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Today’s Presentation

¢ Nutrient Removal Introduction

* Conventional Approaches
* Biological Phosphorus Removal
* Biological Nitrogen Removal
« New Approaches
* Side stream treatment
* Granular sludge treatment
© Struvite Recovery

~ Nutrient Removal
~ Introduction
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Activated Sludge Bacteria

Bacteria oxidize food
* BOD, COD (carbon)

Ammonia (NH,)

In order to oxidize, they require an electron acceptor
Oxygen (0,)
Nitrate (NQ3)

. Often referred to as "NOx”
Nitrite (NO-.) }

Waste Products

Electron acceptor (0/2)_\ /_) +  Clean water (H,0)

{ Carbon dioxide gas (CO,)
j‘ Cell growth
Food (BOD)

“

Key Activated Sludge Bacteria

Three main classes What do they remove?
. srotrophs « BOD

* Nitrifying bacteria
Ammeonia oxidizing bacteria (AOBs)
= Nitrite oxidizing bacteria (NOBs)

Ammonia (NH,)

Nitrate (NO4)

* Phosphorus accumulating
organisms (PAQs) T * Phosphorus

(e e R e |
BOD Removal

* Food source: BOD
* Electron acceptor: oxygen (air)
* Products: Water, CO. gas Gas

v &

BOD —— CO,+ H,0
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Nitrification
= Nitrifying bacteria- 2 types
= Ammonia oxidizing bacteria (AOBs)
Nitrite oxidizing bacteria (NOBs)
Food source: Ammonia

Electron acceptor: oxygen (air)
* Produces: Nitrate, Acid

Oxygen
AOBs: NH, NO, + H*
(Ammonia) (Nitrite) (Acid)
Oxygen
NOBs: NO, —— NO;
(Nitrite) (Nitrate)

Nitrogen Removal (Denitrification)

Food source: Carbon (readily biodegradable COD- rbCOD)
© Electron acceptor: nitrate, nitrite

Produces: Nitrogen gas, water, carbonate (buffer)
* Happens in the absence of oxygen

Gas

w5

NO; — N, + H,0 + HCO,
(Nitrate) (Nitrogen gas) (buffer)

Phosphorus Removal

= Phosphorus accumulating organisms (PAOs)
= Food sources: Carbon, Orthophosphate
= Produces: Stored polyphosphate

Carbon H,0 + CO,
Oxygen,
Stored energy Stored energy
PO, PO,
No Air Present (Anaerobic) Aerated Basin (Aerobic)
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Summary
Goal: Remove BOD Goal: Remove Ammonia
. " * Process: Nitrification
*. Bacteria: Reterotop! » Bacteria: AOBs, NOBs

= Requirement: nygén

= Requirement: Oxygen
* Produces: Clean water

* Produces: Nitrate, Acid

Goal: Remove Nitrogen | Goal: Remove Phosphorus
* Process: Denitrification
* Bagcteria: Heterotroph
s Reguirements

= NO, from Nitrification
s Carbon
* Produces: Acid buffer

* Bacteria: PAOs
* Reguirements

e Carbon

* Anaerobic Conditions
* Produces: Stored P

Environment

« Different bacteria function in different environments
within the aeration basins

: bests
Aerated Cell Unaerated Cell Unaerated Cell
(Oxic) (Anoxic) [Anaerobic)
Abundant No Oxygen, but Mo electron
electron other electron acceptors
acceptors acceptors present

0, N0z, NO, present
(nitrate, nitrite)

EEsamme e e R R |
What Nutrients Do We Care About?

* Nitrogen (N)
* Organic Nitrogen
Ammonia (NHa, NH,") } Total Kjeldahl Nitrogen (TKN)
* Nitrite (NOy)
* Nitrate (NO5)

* Phosphorus (P)
* Total phosphorus (TP)
Orthophosphate, phosphate (P0,*)
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Why Do We Care About Nutrients?

* N & P nutrients promote
eutrophication

= Both exert O, demand -
deplete DO in receiving
waters

= Ammonia is toxic

* Nitrate & nitrite are toxic -
“Blue Baby Syndrome”

= Limited by NPDES permits!
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Images of eutrophication

Nitrogen Cycle
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Phosphorus Cycle

3/15/2017

So, What Can We Do About It?

