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BEFORE WE BEGIN

SAFETY PRECAUTIONS
— PLEASE FOLLOW EXIT SIGN IN CASE OF EMERGENCY EVALUATION
— AUTOMATED EXTERNAL DEFIBRILLATOR (AED) LOCATED OUTSIDE

PLEASE SILENCE CELL PHONES OR SMART PHONES
QUESTION AND ANSWER SESSION WILL FOLLOW PRESENTATION
PLEASE FILL EVALUATION FORM

SEMINAR SLIDES WILL BE POSTED ON MWRD WEBSITE (www.
MWRD.org: Home Page = Reports = M&R Data and Reports
—> M&R Seminar Series = 2016 Seminar Series)

STREAM VIDEO WILL BE AVAILABLE ON MWRD WEBSITE
(www.MWRD.org: Home Page = MWRDGC RSS Feeds)



Current:

Experience:

Education:

Professional:

Publication:

Heather M. Phillips, P.E., BCEE

Wastewater Operations Manager, City of Olathe, Kansas,

Ms. Phillips has 15 years of experience in the wastewater industry, 11 as a
design engineer and 4 in operations with the City of Olathe, Kansas.

At Olathe, she has managed the Industrial Pretreatment Program, the Fats,
Oil & Grease program.

B.S and M.S. in Civil Engineering from the Kansas State University

Professional Engineer registered in the State of Kansas
Class IV operator in Kansas

Board Certified Environmental Engineer by AAEES
Member of Water Environment Federation

MOP 31, An Introduction to Process Modeling for Designers
MOP 35, Biofilm Reactors

MOP 8, Design of Municipal Wastewater Treatment Plants
The Nutrient Roadmap, WEF

Numerous journal and conference papers



Biological Phosphorus Removal at the
Cedar Creek Wastewater Treatment Facility
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Olathe, Kansas

“Setting the Standard for Excellence in Public Service”

City Population — 129,241 J

| Missouri [

428 Miles of Sanitary Sewers |

2 Wastewater Treatment
Facilities & one non-discharging
lagoon

Some parts of City served by
Johnson County Wastewater
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Phase 1 Improvements — 2010
I Phase 2 Improvements ~ 2023
P Phase 3 Improvements ~ 2030
B Phase 4 Improvements ~ 2033
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BNR Permit Limits

Monthly ammonia limits (varies 1.4 — 4.8 mg/L)

8.0 mg/L Total Nitrogen
1.5 mg/L Total Phosphorus

(both annual average)

TOTAL NITROGEN







#OlatheProud

NACWA Peak Performance 2015, 2014, 2013, 2012, 2011, 2010, 2009, 2008, 2007, 2006, 2005, 2004, 2002, 2001....

EPA National Biosolids Award 2006




Preliminary Treatment

° INFLUENT PUMP STATION
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Throttling Gate to Avoid Cascades

— | 4
Throttling gate at the aeration basin influent will back this water level up in the
headworks to avoid cascade aeration (and destruction of carbon substrate)



Biological Treatment




Prevent short-
circuiting and

allow scum to
pass.

First Oxic

(photos taken 10 days before . Zone Influent
Fermenter startup, with clean water) £

Effluent

First Anoxic Zones



. Overflow gate to
';_ ‘anaerobiczone

1 of 2 mixers

Coated walls to .
protect concrete . — )N
e
from low pH . <€<—Influent from end
' .
‘4 % of anaerobic zone
. i Modified feed to
L distribute evenly along
| the bottom
MndiﬁEd JﬂhannEShurg REWEIE / 1{ . an gate to anoxic
(end of anaerobic to pre-anoxic zone) il

zone (not shown)




Online Instruments

e Ammonia

— End of First Oxic

— End of Second Oxic
* Nitrate

— End of First Anoxic

— End of Second Anoxic
 Phosphate

— End of Anaerobic

— Final Clarifier Effluent
e MLSS
 Dissolved Oxygen
e ORP

Our I&C Department has full-
time maintenance techs and
SCADA programmers.



Disinfection & Re-aeration
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Ultraviolet Lamps
Sterilize pathogens.







