. Frozen Lake Erie Sunrise
Cleveland, Ohio

26 June 2019

Jim Fitzpatrick

Time Tested Bio-P Removal principal Process Engineer
Options for Cold and Wet Weather =3 o ackavearc
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 Optimize activated sludge process
 Conventional EBPR vs. side-stream EBPR (S2EBPR)



Enhanced Biological Phosphorus Removal (EBPR)

I O [ O

(A) Phoredox or AO (B) 3-Stage Phoredox or A20

[ —I =
”O* Q%%@% )
(

D) Bardenpho Ditch

(C) 5-Stage Bardenpho

(A) for TP removal
 1970s - Mainstream anaerobic and anoxic zones (B), (C) or (D) for TN and TP removal

standardized by Barnard and others for biological
nutrient removal | K | |

 Phosphate accumulating organism (PAO) like Anaerobic  Anoxic
Accumulibacter responsible for EBPR




Conventional

Thinking for EBPR

Requirements

Anaerobic stage with volatile
fatty acids (VFA) to trigger P
release

Oxic/anoxic stage for luxury
uptake of P

Fixed zones or cyclic aeration

Mixture of VFA for PAO to
outcompete glycogen
accumulating organisms (GAO)

Influent
{PD4, VFA)

(Fuhs & Chen, 1975)

Settling

Effluent
_>;

W 2-Methylbutyric
% Olsovaleric

1%

O Butyric

M Valeric
8%

O Isobutyric
0 1%

2%

O Acetic
47%

M Propionic
40%

2007 Fermenter Study
(Wakarusa WRF | Lawrence, KS)

First Primary Fermenter
(Kelowna BC, 1979)

(IWA, 2016)




S2EBPR is New Reality for Phosphorus Removal

v v Westside Regional WRRF

J (Nguyen et al. 2011)
—|Z| AX [ OXIC O 7 AX | OXIC O

<L
<

Enhanced Biological Phosphorus Removal (EBPR) Side-Stream EBPR (S2EBPR)

Promotes growth of PAOs like Accumulibacter for luxury Side-stream fermenter produces VFA and also grows PAO

\4

uptake of P in oxic zone like Tetrasphaera to uptake P and denitrify in anoxic zone
Needs volatile fatty acids (VFA) in anaerobic zone to * Not dependent on influent VFA

trigger P removal mechanism * Works together with Accumulibacter

Upset by cold, wet conditions due to lack of VFA  PAOs outcompete GAOs in cold temperatures

* Deeper anaerobic conditions fatal for GAOs

Good news for cold, weak influents!

 More efficient use of influent carbon for TP and TN removal
* Less need for chemicals (ferric, alum, methanol, etc.)

* Negligible impact from cold or wet-weather flows




Long-Term S2EBPR Proof in Western Canada

Regional District of
Central Okanagan

"1 Westside Regional WRRF
aka West Bank WWTP
(West Kelowna, BC)

Filtered Effluent Average

<5 mg/L
TSS <2 mg/L
TN <6 mg/L

TP <0.15 mg/L



http://www.regionaldistrict.com/

More S2EBPR Proof from
Eastern Kansas

< MLSS
fermenter

. Anoxic
Pre-Anoxic

Anaerobic
zones

Wakarusa WRF (Lawrence, Kansas)

2.5-mgd ADF | 3-stage oxidation ditch with S2EBPR
No filter, no chemicals

Average TP <0.2 mg/L, NO;-N <8 mg/L

No upset during 3Q wet-weather event

_, 025
S~
1= = L84 | = ‘é” 0.20 Storm Event
- ' ST N WREF treated up to 3Q flow
Cedar Creek WWTP (Olathe, Kansas) el pto3Q
e 5.3-mgd ADF | 5-stage Bardenpho, ML Fermenter € 0.10
e Unfavorable COD:P, no supplemental carbon 3 0.05
[T
e Backup ferric not used, no filter 5 .00

Average effluent TP <0.5 mg/L, TN <6 mg/L
’ oV 0% _1903% 9018 g01 0% 2018
Operating since Fall 2012 o311 I"—"'l?' o211 |7'I?' o1 m.l"— xol“ [ yol'ﬂ'll 402! 117



Other SZEBPR Exa m ples Anaerobic Anaerobic Anoxic

Pinery AWWTP, Colorado - - - 0

Influent | ON OFF
Kalispell, Montana —_— v 4 4
>T MLR

Henderson, Nevada T
RAS

St. Cloud, Minnesota

South Cary, North Carolina

In-line Mixed Liquor Fermenter (Pinery, Henderson, St. Cloud, etc.)

