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STORMWATER NUTRIENT REDUCTION

Using Riparian Buffers and Upland Urban Forest Systems
August 29, 2017 | StormCon 2017, Bellevue, WA
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Presenter
Presentation Notes
Trees in our built environments provide not only desirable co-benefits (shade, air quality, aesthetics) but also quantifiable stormwater benefits to residents and visitors.

It is our intention today to encourage the use of urban forest systems, both upland and riparian, in our urban designs to maximize stormwater runoff quality.
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Overview

e Forest System Function

e Urban Forest Systems
* Nutrient Load Reduction Research
» Benefits/Costs

e Riparian Buffers

e Architecture
e Nutrient Load Reduction Research

e Case Studies
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Presenter
Presentation Notes
So today we want to look at how natural forest systems function to reduce nutrient loading and share some research comparing them to urban systems.

Then we will look at the current research looking at nutrient load reduction from upland urban forest systems and talk about some of the costs to consider when using these systems.

From there we will move into the bottomland forest systems looking at the make-up of a these systems and some nutrient load reduction research for them.

Lastly, Jennifer will walk you through a case study from a project in up-state New York that looked at riparian buffers as a viable practice to reduce nutrient loading.
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Stream Nutrient Research:
Forest vs Urban

For every 10% increase in forest cover
water treatment costs decreased by
approximately 20%

 Ernst et al. 2004

Increased forest cover = decreased N
and P concentration

» Schoonover et al., 2005, 2006 (NO;)
 Deemer et al., 2012 (DIN)

Source: Google Earth, 2015

Increased urban area = increased nutrient concentrations
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Presenter
Presentation Notes
Natural forest systems consist of tree canopy cover to retain rainfall and reduce its intensity, ground cover to temporarily store rainfall and reduce runoff velocity, and permeable soil to store runoff and filter pollutants.  It is this system that provides relatively clean water for consumption and recreation.

In a 2004 American Water Works Association Opflow article, Ernst et al found that for every 10% increase in forest cover in the source area (the supplying watershed), treatment costs for potable water decreased by about 20%

Research from two different parts of the country with dramatically different storm intensity patterns show that with increased forest cover in a watershed there is a decreased concentration of N (85-90% in Pacific Northwest and 63-81% in the Southeast) and P (65-80% in PNW) in the receiving stream.

Both studies concluded that with increased urban development comes increased nutrient concentrations.

So how can we use our natural resources to help us mitigate urban stormwater runoff?

“The strong negative relationship between ‘forest and woody wetland’ and both TP and DIN concentration suggests that this land use type is particularly important in reducing stream nutrient loading”  Deemer et al. 2012

Schoonover JE, Lockaby BG, and Pan S. 2005. Changes in chemical and physical properties of stream water across an urban-rural gradient in western Georgia. Urban Ecosystems, 8: 107-124.

Schoonover JE and Lockaby BG. 2006. Land cover impacts on stream nutrients and fecal coliform in the lower Piedmont of West Georgia. Journal of Hydrology, 331: 371-382.

Deemer B, Goodwin K, Lee T, Birchfield MK, Dallavis K, Emerson J, Freeman D, Henry E, Wynn L, and Harrison J. 2012. Elevated Nitrogen and Phosphorus Concentrations in Urbanizing Southwest Washington Streams. Northwest Science, 86: 237-247.
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Urban Forest Systems Help Control Volume

« Rainfall retention
« Temporary detention
* Intensity reduction
* |ncreased infiltration
« Research review articles
« Teague and Kuehler 2016
— Stormwater
« Kuehler et al. 2017
— Ecohydrology
* Berland et al. 2017
— Landscape and Urban Planning

i THE JOLIRNAL FOR SURFACE WATER OIU.MLTT-\r PRDFESSIUFAL
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Urban Furest L
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Presenter
Presentation Notes
Last year in Indianapolis we discussed how urban forest systems help to control stormwater runoff volume by retaining a percentage of rainfall in the tree canopy, temporarily detaining rainfall on aboveground portions of trees and reducing rainfall intensity under canopy to slow runoff velocity, and increasing infiltration rates under canopy.

