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1.0 INTRODUCTION

The New York-New Jersey Harbor Estuary Program (HEP) was authorized by the United States
Environmental Protection Agency (EPA) in 1987 to develop and implement a plan to protect,
conserve, and restore the waters of the New York/New Jersey Harbor Estuary that do not fully
comply with dissolved oxygen standards for the various water bodies. In an effort to increase the
DO concentrations throughout the NY/NJ Harbor, the Nutrient Work Group, established by the
HEP, has been working in coordination with the New Jersey Department of Environmental
Protection and New York State Department of Environmental Protection to develop nutrient total
maximum daily loads (TMDLSs) for the harbor. The final TMDL is scheduled to be complete by
December 2008.

The TMDL will establish nitrogen and carbon load reductions required by the treatment plants
discharging to the harbor. The regulatory agencies have indicated that the cost of removing
nitrogen and carbon will be considered when developing the final TMDL.

EPA has requested that the New York City Department of Environmental Protection (NYCDEP)
and the New Jersey Harbor Dischargers Group (NJHDG) develop cost curves for achieving low,
medium, and high levels of nitrogen and carbon reduction at each of its treatment plants that
discharge to the harbor. Preliminary nitrogen and carbon reduction cost curves were submitted to
EPA on May 31, 2007. These original cost curves were developed based on the premise that
nutrient removal processes would be sized and operated to achieve low, medium and high levels
of nitrogen and carbon removal on a year round basis rather than seasonally, and to process the
peak wet weather flows currently received by each plant without bypassing or blending.
Following the submittal of the original draft nitrogen and carbon reduction cost curves, EPA
requested that the NJHDG develop cost curves for additional upgrade scenarios that allowed for
bypassing of wet weather flows and/or seasonal limits. Consequently, this report presents
nitrogen and carbon reduction cost curves for the following scenarios:

Original Upgrade Scenario

Wet Weather Bypass Scenario

Seasonal Limits Scenario

Seasonal Limits with Wet Weather Bypass Scenario

©Oo0oo0o

The NYCDEP has four plants that discharge to the harbor (North River, Port Richmond, Owls
Head and Red Hook), with each plant using the same basic process configuration consisting of
primary settling followed by conventional air activated sludge operated in a step-feed mode, with
anaerobic digestion for sludge stabilization and centrifuge dewatering. The NJHDG has a total of
11 plants that use a much wider variety of process configurations, which can be grouped into
three categories: conventional air activated sludge, pure oxygen activated sludge and trickling
filters. In addition, the NJHDG plants use a variety of approaches to sludge processing.

The NJHDG retained the services of M&E in response to EPA’s request for nitrogen and carbon
removal cost curves. This report summarizes the methodology employed by M&E and presents
the plant-specific cost estimates and corresponding cost curves for achieving low, medium and
high levels of nitrogen and carbon removal for each upgrade scenario (i.e. Original, Wet Weather
Bypass, Seasonal Limits and Seasonal Limits with Wet Weather Bypass) at the eleven plants
operated by the ten members of the NJHDG:
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Passaic Valley Sewerage Commissioners

Middlesex County Utilities Authority

Bergen County Utilities Authority

Joint Meeting of Essex and Union Counties

Rahway Valley Sewerage Authority

North Hudson Sewerage Authority — Adams Street Plant
Linden Roselle Sewerage Authority

North Hudson Sewerage Authority — River Road Plant
Edgewater Municipal Utilities Authority

Secaucus Municipal Utilities Authority

North Bergen Municipal Utilities Authority

OO0OO0OO0OO0OO0O0O0ODOOO0OO

Plant-specific cost estimates were developed through a two-step process beginning with
preparation of conceptual capital cost estimates for achieving low, medium and high levels of
nitrogen and carbon removal at three “generic” plants. The three generic plants reflect the
average conditions of the individual plants within the three categories of plant types operated by
the NJHDG, i.e. conventional air activated sludge, pure oxygen activated sludge and trickling
filter.

In the second step, the generic plant conceptual capital cost estimates were used as the starting
point to develop plant-specific conceptual capital cost estimates for each individual plant. Plant-
specific operations and maintenance (O&M) cost estimates were also developed in the second
step, along with total present costs and total annualized present costs. The plant-specific total
present cost is the sum of current plant-specific capital cost plus the present worth of annual
O&M costs. Plant-specific total annualized present cost is the sum of annual debt service
(associated with amortization of capital) plus annual O&M costs. Future plant-specific costs are
based on escalating the current plant-specific capital cost estimates and present worth of O&M
costs to the estimated mid-point of construction.

