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1. Primary treatment only
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2. Secondary treatment with a HPO process

BOD/TSS Removal |
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upgraded to
secondary treatment
HPO
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The Bellingham Post Point Plant
(prior to recent upgrades)
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The HPO process
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CO2 accumulation suppresses nitrification in HPO

Processes
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The Bellingham Post Point Plant
(prior to recent upgrades)

Secondary Diversion
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The Bellingham Post Point Plant
(prior to recent upgrades)
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Filaments cause poor settleabili




Addition of an anaerobic selector allowed for
the growth a PAOs

* Provide an uptake zone for S &
VFAs T

* Encourage growth of
Phosphorus Accumulating
Organisms (PAQOs)

« Compact flocs settle faster than
highly filamentous sludges
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. -
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Selector improved SVIs
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SRT Refresher Courser
\

Waste Activated Sludge

Secondar

— Secondary Effluent

SRT — Total Aeration Basin Solids
Total Solids Wasted
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Post Point adjusted SRT to maintain a healthy
nopulation of PAOs

2 2.5 PAOs
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3. Air activated sludge

advanced
controls

expansion
& conversion
to air activated
sludge

2030
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Converting from HPO to air increased need

fOI’ COﬂJ[I’O| C Bacteria
NH, + 20, » NO, + H,O +@

Summer (June — September) PE Alkalinity, mg/L
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Converting from HPO to air increased need

for control

e
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Converting from HPO to air increased need
for control

PAOs and Nitrification

- 8¢ PAOS
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Converting from HPO to air increased need
for control

* Acceptable operating band is 45
quite narrow in the summer
months
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Manual control was not sufficient during the
summer
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Automated SRT control can provide tight control

ML TSS




Automated system resulted in tight SRT control
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Advanced SRT control helped Post Point
maintain good settleability

No nitrogen removal

» Advanced SRT control provided a great tool to allow Post
Point to stay out of nitrification while maintaining good
settleability

CAROLLO /| 23




Implementing advanced SRT control at Post Point

« Automation allows accurate real-time tracking, correction, and
optimization of plant performance

* Requires planning, proper location, proper installation, and

programming of instruments / PLCs
—3
» Comes with increased cleaning, checking, maintenance, _— 5
calibration, and operation duties —_— B
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Automating Solids
Retention Time (SRT)

Where we are headed

q

Continuous
online
measurement of

mixed liquor and
waste activated
sludge TSS

Based on real
time data vs.
waiting on lab
results

SRTmaster™
algorithms
control wasting
and return rates
based on desired
SRT setpoint

Better
settleability and
more consistent

loading to sludge
handling facilities
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How we got there

Installation of TSS probes at mixed liquor
splitter box and WAS line.

Tuning of SRTmaster™ based on plant

specific computerized modeling.

Adapting to the real-world dynamics of
the plant and new instrumentation.

CAROLLO / 26




Online TSS probes

Submerged probe
Stanchion
mounted

Easy access
Relatively stable
Self cleaning (W3)
Not prone to
fouling

Cerlic ITXIL

WAS TSS
Inline probe
Pipe insert Panee
Complicated access wwn
More variable ' :
Self cleaning (W3)
Prone to fouling

Effected by process
changes

CAROLLO
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Fasy-peasy right?

« Step #1
SRT setpoint entered

« Step #/

Sit back and watch as
wasting is automated

Post Point WWTP

Gravity Belt/Polymer/WAS

\WTO
||| ] 137.8 GPM avto | e
| =
p
=,

SETPOINT FEEDBACK 1
WAS FLOW
STl 1314 GPM || 1314 GPM

57 %

MANUAL SPEED
SSSSS INT

;
SE |
SRT S

SRT CALCULATED

WAS FLOW CALCULATED [RRR:Rel gl

CAROLLO / 28



o
N
>

<
Fal
o
Q
™
I
I3}
=
[}
=
o
o
<
[}
]
©

°

o
=]

B3 5RT Information

SRT CONFIGURATION MENU

SRT EXECUTION MODE

RUN | PAUSE | RUNNING

SRT SETPONT
SRT

SRT CALCULATED
CALCULATE |

WAS FLOW CAL CULATED
WAS FLOW

GPM
Output Clamp : High GPM

Output Frequency Daily “|B o~

VOLUNE OF BIOREACTOR SETPONT
Vol of Bioreactor

24 HOUR AVERAGES FOR SRT CALCS
MLSS d 152745 ppm

WAS TS5 B024.74 ppm
WAS FLOW 152.06 GPM

SRT ALARMS

Set it and forget it?