West Kelowna, British Columbia
Blue Lake & Seneca WWTPs, Minnesota
Joppatowne, Maryland

oT4]
c
-
(C
-
<))
Q.
O

Olathe, Kansas

Lawrence, Kansas

Medina County, Ohio

Charlotte Water, North Carolina
Sacramento, California

Johnson County, Kansas

Off-line Mixed Liquor Fermenter

Clean Water Services, Oregon S2EBPR Design for 181-mgd BNR with 5-stage Bardenpho
Centennial Water, Colorado EchoWater Project 5.3-mgd Cedar Creek WWTP
(Sacramento, California) (Olathe, Kansas)

Ten Mile Creek, TRA, Texas
MWRD Greater Chicago, lllinois

Ashbridges Bay, Toronto, Ontario Worldwide: 75+ S2EBPR facilities in
10+ process configurations ;

Pilot / Design /
Construction



S2EBPR in Original Bardenpho Pilot

Fermenter

Primary
Effluent

Waste
Activated
Sludge

100 m3/d Daspoort Pretoria WWTP Pilot (Barnard, 1972)

Role of side-stream mixed liquor fermenter was not realized for over a decade

10



S2EBPR Busts Bio-P Myths

Bio-P can’t reliably achieve
TP<1 mg/L

All biomass must pass through
anaerobic zone

Bio P doesn’t work when it’s
cold

Bio P doesn’t work with wet-
weather flows

Reality

S2EBPR generates VFA to reliably drive TP down to same levels
as chem-P (typically <0.2-0.5 mg/L)

S2EBPR works with as little as 7-8% of the RAS fermented

Bio P works at low temperature if VFA is present
+ S2EBPR generates VFA, sewer fermentation not needed
+ PAOs outcompete GAOs at low temperatures

— S2EBPR works winter, spring, summer and fall

Side-stream fermenter is not in main liquid stream
+ Fermentation and PAO release/uptake unaffected
+ PAO biomass settles better than AOB/nitrifying biomass

— S2EBPR works during peak wet-weather flows
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Real-World EBPR Outperforms Current

Rethinking EBPR: What do you do when the model will not fit M d I
real-world evidence? O e S

Patrick Du.nlapl,Ke]ly Martin!, Gemry Stevens?, Nick Tooker®, James Bamardl,Aprﬂ G, Imre Takacs®,
Andy Shaw!, Annalisa Onnis-Hayden®, Yueyun Li®

Black andVeatch Corporation 8400 Ward Parkway, Kansas City, Missouri

(Email: DunlapPJ@bv.com, MartinE(@bv.com, Shaw AR@ bv.com, BarnardIL@bv.com)
2AECOM (Email: Gerry.Stevens@ascom.com)

‘Department of Envirormental Engineering, Northeastem University

(Email: april@coeneuedu, aomis@eoeneuedy, tooker n@husky. neu.adu)
*Dynanita, Nyons, France(Email: imre@dymamita.com)

Abstrace Black & Veatch is principal investigator

Sidestream enhanced biological phosphorus removal (S2EBPR) ferments primary sludge, retum
activated sludge. or mixed liquor, with the goal of stabilizing EEPE. performance through VFA
production and the likely enrichment of polyphosphate accumulating organisms (PAOs). Existing

EEPE. process models have been shown to significantly underestimate the degree of Premoval FOI IOW— u p to W E R F P roject U 1 R 1 3

when S2EEPE is implemented. In this study a framework is presented of new model approaches
and a new conceptual EEPR. model is developed for one of them based on lab-scale experiments

and full-scale S2ZEBPE. process data. We propose three new PAQ model structures that vary in Develop design’ Operation and modeling tools to improve
practice of biological phosphorus removal

Water Research Foundation Project 4975

Update models with new PAO mechanisms, fermentation and
characteristics observed in real-world S2EBPR

Why did profession miss this until now?