Plant-specific cost curves are based on total present costs, i.e. the sum of current (2007) plant-
specific capital cost estimates plus the present worth of annual O&M costs.

The generic plant descriptions are summarized below, followed by descriptions of: proposed
nutrient removal technologies; capital cost estimating methodology, including generic plant
capital cost estimates and plant-specific factors used to modify the conceptual costs; operations
and maintenance cost estimating methodology; and present worth, present cost, total annualized
cost, and future cost estimating methodology. The plant-specific cost estimates and
corresponding cost curves follow the background information on cost estimating methodology,
along with an overview of environmental impacts associated with increased energy demand
associated with nutrient removal. Supporting information is presented in the appendices.
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2.0 GENERIC PLANT DESCRIPTIONS

In order to develop conceptual nutrient removal cost estimates for achieving low, medium and
high levels of nitrogen and carbon removal at the NJHDG’s wastewater treatment plants, generic
plant descriptions were prepared based on the characterization of existing conditions and
performance of the wastewater treatment plants operated by NJHDG members. Generic plant
descriptions were prepared for each of the three categories of plant types operated by the NJHDG,
i.e. conventional air activated sludge, pure oxygen activated sludge and trickling filter. Plants fall
into the three categories of plant types as identified below with the corresponding permitted flow
capacity:

Conventional Activated Sludge Plants:

o Bergen County Utilities Authority (BCUA) — 94 mgd

0 Joint Meeting of Essex and Union Counties (JMEUC) — 75 mgd
o0 Rahway Valley Sewerage Authority (RVSA) — 40 mgd

0 Linden Roselle Sewerage Authority (LRSA) — 17 mgd

Oxygen Activated Sludge Plants:

0 Passaic Valley Sewerage Commissioners (PVSC) — 330 mgd
0 Middlesex County Utilities Authority (MCUA) — 150 mgd

o0 Edgewater Municipal Utilities Authority (EMUA) — 6 mgd

Trickling Filter Plants:

o0 North Hudson Sewerage Authority (NHSA) — Adams Street Plant — 21 mgd
o North Hudson Sewerage Authority — River Road Plant — 10 mgd

0 Secaucus Municipal Utility Authority (SMUA) — 5 mgd

o North Bergen Municipal Utilities Authority (NBMUA) — 3 mgd

The generic plant descriptions are based on the following key information pertinent to capital and
O&M cost estimate development:

Influent flows and loads

Recycle flows and loads

Primary effluent quality

Plant effluent quality

Liquid treatment process parameters
0 Primary and secondary clarifier surface overflow rates
o0 Biological reactor loading and residence times

0 Sludge processing parameters

0 Wastewater temperature

©Oo0o0oo0Oo

The existing conditions and performance of each plant are documented in the Site Visit
Memoranda and Plant Data Summaries found in Appendices A through K. Because LRSA,
NBMUA, NHSA — Adams Street, NHSA — River Road, and SMUA plant operational data was
incorporated into the Site Visit Memoranda, a separate Plant Data Summary is not included as
part of the Appendices for these plants.

Appendix L presents flow and load, treatment process parameter and sludge processing parameter
summary tables for each of the generic plants. In cases where data is not available, an “NR” is
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indicated. These summary tables show data for each plant, average values, and values
recommended by M&E for the generic plant.

In terms of effluent quality, it is important to note that while some individual plants occasionally
or consistently achieve partial to full nitrification, the generic plants are not able to reliably
achieve full nitrification year round. Considerations for individual plant nitrification performance

capabilities, as well as other significant process variances from the generic plant, will be made

when developing the plant-specific cost estimates.

2.1 Generic Conventional Activated Sludge Plant

The recommended values for the generic conventional activated sludge plant are summarized
below. Note that flow rates are based on JIMEUC, and removal percentages are cumulative
relative to plant influent concentrations.

