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Introduction 
 
This paper, originally presented at WEFTEC 03, discusses various strategies for 
upgrade to achieve very low total Nitrogen concentrations, especially for modified 
Ludzak Ettinger (MLE) plants. 
 
Several of the locations discussed in the paper either already use a ChemScan Process 
Analyzer as a part of their process (Franklin TN, Havelock NC) or have specified a 
ChemScan Nutrient Analysis System as a part of a planned upgrade, (Kinston NC). 
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ABSTRACT 

With the development of total maximum daily loads for nutrient discharges to address water 
quality concerns, many plants are facing increasingly stringent nutrient limits. The commonly 
accepted "limit of technology" for nitrogen removal has been 3 mg/L total nitrogen (TN). 
However, with plants that are already achieving low effluent nitrogen now undergoing 
expansion, there has been an interest in determining the capability to treat to even lower limits. 
This paper reviews the operation of several WWTPs that use different treatment processes to 
meet very low TN limits. The plant performance and reliability are evaluated, the effluent 
nitrogen species examined to identify the predominant nitrogen fraction (organic nitrogen, 
ammonia, nitrate and nitrite) and opportunities for reducing it. Operational strategies and 
challenges associated with meeting the current limits, as well as reaching lower effluent TN will 
be discussed. 
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INTRODUCTION 

Nitrogen Removal Processes 

Although there are a number of process options for nitrogen removal, arguably the most common 
are variations on the anoxic/oxic activated sludge configuration with nitrified mixed liquor 
recycle to the anoxic zone (Modified Ludzak Ettinger). MLE systems typically produce an 
effluent quality of6 to 8 mg/L TN. To reach very low TN limits «5 mg/L) additional treatment 
steps normally are needed, generally focusing on further reduction of nitrate. Several options 
include: 

• 	 Tertiary deep-bed denitrification filter with supplemental carbon addition. 
• 	 Tertiary denitrifying biological filter with supplemental carbon addition. 
• 	 Four-stage activated sludge biological nutrient removal (BNR) process with or without 

supplemental carbon addition. 
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The four plants evaluated each have at least several years of operating history allowing an 
assessment of performance for an extended period. 

Bayou Marcus WRF 

The Bayou Marcus WRF is owned and operated by the Escambia County Utilities Authority in 
Pensacola, Florida. The plant was expanded to 8.2 mgd average flow in 1998 and must meet 
annual average effluent limits of 5,5,3, and 1 mglL for CBODs, TSS, TN and TP respectively. 
The facilities at Bayou Marcus include preliminary treatment, two parallel 4-stage biological 
nutrient removal trains in the Eimco Carrousel configuration, three 95-ft clarifiers, traveling 
bridge filters and UV disinfection. Sodium hydroxide is provided for alkalinity supplementation 
and pH adjustment, and alum is dosed to the second anoxic zone of the BNR process for 
chemical phosphorus removal. Waste activated sludge is directed to an aerated holding tank, and 
is thickened and hauled to another WWTP for processing (Figure 1). 

Figure 1 - Bayou Marcus WRF Schematic 
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The average Bayou Marcus influent flow is approximately 4 mgd, and one BNR train was in 
operation until just recently when the organic design loading on one train was being exceeded on 
a routine basis. The plant has consistently met its annual average nitrogen limit of 3 mg/L since 
1998 and has produced an effluent quality equal or less than 3 mg/L TN 93% of time (Figure 2). 
Although Bayou Marcus was operating at about 50% of its design flow, its operating condition 
was similar to the fully loaded design condition because one train was on standby. 
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Figure 2 - Bayou Marcus TN Probability Plot 
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The four-stage BNR process consists of anoxic, aerobic, post-anoxic and re-aeration zones. The 
process is operated with a total SRT of approximately 15 to 20 days. Endogenous denitrification 
in the post-anoxic zone has been sufficient for meeting the nitrogen limit without an additional 
carbon source such as methanol. 

The effluent nitrogen speciation is shown in Table 1. Except on occasion, the effluent ammonia 
is typically less than 0.2 mg/L. The organic nitrogen (TKN minus NH3-N) averages less than 1 
mg/L. During the same time period, the effluent total suspended solids (TSS) also averaged less 
than 1 mg/L, suggesting that the remaining effluent organic nitrogen is soluble and refractory. 
The effluent N03-N is below 1 mg/L much of the time, but approaches 2 mg/L and higher at 
times. Since essentially all of the ammonia is nitrified, this fraction of the effluent TN cannot be 
fUliher reduced. In addition, it is generally very difficult to remove soluble unbiodegradable 
TKN, and no further reduction could be anticipated using conventional treatment. It is possible 
that the nitrate fraction could be further reduced, perhaps through supplemental carbon addition 
to the second anoxic zone. 

Copyright ©2003 Water Environment Federation. All Rights Reserved. 