 Situational Awareness Needed!

SRTmaster™ not put in hold while
clarifier being dewatered. High WAS
TSS affects SRT calculations!

4372 - SEC WAS Meter Reading at grab sample
41672024 - 472272024

4/22/2024 700, 8580.977

10500

10000

9500

9000

8500

2000

7500

7000

6500

™

16 Tue 17 Wed 18 Thu 19 Fri 20 Sat 21 Sun 22 Mon
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Daily calibration checks — mixed liquor

MLSS Lab and Cerlic comparison |

2500+ 10

& 1‘r _

= £ T2

E 2000 — 5
2 .

= 15004 v -

h.l '1':'

1000 15

31 33 35 3T 39 31 313 3M5 3MT 3A9 3U21 323 3425 327 329 3734
Date (3/1/2024 to 3/31/2024)

S LAB Grab / LAB Meter/ Lab MLSS = Lab MLSS
MLSS from Reading of Percent Fercent
Splitter MLSS from Difference (7 Difference

Splitter day Mov
Avg)
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Daily calibration checks - WAS

WAS Lab and Cerlic TSS comparison |

Difference

5 — +— __:__ —+ -+ —+ . __!I_. t "I"-Kli.n]iz):al ' ' ' ' \\I ' ' |
Date ( 3/1/2024 to 3/31/ )

Cleaning needed
S SEC WAS SEC WAS / LABWAS + LAB WA

755 LAB  Meter T55 Percent T55 Percent
RUM Reading at  Difference (7 Difference Calibration needed
grab sample day Mov
Avg)
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Other lessons learned

148"
SEMSO0R LEMGTH

EII-
=—END OF VALVE—=
TO PIPE WaLL

o ek TO B

FIFE WalLl

SEMSOR HEAD
rle” TO " —={ [
INSERTION

-
_—:::._h } 45 "
{_

OUTSIDE N 135" — 14"
BIPE FOR PROPER & ————=
WALL INSERTION OF SENSOR

HOZLONTAL MOUMTIMG
4" & LARGER PIPE

e Location matters!

* 100% to Spec. Installation matters!

* Process variability can have large and

sometimes unexpected effects.
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SRTMaster low flow feedback loop

Current Filename [ \\bts1n\Trends\Users\Jeff K\CI2 analyzers, flow, ORP, Cerlic's, plant heartbeat.aaTrend ]
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4. Nitrogen optimization

nitrogen
optimization

[
—1HK e ek —

1970 1980 1990 T 2000 2010 2020 T 2030

Nutrient
General
Permit
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Nitrogen in Puget Sound comes from a variety
of different sources

Atmospheric Deposition

Deposition of atmospheric nutrients (from
natural sources plus emissions) onto
watersheds and directly onto marine waters

Rivers

Includes all upstream sources that
drain into rivers, and are transformed
by stream dynamics, before entering
Puget Sound at their mouths

Net Ocean Exchange
Nutrients from the Pacific Ocean
and Puget Sound get exchanged a
the Strait of Juan de Fuca and
Admiralty Inlet

WWTPs + other point sources
Human wastewater and industrial point
sources with outfalls in marine waters

Credit: Washington State Department of Ecology
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Excess nitrogen can lead to low DO
concentrations in Puget Sound

nifrogen
loading

et

Atmospheric Deposition

Deposition of atmospheric nutrients (from
natural sources plus emissions) onto
watersheds and directly onto marine waters

Rivers

Includes all upstream sources that
drain into rivers,and are transformed
by stream dynamics, before entering
Puget Sound at their mouths

Net Ocean Exchange
Nutrients from the Pacific Ocean

and Puget Sound get exchanged a ;lgalv cells die and
the Strait of Juan de Fuca and decompose
Admiralty Inlet U

decomposition lowers
dissolved oxygen concentraitons
in bottom waters

WWTPs + other point sources
Human wastewater and industrial point
sources with outfalls in marine waters

low dissolved oxygen
stresses marine organisms

Credit: Washington State Department of Ecology

Credit: Washington State Department of Ecology
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Fcology’s Boundary Scenario report
documented DO depletion in Puget Sound