Influent flows and loads:

(0]

O O0OO0OO0O0OO0O0

70 mgd avg annual flow

100 mgd max month flow

190 mgd peak wet weather hourly flow

105 mgd peak wet weather hourly flow (with bypassing)

BOD: 200 mg/L avg annual
TSS: 200 mg/L avg annual
NH3-N: 20 mg/L avg annual
TKN: 35 mg/L avg annual

Recycle flows and loads:

(0]

Recycle streams consist of gravity thickener overflow, mechanical thickener
filtrate/centrate, and dewatering filtrate/centrate, all directed to head of primary
clarifiers

Combined flow of recycle streams is approximately 10% of plant flow

Data on recycle streams NH3-N concentration is limited, but is expected to be
considerably higher than influent concentration

6 mgd avg annual flow (combined total recycle)

9 mgd max month flow (combined total recycle)

BOD: 350 mg/L avg annual
TSS: 600 mg/L avg annual
NH;-N: 76 mg/L avg annual

Primary clarifier overflow rates and performance:

(0]

(0]

(0]

o
(0}

SOR: 1,500 gpd/ft* avg annual
2,150 gpd/ft*> max month
BOD: 135 mg/L
33% removal
TSS: 115 mg/L

43% removal
NH3-N: 25 mg/L
TKN: 33 mg/L
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Biological reactor loading, configuration, and performance:
0 HRT: 5.0 hrs avg annual
3.5 hrs max month

o BOD loading: 45 Ib BOD/day/1000ft* avg annual
55 Ib BOD/day/1000ft* max month

o0 Process Parameters: MLSS 1,500 — 2,000 mg/L
RAS approximately 50% plant flow

o Configuration: Generic Plant will operate in a step feed mode, consistent with
NYCDEP conventional activated sludge plants

Final clarifier overflow rates and performance:

o SOR: 750 gpd/ft* avg annual
1,070 gpm/ft* max month
o BOD 10 mg/L avg annual
95% removal (overall plant)
o TSS: 15 mg/L avg annual

93% removal (overall plant)
0 NHs-N: 18 mg/L avg annual

410% removal (overall plant)
o TKN: 21 mg/L avg annual

a30% removal (overall plant)

Sludge handling system components and loading
0 Primary sludge gravity thickened to 2-5% solids

0 Secondary sludge thickened mechanically — GBT or thickening centrifuge
0 Dewatered sludge production at 22-25% solids by belt press or centrifuge
0 Anaerobic digester HRT 30 days achieving 50% VS reduction
0 Primary sludge production 50,000 Ib/day (dry)
0 Secondary sludge production 25,000 Ib/day (dry)
0 Thickened sludge production 70,000 Ib/day (dry)
0 Dewatered sludge production 45,000 Ib/day (dry)

Wastewater Temperature
0 18°C avg annual
0 14°C min month (for seasonal limits)
0 11°C min month (for year-round limits)
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2.2 Generic Oxygen Activated Sludge Plant

The recommended values for the generic oxygen activated sludge plant are summarized below.
Note that flow rates are based on MCUA, and removal percentages are cumulative relative to
plant influent concentrations.

Influent flows and loads:
0 130 mgd avg annual flow

0 160 mgd max month flow

0 380 mgd peak wet weather hourly flow

0 195 mgd peak wet weather hourly flow (with bypassing)
o BOD: 200 mg/L avg annual

o TSS: 210 mg/L avg annual

0 NHs-N: 21 mg/L avg annual

o TKN: 35 mg/L avg annual

Recycle flows and loads:

Recycle streams consist of gravity thickener overflow and dewatering filtrate
15 mgd avg annual (combined total recycle)

18 mgd max month (combined total recycle)

BOD: 800 mg/L avg annual

TSS: 1,100 mg/L avg annual

NH;-N: 120 mg/L avg annual

o

©Oo0oo0oo0oOo

Primary clarifier overflow rates and performance:

o SOR: 1,550 gpd/ft* avg annual
1,900 gpd/ft* max month
o BOD: 150 mg/L
25% removal
o TSS: 115 mg/L

45% removal
0 NHs-N: Not measured
o TKN: Not measured

Biological reactor loading, process parameters, and performance:
0 HRT: 2.6 hrs avg annual
2.1 hrs max month

o BOD loading: 95 Ib BOD/day/1000ft* avg annual
135 Ib BOD/day/1000ft* max month

o0 Process Parameters: MLSS 2,000 — 3,000 mg/L
RAS approximately 50 — 60%
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Final clarifier overflow rates and effluent performance:

(0]

(0]

(0]

(0]

(0]

SOR: 610 gpd/ft* avg annual

750 gpd/ft* max month
BOD: 18 mg/L

91% removal (overall plant)
TSS: 16 mg/L

92% removal (overall plant)
NH3-N: 16 mg/L

20% removal (overall plant)
TKN: 21 mg/L

40% removal (overall plant)

Sludge handling system components and loading

(0}

©Oo0oo0oo0Oo

Combined primary and secondary sludges gravity thickened to 2—4% solids.
Thickened sludge dewatered to about 22—-24% solids by belt filter presses.