Tetrasphaera need ORP < -250 mV; most main-stream
anaerobic zones struggle to get -150 mV
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Impossible to achieve with NO; or DO present

. . Importance of rbCOD production rate
Conventional EBPR Train - and yield from biomass fermentation

S2EBPR Train Turbulence, air entrainment, or coarse bubble air mixing
' prevent low ORP

pasnt® Too much mixing and/or too much aeration inhibit
. ,___.__../ Tetrasphaera
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Motivation for S2EBPR

e Process Stability
Biological selector...less sludge bulking, lower SVI...better settling
Better BNR during cold and wet-weather

e Process Efficiency

In-situ hydrolysis and fermentation doesn’t require external VFA
Lower oxygen requirements

e Denitrification Synergies

More efficient use of influent carbon for TP and/or TN removal
e More Retrofit Options

e Potential Nutrient Recovery

It’s not just about effluent limits

13






Anaerobic Digestion wit
Biological Phosphorus Removal

From Shimp, G.F.; Barnard, J.L.; Bott, C.B.; It's always
something. Water Environment & Technology, June 2014,
26(6), 42-47.

Cause for Concern

e Anaerobic WAS release of (PO,)*-, Mg?* and K*
e NH* released during digestion

Potential Consequences

e Struvite scaling

e Vivianite scaling if Fe?* present

e NH%*, (PO,)*, and K* recycle to main liquid stream
e Decreased biosolids dewaterability

15



H,0

Lo BACTERIA INGEST BACTERIA METABOLIZE ‘
'ORGANIC WASTE (ORGANIC WASTE S0 2 Qz

|-.> Recovery Addresses Concerns

ORGANIC
WASTE

S0 )
(CRlig

SRy

AR TRIP

(Patent Pending)

. UNIFIED

S0 0| rerveNTaTON AND
THICKENING (UFAT)

PATENT 6,387,264

—

e Strip Tank - WAS releases (PO,)?, Mg and K*

e Thickening Liquor - (PO,)3", Mg?*and K*

3 hunted d di li
10% (PO,)* shunted around digester to crystallizer
80% (NH,)*
90% PHOSPHATE REMOVED e . DigeStion - NH4+ released
——» ¢ Dewatering Liquor - NH,* sent to crystallizer
CRYSTAL GREEN® i
SLOW RELEASE STRUVITE

FERTILIZER PELLETS
5:28-0 10% Mg

(Schauer et al, 2009) e Struvite Crystallizer - MgNH4PO4'6 HZO precipitated

i ~ 4 Pre-Digestion Stripping + Struvite

16



Similar to Early P Removal &
Recovery

e High-rate activated sludge process
* No nitrification

» All influent to aeration basin

e RAS stripper tank
* 30-40 hr SRT
* P release from deep anaerobic conditions

e Supernatant treated with lime

* P removed as calcium hydroxylapatite, Ca;(PO,),-H,0

Phostrip Process (1962)

e Fuhs & Chen find phosphate accumulating
organism (PAO) Acinetobacter

In hindsight...mainstream bio-P uptake...side-stream P
release and recovery

17



Struvite Technology Alternatives
Sequestration Recovery

Gz AirPrex with ASSTRIP -~ (o

s [P Lot WASSTRIP E \
& Pearl T = —
AI r P rex N u Resys - B Recovery i:ﬁ“-
Anﬂﬂrﬂbﬂ P50/ TS -y .;-:I;;:'l;:k = - | { Il"-.-E-_ ,g“‘ =
s : DIEastlnn ———: Digestion: w " hesan § — m
PSD/TWAS 3§ ) - e ome =
Ds Meireery por=l I -
o A M‘E.f..mr“' u MIM Multiform - L‘_*
Mot Struvite n JET i Harvest LT gt
A,-,.F Reactor W—
Mgci; Struvite L ) B —
i ’ Reactor s {Fe - NuReSys with L i

