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It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  A Bardenpho process with methanol addition and 
without IFAS would also work at this facility; however, it would require an additional 
clarifier to handle the higher MLSS concentration required.  Due to the site constraints 
associated with the floodway, this would require one of the existing clarifiers to be 
demolished and stacked clarifiers and an intermediate pump station be installed.  The IFAS 
alternative was selected for the study to reduce the solids loading and eliminate the need for 
additional clarifiers.  It should be noted that the existing clarifiers at this facility are 12 feet 
deep.  According to TR-16, clarifiers at nitrogen removal facilities should be a minimum of 
13 feet deep.  Because the clarifiers do not meet the minimum requirements set forth in the 
in Section 2, it is recommended that they be further evaluated to determine if they will 
require replacement or derating because of the shallow depth.  The current method of 
wasting WAS from the RAS line through use of a control valve would have to be further 
evaluated to make sure the design SRT could be maintained with the IFAS system without 
exceeding the maximum MLSS concentration the existing clarifiers can handle. 
  
Specific information regarding the design results is shown in Table 8.2-5 below. 

 
Table 8.2-5 

RESULTS FOR SEASONAL LIMIT OF 8 mg/L TN 
 

PARAMETER VALUE 
Aerobic SRT N/A 
Total SRT 10.1 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 40% 
Reaeration HRT 20 minutes 
Total Volume 1.78 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,900 mg/L 
Effluent TN 7.0 mg/L 
Methanol Addition Yes; 1000 gpd (6 months) 
Fixed Film Required? Yes; 60% fill 
Clarifiers? No additional clarifiers 
Effluent Filtration Required? No 
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Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   

 
b. Annual Average.  At the assumed influent TN levels for this facility, an MLE 
process will not accomplish an average annual effluent TN level of 8 mg/L.  The MLE 
process will yield a seasonal effluent TN of 10 mg/L.  However, even at an MLSS of 4,000 
mg/L, the required tank volume (2.95 MG) would far exceed the existing tank sizes (1.78 
MG), and there is no room for expansion.  Thus, a four-stage Bardenpho process with IFAS 
in the first aerobic zone is recommended as shown in the BioWin model in Figure 8.2-4 
below.   

 
 

 
 
 
 

FIGURE 8.2-4: 
BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 8 mg/L 

 
This process would fit in the existing tanks which would continue to operate in plug flow 
configuration as shown in the site plan in Figure 8.2-3.  The existing tanks would be 
modified with partition walls to form parallel Bardenpho trains and IFAS media would be 
added to the first aerobic zone.  Additional blower capacity would be required due to the 
IFAS system.  Nitrate recycle pumps would be added.   
 
It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 12 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  The 
current method of wasting WAS from the RAS line through use of a control valve would 
have to be further evaluated to make sure the design SRT could be maintained with the 
IFAS system without exceeding the maximum MLSS concentration the existing clarifiers 
can handle. 

mary Clarifier Effluent Secondary Clarifie

Sludge

Anoxic Anoxic II Aerobic IIIFAS 1
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Specific information regarding the design results is shown in Table 8.2-6 below. 
 

Table 8.2-6 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 8 mg/L TN 

 
PARAMETER VALUE 

Aerobic SRT N/A 
Total SRT 8.5 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 40% 
Reaeration HRT 12 minutes 
Total Volume 1.78 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,200 mg/L 
Effluent TN 7.1 mg/L 
Methanol Addition No 
Fixed Film Required? Yes; 60% fill 
Clarifiers? No additional required 
Effluent Filtration Required? No 

 
Other plant modifications may be needed including screening and upgrades to sludge 
handling.  However, all facilities outside of the activated sludge process are outside of the 
scope of this study.   

 
3. Modifications Required to Meet a TN of 5 mg/L.  The modifications to the facility 

that are required to meet an effluent TN of 5 mg/L on a seasonal and annual average basis are as 
follows. 
 

a. Seasonal.  At the assumed influent TN levels for this facility, a four-stage Bardenpho 
process with IFAS in the aerobic zone and methanol addition to the second anoxic zone is 
recommended to achieve a seasonal effluent TN of 5 mg/L as shown in the BioWin model 
in the following Figure 8.2-5.    
 
 
 
 

(continued) 
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FIGURE 8.2-5:  BIOWIN MODEL FOR SEASONAL TN LIMIT OF 5 mg/L 

 
This process would fit in the existing tanks which would continue to operate in plug flow 
configuration as shown in the site plan in Figure 8.2-3.  The existing tanks would be 
modified with partition walls to form parallel Bardenpho trains and IFAS media would be 
added.  A methanol feed facility would be required.  Additional blower capacity would be 
required due to the IFAS system.  Nitrate recycle pumps would be added.   
 