Primary sludge production 220,000 Ib/day (dry)
Secondary sludge production 120,000 Ib/day (dry)
Thickened sludge production 320,000 Ib/day (dry)
Dewatered sludge production 270,000 Ib/day (dry)

Wastewater Temperature

(0}
(0}
(0}

19° C avg annual
15° C min month (for seasonal limits)
13° C min month (for year round limits)

2.3 Generic Trickling Filter Plant

The recommended values for the generic trickling filter plant are summarized below. Note that
flow rates are based on NHSA River Road Plant, and removal percentages are cumulative relative
to plant influent concentrations.

Influent flows and loads:

o

OO0OO0OO0OO0O0OO0O0

10 mgd avg annual flow

12 mgd max month flow

20 mgd peak wet weather hourly flow

15 mgd peak wet weather hourly flow (with bypassing)

BOD: 170 mg/L avg annual
TSS: 155 mg/L avg annual
NH;-N: 25 mg/L avg annual
TKN: 35 mg/L avg annual

Limited Nitrogen data available. Assumed NH3-N and TKN based on other plants
and typical medium strength domestic wastewater concentrations.

Recycle flows and loads:

0}
0}

(0]

Gravity thickening overflow or GBT filtrate directed to primary clarifier influent
Limited recycle flow and load data available. Recycle flow was estimated based on
thickened sludge production.

0.3 mgd avg annual flow
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0}
0}

BOD: 345 mg/L avg annual
TSS: 540 mg/L avg annual

Primary clarifier overflow rates and performance:

(0]

0}
0}

(0]

SOR: 500 gpd/ft* avg annual
600 gpd/ft* max month
Primary clarifier performance estimated based on typical removal curves.

BOD: 119 mg/L avg annual effluent concentration
30% removal
TSS: 62 mg/L avg annual effluent concentration

60% removal

Biological reactor loading, process parameters, and performance:

(0]

(0]

(0]

(0}

Hydraulic loading: 0.5 gpm/ft® avg annual
0.6 gpm/ft® max month
0.7 gp/ft® avg design

BOD loading: 30 Ib BOD/day/1000ft> avg annual
40 Ib BOD/day/1000ft* max month

Max. Recycle: 40% design average

Configuration: plastic media, crossflow

Final clarifier overflow rates and effluent performance:

(0}

(0}

(0}

(0}

(0}
(0}

SOR: 430 gpd/ft* avg annual

520 gpd/ft* max month
BOD: 20 mg/L avg annual

88% removal (overall plant)
TSS: 15 mg/L avg annual

90% removal (overall plant)
NH;-N: 21 mg/L avg annual
TKN: 26 mg/L avg annual
Assume reliable year round nitrification does not occur in the generic plant.

Sludge handling system components and loading

(0}

(0}
(0}

Thickened sludge production 13,000 gpd at 5-6% solids to PVSC
46,500 Ib/day dry at 6% solids

Sludge digesters HRT No digestion at plant

Dewatered sludge production No dewatering at plant

Wastewater Temperature

(0}
(0}
(0}

19° C avg annual
15° C min month (for seasonal limits)
12° C min month (for year round limits)
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3.0 PROPOSED NUTRIENT REMOVAL TECHNOLOGIES

A wide range of technologies to achieve nutrient removal were presented to the NJHDG during
the Nutrient Removal Seminar held on March 15, 2007. At the conclusion of the seminar, M&E
presented its preliminary recommendations on the specific technologies that should be utilized as
the basis for developing conceptual cost estimates for the generic plants. M&E’s final technology
recommendations are presented in Tables 3-1, 3-2 and 3-3 for the generic conventional activated
sludge plant, generic oxygen activated sludge plant and generic trickling filter plant, respectively.
In all cases, technologies were selected that were deemed suitable for reliably meeting a specific
numerical effluent limitation. These tables also present the expected effluent quality
corresponding to each level of nutrient removal, together with current effluent quality and the
current annual average, maximum monthly and peak wet weather hourly flows.