“uo- ReCOVETY :§ | § T

Equalization
I Egualization

: NuReSys . i
et L e '1" ./%l =y Hybrid ?ﬁ"
Belt ' Efofggﬂs to Belt Biosolids to "IJH"““"" - ! Li'l'”"'""'
Filter ress . Lend. Filter press Lo - Wm - Lﬂ'r—ﬁ_‘
e Struvite crystals remain in biosolids » Separate struvite crystal fertilizer product
* Optional recovery add-on * Decrease P content of biosolids

Project-specific evaluation and selection required

18



Goals and Benefits

Recovery
e Decrease biosolids P content

e Recover fertilizer product

Sequestration

¢ Minimize nuisance scale and
deposits

e Improve biosolids dewaterability

e Reduce P & N recycle loads

19



Recent Advances

16 - o 3 abs: ke i | : ‘ Startup at
' 4 P - T Stickney WRP

=
=

Sewerage District

Metropolitan

(=
[ 5]
Clean W ater Services

Pearl® reactors at Nine
Springs WWTP \

O

[
(=]

 WASSTRIP™ developed
at Durham AWWTF

h

a

Number of Pearl® Struvite Recovery Facilities
Pad (2]

2007 2008 2009 2010 2011 2012 2013 2014 2015

Commissioning Year

Hydroxylapatite (pH™~9)

3Ca%* + 2HPO,2 + H,0 <> Cay(PO,),H,0 + 2H*

Struvite (pH~8)

NH,* + Mg?* + HPO,? + 6H,0 <> NH,MgPO,-6H,0 + H*

Brushite (pH~4.5-6.5)

Ca?* + H,PO, + 2H,0 <> CaHPO,-2H,0 + H*

Struvite Alternatives

Brushite Alternatives

Ostara Pearl®, MHI Multiform™, CNP AirPrex®, Schwing Bioset/NuReSys®, CNP CalPrex®

Paques PHOSPAQ™, KEMA Phred™ and DHV Crystalactor®

20



World’s Largest Nutrient Recovery FaC|I|ty

. L

e 1.4 BGD capacity

e TP <1 mg/L(1Feb 2018)
Optimize EBPR
Reduce TP recycle

e Predicted struvite recovery
5,350 Ib/day PO,-P
7,700 ton/yr fertilizer

21



e 16-mgd Kenneth W. Hotz WRF

Medina County, Ohic
Ol ey Ar 6T LT ey (Lo G

Struvite Sequestration Part of Design-
Build Performance Contract in Ohio

Struvite Reactor

e Thermal hydrolysis process (Cambi)

e Stainless-and-galvanized steel anaerobic digesters (Lipp)
e Combined heat and power system

e Struvite sequestration (Airprex)

e Side-stream EBPR

e Side-stream nitrification and denitrification

! -
., 1
i
L
=3
- 1
1‘

THP and side-stream trains commissioning now. On
schedule for 2019 completion.

22




S2EBPR at Liverpool WWTP
(Medina County, Ohio)

P N ) AT

o

Nov 2018
S2EBPR Startup

Effluent OP




Black & Veatch part of WRF LIFT team evaluating brushite
technology for P recovery

Water
Research

INDATION

www.werf.org

HOME ABOUTWRF  NEWS

FOR IMMEDIATE RELEASE

For more information, contact:

