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Presentation Outline

« U.S. EPA, ORD Overview
* Research Plans — Safe and Sustainable Water
Program

* Project Examples:
« Green Infrastructure Performance Monitoring
« LCA of Nutrient Control Technologies
* Nutrient Control Design Manual

« Accessing Research Results and Tools
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Emaranmenl Protectior SSWR Research Topics and Projects

- Watershed Sustainability: ambient water quality
criteria; energy and mineral resources; scalable tools
and methods for integrated assessment and
management; national water quality benefits.

- Nutrients: thresholds and targets for appropriate
nutrient levels; management tools and practices;
metrics; harmful algal blooms.

- Water Systems: current and transformative systems;
emerging contaminants in drinking water and sources;
technology advances.

- Green Infrastructure: models and tools; community
benefits; linkage to aquifer storage and recovery.
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USEPA Nutrients Research in Cincinnati:
Monitoring Gl Performance at sites in the Mill Creek Watershed

Sites, periods of monitoring data collection:

Lick Run - St. Francis Apartments Rain Garden, 2012-2015
Congress Run - Stream restoration and daylighting, 2016 -
present

Hydrology monitoring by Inter-Agency Agreements with USGS.
Base-flow sampling (monthly) and storm event sampling (8-10 events
per year).

Flow-proportional and timed sample collection (paired ISCOs),
minimum of 8 sample times per location and storm event.

GCLAS used to estimate storm event load totals.

Data being used to calibrate and validate GIFMod rain garden
module.

Lick Run; Rain Garden (Project Groundwork). Congress Run; Daylighting and Restoration

USGS 39087350843333088 Upper inflow weir at St, Francis, Cincinnati OH

88188 86188 12188 18:88 a8:88 86188 12188 18:808 a8:88
Apr B2 Apr 82 Apr 82 Apr B2 Apr B3 Apr 83 Apr 83 Apr B3 Apr B4
20814 2814 2814 2814 2814 2814 2814 2814 2814

— Discharge == Period of approved data
arh courdbesy of the UiS. Gee

Nutrients and methods (by Lachat FIA):
Total N AWWA 4500 N__ D / USEPA 353.2

org

Total P AWWA 4500-P B.5 / USEPA 365.3,
DRP USEPA 365.1
NO,-NO; USEPA 353.2
NH, USEPA 350.1

Also: TOC, DOC, TSS, VSS, SSC, COD, Turbidity, pH, Temp.,

DO, SC, ORP, metals, anions, e. coli, and total coliforms for

each sampled time and location at both field sites.



wEPA LCA of 5-Level Nutrient Removal Treatment
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Level Total Nitrogen, Total
mg/l Phosphorus,
mgl/l
1 * *
2 8 1
Type of Biological |Phosphorus
Level P
3 4-8 0.1-0.3 Treatment Precipitation
Plug Flow Activated
4 3 0.1 Sludge
Anaerobic/
5 <2 <0.02 Anoxic/Oxic
Activated Sludge, 3- N
Sludge System
BEM  5-stage Bardenpho v ol ol
University of Cape
Town Process, \ v \
Modified
B 5-stage Bardenpho l V v Denitrification Filter (100%)
4-stage Bardenpho N
Membrane Bioreactor
Denitrification Filter (10%)
5-Stage Bardenpho \ \ v Ultrafiltration And Reverse
Osmosis (90%)
SEEYD EEIConne \ \ Reverse Osmosis (85%)
Membrane Bioreactor
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Cumulative Energy Demand
Environmental Protection
Agency
25 - . - . . . 23.6
B Preliminary/Primary/Disinfection M Biological Treatment 22.8
W Post-Biological Treatment W Sludge Processing and Disposal '
20 m Effluent Release W Brine Injection
* Total
15

8.37

11.8 12.6
10.3 10.3 986
10 =
4.60
| .
0

Level1 Level2-1 Level2-2 Level3-1 Level3-2 Level4-1 Level4-2 Level5-1 Level5-2

MJ CED/m? wastewater treated
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$18.0M

$16.0M

$14.0M

$12.0M

$10.0M

Cost per Year

$8.0M

$6.0M

$4.0M

$2.0M

$0.0M

B Operation Labor ($/yr)

W Energy ($/yr)

Annual Life Cycle Costs

$16.0M

$14.5M
$14.0M

$12.2M

$11.0M

$10.7M $10.9M

$8.6M

$7.4M

Level 5-1 Level 5-2

Level 3-2 Level 4-1 Level 4-2

Level 1 Level 2-1 Level 2-2 Level 3-1

B Maintenance Labor ($/yr) m Material ($/yr) m Chemical (S/yr)

B Amortized Construction (S/yr) @ Total (S/yr)
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History of Nutrient Control Design Guidance at ORD

- Nitrogen Control
- Process Design Manual for Nitrogen Control — 1975
- Manual — Nitrogen Control - 1993

- Phosphorus Control
- Process Design Manual for Phosphorus Removal — 1971
- Process Design Manual for Phosphorus Removal — 1976
- Design Manual — Phosphorus Removal — 1987

- Handbook — Retrofitting POTWSs for Phosphorus Removal in
the Chesapeake Bay Drainage Basin - 1987

_ Office of Research and Development
National Risk Management Research Laboratory



Environmental Protection

ORD’s Latest Nutrient Control Technology
Design Guidance

- January 2009 — Nutrient Control Design

Manual: State of Technology Review Report
(EPA/600/R-09/012)

- August 2010 — Nutrient Control Design Manual
(EPA/600/R-10/100)
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Nutrient Control Design Manual Contents

- Need for Nutrient Control

- Principles
- Phosphorus Removal by Chemical Addition
- Biological Nitrogen Removal
- Biological Phosphorus Removal

- Technology Overview
 Nitrogen Removal
- Phosphorus Removal
- Combined N/P Removal
- Effluent Filtration
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Nutrient Control Design Manual Contents (cont’d)

- Design
- Objectives
« Process Selection

- Design Approaches
— Phosphorus Removal by Chemical Addition
— Biological Nutrient Removal
— Effluent Filtration

- Operation and Optimization
- Instrumentation and Control
- Sustainable Nutrient Recovery and Reuse
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() EPABIIA-10/100 | August 2010 | wwe_spa.gowinman

Uinijed Stuted
Environmondal Protection
Aguney

e Em EPAMNOUR-09/012 | January 2009 | www epa govinmel

United States :
Environmental Protection
gency

Nutrient Control Design Manual

Nutrient Control Design Manual
STATE OF TECHNOLOGY REVIEW REPORT

OMas of Ressarsh and Developmaent
Haitomal Alck Mansgsment Recearsh Labaratory - Watsr Supply and Waisr Resoaross Division

EPA/600/R-10/100 Qs of Resexch s Deilommert o et fmouwess Ovsion
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Looking for EPA Documents
- = = ;'3 You can search, retrieve,
Avallable Onl? In Prlnt a dowmnload, print, and order

EPA technical, scientific, and
educational materials from
this site - all free of charge!

« NSCEP Teacher
Order Forms

Sea rch Publications When searching by EPA pubilicaticn numbser, remove the

prefic and all non-alpharumenc characters
m For seamgle, change: EPA S00/R-04-0 3004 1o GD0R0S0I0A

https://www.epa.gov/nscep
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