Based on a request from EPA subsequent to the Nutrient Removal Seminar, Tables 3-1, 3-2 and
3-3 separately address technologies for achieving nitrogen and carbon removal. EPA made this
same request to NYCDEP. For the three additional upgrade scenarios that EPA requested be
evaluated following submission of the original preliminary cost curves, the expected effluent
quality shown in Tables 3-1 through 3-3 is associated with the portion of the flow that is not
bypassed (for upgrade scenarios involving wet weather bypass) or is discharged between the in-
season start and end dates (for alternatives involving seasonal limits).

An overview of the recommended nitrogen and carbon-targeting technologies listed in Tables 3-
1, 3-2 and 3-3 is presented below. Process flow schematics depicting the recommended nutrient
removal technologies are shown in Figures 3-1 through 3-4.

Key design criteria for the recommended nutrient removal technologies are presented in Tables 3-
4 through 3-7. Table 3-4 presents key design criteria for carbon-targeting technologies at the
generic conventional activated sludge plant. Table 3-5 presents key design criteria for carbon-
targeting technologies at the generic oxygen activated sludge and trickling filter plants. Tables 3-
6, 3-7 and 3-8 present key design criteria for nitrogen-targeting technologies at the generic
conventional activated sludge, oxygen activated sludge, and trickling filter plants, respectively.
Sizing of nutrient removal process equipment was based on all units being in service at peak
flow.

3.1 Recommended Nitrogen-Targeting Technologies

The technologies and related improvements for achieving low, medium and high levels of
nitrogen removal at the generic conventional activated sludge plant are consistent with the
technologies being used by NYCDEP for upgrading its conventional activated sludge plants.
However, unlike the NYCDEP plants, based on the results of process modeling (using BioWin),
the generic conventional activated sludge plant will not be able to reliably nitrify and denitrify
year round in a Step Feed Biological Nutrient Removal (BNR) mode. As a result, under the
original upgrade scenario, the generic conventional activated sludge plant will require additional
aeration volume and additional final settling tanks in order to implement Step Feed BNR. The
difference in performance capabilities of the NYCDEP plants and the NJHDG’s generic
conventional activated sludge can be attributed to differences in a number of factors including
existing aeration tank volume, organic loading, final settling tank surface area, and flowrate
through the secondary treatment process. The impact of seasonal limits and the bypassing of
peak wet weather flows on the need for additional aeration volume and final settling tanks is
presented in Section 4.0.
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The technologies and related improvements for achieving medium and high levels of nitrogen
removal in the generic trickling filter plant and generic oxygen activated sludge plants are
essentially the same as proposed during the nutrient removal seminar. For medium levels of
nitrogen removal, attached growth upflow biological aerated filters (BAFs) will be installed
downstream of the secondary clarifiers to partially nitrify and denitrify. For high levels of
nitrogen removal, a fully nitrifying upflow BAF will be used in series with a deep bed downflow
denitrification filter. For both levels of treatment, intermediate pumping will be required due to
the headloss associated with these processes.

Nitrifying and denitrifying upflow BAFs are manufactured by both Kruger (Biostyr) and Infilco
Degremont (Biofor), and have a significant track record of performance in small and large plants.
The predominant manufacturer of deep bed downflow denitrification filters is Severn Trent
Services (STS). Abbreviated technical information on the Kruger Biostyr BAF, Infilco Biofor
BAF and STS TETRA denitrification filter are presented in Appendices M, N, and O,
respectively.

As discussed during the nutrient removal seminar, the options to achieve low levels of nitrogen
removal through non-structural improvements are very limited when a plant cannot reliably
achieve nitrification and denitrification through operational modifications alone, which is the case
with all three generic plants. As previously indicated, under the original upgrade scenario,
additional aeration volume and final settling tanks will be required to implement Step Feed BNR
in the generic conventional activated sludge plant. With regard to the generic oxygen activated
sludge plant and generic trickling filter plant, chemical addition is not a viable option to reliably
increase TSS removal (and thus organic nitrogen removal) to a specific numerical effluent
limitation due to the relatively low effluent TSS concentrations currently being produced by these
generic plants. As a result, it is recommended that shallow media, low headloss filtration be used
to achieve low levels of nitrogen removal through increased TSS removal. The result will be a
relatively high cost to achieve a very modest level of nitrogen removal.