= Biological Nutrient Removal
* Using bacteria to remove nitrogen and phosphorus
« Activated sludge and attached growth

¢ Physical/Chemical Nutrient Removal
= Physical or chemical separation of nutrient from wastewater
= Chemical precipitation, ion exchange, adsorption

Biological P Removal
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Biological Phosphorus Removal Process

Aerobic Zone

Clarifier

Wastewater
si——p

oy _WAS
BPR - Step 1, P Release
When there is no O, and no NO; or NO,
(Anaerobic Conditions)...
Volatile Fatty Acids PO, :
oy o €
/ N L . ‘_ ; 4
PHA/PHB. | % bl
B N/ : ¢ )
: R /~ sl % R
Phosphorus Accumulating Organisms (PAOs)
- Store PHB & release P in anaerobic zone

B s e e e
BPR - Step 2, P Uptake

But when there is O,...

Water and CO, PO,%
YT 4
/1I A
PHA/PHB . |
- \/

Phosphorus Accumulating Organisms
- Oxidize PHB, take up soluble P, store excess P in granules
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Biological P Removal Example - A/O

Simplified Schematic

Wastewater ;An%_ﬂ
:Selactn i

Zone i

Aerobic Zone Clarifier

WAS

BioWin Model

Piimasy Efluent

&

Add
unaerated
zones

A/0 Example: Summer, 10% Anaerobic Volume

Temp = 21°C, SRT = 4 days
=y Souvero (et Secondary Effluent

————| | e8005 a5masl
Minimal PAC ™ 26T mL
activity
L HH3H g 1mgl

hid 2 mg/l
PRTRITMRMN AR [ Lo )
Vess (g1} : .
Mi; Liguor
| Fermentation MLSS 2640 me/L

| inZonel MyEsSMLSS oSt
OHOs. 93 7%

= | [#aoes 8%
NOBs 23%
r 405 a1%

Aeration and WAS

Tawlon w8 .780scm

Was 10.30016/d
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A/0 Example: Summer, 20% Anaerobic Volume
Temp = 21°C, SRT = 4 days

Secondary Effluent
00 (mgfL) Soluble POAP [mg/fL] ndary Effiuen
bl | - o | b = - - ©BODS 4 4mgsl
| EEERRAER) |. | [some P ac ™ 2eamen
s Zones 12 ([ (LER oimal
| unaerated e Gamin
| T aTE
T o se
L b i Mixed Liguor
bt MLSS 2.840mg/L
MLVSS MLSS 0.87
OHOs. BT1%
ADBs 3%
NO8s 2.3%
r PAOs 6.9%
Aeration and WAS
Total g tlow 8534 scfm
WAS 11 100 1b/d




A/0 Example: Summer, 30% Anaerobic Volume
Temp = 21°C, SRT = 4.5 days
ELT pyT——— Seonndary Uflusm
i B <BODS 45mgl
i | Peyeling ™ 26 Smg/L
: HH3N o1me
as * 05maL
AR R R R R R Bue S R aaRr L0 G &0
= il o) :v ] Mixed Liguor
i s MLSS 3220mg/L
= ) MLYSSMISS 086
A > s oHOs B3 0%
vj! _________ a,gﬁ‘n”(»_”' 085 37
noss 22%
[ pecs 110%
Aeration and WAS
Totalzirflow  B.600schm
s 11.1801b/c

Biological N Removal
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Nitrification
= Nitrifying bacteria- 2 types
= Ammonia oxidizing bacteria (AOBs)
* Nitrite oxidizing bacteria (NOBs)
= Food source: Ammonia

* Electron acceptor: oxygen (air)
“ Produces: Nitrate, Acid

Oxygen
AOBs: ~ NH, ——— NO, +H*
(Ammonia) (Nitrite) (Acid)
Oxygen
NOBs:  NO, ———> NO,
(Nitrite) (Nitrate)
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Nitrification Varies with SRT and Temperature

12 4
10 + -
o B
= —
1] Nitrification
. 6 -
=
o
w

4 4

: No Nitrification

24

0 - - - - ; i :
10 12 14 16 18 20 22 24 26 28 30

Temperature, °C

Nitrification Example

Simplified Schematic

Nitrifying Aerobic Zone Clarifier
Wastewater e
I WAS
BioWin Model

Prirary Efffuent

= Sacondary Effusnt

All zones are
aer

SRT for o
nitrification) ~ f‘
4

Summer Condition

Temp = 21°C, SRT = 4 days
Secondary Effluent
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alkairiry (gt 3 Caco3] oaime) ‘Soluble POI-P (ma/Ll
S L Ed o8 e oo o Guotdl e
cEDD. aemgl
e Alk reduction ||s |
[ R L ki) 332me/l
) across zones " m
. All zanes NHAN 0.1mg/l
e Ei‘ sgtakic : T 5 1masl
Brinns RRARN .. Bl mrmmm e Rl [
Total DUR (mg/Lfhr] 5 5000 [mg/L) i VEAs [mE/L) Mix i r
T | |
_mw.J M MLSS 2680 mg/L
2 MLVSSMLSS 081
OHOs 84.0%
ADBs 37%
|| noBs 2.2%
PADe oo%
Aeration and WA!
Tolalairflow___9.550scim
WS 10.4401b/d
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Winter Condition at Same SRT
Temp = 12°C, SRT = 4 days

