research Need



Local Regional Bank Erosion Rate Curve 

Replace w/ actual map showing 
locations 

Map of Toe Pin Installations by Locality 

New Data Collection Effort Began in 2015:
- 26 project sites 
- 62 Toe pin installations 
- Collaboration with Local Gov. partners, Fairfax, USFWS, others;
- DEQ, recent increased interest/participation



Toe Pin Installation

Soil Loss over 1 Year

Stream Bank 
Profile 2015

Stream Bank 
Profile 2016
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Cross Section Overlays
Local Regional Bank Erosion Rate Curve 

j

tims

5/10/16 5/16/17



Regional Bank Erosion Rate Curve 

1 # of points approximate and
for planning purposes only

BEHI/NBS Combo Bank/
Toe Pin Installations



Bank Erosion Rate (BER)
Preliminary Comparison of Lateral Erosion rates at select cross section applying various Methods1

1 Values presented herein represent a preliminary sample of findings and are subject to change.  Lateral rates (ft/yr) represent average rate 
and differ along bank height.
2 Default avg. erosion rate represents estimate of TP default removal rate converted from lbs TP/LF/yr to ft/yr assuming 1.05 lbs TP/ton Sed, 
96 lbs/cf, and noted bank height. 



In the Mean time…
Once you identify a project…start monitoring it right 
away….then quantify.  

Most projects take over a year to design (NR studies, topo, 
engineering, permitting etc..) before implementation.



Conclusions and Discussions  
- The Chesapeake Bay localities has studied their 

watershed and TMDL’s and have begun to use stream 
restoration as a wide spread tool for nutrient and 
sediment reduction.

- Wisconsin is just beginning to get into the discussion of 
its use, but hurdles remain.

- Consider using lessons learned and application 
techniques to get a jump on implementation. 



Questions?Questions?Questions?
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