Franklin WWTP is owned and of Franklin, Tennessee. The plant 
Carrousel denitIR oxidation ditch 

zone, clarifiers, traveling bridge filters, UV 

WEFTEC® 2003 

Table 1 Marcus WRF Effluent Quality and 
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occasionally used during periods of high flow. Although nitrogen removal is not currently 
required, the NPDES permit renewal for 12 mgd average flow capacity will impose seasonal 
nitrogen limits consisting of a concentration limit of 5 mg/L TN and a mass limit corresponding 
to 3.5 mg/L at the design average flow. In the interim, Franklin has operated very successfully 
for nitrogen removal, with effluent TN concentrations averaging 3 mg/L. 

Figure 3 - Franklin WWTP Schematic 
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The Carrousel system consists of two oxidation ditches each rated for 3.25 mgd, or 6.5 mgd total. 
Over the past several years, Franklin has averaged 6 mgd average daily flow. The activated 
sludge process is normally operated with both basins in service with hydraulic residence times 
averaging 24 hours, and SRTs of 12 to 15 days. The plant has consistently had excellent 
performance with respect to its stringent summer NH3-N limit of 0.4 mg/L monthly average, as 
well as for TN removal. Franklin has averaged 3.1 mg/L TN from 2000 through 2002, and has 
achieved an effluent TN of less than 3 mg/L 59% of the time, and less than 4 mg/L 85% of the 
time (Figure 4). 
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Franklin WWTP TN Probability Plot 4 
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The plant staff has found that the biggest from high peak flows to the 
plant. The peak day flows during stom1 events are more than 3 times the average flow. 
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Table 2 Franklin WWTP Quality and r1t'n,rrDn Species 
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Figure 5 - Peachtree 
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Figure 6 - Peachtree WWTP TN Probability Plot 

Peachtree WWT P 
:2000 through 200210 

Effluent TN vs. Probabillty 
 -

a .
rI'

~ cr. eE 
:z 
I-

~ 
0].) 4 =~ 

IJ..J 

2 

0 
1£·4 0.01 10 9S 99-S 99.9~9 

Probability- T N is Equal or Less than value. "% 

The aeration basin is operated in the extended aeration mode, with an SRT of approximately 60 
days, and a target DO of 2 mg/L in the aerated section of the basin. Sodium hydroxide is used 
for alkalinity supplementation/pH control as needed . The plant also has an effluent total 
phosphorus limit of 2 mg/L. Sufficient phosphorus removal is normally achieved biologically, 
and alum is added occasionally as needed. In general, better TN removal has been observed at 
the higher SRTs (corresponding to MLSS concentrations of 5,000 to 6,000 mg/L) and during 
summer months . One challenge with respect to process control is the absence of formal mixed 
liquor recycle. Although some nitrified mixed liquor is recycled to the anoxic area of the basin, 
the quantity is unknown and difficult to control since recycle occurs through the action of the 
aerators; therefore a pumped system would allow for better process optimization. Peak flows 
during storm events also can impact the TN removal performance. 

The Peachtree WWTP effluent nitrogen speciation is presented in Table 3. The residual org-N is 
approximately 1 mg/L. Peachtree does not have filters , but the effluent TSS normally averages 
about 4 mg/L, and although reliability of achieving low TSS concentrations would increase with 
filters , a significant reduction in the org-N component is unlikely. The largest nitrogen 
component is N03-N, averaging about 2.2 mg/L over three years, and if lower effluent TN were 
required, a means to further reduce N03-N would show the most promise. The effluent NH3-N 
averages about 0.5 mg/L, and is normally below 0.3 mg/L but occasionally increases briefly to 
about 2 mg/L. With modifications to achieve a more formal separation of the anoxic zone from 
the aerated portion of the basin, it may be possible to further nitrify and slightly reduce the 
residual ammonia. 
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Table 3 - Peachtree WWTP Effluent Quality and Nitrogen Species 

Parameter Year 2000(a) Year 2001 (b) Year 2002(b) 

A verageII<J'LIl1g,;'L 
Average NH3-N, mg/L 
Average org -N, mg/L 

2.05 1.40 1.64 
0.74 0.47 0.56 
1.31 0.93 1.08 

Average NOx-N, mg/L 2.30 2.13 2.35 
A verage TN, mg/L 4.35 3.53 3.99 
Notes: 

(c) Effluent nitrogen was sampled monthly during 2000. 
(d) Effluent nitrogen was ana)yz:~ci\,\,l~~l<lycillriI1g 2001 and 2002. 