Alealinity (mg/L as CacQ3) | 00 fme/t] Soluble PO (/L) Secandary Fifluert
B i e 1 cBOD. 4Ema/L
B E H 328mg/lL
HH A samaL
T 30me/L
- i 658
1 TomlouR (AL L +BCD fmgt) s vEAs (g1} Mixed Liguor
-1 54 MLSS 2, TBOmME/L
w - MLVSS MLSS 091
OHOs 96 6%
i ol K = ADBEs. 31%
" W03 [mg/l) NDBs 0.2%
=] MinimalNOB | Lot b
activity Aeration and WAS
[ Totalair fiow 7.050scim

Increase SRT to Maintain NOBs
Temp = 12°C, S_BT =7 days

o Mbalinity {mg L 35 C3€03) B6 {me/t) St PO (] Secondary Effluent
i | A % €800, 20mgL
0] 33 BmasL
NH,H 0.ima/L
" 33mgl
....... : pH 643
racanm rs {my . .
ki L’;ur L] Mixed Liquor
High MLSS can Pl patss 4 460 mE/L
overload secondary MIYSSMSS. 891
Glatdine | OHOs 935%
||||||| \-‘ = L O (D R ADBs 2N
NOZ-N (mg/L] HoBe 2 3%
- = PrOs DO%
Nitrite -:KH:MEC}
byNOBs | ration and WAS
N et fow  ssagecm
. . WAS 9.8601b/d

Nitrogen Removal (Denitrification)

= Food source: Carbon (readily biodegradable COD- rbCOD)
« Electron acceptor: nitrate, nitrite

¢ Produces: Nitrogen gas, water, carbonate (buffer)

* Happens in the absence of oxygen

Gas

N
Carbon %

NO; — N, + H,0 + HCO,
(Nitrate) (Nitrogen gas) (buffer)
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Carbon Deficiency

* Carbon supplementation
* Readily degradable carbon is required for N removal

3/15/2017

Gas
2
Carbon 2
NO; — > Ny+H,0+HCO,
{Nitrate} {Nitrogen gas) (burfer)
Denitrification

Clarifier

Nitrifying Aerobic Zone

NQ. rich RAS stream

e e et e S e
2-StageAnoxic Selector Modified Ludzak-
Ettinger (MLE) Process

Internal Mixed Liquor Recycle

Clarifier
Aerobic Zone

>WAS

= Adds internal mixed liquor recycle (IMLR) to improve
denitrification

= Can reliably remove TN <10 mg/L

= ...Can make more efficient by adding 2 stages (4-stage
modified Bardenpho process...achieve TN <6 mg/L
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Building the BNR Facility -
Modified Ludzack-Ettinger Process

BNR Targets:
TN< 10 mg/L
NO, NH-N < 1 mg/L
Internal Nitrate Recycle (IMLR) 2-4Q

30%Anoxic RAS

[ e |
4-Stage Modified Bardenpho for N Removal

IMLR

Secondary

Aerobic 1 Clarifiers

Anoxic 1

L N, 5

Anoxic 2 Aerobic

To
Uv

[ e e |
Building BNR - 4-Stage Bardenpho

BNR Targets:
TN < 10 mg/L
NH,N < 1 mg/L

Internal Nitrate Recycle (IMLR)

Qe

i ~| S5%Aerobic
10%Anoxic (re-semtion)

30% Anoxic

Pre-Danitfication Post-Denttrification
(subsirata den/irication) {sndoganoua denttrification) WAS

3/15/2017
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Building the BNR Facility -
Modified Ludzack-Ettinger Process

BNR Targets:
TN < 10 mg/L
NO3 NHN< 1 mg/L

Internal Nitrate Recycle (IMLR) 2-4Q

e e s R R e e |
4-Stage Modified Bardenpho for N Removal

IMLR

Secondary

Clarifiers ~ 1©

Anoxic 1

(SN % —

Anoxic 2 Aerobic 2
— siletind

EERTEEsrTme T e e e |
Building BNR - 4-Stage Bardenpho

BNR Targets:
TN < 10 mg/L
NH,N<1mg/lL

Internal Nitrate Recycle (IMLR)

5% Aerobic
(re-ssration)

30% Anoxic

Pre-Denfirification Past-Denitrification
(substrate denltication) [endagencus denitrification) WAS

13



Side Stream Treatment
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What is “Sidestream”?