The recommended shallow media low headloss filter is the traveling bridge type, which has an
extensive track record in small and large plants. The predominant traveling bridge filter
manufacturer is Infilco Degremont (IDI). Technical information on the IDI automatic backwash
traveling bridge filter is presented in Appendix P.

3.2 Recommended Carbon-Targeting Technologies

For low levels of carbon (CBOD) removal at all generic plants, non-structural improvements
(such as polymer addition) are not viable for reliably reducing effluent TSS concentrations (and
thus particulate CBOD concentrations) to a specific numerical effluent limitation, since the
generic plants already achieve a relatively low effluent TSS concentration. As a result, a shallow
media low headloss filter of the traveling bridge type was selected to achieve low levels of carbon
removal through the reduction in particulate CBOD associated with the reduction in effluent TSS.
For oxygen activated sludge and trickling filter plants, this is the same technology as proposed for
the low level of nitrogen removal.

For the generic conventional activated sludge plant, the technologies for achieving medium and
high levels of carbon removal are consistent with what NYCDEP is assuming for its conventional
activated sludge plants, which is deep bed filtration for the medium level of carbon removal and
microfiltration for the high (limit of technology) level of carbon removal.

-10 -
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The proposed deep bed filters are the downflow, dual media type that have an extensive track
record in small and large plants. These types of filters are manufactured by Roberts, Leopold and
others. These filters will require intermediate pumping due to the headloss associated with the
filtration process.

The microfilters proposed for cost estimating are the same GE/Zenon microfiltration membranes
being assumed by NYCDEP for cost estimating. In the case of microfiltration, a permeate
pumping system is integral to the microfilters and thus a separate intermediate pump station is not
required. Manufacturer’s technical information is presented in Appendix Q.

At the generic oxygen activated sludge and trickling filter plants, the current effluent CBOD is
too high for the reduction in particulate CBOD associated with TSS removal via deep bed
filtration or microfiltration to provide an expected effluent CBOD concentration similar to that of
the generic conventional activated sludge plant. To achieve expected effluent CBOD
concentrations similar to that of the conventional activated sludge plant, reduction of soluble
CBOD must be achieved in addition to removal of particulate CBOD associated with TSS.
Consequently, an aerobic upflow BAF, which would be a single stage unit process, is proposed as
an add-on process to achieve soluble and particulate CBOD removal for the medium level of
carbon removal. For the high level of carbon removal, the aerobic upflow BAF will be used to
remove soluble CBOD and microfiltration will follow downstream of the aerobic BAF to
maximize the removal of TSS and thus the removal of particulate CBOD. Although the aerobic
BAF is targeting soluble CBOD removal, a high degree of nitrification would also occur, since a
BAF sized for high levels of soluble CBOD would create the same conditions required for
nitrification. Therefore, the aerobic BAFs were assumed to be of the same size and design
criteria as the fully nitrifying BAFs used as the first stage add-on process for the high level of
nitrogen removal.

-11 -
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Table 3-1
Technology Recommendations and Expected Effluent Quality
Generic Conventional Activated Sludge Plant

Nutrient Effluent Quality
Removal Technology Implemented
Level

Generic Conventional Activated Sludge Plant Effluent: Existing Conditions
Avg. Annual Flow: 70 mgd Max. Month Flow: 100 mgd PWWF-Hourly: 190 mgd
Existing | Current treatment level | 15 | 10 | 21

Nitrogen-Targeting Removal

Advanced Basic Step Feed BNR:
aeration tank expansion
secondary clarifier expansion
aeration tank baffles

Low alkalinity addition 12-15 10-15 10-12
process air modifications
anoxic zones

RAS capability 100%

No recycle stream treatment

Full Step BNR:
all improvements for adv. basic BNR

Medium methanol addition 12-15 10-15 6-10
no recycle stream treatment
Full Step BNR with Denitrifying Filters:
High all improvements for full step BNR 45 3.5 45

intermediate pumping station
denitrifying filters - deep bed downflow

Carbon-Targeting Removal

Low Headloss Filtration:
Low shallow media traveling bridge filter 5-8 5-8 19-20
no intermediate pump station

High Headloss Filtration:
Medium | deep-bed filter 4-5 3-5 19-20
intermediate pump station