It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  A Bardenpho process with methanol addition and 
without IFAS would also work at this facility; however, it would require an additional 
clarifier to handle the higher MLSS concentration required.  Due to the site constraints 
associated with the floodway, this would require one of the existing clarifiers to be 
demolished and stacked clarifiers and an intermediate pump station be installed.  The IFAS 
alternative was selected for the study to reduce the solids loading to the clarifiers.  It should 
be noted that the existing clarifiers at this facility are 12 feet deep.  According to TR-16, 
clarifiers at nitrogen removal facilities should be a minimum of 13 feet deep.  Because the 
clarifiers do not meet the minimum requirements set forth in the in Section 2, it is 
recommended that they be further evaluated to determine if they will require replacement 
or derating because of the shallow depth.  The current method of wasting WAS from the 
RAS line through use of a control valve would have to be further evaluated to make sure 
the design SRT could be maintained with the IFAS system without exceeding the 
maximum MLSS concentration the existing clarifiers can handle. 
  
 
 
 

(continued) 
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Specific information regarding the design results is shown in Table 8.2-7 below. 
 

Table 8.2-7 
RESULTS FOR SEASONAL LIMIT OF 5 mg/L TN 

 
PARAMETER VALUE 

Aerobic SRT N/A 
Total SRT 9.2 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 41% 
Reaeration HRT 20 minutes 
Total Volume 1.78 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 2,800 mg/L 
Effluent TN 4.9 mg/L 
Methanol Addition Yes; 1100 gpd (6 months) 
Fixed Film Required? Yes; 60% fill 
Clarifiers? No new clarifiers 
Effluent Filtration Required? No 

 
Other plant modifications may be needed including upgrades to sludge handling.  However, 
all facilities outside of the activated sludge process are outside of the scope of this study.   

 
b. Annual Average.  At the assumed influent TN levels for this facility, a 4-stage 
Bardenpho process with IFAS and methanol addition to the second anoxic zone is 
recommended to achieve an average annual effluent TN of 5 mg/L as shown in the BioWin 
model in Figure 8.2-6. 

 
 

 
 
 
 
 
 

FIGURE 8.2-6: BIOWIN MODEL FOR ANNUAL AVERAGE TN LIMIT OF 5 mg/L 
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This process would fit in the existing tanks which would continue to operate in plug flow 
configuration as shown in the site plan in Figure 8.2-3.  The existing tanks would be 
modified with partition walls form parallel Bardenpho trains and IFAS media would be 
added to the first aerobic zone.  A methanol feed facility would be required.  Additional 
blower capacity would be required due to the IFAS system.  Nitrate recycle pumps would 
be added.  
 
It is also anticipated that no new clarifiers will be required to operate the facility at the 
resultant model MLSS concentration.  It should be noted that the existing clarifiers at this 
facility are 12 feet deep.  According to TR-16, clarifiers at nitrogen removal facilities 
should be a minimum of 13 feet deep.  Because the clarifiers do not meet the minimum 
requirements set forth in Section 2, it is recommended that they be further evaluated to 
determine if they will require replacement or derating because of the shallow depth.  The 
current method of wasting WAS from the RAS line through use of a control valve would 
have to be further evaluated to make sure the design SRT could be maintained with the 
IFAS system without exceeding the maximum MLSS concentration the existing clarifiers 
can handle. 
  
Specific information regarding the design results is shown in Table 8.2-8 below. 
 

Table 8.2-8 
RESULTS FOR ANNUAL AVERAGE LIMIT OF 5 mg/L TN 

 
PARAMETER VALUE 

Aerobic SRT N/A 
Total SRT 10.3 days 
First Anoxic Fraction 24% 
Total Anoxic Fraction 40% 
Reaeration HRT 20 minutes 
Total Volume 1.78 MG (existing) 
RAS Rate 50% 
Nitrate Recycle Rate 400% 
Max MLSS at Loading Rate 3,000 mg/L 
Effluent TN 4.4 mg/L 
Methanol Addition Yes; 350 gpd 
Fixed Film Required? Yes; 60% fill 
Clarifiers? No additional clarifiers 
Effluent Filtration Required? No 
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Other plant modifications may be needed including screening and upgrades to sludge 
handling.  However, all facilities outside of the activated sludge process are outside of the 
scope of this study.   

 
D. Plant and Cost Summary. 
 
Table 8.2-9 presents flow data for the Westfield WWTP as well as the current nitrogen removal 
performance of the plant.  As shown, the facility is achieving nitrogen removal to almost 5 mg/L 
both seasonally and year-round with their current Ludzack-Ettinger process.   
 