#OlatheProud

to compost and
| reuse our biosolids

&=, from the Harold
Street Facility.
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CEDAR CREEK PROCESS |

OLATHE

K A NS A 8

MLSS
Fermenter

Influent Nitrate Recycle

Aeration Basin for Nitrification

Anoxic Zone and Mixed Liquor
Recycle for Denitrification

Secondary Clarifier

Return Activated Sludge

v

Waste
Activated
Sludge



Name 6 things that kill BNR...
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CITY OF OF OLATHE, KS
CEDAR CREEK WASTEWATER TREATMENT PLANT
BNR BASINS FLOW DIAGRAM

MLSS Recycle Pump SPP-1101

Farmanter Feed Pump FFR.1001
Anparobic Recyck Pump ARP-1001

{-‘\" . 5 [ MLSE Recycle Line MXR-1T r! I’a
<L '}:3" : Submersshle Mlxeﬂ‘f-.-p-cllal,- Q*' MXR-1008 i \ Call #2
T " : .!L:(H.nuz : Submargod —} IJ a‘-h:"'—————'-
T MXR-1104 : Wa ! { Opening i o ..
MER-A405 L | : ! - m:::}'a
W , DARBenEL e b A s
= ic Zore 4, ! Oneic Zona 2 | Ouic Zona 1 g £ B
o et |, ] BREEE | ; T— N ==
= ¥ I Dissobved Choygen ES = ST
é i : : Anatyzer Typica of B E, I — J‘ i ‘. J Influent from
i = Ay L ] EE-HCI] _5 v E 5 : :.::‘i‘m
Claritior — | e e e e u"".__ oo L
i“mm _ ‘ e ;. 2 b 104 %-11&3 MR-1103 ¢_?;: MXR-1101 Q;_E L—s i iy . Ig, _%;g 2
Second Anoxic Oxic Oxic Oxic First Anoxic Zone Lnaerobic Zone
Zone Zones 3a and 3b Zone 2 Zone 1 DO =0 mg/L DO = 0 mg/L
DO =0 mg/L DO = 1.5 mg/L DO =2 mg/L DO =2mg/L ORP:-100t0 0 mV [ORP <-200 mV
ORP: -100 to 0 mV ORP > 100 mV ORP > 100 mV ORP > 100 mVv NO3N <2 mg/L NO;N = 0 mg/L

NO3N < 5 mg/L
NH;N < 1 mg/L
PO,P <1 mg/L

Second Oxic Zone

DO =2 mg/L
ORP > 100 mV
NO3N < 5 mg/L
NH3N <1 mg/L
PO,P <1 mg/L

NO;N > 5 mg/L
NH;N < 1 mg/L
PO,P <1 mg/L

NO;N > 5 mg/L
NH;N < 2 mg/L
PO,P <2 mg/L

NO,N >2 mg/L  NHzN <5 mg/L
NH;N < 5 mg/L
PO,P <5 mg/L

PO,P >5 mg/L

Secondary Effluent Limits:

TN < 8 mg/L
TP < 1.5 mg/L

Fermenter
DO =0 mg/L
ORP < -200 mV
NO;N = 0 mg/L
NH;N > 5 mg/L
PO,P > 15 mg/L
sCOD > 200 mg/L

NH;N < 15 mg/L
PO,P > 15 mg/L



Phosphorus Accumulating Organisms

Anaerobic Conditions: Aerobic Conditions:

-VFA must be present. -Luxury phosphorus uptake.
-Phosphate is released.

-PAOs survive by storing PHB.

