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Why is Nutrient Control and
Removal Impartant?
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Sources of Nutrient Pollution
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Agricultural Drains
Urban Stormwater
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Sources of Nutrient Pollution

Construction Site Runoff

Non-point Discharge
Sources
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Size of New Jersey

More serious
than recent
BP oil spill
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Nutrient Pollution + Water
Quality & Ecology

Gulf of Mexico

Natwral

Atmospheric
Depostion
21%

Urhan and
population:
related
sources

USGS 2008
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& 71% nltrogen |
Urban 12% phosphorus
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How does Nutrient Treatment
Improve this Situation?

Consider the Oxygen Consumption Potential (OCP)

OCP = measure of the total oxygen demand of the treated effluent
pl aced on t he taeimpactomdnssofvedéoxygen

cBOD;  NHs;-N
OCP = organic + ammonia + (demand from organic P or organic N)

OCP = (1.2 x cBODg) + (4.6 x NH;-N) + (greater of 100xTP or 14xTN)

Raw Domestic Wastewater

ST AT

cBOR
NH-N 25 4.6 115
TP 5 100 500
TN 32 14

Adapted from: Total

J. Sandino 2009
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How does Nutrient Treatment
Improve this Situation?

Secondary Treatment

ST AT

cBOR
NH-N 25 4.6 115
TP 3.3 100 —-380"
TN 26.7 14 373
Total

\_/

Adapted from:
J. Sandino 2009
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How does Nutrient Removal
Treatment Improve this Situation?

900

800

700+~

600
OCP,

mg/L

Nutrients

84% = NHaN

® cBOD5
|-’z

raw secondary nutrient remova

500

400

300+

200+

1004~

Degree of Treatment

Adapted from:
J. Sandino 2009
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Environmental Fate of Nutrients in
Conventional BNR Facilities

Bioreactor
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Critical Environments for BNR

' N, Phosphorus
3; Nitrogen N

Anoxic Anaerobic Aerobic

Dentrification P,- Release ===+ P.| Uptake =,

DO ~ 0.0 mg/L
NO,; > 1 mg/L

DO ~ 0.0 mg/L DO > 2.0 mg/L
NO; ~ 0.0 mg/L NO; > 10 mg/L

EEEER IIIIIIIII"

<

Readily Biodegradable Readily Biodegradable Orgatl)nic & Igorganic WAS
Carbon Substrate Carbon Substrate Car Ogiil\f”ates
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*f"*f'fa-!f O e ST Hlew Did BNR Begin?
s e e D S Conventional

Activated Sludge
With Nitrification

Only nitrogen removal
Is due to cell synthesis

NH Nitrification

;I v

sCOD

NH,

NO,
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Evolution of BNR

Wuhrmann Process

(1962)

N, Effluent

T TN& > ma/l5
TN a 12 m

"I Dentrification
i CcOD Nitrification iPost / Endpgenous?d NO3-N

AER ‘ j; AX

: E RAS

WAS

1
1
! L
. endogenous respiration
SCOD i is carbon source;

'Aislowd denitrijfication rate
MRS COD:TKN > 12
Often not attainable

without supplemental
carbon source

1
1
i v
1
1

NO,

Goal: Transport the NO3 to an anoxic environment
where carbon is available
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Evolution of BNR

Ludzack-Ettinger

Process
(1962)

Effluent TN& 1 @5 mg/L

. 2 = Lrwan - AY
T '.;.Kf( Indianapolis,IN
152 A ;

L \
P?Qr“;'f',caﬁ'&”sf zalt «&OD Nitrification

j; AX ‘ AER

RAS

Wastewater is carbon source;
potential for
denitrification rate;

inefficient carbon utilization

fifastero lWAS

sCOD
Denitrification is i
Nitrate-limited !
: QQraslF ati o i mpor f
RAS
NO, 7 <
COD:TKN > 12 likely attainable A a higher Qgas influences
without supplemental carbon denitrification efficiency;
Afipr e/ substrateo deni
Goal: COD:TKN > 12 reduces BOD load on aerobic zone
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Lafayette, IN

Evolution of BNR

Modified Ludzack-Ettinger

Process (MLE)
(1973)

Effl ueneti ML a

IMLR (2Q7 4Q) NO;-N
Dentrification BOD Nitrification NO.-N
v P eo 1 37
| i AX | ‘ AER
! RAS NO,-N
: Efficient carbon utilization; i WAS
Aifastero denitriification rate Nitrate
sCOD i Recycle
; i
NO, Internal recycle

Higher
Nitrogen removal

ratio importanté

A

COD:TKN > 12
likely attainable
without supplemental
carbon source

High IMLR rate optimizes
denitrification efficiency
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Evolution of BNR

4-Stage
Bardenpho

(1973)

IMLR (3Qi 4Q)

o 2

Effl uenti 4meiL a

AER2 improves settling

by stripping N,

Denitrification ~ BOD Nitrification | Denitrification N2 Strip
v (APreoj g ,iPosto
i’AXl AER1 iAXZ AER2
! i i RAS
sCOD ! i Nitrate E l WAS
i K:/Recycle !
E I E Anitrate polisho;
i fisl owo denitrification

NO; :
A A

COD:TKN > 12
likely attainable
without supplemental
carbon source

17
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Building BNR into New Plants

New
Headworks

Existing Plant -
Headworks
| =
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BNR Bioreactor Configuration

e T S

tep Feed Train 1 - Train-3.. Traiin 4

— — ——

'—wv-—~ -
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Evolution of BNR

A2/O Process
(~1976)