We won’t spend any time discussing this here, but there are review articles available to help make the case of using these systems to reduce volume.  It would make sense that if volume is reduced then pollution loading would likewise be reduced.
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Nutrient Reduction by Trees in GSI Practices

Three Australian studies: Soil+Tree % Reference
» Read et al., 2008 (mg L) Reduced

— 3 tree species

_ TN 2.2 1.8-2.3  -5%-18%* Read et al., 2008
- Bratieres et al., 2008 6.68 1.19 82% Bratieres et al., 2008
— 1 tree species (Melaleuca)
NO, 0.38 0.01-0.16 58-97%* Read et al., 2008
 Denman et al. (2015) 5.23 0.38 93% Bratieres et al., 2008
. 0/A*
_ 4 common street tree species 7.43 1.96 74% Denman et al., 2015
TP 0.11 0.06-0.10  9-45%* Read et al., 2008
Sandy loam mesocosm study 0.083 0.070 16% Bratieres et al., 2008
« Typical biofiltration media
PO, 0.075  .020-.025 67-73%* Read et al., 2008
— 4 -10% compost 0.064 0.034 47% Bratieres et al., 2008
« Sat. hydraulic Conductivity 0.85 0.18 79%* Denman et al., 2015
_ 90 - 180 mm/hr Reduction compared to unplanted systems

*Averaged over entire study period
30 August 2017 6


Presenter
Presentation Notes
How effective are individual trees at reducing nutrient loading?

Three studies out of Australia have looked at nutrient reduction by trees in stormwater practices with varying results.

Comparing nutrient uptake with treeless systems, these studies showed that trees reduced effluent nutrient loads by 
Up to 82% for total N
58-97% for oxidized nitrogen 
9-45% for total phosphorus
47-79% for phosphates

These results are highly variable and may be influenced by soil texture and plant maturity.
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Nutrient Reduction by Trees Compared to
Stormwater Dosing
— 14 —— Unplanted,
Dose | Soil+Tree Reduced Reference * 1 low SHC
(mg/L) | (mg/L) =z ) —=— Unplanted,
2.21 1.19 B 2008 & 10- medium SHC
ratieres et a : i U_nplanted.
NO 079  0.38 52 Bratieres etal,, 2008 & O Ly high SHC
X 2.0 1.96 2 * Denman etal., 2015 ®© ) y —e—Planted, low
TP 0.427 0.070 84 Bratieres etal., 2008 @ 4 T /I\ 6 = Planted,
_ c i - Bk - medium SHC
PO 3 0.127 0.034 74 Bratieresetal., 2008 S 2 4 Z ?‘\ —a » .\ Planted
* > - £ ot A -l 3, 1
4 0.6 0.18 70 Denman et al., 2015 g 0 | ....." \_-r high SHC
QO O 5 € 35 9D ag > 9
SE<3>28023
* Averaged over entire study period (13 months) Month

Low SHC =4 mm/hr
Medium SHC = 95 mm/hr
High SHC = 175 mm/hr
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Presenter
Presentation Notes
Compared to stormwater dosing on these systems, trees showed better, more consistent P uptake, however, N uptake was less consistent.

Denman also showed that by decreasing saturated hydraulic conductivity (SHC), essentially slowing the water velocity in the soil, decreased P in the runoff effluent and allowed for greater N uptake by trees from these systems.
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Urban Trees Reduce Nutrient Leaching to Groundwater
(Nidzgorski and Hobbie, 2016)

Effect of Park Trees on N Leaching into

|
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Presenter
Presentation Notes
Several studies have compared nutrient leaching under turf, individual trees, and forested sites in situ.

Amador et al. and Groffman et al. found that intact forested systems are most efficient at utilizing oxidized nitrogen by >75% compared to turf

Nidzgorski and Hobbie found N leaching into groundwater was reduced under deciduous trees by ~50% compared to turf, but found no difference between turf and evergreens.