PHB Poly-P

Slide credit: Dr. James Barnard, Black & Veatch
Mechanism: Fuchs & Chen 1975



Performance before June 2014 is

erratic because ferric chloride lines . .
. . . Operating as designed
were installed improperly plus a line

break was discovered on 4/3/14, June 2014 and after.
after which waste ferric was
recovered and re-used in the plant.
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Ferric Chloride Dose (gpd/MGD)
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11/30/12 -
2/28/13 -
5/29/13 -
8/27/13 -

11/25/13 -

11/20/14
8/17/15 HR

11/15/15

® Composite TP & Ferric Chloride Dose === 3(-Day Moving Avg (TP) e 30-d Moving Avg (Ferric Chloride)




. ORP and Phosphorus Removal
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Anaerobic Zone ORP (mV)

10/6/16
11/6/16 -

® Composite TP a  Anaerobic Zone ORP === 3(-Day Moving Avg (TP) e 30-d Moving Avg (AN ORP)
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BNR Effluent Total Nitrogen

A

Root Killer

Metals
Overdose

Sodium Bisulfite, Dumping

Nutlicr
oo

. Polymer Dumping
Unknown R

A

" Street
_ Filtrate,
Aeration K Rapid Temp then

Experiment Drops, Followed E)ig_e.st(id
i i Solids "4
by Diesel Dump

11/30/12 -
2/28/13 -
5/29/13 -
8/27/13 -

11/25/13 -
2/23/14 -
5/24/14 -
8/22/14 -

11/20/14 -
2/18/15 -

11/15/15 -
2/13/16 -
5/13/16 -

+ Composite TN ===30-Day Moving Avg (TN)

8/11/16 -

11/9/16 -




Weekend operator
smelled something in
the entire plant, and
nitrification was lost by
Monday.

Exactly 3 months later,
operators smelled the
same odor, quickly
diverted flow, and saved
the process.

Exactly 2 months later, it
happened again.
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ater Treatment Plant - CAOLATHEVWWWTP SCADA APPS

pH - CEDAR LAKE

WISIEES
in Lift R
Stations

RA DDy LIMK O

CEDAR LAKE E STOP STAUS IS
E STOP ENABLED

DEFFENBAUGH RUMN STAUS IS
RUM ENABLED

CEDAR LAKE FLOW TOTALIZER

O > 1000

CEDAR LAKE FLOWY

Warning ; D' -

[=]

M

PUMP 1 FPUMP 2 PUMP 3

FPrevious Screen Close Window
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pH Loggers — Deploy in Manholes Outside Industries






e Recycles nitrates

Mixed Liquor Recycle

e Also recycles dissolved oxygen

Effluent
Nitrate

(mg/L)

15

10

5

A Not recycling enough Recycled dissolved
nitrates oxygen hurts the
process
Ideal
>

100% 200%

300% 400% 500%

Mixed Liquor Recycle Pump (% Influent Flow)



& Olate Waste Water Treatrmeet Plant - CAOLATHEWWTP SCADA ARPS
Snrinl

—— - — — - e

Alarms ENR Basin No. 1 Main Menu
Some nitrates left, so
R Ramin 1

recycle set correctly./ mim: aneso zens

Flitrate &1 T- 1003

[ 60.34 k l 1.96 mgL |
\ I

M- 1004 I:'I'- [ 5 w
Froanaxic In Remote mmolie
i g
. FAXH-100T
In Ramate
GED- 1002
In Remote
L St
n == x Firmt fAroxic

O B0-1001 A -1 008 Firrsn
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10.75 feet k!

Y 78 % Open
MR 1006
AR Rasin 1 inlst [P —— In Remols
Lavel: LIT-1001
I R ot ! !
g Flow Target Flow Target

[ 0 gpm _| | 2zogpm |

Caicuiated Flow Anasrobic In Remotae "_'AT ‘% ."_'_';‘
Crewr O S0- 1001 P
2.85 MGD PR - D FE P40 ____.--"—-;‘ *‘
o In Remote In Remote s

68.8 %

| 6034 f | 445 mv |

Basia 1 Ars@ssobds
Forws DA ALIT-1009

© onuum
FFP-1001

| 12.28 mafl | o g 1200 (1] Wi b DR

orETME 600
R Basin 1 Anssnot o it T e 13 DM

Phosphate A T- 1002

|
| BNRE Basin Setpoir It-||

BHR Flow Satpoints :
Maximum Allowed Flow: =525 mao | Print Screen [

Good anaerobic Good phosphorus
conditions. release.




