Wastewater Treatment
Technologies for Nutrients
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Nutrient Removal Fundamentals
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V Technology Based Effluent Limits (TBELS)

V Water Quality Based Effluent Limits (WQBELS)|

% |V Total Maximum Daily Load (TMDL)

V Antidegradation
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Whatis aTMDL?| Whata TMDL Does & Does Not Do

Existing Load

Natural

Source X
Source Y
Source Z
Pt Source A
Pt Source B

L BASICS
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Meeting
Standard

Natural

+

Allowable

- Human >
Load

+
MOS

MOS = Margin of Safety

Reduction
Needed

l

TMDL

]v

SLAES



Water Quality Based s e d
EFFLUENT T_IMIMEBTS

Water Quality Based Effluent (W \
Limits (WQBELS) \

A Based on IFStream Standards
A Can be very low
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MINNESOTA

AdEutrophication{ 0 I Y R

Ahosphorus (for now) plus

AChIorophyILa

ADO flux
ABOD

ASeasonal
AJunec September (implicit)

River Nutrient Regions in Minnesota
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MINNESOTA

AThree River Nutrient Regions

ANorth ¢ 50 pgTHL
ACentral¢ 100 pgTRL
ASouth¢ 150 1gTRL

AChla <150 mg/m

AReach specific criteria:

ALower Mississippi Pools
ACrow River

AMESERB

River Nutrient Regions in Minnesota
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MONTANA

Adopted Standards: DEQ-12A

Ecoregion (lll) Based Nutrient Criteria

Nutrient Criteria

Level Il Ecoregion
Total P Total N
(ug/L) (ug/L)

275

Northern Rockies July 1¢ Sept.30 25
Canadian Rockies July 1¢ Sept. 30 25
Middle Rockies July 1¢ Sept. 30 30
IdahoBatholith July 1¢ Sept. 30 25
NorthwesternGIaciated June 16 Sept. 30 110
Plains
Northwestern Great Plains, July 1c Sept. 30 150

WYBasin

f': HEZS DEQ12A;EcoregiorLeveliV not shown.

325

300

275

1,300

1,300



MONTANA
Adopted Standards:rd s: DEQ-12A\

AlLarge Rivers 2 \\ g

Alndividual Streams }

AEcceRegion Level IV (fine detail) aricevebll
ABackground Concentration statistics

O
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APermit writer discretion ¥ u,
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Flow: Seasonal A 7 10 h
1405with 100- . nnual 7Q10 wit

percent mixing 10-percent mixing
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STANDARES IN RERSPECENE

In-Stream Standardyg/L 2510 150 27510 1,300

Limits of Technologyg/L <4,000

"Normal" effluent,ug/L

Phosphorus Nitrogen




CANOT MEET THE

Get a Variance (MT,




Montana Nutrient Standards

VARIANCES
The Detalls

Recognition that limits are unattainable
MT-DEQ 12B

General and Individual Variances
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Montana Nutrient Standards

VARIANCES
The Detallsx General Variance

A Up to 20 yeargplus compliance schedules)
A Reviewed every three years

A Changes at permit
renewal
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Montana Nutrient Standards

VARIANCES
The Detallsx General Variance

A Endoft A LJS d&a¢  —orl¢
TN,
A Set through |\/|ay 2016 Discharger Category TPug/L | ug/L
X mMmdn aDbD>5 1,000 [ 10,000 r
A May preCIUde TMDLs <1.0 MGD 2,000 | 15,000
A Opt|m|zat|0n StUdy Lagoons not designed to Maintain Curren
required actively remove nutrients Performance
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Proposed TP Variance Limit

2.5

Proposed TN Variance Limit
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Total Phosphorus, mg/L

0.5

Total Nitrogen, mg/L
(ee]

PERMIT 1

PERMIT 2

PERMIT 3

PERMIT 4

— Small Facility
— Large Facility

PERMIT 1

PERMIT 2

PERMIT 3

PERMIT 4
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WHAT DOES IT ALL MEAN?