They found more consistent reductions in P leaching under individual trees (both deciduous and evergreen) by >50% compared to turf.  

By scaling their results up to an urban sub-watershed they estimated that trees reduced P leaching to groundwater by 3.1 – 6.9 kg/km2).

It appears from these studies that the effectiveness of trees on reducing nutrient leaching is related to soil texture and site maturity.
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Managing Upland Urban Forest Systems to Maximize
Nutrlent Reductlon

} « Mimic forested Trade Offs
systems
Dry pollutant
— Increase leaf area deposition
* Layered canopy — Halverson et al., 1984
structure :
_ Annual foliage fall
» Provide adequate — Hobbie et al., 2012

rooting volume
« Slow runoff velocity

— Trees can take
up nutrients

Maintenance costs
 Natural disasters
e Utilities
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Presentation Notes
Upland urban forest systems can be managed to maximize urban stormwater nutrient reduction by mimicking forest systems.  

By increasing aboveground leaf area through layered canopy structure, rainfall intensity can be reduced thus allowing for more efficient stormwater infiltration into soil.
 
Provide adequate belowground volume for tree root exploration to encourage greater nutrient storage and uptake.

In our bio-retention treatments if we can slow the drainage velocity slightly, we should be able to increase stormwater nutrient uptake either through soil adsorption or tree uptake.

It is important to know what the trade-offs are when using urban forest systems as a component of a GSI treatment train.  

Tree leaves capture and retain air pollutants on surface area and becomes incorporated into stormwater runoff after a subsequent rain event.  If this wash-off does not infiltrate into the soil then it will be added to receiving waters nutrient loading.

Fall foliage retains a portion of the accumulated N and P that trees take-up.  This has been shown to increase receiving water nutrient loading upon decomposition.  Leaves also block water from passing through stormwater conveyances.

The urban forest resource can be also be susceptible to natural disasters such as ice and wind events potentially resulting in increased maintenance and clean up costs and reduced public safety.
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Structure of a Healthy
Riparian Buffer System

Schueler (2000)
» Architecture of Urban Stream Buffers
« Watershed Protection Techniques

— http://owl.cwp.org/mdocs-posts/elc_pwp39/
Minimum base width = 100’
Three-zone buffer system
e Streamside zone — 25’

— Protects integrity of stream
« Middle zone — variable width

— Protects key components of stream
e QOuter zone — 25’

— Buffer’s buffer

Google Earth


Presenter
Presentation Notes
Water travels from the upland system to the bottomland riparian buffer system.

Schueler describes the architecture of a healthy, urban stream buffer as having a minimum width of 100’ and three distinct zones.

The streamside zone should be 25’ wide to protect the integrity of the stream.

The middle zone should be variable in width depending on slope, flood zone, etc.  It provides protection to key components of the stream.

The outer zone should extend 25’ beyond the edge of the middle zone.  It functions as a buffer to the buffer to provide pre-treatment.

http://owl.cwp.org/mdocs-posts/elc_pwp39/
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Scientific Literature on Riparian Buffers

Wenger, 1999
Phosphorus effectiveness

« Short-term storage
— Linked to sediment removal

* P retention increases with buffer width
— Less effective at filtering soluble P

Nitrogen effectiveness

* Very high rate of N removal
— For surface and sub-surface runoff
— Includes nitrates and ammonium

» Denitrification increases with wider buffers
Pretreatment increases effectiveness

A REVIEW OF THE SCIENTIFIC LITERATURE
ON RIPARIAN BUFFER
WIDTH, EXTENT AND VEGETATION

s

Seth Wenger
for the
Office of Public Service & Qutreach
Institute of Ecology
University of Georgia

Revised Version = March 5, 1999

nstitute of Ecology, University of Georgia, Athens, Georgia, 30602-2202
706.542.3948 Ifowler@arches.uga.edu

Source: Wenger, 1999
30 August 2017 11
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Presentation Notes
Several good review articles exist, but Wenger does a good job of discussing nutrient reduction by riparian buffers.