>180 days

Number of days not meeting the dissolved oxygen standard

» Boundary scenario report
estimated that Nitrogen
Removal at all treatment
plants would reduce the
number of noncompliant
days by 50 — 60%
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In 2022 Ecology issued the Puget Souna
Nutrient General Permit

Issuance Date: December 1, 2021
Effective Date: January 1, 2022
Expiration Date: December 31, 2026

« Puget Sound Nutrient General Permit
PUGET SOUND NUTRIENT GENERAL . .
PERMIT requires dischargers to:

A NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM » | m plement Optl m |Zatlon measures

AND STATE WASTE DISCHARGE GENERAL PERMIT

st of Washinton to limit effluent nitrogen loads to
current levels (defined Action
Testateof asingtonWatr plionCotc Levels)

and
The Federal Water Pollution Control Act

In compliance with the provisions of

(The Clean Water Act)

» Evaluate the cost and feasibility of
e o g e B e reducing effluent total inorganic
nitrogen to levels as low as 3 mg/L
amer during April - October

CAROLLO / 38

[ce]
(a2
>~
x
2
(o
o
o
o
o™
=
[
g
(o]
(o]
2
[
g
©
el
g
S



Nitrogen removal at Post Point will require
several process changes

IMLR
l NO, rich

NH, + Np3
< 10 mg/L

influent . anoxic
NH;rich | NO; 2 N,

RAS
NO;, rich \l'
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Optimum conditions for nitrogen removal
occur in the warm/dry summer months

24
—@— Min monthly temp

AN 2
18
Nitrification o
rates are ERE
faster at higher 2,
temperatures N
$ 9
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Optimum conditions for nitrogen removal
occur in the warm/dry summer months

24 72
—&— Min monthly temp ==@=Max daily flow
21 63
A
18 54
o £ | Higher MLSS
e . Y 15 45 3 .
Nitrification 2 Ec; concentrations
rates are =N 6 & | 9N be.
faster at higher | = 5 | maintained
temperatures | 2 ¢ 2 = when peak
= £ | flows are lower
6 18 =
0 0
I T - WP CINE SC C S Re
\'b(\) ((Q:Q\\‘r ng v S O ?\o %Q’Q,@((\ O‘}o 6046 QQI&@
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Modeling predicted that nitrification will be
imited by alkalinity
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Ways to increase TIN removal between June —
September Increase RAS flow

IMLR
l NO, rich

NH, + Np3
< 10 mg/L

influent . anoxic
NHsrich 1 NO; 2 N,

RAS
NO, rich \l'

CAROLLO / 43




Modeling predicted that diffusers and blowers
MAY be sufficient for the next five years

Airflow, scfm

Typical Operation Nitrogen Optimization

Bl Average MlPeak -eTotal Blower Capacity Firm Blower Capacity
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This summer Post Point will attempt to come
into nitrification

.. Preventative : ..

« Determine type of « Test RAS pumps * Perform all « Update sampling « Update EOM for
alkalinity required maximum capacity preventative protocols nitrogen

« Order and maintenance « Setup additional optimization
commission before July 1 composite operation
temporary samplers « Update SOP for
alkalinity feed « Begin monitoring coming into and
system for CN out of nitrification

* Provide training
for operators

CAROLLO |/ 45
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Evolution of Online Secondary Process
Monitoring at Post Point

TSS probes at mixed liquor splitter box and WAS line
to inform SRTmaster™ software.

Additional DO probes installed along aeration

treatment train (mid basin).

Nutrient (NH4 and NO3) probes at primary
effluent and mixed liquor splitter box.
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Multipoint DO

AB1-E

. . —T
Monitoring
it f : AB1-W
& 2 Ll endire
SLUDGE
BASIN
HEAD >
WORKS NO. 1
o 2
’ - 32
WAREHOUSE, o) zs
B l 23
i (PR (el (8 one
g2 o g e || |2 | ~AB4-Mid
1 / ) E M.) 2 g No;’. 22
' & =
; 53 AB4-W

gw g e - § - g /

§§ - ey LW [ seconpay SECONDARY T |

é g g 3 BASIN CI.ARIFIE“‘ NO. 1 QMIFI;R NO. 2 D'—'

