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- Phosphorus Removal

— Enhanced Biological Phosphorus
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NILOGEN and PHOSPHOUEIS
SEIIETILatIONSNIINDOINESHERSEWATE

J rr aI gelaaniNitrogen (25 to 50 mg/L)

Eionium Nitrogen (15 to 35 mg/L)
-_:"-: POrganiciNitregen (10 to 20 mg/L)
e (Mest organic nitrogen hydrolyzes to ammonia)
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e Phosphorus (4 to 8 mg/L)

—_—

e Sludge handling streams can contain 100 to 1000+ mg/L
TKN and 10 to 100+ mg/L P
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ORGANIC NITROGEN » NH,-N

2 NH,* +3 0, SIIOSOMONAS | » NO, + 4 H,0 + 4 H* + NEW CELLS
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e  Nitrobacter
B 2 NO, + O, » 2 NO, + NEW CELLS

—

FOR 1 g NH,-N OXIDIZED
4.33 g OF O, ARE CONSUMED
7.15 g OF ALKALINITY (as CaCO,) ARE DESTROYED
0.15 ¢ OF NEW CELLS ARE FORMED

0.08 ¢ OF INORGANIC CARBON ARE CONSUMED
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Denitriflezidah O rleidaie gl ezlail/z
: No3 + BOD = N, + CO, + H,0 + OH- + CELLS

e
=
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~ Occurs under anoxic conditions.
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= Required mixing and nitrate recycle.

For 1 gram of NO;-N Denitrified:
e ~3.0¢gBOD are consumed

e ~0.45 g new cells are produced
e 3.57 g of alkalinity are formed (~50% recovery of alkalinity

consumed 1n nitrification)



._-‘L

Nitgeej2r) FrelfSioriflitions

Organic N
Hydrolysis
NH:4' Y bOrga'n'icI‘ii
0, T (bacterial cells)
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Alkalinity —
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Alkalinity
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| __a_rameter Nitification; | Denitrification
Sludge .é";i' X

EIEREATImonial Concentration

fﬂE”i SSElved Oxy@gen: (DO)

- pH__

Jlemperature

Inhibition

Substrate Biodegradability
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. atlon / Denitrification PFOcesses
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Ludzack-Ettinger Process

Modified Ludzack-Ettinger (MLE) Process
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—— I\Ti_trate Recycle
Piping-and Pumps

 Tank Baffles

« Supplemental
Carbon

BNRsRetrofit Costs

Plant Retrofit Costs ($/MGD)

$100,000,000

$10,000,000

$1,000,000

$100,000

$10,000

Source: Biological Nutrient Removal Processes and Costs, EPA-823-R-07-002, June 2007

<1 1t0 10 >10
Plant Flow (mgd)
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SUITIMBERY,

=fF] tQuallty
l\__h: =<1 mg/L

f_:': INEEINEHR05 mg/L depending on process, nitrate recycle and
Neaion availability.

== _Organlc nitrogen 1 to 2 mg/L (higher with industrial sources)

ss\trification is more sensitive to toxic and inhibitory
substances than CBOD removal.

e Denitrification provides alkalinity recovery and can reduce
energy: costs.

® (Consider sludge handling return streams.
® Good process control needed for year-round performance.
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__~ anced Bielegical Phosphorus Removal
sBPR)

: :g..:-:—' 3

=9 Chemlcal Precipitation




What 15 Enhanced Biolo Jiczll

ZIOSPNOrUSIREm 6V (EBPR)?

Piological Procass trzit grasmeias tpacliayyiiciisalegsaleie)is accumuléting
SIEEINEIBNPAGS)Ritiat alie ablerto take Up and store high
concentfs O PheSPhoKUS

Norrriz _y bacterla I activated sludge contain 1-1.5 % P

BIsRIEREBPREPIGCESS, Dacteria that store phosphorus are selectively
,;ﬁ i 1ﬂed IRt biolegical process and they contain 20-30% P

EeE\Eed an anegerobic/aerobic process to select for these PAOs

~(Phesphorus accumulating organisms)

o (P\,?‘I?As )requwe readily biodegradable COD (rbCOD) as volatile fatty acids

S

Denitrification: bacteria out compete PAOs for rbCOD. Need anoxic
ZONEes for denitrification if nitrates are present.
Supplementall carbon or fermentation may be needed of wastewater is
carbon deficient.

Phosphorus. is' removed by wasting PAOs.
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> Volumna for arzdigyie izl Zojsle
o ABBb IThoUr detention) time
S-S r-\lflcant EBPRIGCIOr for achievingl 1 mg/L is the BOD/P ratio.
= 540 iy 9e ale te achieve effiuent P < 1 mg/L
D 5tto 35 will meed chemical treatment for polishing

- o

S—

'_'—'_ <25imay require chemical treatment only.

- =

=% VoSt domestic wastewaters yield 1-2 mg/L effluent phosphorus by
'- “EBPR"uUnless supplemental carbon: is provided.

e. [low effluent phosphorus limits (<0.5 mg/L) will require effluent
fitration.

e Minimize return loads containing phosphorus
— Anaerobic or aerobic sludge digestion (> 50 mg/L P)
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Bieal-Phosphorus.RemovalsProcesses

INFLUE. - ‘

A/O Process (no nitrates)

ZHl e

A20 Process
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gical Phospherus RemovalProcesses

Bardenpho Process

Z1m7Z e

Modified Bardenpho Process (nhosphorus removal and fermentation) :
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o Phosonorts Relovel \eenziglisn
y Mev ISglnprecipitate’ atistoichiometric dose; but
J RO very IBWEP concentration metal-hydrexide fiormed

50,); .18H.,0+ 2H,(PO,) => 2A1(PO,)] + 3H,50, +

% FeCls + Hy(PO,) => Fe(PO,)| + 3HCI

e Chemical treatment will deplete alkalinity, decrease pH
and increase TDS




WBIPOINE Chemical Watelefjcj g™

EXIIPIE

Chemical
Addition #2

Biological
Primary Treatment Secondary
Clarifier Process Clarifier Effluent

» Waste Activated
Return Activated Sludge Sludge




., Project Target ... e
0.2t0 0.4 mg/L | ‘

‘R AP=15t020 R oo SREREEEEE .
-\ Secondary Clarifiers | | | ]

APP=10t012 .

Primary Treatment

,,,,,,,,, —"\‘

Soluble P, mg/L
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BNEEGEI EioN! Of: CoStS for ACHIEVIRGE

| Mg/ISFHesPAoHS

7,000,000

6,000,000

5,000,000
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Cor Iusmns and Observations

EBPR has h|gher capital costs and lower O&M costs,
sHETCal treatment has lower capital costs and higher O&M

C N|-' 1-.-'. ;
JJ JJ. T
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oF :increase dramatically for effluent limits <1 mg/L

.-__.- —

J-'-.Zu\ stewater characteristics must be determined to establish

e —-prbcess requirements and effectiveness of EBPR.

:"""7 Standby chemical treatment should always be provided.

~_ e For:chemical treatment alone, two-point addition is the
most cost effective.

¢ Sludge processing return streams must be characterized to
assess their contribution of influent P load.

e Source control should be considered when P concentrations
are above 6 to 8 mg/L or at low BOD/P ratios.
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