In his review of the research, he points out that P reduction in riparian buffers is short term and should not be considered a long term remedy because P typically is attached to sediment or organic matter and over time the buffer can fill up.

Research shows that P retention increases to 70-80% with wider buffers, however, riparian buffers are less effective at filtering soluble P.

Buffers have shown to be very effective at removing nitrogen from runoff, both surface and sub-surface flow, by as much as 80-95%.  Wider buffers have been found to increase denitrification.

Wenger mentions that pretreating runoff before it reaches buffers can store significant amounts of excess nutrients.  So, upland forest systems with infiltrative stormwater practices can be one way to pretreat stormwater before reaching riparian buffers.



Case Study: Monroe County, New York

Alasslin

Coalition Mambear
Coalition Marnbsar - Violunies:

e

Monroe County

: N Stormwater Coalition

Wl i

n;:;l_jn-

Source: Monroe County, NY, 2017
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COUNTY

Goals
« Improve water quality in Allen Creek,
 Irondequoit Bay, Lake Ontario

« Support Great Lakes Water Quality
Agreement

Objectives

* Develop a watershed-based plan that
identifies retrofit projects

* Quantify average annual pollutant
load and runoff reductions from
retrofits

30 August 2017 12


Presenter
Presentation Notes
Introduce case study – 
Who (client)?
Where? – Monroe County, NY, Allen Creek watershed, discharges into Irondequoit Bay and ultimately Lake Ontario



Established in 2000, the Monroe County Stormwater Coalition is composed of 29 municipal members. By working together, Coalition members are able to comply with the federal stormwater regulations and improve water quality in a cost-effective manner. At this time, the Coalition is funded through membership fees and grants. 

The Coalition implements a wide range of projects and programs including public education, training for municipal employees and the land development community, demonstrations of practices that reduce polluted runoff from developed land, technical assistance with permits and erosion control, investigations of stormwater outfalls for indicators of illegal discharges, assessments of municipal facilities for opportunities to prevent pollution, and a Stormwater Master Plan for Monroe County to identify needed infrastructure.

Assessment provides Monroe County with a range of potential stormwater retrofit projects based on a watershed scale planning-level assessment. 
Recommended potential projects are expected to improve water quality and reduce stormwater runoff volumes and rates in the watershed
lay the foundation for more detailed future studies

GOAL to support The Great Lakes Water Quality Agreement is a commitment between the United States and Canada to restore and protect the waters of the Great Lakes. The Agreement provides a framework for identifying binational priorities and implementing actions that improve water quality. EPA coordinates U.S. activities under the Agreement.



Why Allen Creek Watershed?

Challenges:

« Urbanization — Allen Main Branch
 Agricultural — Allen East Branch
« Water quality degradation

— Nutrients,

— Sediment/silt, salt
— Fecal coliform

* 60 miles of stream on NY PWL

. i Design & Consultancy
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Lake Ontario
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Presenter
Presentation Notes
Location: southeast of Rochester, NY
Drainage Area: 
60 miles of stream on New York State Priority Waterbodies List (PWL) for Lake Ontario 

Established in 2000, the Monroe County Stormwater Coalition
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Project Drivers

Client “wants” Regulatory

* Quick * Federal Clean Water Act

* Cheap * NY State WQ

* Planning-level * Local stormwater
ordinances

Use existing data
— GIS based analysis

Consistency with other
completed SW assessments

— Ranking Criteria

— Support Stormwater Master Plan

30 August 2017 14



Approach

1. Collect data

2. Develop watershed model

3. Perform Desktop Analysis

4. Evaluate results

5. Rank retrofit projects

6. Final recommended projects

© Arcadis 2017
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GIS: land use, land cover, aerial imagery, hydrology, water
quality, infrastructure, parks, greenspace

