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NOTE:

ENGINEERING FEASIBILITY AND COST ANALYSES
OF NITROGEN REDUCTION

1. Background is from Drawing C—2 from Contract Documents
entitled "Upgrade and Improvements to the Water Pollution
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b. Annual Average. As with the seasonal permit condition, BAF filters are
recommended to achieve nitrification and denitrification filters are recommended to
achieve denitrification as shown in the process schematic in the following Figure 7.2-4.
The data suggests that nitrification is occurring when the trickling filters are operated in
series, but the trickling filters cannot be operated in series during the winter months.
Therefore, it is assumed the BAF is required.
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FIGURE 7.2-4: PROCESS SCHEMATIC FOR ANNUAL AVERAGE TN LIMIT

Based on the clarifier evaluation procedures established in Section 2, it would be
determined that two additional secondary clarifiers would be required. However, the
existing clarifiers are performing well at approximately 70-80% of the design average-day
hydraulic capacity, and the nitrification and denitrification filters being recommended can
remove solids. Therefore, no additional clarifiers were recommended for this facility. It
should be noted that the existing clarifiers at this facility are 10 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 and since the
downstream filters are being partially depended on for solids removal, it is recommended
that they be further evaluated to determine if they will require replacement or derating
because of the shallow depth.

As shown in the site plan in Figure 7.2-3, the site appears to have enough space for the new

filters. Specific information regarding the modeling results is shown in the following Table
7.2-6.
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PROCESS DESIGN FOR ANNUAL AVERAGE LIMIT of 8 mg/L TN

Table 7.2-6

PARAMETER VALUE
Aerobic SRT N/A
Total SRT N/A
First Anoxic Fraction N/A
Total Anoxic Fraction N/A
Reaeration HRT N/A

1.17 MG trickling filter
(existing); 0.45 MG BAF

Total Volume filters (4 cells); 0.14
denitrification filters (4 cells)

RAS Rate N/A

Nitrate Recycle Rate N/A

Max MLSS at Loading Rate N/A

Effluent TN 8 mg/L

Methanol Addition Yes; 190 gpd

Fixed Film Required?

Yes (existing TF)

Clarifiers?

2 new clarifiers

Yes; 8,500 square feet (BAF
total footprint); 3,300 square
feet (denitrification total
footprint)

Effluent Filtration Required?

Compensatory storage has to be provided to account for the land area within the flood plain
consumed by the new facilities. A methanol feed facility and intermediate pump station to
overcome the headloss added by the filters also are required. 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.

3. Modifications Required to Meet a TN of 5. Meeting a lower limit will require the
same type of technology and facility modifications presented above.

D. Plant and Cost Summary.

Table 7.2-7 presents flow data for the Greenfield WWTP as well as the current nitrogen removal

performance of the plant. As shown, the facility is not meeting the proposed effluent goals with
their current process.
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Table 7.2-7
PLANT FLOW AND EFFLUENT LIMIT SUMMARY

PARAMETER VALUE
Permitted Flow (mgd) 3.2!
Existing Flow (2004-6) 3.8
% of permitted capacity 118.8
Current average seasonal effluent TN (mg/L) 14.6
Current average annual effluent TN (mg/L) 144
Permit Limits
Seasonal Nitrification (mg/L) No
Year-round nitrification (mg/L) No
Seasonal TN Limit Report
Annual TN Limit Report

1. Analyses were based on a treatment capacity of 4.65 mgd since the facility
is currently operating at 118% of its permitted hydraulic capacity.

Table 7.2-8 presents the nitrogen removal processes required to meet the four different permit
conditions considered. A biological aerated filter followed by a denitrification filter are
recommended for each scenario. The filters for both conditions are the same since similar peak
flows and loads occurred during both permit conditions.

Table 7.2-8
NITROGEN REMOVAL PROCESS SUMMARY FOR GREENFIELD WWTEF

PROCESS TO PROCESS TO PROCESS TO PROCESS TO
EXISTING ACHIEVE ACHIEVE ANNUAL ACHIEVE ACHIEVE ANNUAL
PROCESS SEASONAL AVERAGE SEASONAL AVERAGE
TN oF 8 MG/L TN oF 8 MG/ TN orF5MG/L TNorF 5mG/L
Biological aerated | Biological aerated | Biological aerated | Biological aerated
Trickling filter and filter and filter and filter and
filters denitrification denitrification denitrification denitrification
filter filter filter filter

The modifications required at Greenfield to convert to a new nitrogen removal process are
summarized in Table 7.2-9. As noted, no minor modifications can be made to the treatment
facility to improve nitrogen removal due to the current trickling filter arrangement.
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le 7.2-9

Tab

REQUIRED MODIFICATIONS SUMMARY FOR GREENFIELD WWTF

MINOR

MODIFICATIONS

MODIFICATIONS
TO ACHIEVE

MODIFICATIONS

MODIFICATIONS
TO ACHIEVE

MODIFICATIONS/ | O ACHIEVE ANNUAL TOACHIEVE ANNUAL SPECIAL
RETROFITS SEASONAL AVERAGE SEASONAL AVERAGE CONDITIONS
TN oF 8 MG/L TN OF 8 MG/L. TN OF 5 MG/L TN OF 5 MG/L.
BAFs and BAFs and BAFs and BAFs and
denitrification | denitrification | denitrification | denitrification
filters; filters; filters; filters; Located in flood
methanol feed | methanol feed | methanol feed | methanol feed plain; potential
None facility; facility; facility; facility; Native
intermediate intermediate intermediate intermediate American burial
pump station pump station pump station pump station sites
compensatory | compensatory | compensatory | compensatory
storage storage storage storage

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 7.2-10. Since the
same plant modifications are required for all scenarios, an additional row was included to
demonstrate the costs if BAFs were not required to meet seasonal permits. It was assumed that
two new clarifiers would be required however to avoid overloading the denitrification filter.

Table 7.2-10

COST SUMMARY FOR NITROGEN REMOVAL AT GREENFIELD WWTF?

CAPITAL COSTS ToTAL ANI;IUAL 20-YR PRESENT
LiMIT (IN MILLIONS) CosTs WORTH
(IN THOUSANDS) (IN MILLIONS)

Minor Modifications/Retrofits N/A N/A N/A
Seasonal Effluent TN of 8 mg/L $49 $210 $52
Seasonal Effluent TN of 8 mg/L (no

BARS) gL $26 $140 $28
Annual Average Effluent TN of 8 mg/L $49 $260 $53
Seasonal Effluent TN of 5 mg/L $49 $220 $52
Seasonal Effluent TN of 5 mg/L (no

RARS) oL $26 $160 $28
Annual Average Effluent TN of 5 mg/L $49 $290 $53

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.
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