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Phosphorus

Essential nutrient: for lifie
Cyclic between Lanal & Water
Limiting AUtHERnt In firesh water

Identified in Stermwater as:
= Particulate-bound phosphorus
= Dissolved phosphorus (DP)
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Excess Phosphorus N fresh water
Eutrophication (over enrchiment):

= Algal blooms
Micro-toxins ...Toxic Cyanobacteria

= Hypoxia --- depletion of Dissolved Oxygen
Fish kills
Invasive species

Hampton Roads Bridge Tunnel - AUG. 18, 200
Photo — The Virginia-Pilot / Ryan Henriksen
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Dobe Point, Potomac Creek — July 2008
Photo - Friends of Stafford Creeks




Additional
Eutrophication Issues :

¥ Taste & odor problems water clarity
1 Fish & aquatic community

8 Recreational quality
8 Property values
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York River near Gloucester Point, VA - Sept. 9, 2005
Photo by Bill Portlock — Chesapeake Bay Foundation




Canadian
EXpermental
Lakes Area # 226:

Curtain divided! lake

Carboen & Nitrogen
added to) both sides

Phosphorus added
to lower half

ELA, Fisheries and Oceans Canada
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Chesapeake Bay Watershed

Relative Responsibility for
Pollution Loads to the bay

Nitrogen Phosphorus Sediment

Bay Barometer «@

Chesapeake Bay Program

CERTRS 26309 ERFAADE-RO9-001  March 2009



Typical Urban Stormwater
Phosphorus Sources

Fertilizers
Waste Water (CSO / Septic)
Animal Waste

Development ... Sediment Loss/ & exposure
Airborne Eallout: Dust, Pollen, Fossil Fuels
Vegetation / Leaves

Detergents
Hydrocarbons & Lubricants




| Chesapeake Bay
Pollen Load from
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Total Phosphorus
Stormwater Loading| by l.and Use
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EPA Stormwater BMP Design Guide, 2004




Total Phosphorus Load with
Increasing % Tree Canopy

% Tree Canopy

USGS Water-Resources Investigations Report 99-402




Stormwater
Total Phosphorus (TP) Partitioning

' 4

Particulate-Bound (PB) ™ -
Phosphorus .

Dissolved Phosphorus (DP)

= /ess tnan 0.45=micron

Soluble Reactive Phespherus (SRP) / Bio-available
“QUICK SUGAR™ for Algal Blooms

'_.




Stormwater Runoff

Phosphorus Partitioning by Land Use

Residential | Commercial | Industrial Open Space
Ave. TP
EMC (mgiL) 0.41 0.34 0.45 0.59
Ave. DP
EMC (mg/L) 0.20 0.18 0.16 0.16

TP = Particulate-bound phosphorus & Dissolved Phosphorus

DP = Dissolved Phosphorus

PB = Particulate-bound Phosphorus New York State DEC, 2008




Total Phosphorus (TP) Removal
BMP Efficiencies
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Center for Watershed Protection, National Pollutant Performance
Removal Database version3, Sept. 2007




Typical Urban Stormwater BMPs designed
to captures 80% TSS:

Particulate-bound Dissolved
Phosphorus (PB) Phosphorus (DP)

’ .

50% TP --- Associated with 50% TP --- I_Dissolved
TSS (sediment) (< 0.45-mircons)

80% TSS capture X 50% (particulate-

CLULER LD LD RN 40% (TP) Removal




Natural factors impacting
Phosphorus Fate in
Stormwater’ Runofi: & BMPs

\Water chemistry: conditions
] pH

s Alkalinity.

n lemperature

= Redox potential

s Particle charge

s Concentration

Time / maintenance freguency.