IMLR (1Q7 3Q) TP &4 1.0 mg.
P-release lDenitrification P-uptake
L LY . BOD Nitrification
‘j;ANI ‘j;AX ‘ AER
5 a RAS

. Efficient Carbon

/ Utilizat}on

l WAS

Recycle

/ of NO,

Efficient
P-uptake

Goal: BOD: TP > 25
Goal: Eliminate NO3 from anaerobic zone
Goal: Ensure VFA carbon available to anaerobic zone
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Evolution of BNR

5-Stage
Bardenpho

TN & 4@g/L

e S 2 LS TP & 0.5 mg
v - Ry A
Metal
Salt
IMLR (2Q7 4Q) MeOH N,
P-uptake o Strip
P-release |Dentrification  gop Nitrification Dentrification P-uptake
I A A 1 !
iAhI iAXl I‘ AER I ﬂiXZ‘ AER

RAS

l WAS

Experience has shown that as long as you prevent nitrate from
entering the anaerobic zone, and you have sufficient carbon in
the form of VFA present, you will successfully remove phosphorus

biologically.
21 % GREELEY ano HANSEN




5-Stage Bardenpho Oxidation
Ditch; Hillsborough Co., FL

Re-aeration Zone
2nd Anoxic Zone

Aerobic.Zone

1st Anoxic Zone
Anaerobic Zone
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5-Stage Bardenpho Oxidation
Ditch; Hillsborough Co., FL

57 Stage Bardenpho Oxidation Ditch

—~10 WP
| SUBMERGED
TURBINE MIXER

100 SCFM
BLOWER

6" Ot
ORAIN
— EENE|
3% OTATIO
7 aNAYZER  SLOY L wER 0 A= 6" MUD
G v T ‘ oy REAERATION
# 7 N2 N Fo. L ANOXIC z i FLow =5 o SECOND ANQXIC BASIN No, 2
1 o Ry T BASIN |, ’ —1'-6" > OMDERI—= BASIN No, 2
I \ / s gRCwW No. 2 SEE C’-IN,L., DG COLUMN WALL L 200~HP SURFACE=— = 15' WIDE
1 J et i HIS FIGURE £ " o e
"= ] ] S S e | _AERATCR WEIR
‘9'l'('L M oy ey | o v (WY 5 = FT

J Anoxic Zone

Aerobic Zon

4 - 50

2

I

IMLR Channel to 1

oXic

To 2nd AnoXr®
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Additional Variations of BNR
Process Trains

University of Capetown

(UCT) IMLR NO3 Recycle
v |
Qre AX
RAS
Modified UCT { was
(MUCT) IMLR | NO3 Recycle
v
Qpe AX I AX
| RAS
Virginia Initiative Project MLR v WAS
(VIP) ¢ NO3 Recycle |
| RAS
Johannesburg lWAS
NO3 Recycle
(JHB)
Qpe — AX AX

RAS

v WAS

24 — § GREELEY ano HANSEN



Performance of Commonly Applied
BNR Process Configurations

Process Nitrogen Removal Phosphorus Removal
MLE Good None
4-Stage Bardenpho Excellent None
5-Stage Bardenpho Excellent Good
A2/0 Good Good
Modified UCT Good Excellent
Oxidation Ditch Excellent Good
SBR Moderate Inconsistent
Jeyanayagam (2005)
Total Nitrogen Removal Performance Total Phosphorus Removal Performance
8.0 - 0.9 -
7.0 - 0.8 -
o 60 . 0.7 -
> ) |
E 50 @ MLE g 06 B MLE
£ @ 4-Stage Bdph & o5 - @ 4-Stage Bdph
2 40 - O 5-Stage Bdph « e O 5-Stage Bdph
@ @ A2/0 S o4 @ A2/0
= E :
“Llj 3.0 - m 03
20 oo |
1.0 - 01
0.0 ; 0.0 °
EPA 2006 Averages for five MLE, two 4-Stage Bardenpho, three 5-Stage Bardenpho, and three A2/0

Flows: Average = 22.3 mgd; Minimum = 0.4 mgd; Maximum = 180.0 mgd
25 § GREELEY ano HANSEN




Whaadre tlaer‘lemitts hf&@ecliinblbom’
(LOT) for these BNR Processes?

Form of Nitrogen Removal Mechanism Technology Limit (mg/L)
NH3-N Nitrification <0.5
NO3-N Denitrification 1-2
Particulate Org-N Solids Separation <1.0
Soluble Org-N None 0.5-15

Microbial Uptake/

: L 0.1
Chemical Precipitation

Soluble Phosphorus

Particulate Phosphorus Solids Separation < 0.05

Jeyanayagam (2005)

NOTE: LOT Levels of TN <3 mg/L and TP < 0.1 mg/L have not
been demonstrated in plants with capacities less than
01 mgd . (Foess, et al., 1998)
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Capital Costs to for New and
Retrofitted BNR I~ MLE Process

Flow Rate,

mgd $x1M @ Flow

B Capital Cost

- PN KA |

=
N
_!!loopl‘l"’;_n

EPA 2007 0 0.2 04

Plants in Connecticut and Maryland

(

’ / \
N
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Flow (mgd) Capltal Costs for BNR Upgradéé/ mgd

>0.1-1.0 $ 6,970,000
>1.0-10.0 $ 1.750,000 5
# __ >100 $_590,000 | F
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