Peachtree received a permit limit of 76,030 Ibs/year TN effective January 2003. At the current 
flow of about 4 mgd, this corresponds to 6.24 mg/L TN. However at the permitted flow of 6.75 
mgd, the corresponding effluent nitrogen concentration is 3.7 mg/L which would be more 
difficult to reliably achieve with the CutTent configuration. Peachtree is located in the flood plain 
and has experienced severe flooding during hurricanes. As part of a long term upgrade project, 
Peachtree will be decommissioned, Northside WWTP will be expanded to treat all of Kinston's 
wastewater flow, and the flow from Peachtree will be pumped over to Northside. Construction 
is expected to begin in 2004. New nitrogen removal facilities will include a Johannesburg BNR 
process and deep-bed denitrification filters. 

Havelock WWTP 

The Havelock WWTP is located in eastern North Carolina and is rated for 1.9 mgd monthly 
average flow. The plant was upgraded in 1997 and the facilities include influent pumping, 
screening, grit removal, two stages of aeration basins operating in series, final clarifiers, deep
bed denitrification filters, ultraviolet disinfection, and mechanical post aeration. Solids handling 
facilities include aerobic digestion, gravity belt thickening and a sludge storage basin (Figure 7). 
Polyaluminum chloride is added to the clarifier influent for phosphorus precipitation, and 
methanol is added to the filter influent to provide a carbon source for denitrification. Havelock 
is required to meet an effluent TN limit of 21 ,400 Ibs/year, which corresponds to a concentration 
of3.7 mg/L at the design flow. The current effluent BOD5 limit is 5 mg/L monthly average from 
April through October (summer) and 10 mg/L monthly average from November through March 
(winter). The plant also has summer and winter monthly average NH3-N limits of 0.5 and 1.0 
mg/L respectively. 

Copyright ©2003 Water Environment Federation. All Rights Reserved. 



WEFTEC® 2003 

Figure 7 - Havelock WWTP Schematic 
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The activated sludge system is operated in an extended aeration mode, with a mixed liquor 
suspended solids setpoint of 5,000 to 6,000 mg/L (corresponding to an SRT of approximately 25 
to 30 days). The plant has operated very well in this mode, with effluent NH3-N concentrations 
consistently lower than 0.2 mg/L. The influent N03-N concentration to the filters averages about 
12 mg/L. Since operation for denitrification began in 1998, Havelock has consistently met its 
nitrogen limit. Effluent BODs and TSS typically average about 3 mg/L and 2 mg/L, 
respecti vel y. 

The most significant challenge with respect to meeting the new nitrogen limit was initially 
related to methanol feed control. In 1998, the NPDES permit had specified a CBOD limit of 3 
mg/L monthly average. This CBOD limit was the most stringent in the state and would have 
been difficult for any plant to meet. However, the addition of readily biodegradable carbon 
substrate to the filters for denitrification made this even more challenging. At first, the methanol 
feed was controlled through flow-pacing. While the system perfonned well, it was challenging 
at times to balance the requirements for very low CBOD with denitrification. In particular, it 
was difficult to closely match the carbon requirement under varying nitrate concentrations. With 
the very stringent CBOD limit of3 mg/L, additional control was needed. A Chemscan online 
analyzer was installed. The control algorhythm was first modified to include feedback based on 
the effluent nitrate concentration, and subsequently modified to incorporate feed-forward and 
feed-back controls based on flow and influent and effluent nitrate (Tetrapace system). This has 
enhanced the operation and reliability of the denitrification process without risk of methanol 
overdose by more closely matching the methanol feed to the demand. This has also resulted in 
reducing the variations in effluent nitrate to more closely match the setpoint. The plant staff 
estimates that methanol consumption was reduced by approximately 30%. In addition, the plant 
achieved a more consistent effluent quality, as illustrated by the annual averages and standard 
deviations presented in Table 4. 
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,,,>1C<lO,," and Variation Table 4 Comparison of and 
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Table 5 Havelock WWTP Comparison of .to...'''..£l,n Species 

Parameter Year 2001 a 

2001 through March 
2002 throu h 

0.19 
0.99 
2.46 
3.32 

Year 2002( ) 

Figure 8 - Havelock WWTP TN Plot 
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process. To 

wastewater flow vs. TN were 
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nrF'o;,Pflt an operations challenge 
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flows and high TN, 
but there also were many 

However, this does not 

was a slight correlation ,",P'"UfF'pn 

flow and low TN and low with higher TN 
values. that high flows are not an just that at this high 
level of performance other balance as welL 

For each of 

Balancing of DO and Mixed Liquor Recycle Flows 
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Soluble Organic TKN 

a 

the four facilities (Table 6). 

treatment means, it would 
wastewater with a significant component to have a 

from a water quality standpoint this component may be less 
components ofNH3-N and 

System Reliability and Nitrogen Limit Period 

plots for each plant as nn'cPnt.,(j nrp>,r1",lC were used to compare 

Table 6 of Performance Reliability 
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All 

about 2 mg/L 
average 

the goal low nitrogen. For complete on 
monitoring NH3-N and NOx-N coupled with the capability of 
denitrification may the best opportunity for 
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