Baseline conditions model

Site potential retrofit projects. Proposed conditions model

Average annual pollutant loads and runoff for baseline and
proposed conditions

Watershed benefits, feasibility, cost-effectiveness

Final list of top 25 projects

30 August 2017
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Presentation Notes
Estimate average annual load reduction from retrofit practices.  Simple method used to calculate average annual load = 
L = 0.226 x R x C x A



Watershed Treatment Model

Step 1. Calculate Pollutant Source Loads

Step 2. Calculate the benefits of Existing Management Practices

/ Loadswlth Eﬁi’ﬂﬂ/

Step 3. Calculate the benefits of Future Management Practices

'-m“""‘ Fxisting ./ ,. / Loads with Futurn

Step 4. Account for Future Growth

//Loads with Future " Loadewith
Piatias Future Growth ,
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CENTER FOR
WATERSHLD
PROTECTION
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Desktop Analysis

 Siting of potential retrofit
projects using GIS

* Project Types:
— Bioretention (Gl)

— Buffers

— Dry ponds
— Wetlands
— Wet ponds
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Potentlal Retrofit Projects in Allen Creek

Constructed Enhanced 1 Bioretention
; Dry Pond B wetand
a2 & Vilages [T Alen Main Forested Riparian Buller 1] Dry Pond
-m'm West Brook @ New Vet Pong Bl Forested Riparian Bufter
U AllenEast @ et Pond Retroft B New Wet Pond
R B Wet Pond Retrofit

0 05 1 2 "
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Presentation Notes
GIS-based desktop analysis using
Land use, land cover, roads, hydrology, HUCs, wetlands, political boundaries, aerial imagery, WQ monitoring locations


Project Ranking

Criteria:
 Watershed benefits

» Cost-effectiveness

* Feasibility

30 August 2017
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Project Ranking

Runoff Volume
Reduction
Load Reductions (largest to
(largest to smallest) smallest)

Total Total Score from
Total Nitrogen Phosphorus Total Suspended Rapid
(TN) (TP) Solids (TSS) Fecal Coliform (FC) Runoff Reduction Assessment

';IXINA:E Project ID (Ibs-g\lear) Project ID (Ibs-ll—;ear) Project ID (Ibl/?/gar) Project ID coch():n(izglli);)er;r) Project ID flz\e/tlz;cer;r-) Project ID Total Score
1 P1-E 819 P1-E 278 P1-E 56,650 P1l-E 64,758 P2-E 6 Rip-16-M 14
2 P13-E 602 P13-E 207 P13-E 41,271 P13-E 47,177 Rip-7-E 5 D1-E 13
3 P3-M 481 P3-M 193 P5-M 32,644 P5-M 36,651 Rip-12-E 4 D2-M 13
4 P5-M 469 P5-M 165 P3-M 30,715 P3-M 34,485 O1-M 4 D3-M 13
5 P1-M 393 P1-M 145 P1-M 26,550 P1-M 29,809 P3-E 4 D6-E 13
6 P2-M 292 P2-M 101 P2-M 20,603 P2-M 23,132 P4-E 3 D8-E 13
7 Witind-1-M 257 P12-E 87 P12-E 17,466 P12-E 19,965 Rip-14-M 3 P12-E 13
8 P12-E 254  Witind-1-M 75 W20-M 11,837 W20-M 13,290 Rip-15-M 3 P13-E 13
9 W20-M 168 W20-M 58 Wilnd-1-M 10,252 Wilnd-1-M 12,381 Rip-6-E 1 Pl1-E 13
10 W4-E 127 W4-E 44 W4-E 8,719 WA4-E 9,967 P5-E 1 P2-M 13

30 August 2017 21



Allen Creek Summary

Forested riparian buffers ranked
high among other BMPs In
terms of:

V Watershed benefits

&/ Feasibility
&/ Cost Effectiveness
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Conclusions: Allen Creek Case Study

Forested riparian buffers:

e Ranked high amongst other retrofit projects in terms of:

v" Watershed benefits
v" Feasibility
v" Cost effectiveness
@ Offer many additional co-benefits besides WQ and quantity, including:
v" habitat
v' recreational areas (e.g. parks, greenways, trails),
v" aesthetics
v" Low O&M costs