Phosphorus Fate

Phosphorus speciation will shift

= Sediments release Phosphorus

Particulate-bound (PB) shifts into Dissolved
Phosphorus (DP)

Examples
Impact of acid rain (pH of 7.0 versus 4.5)

Runoff detained versus diluted (pH & time)

= Denitrificaiton - Anaerobic activity / decaying
organics




Stormwater TP Removal
Mechanisms & Generalized Capability

Primary Unit
Process /
Removal

Mechanism

Total Phosphorus (TP)

Particulate-
bound
Phosphorus (PB)

Dissolved
Phosphorus (DP)

Sedimentation

Yes

No

Filtration

Yes

Limited

Biological
Uptake

Limited
*assuming vegetative
harvesting

Limited
*assuming vegetative
harvesting

Sorption

NO

Yes




Adsorptlon Absorptlon

Sorption | {:::} _

o MTJ 23/6,02

Combination off complex physiochemical
IRtEeractions;

s Adsorption - surfiace attachment
= Absorption| - Intermal attachment: (sponge)
s/ [lon Exchange - displacement ofi ionsi (Ca, Mg, Naj

mg/g

meq/100g




Ways to increase TP removal & reduce
performance variance?

1 7SS Removal

(particulate-bound P Removal)
Focus on Eiltration & Infiltration
1 Volume treated

Prevent: Paosphoruss Speciation: Shifit
Better BMP Design: Consideration /. Engineering
1 Maintenance frequency

Amend BMPs to Capture Dissolved Phosphorus

Sorption




Quantifying Sorption Capability
for Dissolved Pollutant Removal

Isothermi —
= How much can it hold?

)
Kinetics — "
= How fast can it go in? | |

Breakthrotghn —

= How much before it is full? (maintenance)

[DEsorption —
= Retaining DP ... is the bond strong enough?




Dissolved Phosphorus (DP) Sorption Performance
(T. Wu et al, Stormwater Phosphorus Adsorption on Oxide Coated Media, WEFTEC,2008)
Media Type Isotherm Kinetics Breakt_hrough Desorption
(0.5 mm to 10 mm) K: (mg/qg) Je (mg/qg) Exhaustion (BVs)

Al-oxide Pumice 0.40 1.19 1,800 - 2,700 No
Al-oxide Waste
Aggregate 1.3 0.51 1,450 — 3,600 No
Mod. Activated
Alumina 5.7 0.40 <1 No
Zeolite / Perlite

/ Carbon (ZPG) 0.05 None 5 Yes
Perlite 0.002 1.37 <10 No
Recycled Tire 0.003 None <45 Yes
Expanded Shale 0.14 0.98 9-50 Yes

Very Finely Graded Medias (< 0.5 mm) with low hydraulic conductivity

Bioretention Soil 0.18 4.67 50 No
Concrete Sand < 0.01 < 0.001 <5 No




Amended Sand Eilters
& Elltration lirenches

PERFORATED STANDPIPE
— DETENTION STRUCTLURE

CVERFLOW
SPILLVAY

UNDERDRAIN COLLECTION SYSTEM

Applications

Use Sorption
based Media or
Material

displace part of
Sand bed




Applications

Permeable Interlocking oncrete Grid Pavers

Concrete Pavers (PICP) (CGP) "Turfstone” )
In Joints

Amended Pervious Pavements .
Bedding Course

= Interlocking Pavers Polishing
System

Iy

e

Pervious Pavements

e o N W W W T




Things to Avoid with "Sorption”
Based Materials

limit Use off materials prone to deserption
s, Organics / Compost:/ Soils
Test P-index & use as an indicator

s Evaluate Materials upfront
Expanded Shale, Recycled Tires, ZPG

Prevent [eaching of other' Texics

s [.e- Heavy Metals
Slag, Iron-based materials, other waste by-products




’ ’

10 address Algal Blooms &
Eutrophication

Look beyond Totall Phesphorus (TP) &
account fior Dissolved Phosphorus

(DP)

Amend! BMPs te be “Best Management:
Practices™ and address: DP removal




Questions?
Scott Perry

301-279-8827

sperry@imbriumsystems.com

imbrium
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Lnnevaiiion and Adopiier Caiegories

Imnovativeness and Adopter Catezsories 251

I'igure V-3. A':]D]_Jter Categorization on the DBasis of Innovativeness

Early Lats
Majority Majoricy Laggards
34% 349% 16%
X - 2sd X —sd x X+ xd

The innovathveness dimension., os measured ]J:,: the time at which an
individual adopts an innovation or innovations, is continuous. The inno-
vativeness variable is partitioned into five adopter categories by laving off
standard deviations (sd) from the amverage time of aclﬂ-]_:ti-:-n (T










Distribution of Turf Grass
in the Chesapeake Bay Watershed
(yr. 2000)