* Dewatering reject water
* High nutrient content (ammonia, P)
* Centrate
* Filtrate
* Pressate
= Solids thickening reject water?

« Typically low nutrient content
= Relative ineffective

Why do we want to treat a sidestream?

* Reduce nutrient load to main process

* Sidestream may account for 20-30% of total ammonia load at
some plants

* Recover nutrients

3/15/2017
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Conventional Processes

» Bioaugmentation
« Create a “super-charged” community of nitrifying bacteria

Secondary
Aeration Basins Clarifiers
Primary Effluent a1 e e
HHEK = 30 mg/L
AOBs RAS

Centrate ——|

MH3N = 1,000 mg/L

NOBs

Bioaugmentation
Reactor

3/15/2017

Anammox Processes (“shortcut” N removal)

Nitrification Anammox

Oepen o

ADBs:  MH, ——— NO,+H"

Amronal Niite) (Aed)
NOBS:  NO, ——— NO, NH, + 0, — N,+H,0
it INtiatar

Denitrification
Gas No carbon needed
Heterotrophs: Very little oxygen needed

Carbon :
NO, — N, +H,0 + HCO,

(Nitrate) Nitrogen gas) {butfer}

Commercial Anammox Processes

* Suspended Growth
* Demon
* Cleargreen
« Terra-N-Hybrid

¢ Fixed Film
* Anitamox

= Granular
* Pagues-Anammox

16
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. What is Granular Sludge?

© Activated sludge
which forms a
dense granule

= Spherical biofilm
without a carrier

After 5 min settling

30 min settling

Courtesy Ronald Niermans, Hashoning
DHY, Nemeniande

3/15/2017

BNR Aeration Basin

Miniature BNR Reactor in a Granule

Secondary Clarifier

|

17
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Miniature BNR Reactor in a Granule

Secondary Clarifier

Aerobic

Activated sludge BNR
replaced with granular
sludge process

3/15/2017

Miniature BNR Reactor in a Granule

Activated sludge BNR
replaced with granular
sludge process

Footprint Savings

75% less space, 30% less energy & less construction
materials, 25% less investment costs

18
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Nereda® Process

. 0 to
* All processes in one hours
reactor

=

= Simple cycle

= Short settling
phase

* Fill & draw
combined

* For continuous
feed: use multiple
reactors or buffer
tank

How Nereda Works:
Simultaneous Fill-Draw

Plug fiow from botiom to top

* Desired granules on hottom get
food first & flocculent biomass gets
what is left

* SWD > 16.5 feet
« 25 50% Volume displaced/cycle

Intermittent feed creates feast-

famine conditions for slow-

growing organisms

* PAO uptake RBCOD & convert to
stored slowly biodegradable

= High cone. during feed leads to
greater diffusion into granule

Coartsy Ronald Nieremans, Haskoning DFV
Netherisncs

ruvite Recovery

OWMue 3

Br
Caldwell §
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Struvite Recovery

Reaction
NH, + H,PO, + Mg(OH), + 4 H,0 - MgNH,P0,.6H,0

Equilibrium
[Mg#*][NH,I[PO*] = Ky

Struvite Crystallization Processes

¢ Crystalactor®

¢ Ostara Pearl®:Crystalgreen

¢ PHOSPAQTM

« Multiform Harvest

¢ NuReSys®
Phosnix@

© AirPrex

[T e e
Example of Crystallizer System

* Typical process parameters:
¢ HRT~ 1.0 hr
* MgCl. & NaOH added for pH control
* Hydrodynamics vary with reactor design
* 80-90% P, 15% N removal (but only 20-30% P recovery)

] I Internal
racycle

Fitle-

5"7"’" Mgl Diyar
Moo ] siftar

D_.,; ,—! Strundis

Faud
tank Drain

|
Blowar
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Full-Scale Reactors

Ostara Pearl®,Tigard, Oregon Multiform Harvest, Yakima, WA
Durham WWTP

3/15/2017

B e e e R |
Durham OR- Ostara

© QOstara applied to dewatering centrate
* Non-hiosolids fertilizer product (5-28-0) with 10% Mg
= Vendor options

* Turnkey nstallation (“treatment fee™)
+ Qutright purchase {$2.5M)

« Realize 25% reduction in biological P removal demand

* WASSTRIP innovation
+ Strip P from WAS prior to digestion
* Ingreases P load to Ostara

Questions?

aklein@brwncald.com
(2086) 749-2263
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