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Biological Nutrient Removal

* Microorganisms do all the ‘dirty” work

« To optimize their unique abilities we must supply
them with the appropriate environment as they are
carried through the biological reactor

What environmental factors can be controlled in
a waste water treatment plant?
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The SCADA controls the plant
according to:

* Fixed DO set-points
Fixed IRQ ratio

* WAS rate to achieve a fixed SRT
 Fixed or uncontrolled centrate return

All are based upon peak loading and do not take
into account diurnal fluctuations.
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Ammonia Profile
Dynamic DO Set-Point
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Feed-Forward vs. Feed-Back Control

Feed-Forward Control

 Proactive

* Necessary when there
are delays between the
process 1put and
process output

* Requires a model

Feed-Back Control

Reactive

Applicable when there 1s
little time lag between
the process input and
process output

Does not need a model
Often use PID loops

BIoCHEM




BiIoWIN VERSION 2.2

The ﬂﬂ'! simulator that...
W Contains an inegrated biskogical medel for BHR activted
Sl fermentirs, and anaerobic digesters.

M Modicls pH changes juat saly allalisity!) in activaed sludgs,
and dgesters.

M Incudes a spesific methancl-utiizieg biomass population,
M oty strite and lydiosyapatite fomation
pH and =

"
CHamt Hr.

M Estimates baw much amsonia and €01 is sirigged from
reaciors. depending o gH

1 abile e track the lanpest sembes of siganis and insrganis

M Inciudes dynamic sefsing fask st point analysis [SPA)
g,

B8 Genlaan e Baat ot Pasvmdrs s e et Fesoch
n«hl eatiors,

" Wi
frrbrvmpr— iy ooy e e g
R i

Feyuirsimant and ses wurate designs
B s duvelaped s a ool for engiseers Wi design and operasen
i i

Ly s, comes

NOILId3 LNV1d 1IN

' EnviroSim

Mogsiing Power and Precision

BioWin™

Dynamic Modeling
and Simulation
Software for
Municipal and
Industrial

P2 aschwrapregram apsdfcaly o Ctarmina masimum groces sipacky ot
.

assasing
plants nng ety

o simulating an exsfing plant GF3- wll hele.
| impreom your deai

.
et e ..
contel stutge prom 4s mediutons

ek
This graaty o
s a0n Lite, maE £ 3 kAt Finralesein

g todt m-mnnlmlnlmnmm

GRS o can cparmrg
stsency ant
cedizing yur wising it This can et Qe Prait e afuct of mking unt prockenes o

Sutg et ey peneress et 1 Tain cpurators by Itratng e afuca of
prscurs orsx o

ninnmuanwzmnmganadn » fchive comficacs i your v
Crogei g ok preta— =

GRS i @scohis foated imuat with o

acran diders, SWichos s coninds malmimic

Pcsersonol my s The ouendon oo
med b acc sty

s et e

= Hydromantis, Inc.
Consuiing Enginees

Feed Forward Controller

IOCHEM

TECHNOLOGY,




Kinetic Expression of Nitrification Rate &
Ammonia Utilization Rate

NR = 4.24 = >, 0. -
- T /’lAXA _ 4‘24/’lmax A — X
Ky, +3mwm, Ko, +350, -

A

AUR = NR +0.022 4, X, = NR Scop So, .
- ) /uH H ™ +0022/umax H X
~ Keop +5cop Ko, + 50, -

H

« NR: Nitrification rate
« AUR: Ammonia utilization rate

« Key parameter:
Hmax o @Nd Ko, need to be calibrated

3I0CHEM

TECHNOLOGY,INC




Calculation and Optimization

Historical Influent Effluent
Conditions Off-Line Characteristics
> BioWin™ >
Fixed Set-points
GPS-X™
Actual Influent Real-Time Optimized
Conditions > Feed Eorward Set-points
Effluent Targets Dynamic
Controller
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Typical DO Control Based on Constant Gain
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Ammonia Based Aeration Control

The Aeration Control System 1s based on the ASM
feed-forward model

Oxygen requirement increases with NH; loading

Calculated airflow rates are based on real time
oxygen requirements and the deviation from the
dynamic DO setpoint

The ABAC controls the blower to provide the
required airflow and the air distribution system to
deliver the air according to the calculations
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Aeration Control
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Ammonia Based Process Control
System Diagram

Optimized Set Points - DO & Airflow Rate

Feed Forward

Controller Real time data
SCADA
WWTP .
Influent Eraen
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Bardenpho 5-Stage Treatment Process

Ammonia analyzer Ammonia / nitrate analyzer
IRQ Carbon
Mixed liquor return doging
_ ) ) ; . Secondary
Anaerobic Anoxic Aerobic Anoxic Aerobic Clarifier
Effluent
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Retum activated sludge 1
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Oxygen Transfer Efficiency OTE

OTE, = oF (SOTE)[(C.,)—-C]/C,,

Where:

o, F = are constants

B=0.9

Cir= 9 08 mg/l, saturation conc. at T=20°C

C = DO concentration

SOTE = (0.3q%-15)

for membrane disk diffuser at depth of 15ft
q = diffuser airflow rate

Barometric pressure = 1 atm

Process oxygen demand 1s constant
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OTE as a Function of DO Concentration

OTE = k*SOTE*(C,-C)/C, with k*SOTE=1 and C, ,,=9.08
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Airflow Reduction as Function of DO
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Phoenix 239 Avenue WWTP
Four 16 MGD Trains
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User Interface from Phoenix 23" Ave.
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Aeration Zone 4
5 February 2008
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Aeration Zone 8 Measured Ammonia

Ammonia Concentration (mg/L)
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Annual Savings

Demonstrated Savings
Current Power Usage
Flow Rate

Estimated Power Cost
Daily energy savings

Annual Savings of
and

15.3%

771.8 kWh/MG
48 MGD
$0.12/kWh
5,557 kWh

$243,000
2000 MWh
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Conclusions

Ammonia Based Process Control:
1. Ensures permit compliance

2. Improves process stability

3. Saves energy
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