© Arcadis 2017 30 August 2017 23




Overall Summary

» Forested riparian buffers = viable option for
watershed restoration

* Most effective when used in conjunction with
other BMPs, structural and programmatic

» Treatment train approach (upland forest systems
+ riparian buffers)

Many co-benefits to communities:

« Water quality, water guantity, habitat, recreational
areas (e.g. parks, greenways, trails), aesthetics,
cost, public education + outreach

Forested riparian buffers benefit communities

i. | Design & Consultancy
for natural and
: built assets

30 August 2017
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Model Results: Allen Creek Main Branch

TN Reduction by BMP Type

10,000

1,000

100
) . . .

BMP Type

Total Nitrogen (lbs/yr)

=

= WET PONDS = BIORETENTION = DRYPONDS = RIPARIAN BUFFERS = WETLANDS


Presenter
Presentation Notes
** compare riparian buffers to other BMPs and show how they ranked in terms of load and runoff reductions 

Buffer areas vs watershed size



TN Reduction by BMP Type

m WET PONDS mBIORETENTION m DRYPONDS m RIPARIAN BUFFERS = WETLANDS




Maximum

Project Type Feasibility Watershed Benefits Cost Effectiveness Possible Score
Mew or Retrofit Mew projects: Infiltration = 2 points 3 points = 31 to 311 14
Emfgw-’ﬂmf Management | yvzcant public lands = 4 points Flood storage = 1 point 2 points = $12 o §25
onas COther public lands = 3 points Water quality = 1 point 1 point = =326 Mote: new ponds =
Projects on commercial property or HOA = 2 points Channel protection = 1 new storage
Ease of access = 1 additional point point
Education = 1 point
5 possible points| |3 possible points
[6 possible points
~ (Or)
Upgrades to existing stormwater facilities
On public land = 4 points
On private land with easement = 2 points
Ease of access = 1 additional point
5 possible points|
Green Infrastructure on 1. Planned road reconstruction = 5 points Imfiltration = 2 points 3 points =31 to 311 16
Public Highways 2. Area within ROW is: A or B soil types = 1 point | 2 points = $12 1o §25
» Vacantiunused paved = 3 points Water quality = 1 point 1 point = =526 based on table
» Lawn = 2 points Channel protection =1
» |n use by adjacent business = 1 point point _ . 13 possible points
3. Average number of properly owners: Education = 1 point _
« (One property owner per 125 or more linear feet = e
2 points
» Greater than one property owner per 125 feet = |8 possible points
1 point
I5 possible points|
Meighborhood Green Meighborhoods considered meet these criteria and Community revitalization = | Meighborhood green infrastructure a3




Maximum

Project Type Feasibility Watershed Benefits Cost Effectiveness Possible Score
Infrastructure receive 1 point each: 1 point practices vary in cost effectiveness
» Neighborhood was built in 1975 or before whose Water quality = 1 point from a score of 3 to 1; therefore,
stormwater is not being treated with any Education = 1 point average with 2 ponts each
management practice. Source control = 1 point
« Average property size is 10,000 square feet or DOINLS
larger, but less than 1 acre.
« A B, or Csoil type m
2 points
Other Green Infrastructure | Vacant public lands = 4 points Same as green Same as above 16

Retrofits

Other public lands = 3 points
Projects on commercial property or HOA = 2 points
Ease of access = 1 additional point

I5 possible points|

infrastructure on public
highways

[# possible points

[2 possible points




Cost Effectiveness Scoring

e Cost Effectiveness scores based on:
e planning-level cost estimates
e Retrofit project type
e Retrofit project drainage area

 Method limitations
e Cost of land acquisition
e Long-term forecasting of O&M costs

Source: Urban Subwatershed Restoration Manual No. 3 (Center for Watershed Protection 2007)
Guillozet et al. 2014
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