Microfiltration:
High membrane filtration ~1 1-3 19-20
permeate pumping system

-12 -
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Table 3-2
Technology Recommendations and Expected Effluent Quality
Generic Oxygen Activated Sludge Plant

Nutrient Effluent Quality
Removal Technology Implemented
Level

Generic Oxygen Activated Sludge Plant Effluent: Existing Conditions
Avg. Annual Flow: 130 mgd Max. Month Flow: 160 mgd PWWEF, Hourly: 380 mgd

Existing | Current treatment level 16 18 21

Nitrogen-Targeting Removal

Low Headloss Filtration:

shallow media traveling bridge filter

no intermediate pump station or expansion of
existing secondary treatment facilities

Partially Nitrifying/Denitrifying Filter:

biological aerated filters (BAFs) downstream
of the final clarifiers with separate
nitrifying and denitrifying cells

Medium | nitrifying cells - partial nitrification 10-12 5-10 10-12

denitrifying cells - shallow bed upflow

methanol addition

alkalinity addition

intermediate pump station

Fully Nitrifying BAF and

Deep Bed Denitrifying Filter:

nitrifying BAF - full nitrification

High denitrifying filter - deep bed downflow 4-5 3-5 3-5

methanol addition

alkalinity addition

intermediate pump station

Carbon-Targeting Removal

Low 5-8 9-14 19-20

Low Headloss Filtration:

Low shallow media traveling bridge filter 5-8 9-14 19-20
no intermediate pump station
Aerobic BAF:
. intermediate pump station
Medium aerobic BAF 6-12 5-9 19-20

alkalinity addition

Aerobic BAF w/ Microfiltration:
intermediate pump station

High aerobic BAF ~1 1-3 19-20
alkalinity addition
membrane filtration
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Table 3-3
Technology Recommendations and Expected Effluent Quality
Generic Trickling Filter Plant

Nutrient Effluent Quality
Removal Technology Implemented
Level

Generic Trickling Filter Plant Effluent: Existing Conditions
Avg. Annual Flow: 10 mgd Max. Month Flow: 12 mgd PWWEF, Hourly: 20 mgd

Existing | Current treatment level 15 20 26

Nitrogen-Targeting Removal

Low Headloss Filtration:

shallow media traveling bridge filter

no intermediate pump station or expansion of
existing secondary treatment facilities

Partially Nitrifying/Denitrifying Filter:

biological aerated filter (BAF) downstream of
the final clarifiers with separate nitrifying
and denitrifying cells

Medium | nitrifying cells - partial nitrification 10-12 5-10 10-12

denitrifying cells - shallow bed upflow

methanol addition

alkalinity addition

intermediate pump station

Fully Nitrifying BAF and

Deep Bed Denitrifying Filter:

nitrifying BAF - full nitrification

High denitrifying filter - deep bed downflow 4-5 3-5 3-5

methanol addition

alkalinity addition

intermediate pump station

Carbon-Targeting Removal

Low 5-8 10-15 25

Low Headloss Filtration:

Low shallow media traveling bridge filter 5-8 10-15 25
no intermediate pump station
Aerobic BAF:
. intermediate pump station
Medium aerobic BAF 6-12 5-9 25

alkalinity addition

Aerobic BAF w/ Microfiltration:
intermediate pump station

High aerobic BAF ~1 1-3 24
alkalinity addition
membrane filtration
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Figures 3-1A through 3-1F
Process flow diagrams for nitrogen-targeting removal at the
Generic Conventional Activated Sludge Plant

Figure 3-1A. “Low” nitrogen-targeting removal
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Figure 3-1B. “Low” nitrogen-targeting removal with wet weather bypass
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Figure 3-1C. “Medium” nitrogen-targeting removal
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Figure 3-1D. “Medium” nitrogen-targeting removal with wet weather bypass
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Figure 3-1E. “High” nitrogen-targeting removal
Aeration tank expansion and
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Figure 3-1F. “High” nitrogen-targeting removal with wet weather bypass
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Figures 3-2A through 3-2F
Process flow diagrams for carbon-targeting removal at the
Generic Conventional Activated Sludge Plant