Adam Lang

Communications and Marketing Manager

alang@waterrf.org

WRF Launches Project to Demonstrate Phosphorus Recovery Using CalPrex™ System

DENVER, CO 11/30/18 - The Water Research Foundation (WRF) has launched a project, Demonstrating the ColPrex™ System for High Efficiency Phosphorus Recovery (5004), between the Milwaukee
Metropolitan Sewerage District (Milwaukee, Wisconsin), Madiscn Metropolitan Sewerage District (Madison, Wisconsin), Metro Wastewater Reclamation District (Denver, Colorado), Massachusetts
Water Resources Authority (Boston, Massachusetts), and Centrisys/CNP (Kenosha, Wisconsin), to demonstrate a high-rate, pre-digestion phosphorus removal and recovery technology. The
technelogy, developed at the University of Wisconsin-Madison and licensed from Nutrient Recovery and Upcycling (MRU) by Centrisys/CMP under the name CalPrex™, ran as a —10 gallon per minute
pilot system from October through the end of MNovember 2018 at the Madison Metropolitan Sewerage District. The demonstration has provided high-quality data that will allow utilities to evaluate
high-rate phosphorus recovery and its effects on phosphorus load management.

The CalPrex™ phosphorus removal and recovery system incorporates a thickened sludge fermentation tank to increase the amount of soluble and reactive species of phosphorus, thereby
increasing the recovery potential of that phosphorus. The system diverts over 50% of soluble phesphorus from the methane digester and, ultimately, from resulting biosclids. The CalPrex™ system
recovers phosphorus in the form of brushite, a calcium phosphate mineral with high potential as a slow-release phosphorus fertilizer. The project will support and leverage efforts that NRU is
undertaking in conjunction with a USDA SBIR grant and a supporting grant from the Center for Technelegy Commercialization in Wisconsin to establish brushite in the fertilizer market.

Results of the project will help water resource recovery facilities (WRRFs) evaluate and benchmark state-of-the-art alternatives for removing phosphorus from sludge going to digesters. The goal is
for utilities to use phosphorus recovery technologies such as CalPrex™ to mitigate operations and maintenance issues related to struvite scaling in pipes and poor sludge dewaterability.
Simultaneously, WRRFs implementing such technologies will better meet increasingly stringent regulations on phospheorus while recovering a valuable fertilizer. An expert review of the project
findings will be conducted, and the results will be disseminated to industry professionals through the WRF LIFT Link platform in May 2019,

24



Preliminary results show promising performance

Validation Criteria Target Value Average Field Value
Solubilization of P in Bio-P sludge at least 60% 66%

Soluble P in CalPrex reactor 50-100 mg/L 50 mg/L

Reduction of total P in biosolids up to 50% TBD*

43 3 O average recovery of total P from sludge feed

657 average recovery of ortho P that could
O otherwise precipitate as struvite

downstream

(CNP/Centrisys, 2019)

P recovery at low pH, fit for acid-phased digestion

25



Wet
Weather

Wet Weather ‘

e Don’t upset your BNR bugs
 Ways to weather the storm



2Q,,< Q < 3Q,,

MJHB with Wet-Weather Step-Feed

| P —

10.5-mgd Blue River Main WWTP
Johnson-County, Kansas ~ — -
3-Stage Madified Johannesburg

Deep Step-Feed Helps
“Weather the Storm”

e Temporary change to contact
stabilization mode for wet-weather
flows

1/

» “Biological contact” or “biocontact

e Good for plug-flow basins

Maximizing biological treatment of wet-
weather flows

27



Offline Biomass Storage
Rogers, Arkansas

BiomaSS :rra nSfer 5-stage Bardenpho Oxidation Ditch
Accomplishes Same

e Transfer some RAS or MLSS
to offline storage.

e Return biomass after storm
flows pass.

BioWin Process Model of Rogers
Biomass Transfer Operations

al i i MLSS=1,000mgL |
............ -1.-(Off-loading MLSS).._| ..

e Good for complete-mix
basins, oxidation ditches,
etc.