Membrane Diffusers — can turn off

the end

. De-oxygenation ey
Y8 Xo.n\ ; il
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&g Cilathe Waste Waber Treatrrent Plant - CAOLATHEWWWTP SCADA APPS
Special

—

Alarms

BENR Basin No. 1 |

Eorve 3B Ao &0 T-1106

57.45

F I 0D.72 wmgiL I

Tone T DO AIT-1

LES AIT-1106
1935 moiL

mb'\n Menu

Tone T Ammmonis A0 T-11708

008 moil

lete

Air Flow FIT-1101

418 sp

Air Floswss FIT-1102

548 sp

HAir Flows FIT-1103

136 sp

Ay Floww FIT=1104

136 sp

MicroCG

Print Screen

Air Flows FIT-11086

14 sp

Prassurs PIT-1404

I (S RLE] I MER-1103 I =] é 2
| inremote | in Remote |LOW DO recy;15d . ey e
| ' | ) e nitr
I I I oo AIT-1103 e GRD-1109
| | | — - P Mot In Remots
| | | ]
I | I e v ¥ o
e | Oie | Cixie | t n
Tore 4 Taone T Torve A Zone T e, A
| | | | BAMA-1108
I I I MMXR-1104 /.;-"'_ '\-\.‘ In ann.n
In Remaote
| ' —— “
| mxr-1102 | | #0 W | |
I In Remoia I I m L 4
== ! |
| | | PR 10
| === l I Flow Target -l' in Remote
i
I I I m Second Anoxic WO r I ng
I 1 i z
s =
DO AIT-1101 DO AIT-1902 I
' o
2.84 mgfl 2. 73 mgiL
o | o reemmn
VEL1101 w1102 w1103 VE-1 10 WE-1106
[ Acration Setpoints |
in Remote In Remote in Hemote In Remote I Remote . N
D0.0. Control D.0. Control D.0. Control D.C. Control D.C. Contral BNR Basin Setpoints
Oule Fone 1 Oxic Zona 2 Oxic Zone 3A COmic Zone 368 Second Oxic Fone Amration Hamsder
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g Dlathe Waste Water Treatment Plant - CAOLATHE\WWTP SCADA APPS
Special

Alarms Ferric Chloric

FeCl to Influent Manhole FeClto BNR Basin 1

Hydrogen Sulfide Cono.: 1.0 mg/L Effiluesnt Phosphorous Conosntratic

@  Auto (AIT-1501): 006 mglL
@

Influent Flow Ave i H 10 min.
ek Manual: 1.00 mg/L

O INnstantanaouns: Z.84 MOGD
@ Averaged: 3.26 MGD Target Effluent Phosphorous
Conoentrstion: 1.00 mg/L

Limit of
Technology

» H S Removal Ratio: 3.5

BHR Flow Averaging: 15 min.
FalCl Unit Conversion: 1.01
C) Iinstantaneocus: 1.19 MOGD

Averaged: .63 mMGD

Calc. FeCl Feed Rate: 2.53 gph @

Duty Pump Mole Ratio: =.00

PDM - ¥ FelCl Unit Conversion: 1.02

Calc. FeCl Feed Rate: o©.00 gph

Ferric OFF

Stroke Length Setpoint: Stroke Length Setpoint: 60 %




Why a Fermenter?

BNR will not work. Chemicals or a
BNR will work. fermenter required.

Soluble &
Degradable

Soluble &
Non-biodegradable

Soluble &
Degradable

- DK RARLARN

s{setelelereles

St letstatateteds
Soluble & Sttt
)
i WU
Non-biodegradable B R R H AL
‘«tQ:o:;:o:ozé‘f'o"o"o"o"o"o"o%‘

6{000‘ .
Particulate & & Particulate &
Degradable Nonblodegradable

Particulate &
Degradable

Particulate &
Non-biodegradable

Wastewater Chemical Oxygen Demand

Methods for Wastewater Characterization in Activated Sludge Modeling (Melcer et al.,
2003)




Fermenter Flow Path

Fermenter Fead Pump FFP-1001

Anaerobic Recycle Pump ARP-1001 .
* Pumpinto

Fermenter (from

Anaerobic end of AN zone)