Table 8.2-9 
PLANT FLOW AND EFFLUENT LIMIT SUMMARY 

 
PARAMETER VALUE 

Permitted Flow (mgd) 6.1 
Existing Flow (2004-6) 4.0 
% of permitted capacity 65.6 
Current average seasonal effluent TN (mg/L)1 7.4 
Current average annual effluent TN (mg/L) 1 9.2 
Permit Limits 
     Seasonal Nitrification (mg/L) 
     Year-round  nitrification (mg/L) 
     Seasonal TN Limit 
     Annual TN Limit 

 
Yes (3) 
Report 

No 
No 

 
Table 8.2-10 presents the nitrogen removal processes required to meet the four different permit 
conditions considered.  Based on the BioWin modeling performed, the facility will need to 
convert to a Bardenpho process with IFAS and methanol addition to consistently meet both TN 
limits both seasonally and year-round.  The BioWin models were run at permitted capacity in the 
existing tank volume which is the reason a change in process mode is required.  It also should be 
noted that an assumed ammonia to BOD ratio was used since no influent nitrogen data was 
available.   
 
 
 
 

(continued) 
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TABLE 8.2-10 

NITROGEN REMOVAL PROCESS SUMMARY FOR WESTFIELD WWTF 
 

EXISTING 
PROCESS  

PROCESS TO 
ACHIEVE 

SEASONAL  
TN OF 8 MG/L 

PROCESS TO 
ACHIEVE ANNUAL 

AVERAGE  
TN OF 8 MG/L 

PROCESS TO 
ACHIEVE 

SEASONAL  
 TN OF 5 MG/L 

PROCESS TO 
ACHIEVE ANNUAL 

AVERAGE  
TN OF 5 MG/L 

Ludzack-
Ettinger 

Bardenpho w/ 
IFAS and 
methanol 
addition 

Bardenpho w/ 
IFAS  

Bardenpho w/ 
IFAS and 
methanol 
addition 

Bardenpho w/ 
IFAS and 
methanol 
addition 

 
The modifications required at Westfield to convert to a new nitrogen removal process are 
summarized in Table 8.2-11.  As noted, no minor modifications can be made to the treatment 
facility to improve nitrogen removal since they currently operate in a Ludzack-Ettinger mode 
and achieve removal in this configuration. 
 

TABLE 8.2-11 
REQUIRED MODIFICATIONS SUMMARY FOR WESTFIELD WWTF 

 

MINOR 
MODIFICATIONS/ 

RETROFITS 

MODIFICATIONS 
TO ACHIEVE 
SEASONAL  

TN OF 8 MG/L 

MODIFICATIONS 
TO ACHIEVE 

ANNUAL 
AVERAGE 

TN OF 8 MG/L 

MODIFICATIONS 
TO ACHIEVE 
SEASONAL  

TN OF 5 MG/L 

MODIFICATIONS TO 
ACHIEVE ANNUAL 

AVERAGE  
TN OF 5 MG/L 

SPECIAL 
CONDITIONS 

None 

Modify existing 3 
aeration tanks; 

add IFAS system; 
increase blower 
capacity; nitrate 
recycle pumps; 
methanol feed 

facility 

Modify existing 
3 aeration tanks; 

add IFAS 
system; increase 
blower capacity; 
nitrate recycle 

pumps 

Modify existing 3 
aeration tanks; 

add IFAS system; 
increase blower 
capacity; nitrate 
recycle pumps; 
methanol feed 

facility 

Modify existing 3 
aeration tanks; add 

IFAS system; 
increase blower 
capacity; nitrate 
recycle pumps; 
methanol feed 

facility 

Located in 
floodway; 
extremely 

space-limited 
site 

 
The cost estimating procedures established in Section 2 were used to estimate capital, annual 
O&M, and 20-year present worth costs associated with the process changes and facility 
modifications summarized above.  The cost estimates are included in Table 8.2-12.  The cost to 
meet the seasonal permit is slightly less than the cost to meet the annual permit because the 
TKN/BOD ratio for the seasonal condition is significantly higher.  This higher ratio equates to a 
greater methanol requirement for the seasonal condition than the annual condition.  The table 
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does not include costs for an MLE configuration since no additional volume could be added for 
either permit condition.  An MLE process would require similar modifications as a Bardenpho 
process, and the cost differential cannot be determined for this level of study. 
 

Table 8.2-12 
COST SUMMARY FOR NITROGEN REMOVAL AT WESTFIELD WWTF1 

 

LIMIT CAPITAL COSTS 
(IN MILLIONS) 

TOTAL ANNUAL 
COSTS2 

(IN THOUSANDS) 

20-YR PRESENT 
WORTH 

(IN MILLIONS) 
Minor Modifications/Retrofits N/A N/A N/A 
Seasonal Effluent TN of 8 mg/L $17 $650 $25 
Annual Average Effluent TN of 8 mg/L $16 $380 $21 
Seasonal Effluent TN of 5 mg/L $17 $670 $25 
Annual Average Effluent TN of 5 mg/L $17 $600 $24 

1. It should be noted that these costs represent one method by which this facility can achieve the stated TN 
goals.  It is not intended to be the most cost effective method nor the recommended method, but it 
represents a planning tool for MassDEP to estimate the fiscal impacts of establishing total nitrogen limits.    

2. Represents incremental increase over current conditions. 

 
 
 