(pBw) mo14

CONCENTRATION (mglL)
N

0 + + i T T + T T 0
A n ot h e r W a y t o r e d u c e S L R t o 12172005 12122005 12132005 12/472005 12/572005 12772005 12532005 121972005 121072005 121172005
[ [ o
c a r I I e r S t e m o r a r I —— Effluent Composite PO4-P {flow weighted) —— Effluent Compaosite NO3-N {flow weighted) —— Effluent Composite NH3-N {flow weighted)
Loo Effluent PO4.P Effluent NO3.N Effluent NH3-N
fluent
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Blending or Auxiliary Treatment for Higher Peaking Factors

Blending Scenario

L] . -
Screening Primary Biological Disinfection HH
1 Clarification Treatment Au XI I Ia ry S w t w t T t t
Al%e}atwe et WeatherTreatmen
Screening Primary Biological Disinfection
Clarification Treatment

Wet Weather
Treatment Unit

Background diagram from: U.S. EPA, Sanitary Sewer Overflows and Peak Flows Listening Session, June 30, 2010

Background diagram from: U.S. EPA, Sanitary Sewer Overflows and Peak Flows Listening Session, June 30, 2010

29



Dual-Use Auxiliary Facilities for More Benefit Than Just Wet Weather

Improve Effluent Quality OR Improve Energy Efficiency

Headworks Headworks I:%I Headworks
----- I — — I I
|===% Primary I Primary _———
Clarifiers | Clarifiers | !
1 J
' I

Aeration T

Sludge / Backwash

Aeration Aeration

Secondary
Clarifiers

Secondary Secondary

Clarifiers Clarifiers

= =»Disinfection — | Disinfection L —»| Disinfection

Examples include Fox Metro, IL; Rushville, IN; Little Rock, AR; Johnson County, KS
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Dual-Use Tertiary Filter also Enhances P
Removal...with Either Bio-P or Chem-P

Impact of Effluent TSS on TP
16

— 0P =0.01 mg/L
1.4

=—0P =0.10 mg/L
=P =0.30 mg/L

192 = OP = 0.50 mg/L

S

W
———

Effluent TP Concentration, mg/L

N

Lower TP...

0.0

Effluent TSS Concentration, mg/L

35

From Schauer, P. and deBarbadillo, C. (2009) Pushing the Envelope with Low
Phosphorus Limits, PNCWA

...requires lower TSS

31



Enhanced P Removal and Wet Weather Treatment

Final Effluent
(up to 172 mgd)

AAAAAA

Wastewater

Tomahawk Creek WWTEF

e Expand 7-mgd WWTP to 19-mgd ADF
e S2EBPR + Bardenpho for TP<0.5 mg/L, TN<10 mg/L
e 2020 startup with CMAR design-build

Plant Effluent Water

M:"""' " Pump Station

BNR Effluent
(up to 57 mgd)

Peak Wet-Weather

* BNR + filter up to 57 mgd screened influent ) o
+ Auxiliary EHRT up to 115 mgd N
Peak WWTF capacity = 172 mgd 2



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiv26vji_PVAhVrjVQKHeLRDXUQjRwIBw&url=https://ks.water.usgs.gov/indian-creek-water-quality&psig=AFQjCNF4GQqE5HrglZG9Dy0N28yXn_Q5Fw&ust=1503774778200256

Closing Thoughts
and Open Discussion

e BNR Process Intensification
* S10M Prize to Lower Phosphorus



Nereda

Nereda®
cyclus

H

Activated

t_ _. Sludge

aeration membranes support low- energy
biofilm nitrification and denitrification

Process Intensification
Examples

e Aerobic Granular Sludge
e AquaNereda® in U.S.
e S2EBPR coincidental granulation

e Membrane Aerated Biofilm Reactor
e Suez ZeeLung™, OxyMem, Fluence
e B&YV pilot in Hayward, California
e Synergies with S2EBPR

Less energy, smaller footprint, lower
OPEX than conventional AS
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S$10M Prize for Much Cheaper Technology for TP<0.01 mg/L

r ~___ Barley Prize Stage 3 Pilot Site :
THE : JU— (Courtesy Everglades Foundation) :
GEORGE BARLEY 1 |
'V WATER PRIZE : T :
: o | PUNPING STATION |
rresenten oy ScottsMiradeGro | l
‘ FOUNDATION : :
|

|
Yay/a ;CV by :
5 AP t/’ Ontario | I
Rl -oonosTioN e Ghmats Ghange i :
I !
d !