Legend
[ ] us_Detailedstates

I:] Chesapeake Bay
Counties/ cities

New York

Turf grass (acres)
0 - 30,000
[ ] 30.001- 60000

[ s0.001 - 90.000 :
Pennsylvania
I <0.001 - 120,000

I 120.001 - 150,000

West Virginia







% USGS Urban Growth "Hot Spots"
and
NPDES Municipal Separate Storm Sewer System Permit Areas

S o ncharping




Ten Core Implementation Tools Graded

1.
2.
3.
4.
5.
6.
7.
8.
9.
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Step 1
Conserve
Natural Areas
and Soils

+ Soil Amendments
+ Forest
Conservation

+ Site Design to
Minimize
Impervious Area
‘Reduce Soil
Disturbance

Apply ESD
Reduction
Practices

+ Roof Disconnects
-Sheetflow to
Cons

- Reforestation
-Soil Amendments
+ Permeable
pavers

Tv: Treatment Volume for Site
ESD: Environmental Site Design
STP: Stormwater Treatment Practices

Reduce
Tv
req'ts?

A step by step approach to
comply at a development site

of

Step 3
Apply Engineered
Runoff
Reduction

Practices

+ Bioretention

- Dry Swales

+ Green Roofs

« Infiltration
*Traditional STPs

Meet Tv
req'ts?

Step 4
Apply Standard
Treatment
Practices

*Adjust Site
loads for
Phosphorus
treatment

Meet PR
req'ts?

Step 5
Mitigation Fee for
balance of unmet P

Load













BAV-RIDE STORMWATER DESIGN SPECTFICATIONS: BIORETENTION

BIORETENTION DESIGN

SPECIFICATION

VERSION L0

OPEN FOR COMMENT UNTIL MAY I35, 208

How You Can Develop a Betier Bioretention Design Spee for Use in the Chesapeake Bay

O goal is 1o produce a sunple standard speaficanon that can boost perfomanes, ncreass

longavity, reduce mainterance burden, and crests an sitrsctive smenity — and at the same ima

dnive down the unit cost of traatment So plesse give this a carefill review, and e.mail your
et 10 Tom Schiusber of Wi 1 OF (W8T COMIMETES of Ul oad

net This chraft has anmotations highlighting key issues and

' [y 15 2008, when a Gl draft will be produced based on

vour coments. Thanks i advines for your participation in s diportant project.

sopreake Stormwoter Nebeoek V308

SOIL RESTORATION
IDE DESIGN SPECIFICATION
VERSION 1.0

OPEN FOR COMMENT UNTIL JUNE 1,

highlighting,
final draft will be produs
partic ipation in this important proj
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Is carbonate rock present YES Preliminary Are karst features or YES. Detailed Karst
at my site? [nvestigation landforms present? Investigation
Section 3.1 Section 3.2

Can site layout avoid
karst risk? YES? Site Plan Is the site a YES? Hotspot

Layout stormwater hotspot? Risk Analysis
Section 5.1 Section 4.1

Can groundwater risks be . Do I have borings for
minimized or prevented? YES? Hotspot proposed drainageway &

Management .
?
Section 4.3 stormwater practices:

NO? Soil
Borings
Section 3.3

Have I computed the NO? BMP Sizing

water quality volume State SWM Manual Do I have acceptable runoff NO? BMP
needed for the site? reduction practices to fully meet Design

the WQv? Section 6

] ] Have I karst-adjusted post

stormwater pond? Design Section 3.4 & control? Modeling
6.3 ’ Section 5.3

Does my site discharge
to an adequate NO? Channel Routing Does my site YES? Karst

channel? Section 5.4 discharge to a Swale

karst swale? Protection
Section 5.5

Does my site

discharge to a YES? UIC Permit Conduct sinkhole inspection :
sinkhole, cave or & Sinkhole Best remediation as part of routine YES? Sinkhole

losing stream? Practices stormwater maintenance Remediation
Section 4.3 Section 7.0
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Accepted
Sand Filter

Small-scale
Infiltration

Green Roofs

Soil Compost
Amendments

Discouraged
Wet ponds

Dry ED ponds

Grass Channel

Large Scale
Infiltration



















Basic:

Advanced:

Master



















Questions ?




