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« Why Remove Nitrogen
« Nitrogen Removal Basics
 Facility Planning and Phase | Upgrade

* Modified Ludzack-Ettinger Pilot Program
§ Pilot Program Background
§ Nitrogen Removal
§ Construction
§ Preliminary Results

e Questions



Why are nutrientSz

-

« Stimulates algae and
plant growth

e Creates dissolved
oxygen Issues

P — limiting fresh water
nutrient

e N — limiting marine
water nutrient




Effects of Nutrients in
Receiving Waters




Effects of Nutrients
In Receiving Waters

Excess Levels of Nutrients

algae use nutrients to grow and
reproduce rapidly

algae cloud water and block sunlight

bacteria feed on dead algae

dissolved oxygen levels are decreased

aquatic organisms that breathe
oxygen or live in grasses are
stressed or die
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- Typical threshold nitrogen concentration

- Governed by: o

~0.21t0 0.5 ppm

dissolved
oxygen

Eelgrass
habitat protection

hydrodynamics |



Algal Impact
on Water Clarity
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Total Ammonia Nitrogen mgll Report

Total Kjeldahl Nitrogen’; mg/l Report

Total Nitrate/Nitrite Nitrogen”; mg/l Report
3.0(118)

Total Ammonia Nitrogen : mg/l
Total Kjeldahl Nitrogen®; mg/1
Total Nitrate/Nitrite Nitrogen’; mg/l

Total Nitrogen’; mg/l (1b/d)
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"'- Ammonla N |
§ NH3, NH4+

 Organic Nitrogen
* Nitrite (NO2)

* Nitrate (NO3)
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Forms of N1trogen -
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f Ammonla N \
§ NH3, NH4+

A\ Organic Nitrogen \

« Nitrite (NO2)

 Nitrate (NO3)
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fAmmonla N
§ NH3, NH4+

Forms of N1trogen -

 Organic Nitrogen

« Nitrite (NO2)

&Nitrate (NO3) J
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Forms of N1trogen -

al Inorganic Nitrogen (TIN)

'fAmmonla N \ _rrrr_—-

§ NH3, NH4+

+ Nitrite (NO2)

!Nitrate (NO3) /

 Organic Nitrogen
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Typical Nitrogen —

Wa ‘ centratic
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Typical influent sewage

Typical secondary effluent 32 ppm

Level 1-N removal 8 ppm

Level 2-N removal 5 ppm

Level 3-N removal 3 ppm




Conventional
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\ Secondary
Aeration Tanks Clarifiers
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How to Upgrade for
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How to Upgrade for
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NH3 & NO2 &a NO3

] Secondary
Extended Aeration Clarifiers
Primary
Clarifier R e Effluent
Effluent
Return Activated Sludge Waste
< v » Activated

Sludge
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How to Upgrade for

Primary

Aeration Tanks Secondary
Clarifiers

h xic Zone
ANnoxic Zone O

Effluent 1

] Internal Nitrate Recycle l

Return Activated Sludge Waste

Activated
< Sludge
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How to Upgrade for

\I

NH3 & NO2 a NO3 a N2+02

Aeration Tanks Secondary
Clarifiers

Primary Anoxic Zone RUEERS

Clarifier —— s — Effluent
Effluent 1

] Internal Nitrate Recycle l

Return Activated Sludge Waste
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How to Upgrade for
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Four-Stage Bardenpho Process
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Alternatlve Approach
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MLE Process Coupled with Denitrification Filter

) Secondary  Supplemental  Denitrification
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Nltrogen Removal
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- Ammonification:
§ urea & organic N ® NH,-N Nitrogen Cycle

- Nitrification (aerobic) Denitrification
CH,OH N,
NH,-N + O, ® NO4-N
Autotrophic bacteria
-4.57 mg/L O, (consumption) NO.
-7.14 mg/L Alk (consumption)
- Denitrification (anoxic)
NO;-N ® N,- NO,
facultative bacteria Oz O,
+3.57 mg/L Alk (gain) GG
+2.86 mg/l O, (credit)

NH."
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Actual Oxygen Requirements [kgO,/day]

SRT/Nitrification

Including
Nitrification

Without

f"’ Nitrification

T =20°C

3 3 5 6 7 s
Solids Retention Time [days]



MCRT (days)

Nitrification Requirement
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4 -15

DO (mg/L)

>0.5

> 2.0 (optimal)

Temperature (°C)

>0

25 (optimal)

pH

6.5 — 8 (optimal)
More alkalinity




Requwements for
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- Need nitrate to be formed

§ Nitrate is formed during nitrification

§ As long as system is nitrifying, this criterion is met

- Need “denit” or anoxic zone in system:
Nitrate

Bacteria
Substrate (Food/BOD)

§
§
§
§ No oxygen, but mixing to retain biomass in suspension



Condltlons IN

o DO Iess than O 3 mg/l
§ No aeration
§ Low aeration
§ Cyclical aeration

- Carbon source

§ Primary effluent
§ Endogenous
§ Methanol or other chemicals

- Mixing
§ Pulsed or cycled air

§ Submersible mixers
§ Vertical mixers



Pending TN Limit

Facility Planning Efforts




Project Overview
» Wastewater Facilities Plan

§ Equipment Assessment

§ Building System Assessment
§ Alternatives for removing TN

% .‘w;‘\:','.‘-'v~ \

 Prioritized Improvements
§ Phase | Upgrade
§ Pilot Program to lower effluent TN
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Project Overview

Phase I Upgrade
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Project Overview
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H,S resistant
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Chain + Flight
mechanisms
Primary sludge
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Project Overview

Septage/ Scum Tanks
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Project Overview
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* Septage blowers

e Radar level
instruments

e H.S resistant
coatings

 New hatches




Project Overview
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Project Overview

Secondary Clarifiers
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Project Overview

Process Building
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Project Overview

Odor Control Systems
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Project Overview
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Project Overview

Administration Building
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Pending effluent total nitrogen limits

Influent sampling program and Biowin
modeling

Reviewed / analyzed BNR processes and
technologies

Selected Modified Ludzack-Ettinger process

Goal: seasonal average effluent Total Nitrogen < 8 mg/L



Modified Ludzack-
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ammonia-N + O, — (nitrifiers) — H* + H,O + NO, + energy
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internal nitrate recycle

Return Activated Sludge
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Effluent Concentration, mg/L
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12/27/2014 2/15/2015 4/6/2015 5/26/2015 7/15/2015 9/3/2015 10/23/2015 12/12/2015

Sample Date

==3¢= Total Nitrogen = ==Flow returned to AT3/4 «+ e+« oo Effluent Total Nitrogen Goal, 8 mg/L



~ Nitrogen I

Modified Ludzack

\‘i\\ \\

'(\ \mw '

. Gdal effluent Total Nltrogen < 8 mg/L

Conventional

Sample Date

August 13, 2014
September 10, 2014
October 8, 2014

November 12, 2014

* Result below reporting limit

Total

Nitrogen

(mg/L)
25

26
27
27

MLE Process

Total
Sample Date Nitrogen
(mg/L)
August 12, 2015 <4.0*
September 9, 2015 < 4.0*
October 15, 2015 < 4.0*

November 10, 2015 < 4.0*



Questions

Thank you!