y KNIGHT l ------------ o e .. |
rounparion oY LEMML

Let’s Solve Water

PILOT STAGE
MAY 2017 - OCT 2018

GRAMND PRIZE
NOV 2018 - NOV 2021

Stay tuned! “
e http://www.barleyprize.org/

e B&V on judging panel
e 2020 final four piloting in Lake Jesup, Florida
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Jim Fitzpatrick Sierra McCreary Sid Sengupta

Principal Process Engineer Project Manager Project Director
+1 913-458-3695 +1 614-454-4394 +1 513-936-5121

FitzpatrickID@bv.com McCrearySB@bv.com SenguptaS@bv.com
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Drivers

 Harmful Algal Blooms
* Agricultural Needs

e Regulatory Pressures
* Economics

Cyanotoxin Poisonings “‘“f"‘\
] Health Advisories J

Cyanotoxin Poisonings and
Health Advisories

38



Phosphorus — A Finite Resource

e >200 years of economical PO,
rock reserves...but largest
fertilizer producers (China and
USA) will run out within decades
at current usage/production

e Potential impact to fertilizer trade
and economics

Increasing value of P recovery

2017 | Prod % Reserves
USGS 2017 Report Prod of (Mt)
(Mt/yr) | global
Morocco_and_Western_Sahara 27 10%| 50,000
China 140 53% 3,300
United_States 28 11% 1,000
Rest of the World 68 26%| 15,939
World_total_(rounded) 263 100%| 70,000
| S WINE |
T, T
e | S AR, Rock | g
g s C: “““““ “FERTILIZER itis 3




Increasing Population Requires Better Phosphorus Management

“The phosphorus content of our land, following generations of cultivation, has greatly
diminished. It needs replenishing. | cannot over-emphasize the importance of
phosphorus not only to agriculture and soil conservation, but also the physical health
and economic security of the people of the nation. Many of our soil deposits are
deficient in phosphorus, thus causing low yield and poor quality of crops and

pastures...."
-President Franklin D. Roosevelt, 1938

About Phosphorus

“We may be able to substitute
nuclear power for coal power,
and plastics for wood, and
yeast for meat, and friendliness
for isolation, but for
phosphorus there is neither Isaac Asimov
substitute nor replacement.”
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Historical Costs of Different Practices
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e Low hanging fruits:

Source: WEF (2015) The Nutrient Roadmap, Figures 5.12 and 5.13

TP removal - POTW with enhanced phosphorus removal

TN removal = Agriculture (sometimes POTW)

Not a substitute for project-specific cost/benefit evaluations
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Ag Drainage Treatment Focuses on Nitrogen

Detail drawings not to scale.
Dimensions vary with drainage area.

To bioreactor

45 ft.

From
_ bioreactor

Bioreactor

[t £ = ' W z i D e
Source: L. Christiansen et al., Woodchip Bioreactors for Nitrate in Agricultural Drainage, lowa State University,
October 2011
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Research for N and P Removal from Ag Drainage

URPSTIREAM Phesphorus remoyval UPSTREAM denitrification

paired with Versus paired with
DOWNSIHREAM denitrification . DOWNSTREAM Phosphorus removal

~/ Phosphorus / Y

b \'.‘"-f'

; 1 . . : 7 \
removal: ] A : . . ; ;| & Phosphorus
\ minedrainage’/ ' / removal:

\ media £ steel slag

b media //

Denitrification:
woodchip

This media i
outperformed  Nitrate removal DID NOT DIFFER But denitrification
the steel slag between the four treatments OPTIMIZE »hosphorus removal

Source: L.E. Christianson et al, Water Research 121 (2017) 129-139

University of lllinois pairs denitrifying woodchip filters with P adsorption filters
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Optimize Conventional Treatment for P Removal

Conversion

Convert Soluble Reactive P
(SRP) to Particulate P

Clarification

Remove Particles from Liquid

Filtration Flotation
Options Options

Biological OR Chemical

Options Options

Primary, Secondary and Tertiary Applications
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Chemical

Chemical T
Phosphorus U | [t [ o benn) 2
Removal ! —

v Single or Multi-Point Chemical Addition

Chemical
1 Chemical

e Iron (FeCl,, FeCl;)

e Aluminum (Alum, PACI, etc.)

e Calcium (Lime)

e Rare earth metals emerging (cerium, lanthanum, etc.)