% S | swoe 2 ) g /

= AB2-E | AB3-E
g AB2-Mid  AB3-Mid
SECONDARY SECONDARY
IFIER NO. 3, IFIER NO. 4

POST POINT WWTP
ONLINE DO PROBES
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Available For All Zones/Selector Basins

NITROGEN OPTIMIZATION MODE

— Primary Effluent Flow s ) BT G
Return Activated Sludge Flow |7 ) & & S O~ LD ¢ o
— Mixed Liquor Flow :

Aerobic

=
I Anoxic b= _i

AS Basin 1 i 1A

oL IRmCEI—

207 % 8" REDUCER ——_|__

-
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YSI FDO 707 1Q Dissolved Oxygen Probes

FDO V¥

 Easy to use HMI

E « Optical DO sensor- fast

response for dynamic
environment

with memory chip for * Pre_calibrated’ eaSin
B e replaceable sensor caps

« Almost zero calibration drift
‘ * 45-degree sensor caps
a eliminate trapped bubbles

» Self cleaning (Air)

Intelligent sensor cap

i Comprassad
m air tubing

]u-g_— Sensor elemeant
L Alr exit nozzles

CH cleaning head
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Lessons Learned

* Careful with Controller vs. PLC
scaling

* Needs stanchion to hold in place

« Communication cable sheath
prone to abrasion and
weathering

* Daily checks against handheld
DO probe

 Even with self cleaning, frequent
manual cleaning still required




Nutrient Monitoring

* YSI VARION Plus ammonium +
nitrate probes (ISE)

* Located in primary effluent
channel and at mixed liquor
splitter box after aeration

 Used to watch for signs of
nitrification — Now will be used
to measure degree of
nitrification/de-nitrification




Finding The Right Location
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Ammonium vs Ammonia

> At typical pHs, 99% of ammonia !
(NH3) Is present as ammonium ion 80 |- E NH, _
(Pd}{ll) E Ammonia
60 | .
> Influent/Primary consistently below > a6 I .
7.5 pH. However, anomalies can
OCCUT... 20 |- NH4+ -

I
» Secondary consistently below 7.5 6 7 8 9 10 11 12 13
p H Lang%nfeld etal, 2021.. v ' p H
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2272 1.484 20123 - Ammonia Online Probe - Secondary Splitter Box
32472024 - 42212024
35
) /“‘W
25 W
)
E
15| u’/ \\/

1 Mon 2 Mon 15 Mon 22 Mon
Apr 2024
20124 - Nitrate Online Probe - Secondary Splitter Box
32472024 - 42202024
0.230 /\
0.225
0.220 —13

0.215 L\

N ERWARVAN

0.205 1

0.200 : \ / v
0.195 :
0.190 : V
| IR I I I [ N I S S N N S— —
1 Mon 2 Mon 15 Mon 22 Mon
Apr 2024

e Calibration check /
matrix adjustment

currently performed
2x/month

* Moved up to once a
week during nutrient
optimization

 All new probes for
nutrient optimization
process
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All basins and clarifiers on deck!
X * Maintenance activities usually reserved for dry weather all
O pe ratl O f a ‘ being performed now

Prep solids handling for changes
Ramp-up

Installation of alkalinity feed
Lab supplies being gathered

Bypass to Primary Clarifiers CSO-Related Secondary Bypass

| Plant Detritor ) Primary [} Plant
| Influent | Effiuent : Primary |Efluent | Selector Aeration Secondary :  Chlorine| Effluent

Clarifiers Basin Basins Clarifiers :  Contact

Plant : Bar Grit ‘| | v | |
e EE e -9 @ > I e - —» Effluent
Influent Screens Removal ] P e J
T . ’ i J

wn
wn
=
X
Q
aQ
o
ol

Figure 1 Post Point WWTP Simplified Process Flow Diagram with Supplemental Sample Locations

CAROLLO |/ 55

updatefooter03




After 50 years, Post Point is still evolving to meet new regulatory
requirements

Challenge Solution Adaptation

Clean Water Act requirement for  Addition of an HPO process Anaerobic selector to improve

secondary treatment settleability

Continued growth in the service  Secondary expansion and Advanced control to maintain

area conversion to air activated sludge settleability while avoiding
process nitrification

Puget Sound Nutrient General Nitrogen optimization Modify SRT control to grow

Permit nitrifiers
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