LAGOONS

A Restore & Maintain Performance
A Avoid JulySeptember discharges?
A Stream data

A Start thinking about trading

A Optimization Study

Optimization Study ==
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MECHANICAL SYSTEMS

A Optimization

A Stream data

ese A Move discharge?
A Start thinking about trading

A Get ready for changes
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Atmosphere

*
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Organic Nitrogel-yAmmonia» Nitrate» Nitrogen G

Input: Oxygen Input: Carbon Source

Particu|ate an(" P ) Solids Removal =
articulate Phos hor.
Dissolved Phosphor? P TP Removal

L

Input: Chemical
(or PAO)

= T
g
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TOTALLPHOSPHORUS . REMOVALVAL

‘ Biologicalg activated sludge

More capital cost
Less O&M cost
System dependant (anaerobic digesters, et

§ 13 N \“: | ARTZAY Z0 =N ¥ { [
i} >

Chemicalk any treatment, even lagoons
Low capital cost
Chemical and sludge handling




TOTALLPHOSPHORUS.REMOVALVAL

1 mg/L
) Bio-P orChemP

<1 mg/L
) Bio-P orChemP with improvements

<0.1 mg/L
m) Add a water treatment plant on the back end!
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_ 4 Air stripping with pH adjustment; not used

_ 4 lon Exchange not used
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Nitrification/denitrification
Activated sludge

Denitrificationfilters

SLAES



Effluent Total Nitrogen
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Activated Sludge (AS AS with PreAnoxic Zone AS with Preand Post
Anoxic Zones and
Supplemental Carbon

Biological Proces:
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Fine Screens Vortex Grit Primary Screw Pumps . Adtivated Sludge Final Clarifiers Sand Filters UV Disinfection
(2 units) Removal Clarifiers (3 units) Concert Final Clarifier (2 Units) (2 units)
(2 units) (2 units) To Aeration Basins

{L15&R15)

Influent Flow
Measurement

@) p®4
[l PRS RAS/WAS Pumping

Gravity . Anaerobic Digestion i Biosolids Liquid Dewatering Dewatering
Thickening {New Mixing) Storage Tank Serew Press Biosolids
Storage Tank

i

Polymer

LT

N

N L J“.
Renovate: Digester Mixing and Heating System

Tl |

:% Flow Measurement == liquid
A To Land Application
1 ~  Proposed Pump s Solid




SIMPLIEIE DPROCESSFEOWW

Primary Secondary
Clarification Clarification

&t

Disinfection

=
&
.~
&
$ |

Pretreatment

Secondary Tertiary
Treatment Treatment
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Secondary Treatment is Biological
Water + Oxygen + Bugs = Secondary Treatment

Suspended Growth (Activated Sludge

A Aeration Basin with Final Clarifiers
A SBR
A MBR

]v

Attached Growth (Fixed Film)
A Tricking Filters, RBC, MBBR

Hybrids

S, AES



ACTIVATED SLUDGE

Conventional Activated Sludge

INFLUENT |
—

RETURN ACTIVIATED SLUQGE

EXCEds
(WASTE
l WASTE ACTIVATED
ACTIVATED SLUDGE
SLUDGE
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BNRINNMANYIFLAVORS RS

Supplemental

Nitrate Recycle |Carbon Supplemental
Alt. RAS \ Carbon
Influent\ primar o) .
y Anaer Pre - Post | Fina ., Final
Clarifier | 2 obic | Anoxic Aerobic = i TP Clarifier /|~ Filters -
T RAS |
Variations

A 4- or 5-StageBardenpho
A Modified LudzackEttinger A Virginialnstitute Plant
A University of Cape Town A Sidestreantreatments

A A2/O

A Johannesburg

A Others $3AES




ACTIVATED SLUDGE

High Purity Oxygen
A Oxygen concentrator
A Mixers in aeration basi

doi’e HEZSW Image courtesy of PCI



ACTIVATED SLUDGE

Oxidation Ditches

A Similar to conventional AS. %

but different aeration
ABrush Aerators
ATurbine Aerators
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Image courtesy of Smith and Loveless; @wilvo



ACTIVATED SLUDGE

Sequencing Batch Reactor (SBR)
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fi’e AES Image courtesy aBanitaire


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=EiMyPV1AGkVmGM&tbnid=FBOrhjIH6BVkhM:&ved=0CAUQjRw&url=http://www.xylemwatersolutions.com/scs/eastern-europe/en-us/products/Aeration/Pages/default.aspx&ei=ZkBEU7qONqSVygHG14HgAQ&psig=AFQjCNFJ5a87JYy5qyUQy7yL0frK8zOZfA&ust=1397067649172587

ACTIVATED SLUDGE

Membrane Bioreactor (MBR)
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ATTACHED GROWTH
Trickling Filter

CrossFlow Media Uniform distribution by
is used in top two CrossFlow layers ensures
layers where distribution desired sheet flow in
VerticalFlow layers

is most important

VerticalFlow Media
is used in lower layers where
anti-plugging characteristics <

are most needed

Media layers are rotated
90° to layer above for
maximum distribution

 cKling Filter
. marc\( Tric
City of B1S

ﬁ’g HEzsb Imagecourtesy ofBrentwood Industries
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