%2 MxRr-1008

(s

Submerged —3 {fy [ : * |ntermittent mixing
Opening ' .

e Qverflow out of

Downward Opening
Wair Gate GSD-1004 Fermenter
e To AN Zone
: : GSD- 1003
First Anoxic e QOr AXZone

MXR-1007 5%

-’{-} MXR-1008 J

z/_ G3D-1003

o |l “{[BNR Flow
=== | Splitter

Anaerobic Recycle

MXR-1004




- Overflow gate to
-_ '\anaerobic zone

Y

3 FEEE

1 of 2 mixers

Coated walls to .
protect concrete - = ) /
from low pH ' <—Influent from end
: & of anaerobiczone
. j \ Mod{fied feed to
i distribute evenly along
' the bottom
S *.
Modified Johannesburg Recycle 2"d gate to anoxic

ol

(end of anaerobic to pre-anoxic zone) l zone (not shown)




BNR Influent

~Pre-AX Effluent -
(RAS denitrification)

-

Fermenter

Anaerobic Zone (PO,-P
Release)




Fermenter Operations

e Feed Pump
— On 2 hours, off 1 hour to prevent washout.
— Average HRT Approximately 14 hours.
 Mixers
— On 2 times per day for 1 min.
— 2 mixers offset by about 1 hour.
e TSS Inventory (Manual Grab Samples)
— Top, Middle, Bottom — both sides.
— Feed, Effluent.
— Target 2 to 5 days SRT but control is difficult.



Fermenter Sampling

ORP (manual) — 5x per week

Fermenter effluent grab — 3 x per week
— ffCOD, acetic acid, propionic acid, butyric acid

— PO,-P, SO,%, NO,-N, NO,-N, CI-, FI
Solids profiling — 2x per week
pH profiling — 2x per week
Microscope as needed

Batch testing as necessary
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Newest Fermenter Design Performance
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Batch Fermentation Tests

Summer 29°C
1TSS =3710 mg/L
after 24 hours,

VFA =116 mg/L
NH;-N =20 mg/L
PO,-P =22 mg/L
pH=6.5

= R R W
yn o wu O
o o o O

Soluble COD and VFA (mg/L)

i
o

Cedar Creek MLSS (3,710 mg/L)

Average Temp
Approx 29°C

I, A

& 10 12 14 16 18 20 22 24 26 28 30
Fermenter Solids Retention Time (hours)

—-+-sCOD -+Total VFA -=Acetic Acid -+ Propionic Acid




Batch Fermentation Tests

Winter 13°C
(tests done seasonall
to optimize)

VFA = 60-123 mg/L
NH,-N = 15-20 mg/L
PO,-P = 20-27 mg/L
pH=6.2-6.5

Total VFA (mg/L)

oo
o

23]
o

Average Temp
13°C

Sample taken from fermenter

(so already fermenting for about 1 day at test start)
i

Sample taken from fermenter feed pump area
[already fermenting some at test start)

d_,/"'; S.: mple taken from middle D{ anaerobic zone
(fermenting a little at test start)

1.0 15 2.0
Batch Fermenter Time (days)




WERF Study - ongoing

e Led by Northeastern University (Dr. April Gu)
e City of Henderson, Nevada

e City of Naperville, lllinois
» City of Olathe, Kansas June 2015 On-Site Testing:

Nick Tooker, Yugi Wang — Northeastern
Jenny Warren — City Intern, KU undergrad
Katie Jaegar — City Intern, KSU undergrad

e Clean Water Services - Hillsboro, Oregon

* Hampton Roads Sanitation District — Virginia
Beach, Virginia

e Lake County lllinois
* Metro Wastewater Reclamation District — Chicagc
* Metro Wastewater Reclamation District — Denver
* Black & Veatch

e AECOM

e Dynamita (Imre Takacs)

*  Woodard Curran
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Typical Leadership
Philosophy A
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Olathe’s Leadership
Philosophy
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#OlatheProud

NACWA Peak Performance 2015, 2014, 2013, 2012, 2011, 2010, 2009, 2008, 2007, 2006, 2005, 2004, 2002, 2001....

EPA National Biosolids Award 2006
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