Advantages Disadvantages

Disadvantages increase as chemical dose increases to meet lower TP limits
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S2EBPR Also Pairs Well with Step-Feed

Nitrification/Denitrification ML to
Clarifiers
____i | ——— : — _:W“‘. _' o W ' :'”mtﬂilﬂﬂﬂjt i iiiiiiiiiiiiiiiihé :I"’iii i I ﬂi]::; L*Ittt:
=i

CAX s oXic |

| VTR LS s T—N
+ RAS j?hl
| _ _ _

T - T T = - . e R S | e R S R -

Nutrient Removal Upgrades for Adams Field WRF
(Little Rock, Arkansas [ 2019)

No mixed liquor pumping = lower energy alternative than MLE denitrification
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Design-Build Includes Struvite
Sequestration + S2EBPR Under
Energy Savings Performance Contract

Basis of

Design

Criterion Pearl + WASSTRIP AirPrex w/ Harvesting AirPrex Degas + Ferric Ferric
1. WWTP Performance
Reduce nuisance precipitate formation High Medium Medium m Low
Improve phosphorus removal capacity High Medium Medium High Medium
Improve reliability to meet TP limits High Medium Medium Medium

Medium
Offers improvements to the dewatering process High High High High

2. Environmental / Health / Social / Economic

Perform nutrient recovery High m

Low Low Low
Reduce chemical sludge quantity produced/disposed High High

| Medium [T Low
3. Financial

Net Present Value of alternative High Medium Low Medium
Capital costs of alternative High Medium Low Medium
4. Risk Assessment

Technological track record
Manpower hours and skill required Medium

Cambi and side-stream trains commissioning now. On schedule for 2019 completion.

Medium
Medium

Medium Low Low High High
Medium Medium Low Low




Struvite recovery + S2EBPR retrofit for 25-mgd Albin D.

Pagorski WRF

Excess Flow (EFL)
FeCl, MWB PE Fecl,
_— e — — )
rit Removal Io"m | Sludge Aeration -
Chlorine
Primary Secondary Disinfection/
RWW 7 3 | Clarification e Clarification Dechlorinatio
|
1 Raw Ww "
I Pumping | -""“- FE
| . "".. : : _ RAS > ,
/ -"J J"r_ 1 To Landfill 1 © Fox River
! I P30 Pre-Anoxic WS
: : Zone
] |
M= RCY e | e e ————
' |
: FeCl, ] Gravity Belt
RCY I| : Thickener
I : v
Regional Sludges | ravity . .
From North ang =———————] Thickener + Py g
West WRFs ‘r | TWAS
[ 1
: : Mg, Struvite
! | Reactor Struwite
[ 1 Crystals
: : (Optional)
1
: \ RCY (Filtrate) )
‘o4 RCY(Wash Water) ~ =TT Biosolids Cake Storage

e S2EBPR = “Modified West Bank”

e Struvite Recovery = AirPrex”

Filter Press

vy

To Land Application
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o |
Dual-Use EHRT in Arkansas !
|
/Adams Field Water Reclamation Facility t !
L :
i; Influent Pump Station, Screens E
apd Prlmirv:SIédge Degritting * FE < ?zgg nl\%é ) :
g &' P T« SCE < 136 ML/d |
. o g (36 mgd) 1
Prlmary & ._ = k. :
| Clarlflersk AN A '\.Z/Secpn Ry :
| AR 2, ___d, ¢ Clarifiers :
I
|
|
L |
_ Aeration :
Basins v :
PCE<220 ML/d |
- (58 mgd) :
e Increase peak wet-weather capacityto94 mgd =  Tc-mmmmmmmmmmmmmmmmmeeee-
e Improve UV disinfection performance
e Simple O&M
e Lowest life-cycle cost alternative 49
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