Figure 3-2A. “Low” carbon-targeting removal

Shallow Media
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Figure 3-2B. “Low” carbon-targeting removal with wet weather bypass
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Figure 3-2C. “Medium” carbon-targeting removal
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Figure 3-2D. “Medium” carbon-targeting removal
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Figure 3-2E. “High” carbon-targeting removal
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Figure 3-2F. “High” carbon-targeting removal with wet weather bypass
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Figures 3-3A through 3-3C
Process flow diagrams for nitrogen-targeting removal at the
Generic Oxygen Activated Sludge and Trickling Filter Plants

Figure 3-3A. “Low” nitrogen-targeting removal
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Figure 3-3B. “Low” nitrogen-targeting removal with wet weather bypass
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Figure 3-3C. “Medium” nitrogen-targeting removal
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Figure 3-3D. “Medium” nitrogen-targeting removal with wet weather bypass
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Figure 3-3E. “High” nitrogen-targeting removal
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Figures 3-4A through 3-4F
Process flow diagrams for carbon-targeting removal at the
Generic Oxygen Activated Sludge and Trickling Filter Plants

Figure 3-4A. “Low” carbon-targeting removal
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Figure 3-4B. “Low” carbon-targeting removal with wet weather bypass
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Figure 3-4C. “Medium” carbon-targeting removal
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Figure 3-4D. “Medium” carbon-targeting removal with wet weather bypass
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Figure 3-4E. “High” carbon-targeting removal

Aerobic Microfiltration To Disinfection
Secondary InFt)ermeQ|ate g BAF & Discharge
Effluent umping = L » q
—> L\

Alkalinity

]

Figure 3-4F. *“High” carbon-targeting removal with wet weather bypass

Aerobic Microfiltration Junction - T Disinfection
iversi i Chamber & Discharge
Secondary Diversion Interme_dlate V4 BAF
Effluent  Chamber ~ "UMPING =

A —

> —»

O—b

I
u Alkalinity

Wet Weather Bypass

-25-



New Jersey Harbor Dischargers Group
Nutrients Reduction Cost Estimation Study
Summary Report

Table 3-4
Design Criteria Summary Table for Carbon-Targeting Removal at the Generic
Conventional Activated Sludge Plant

Removal | Process Description Key Sizing / Design Criteria
Level
Low Shallow bed filter | 02.3 gpmVft” filtration rate @ average flow

03.6 gpn/ft’ filtration rate @ peak flow
23 gpm/ft* backwash rate
42 min. backwash interval

Medium Deep bed filter 03 gpmV/ft” filtration rate @ average flow
05 gpmVft’ filtration rate @ peak flow

4 scfm/ft* backwash scour air

12 gpm/ft* backwash water

30 min. backwash interval

High Membrane filter 011 gfd @ average flow
017 gfd @ peak flow

Table 3-5
Design Criteria Summary Table for Carbon-Targeting Removal at the Generic
Oxygen Activated Sludge and Trickling Filter Plants

Removal | Process Description Key Sizing / Design Criteria
Level
Low Shallow bed filter see Carbon-Targeting, Low, Table 3-4
Medium Aerobic BAF Hydraulic Loading:
(will nitrify) 1.76 gpm/sf @ avg flow, 4 gpm/sf @ peak flow

NH;-N Loading:
47 Ib/10%cf media/day @ avg flow

Process air: 1,150 scfm/cell

Backwash air: 1,694 scfm/cell

Alkalinity addition (Magnesium hydroxide):
7.14 Ib alkalinity as CaCO; per Ib NH5-N oxidized
14 days storage

High Aerobic BAF see Aerobic BAF, above
(will nitrify)

Membrane filter 011 gfd @ average flow
017 gfd @ peak flow
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Table 3-6

Design Criteria Summary Table for Nitrogen-Targeting Removal at the Generic
Conventional Activated Sludge Plant

Removal
Level

Process Description

Key Sizing / Design Criteria

Low

Advanced basic step
feed BNR

AT design criteria:
MLSS range = 2,300 — 3,500 mg/L
SRT range = 6 — 10 days
Alkalinity addition (Magnesium hydroxide):
7.14 Ib alkalinity as CaCO; per Ib NH5-N oxidized
14 days storage
FST design criteria:
SOR at AA 0 625 gpd/ft*
SOR at MM 0 725 gpd/ft*
SOR at PF 0 1,500 gpd/ft*
SLR at AA 0 20 Ib/ft’/day
SLR at MM 0 30 Ib/ft*/day
SLR at PF 0 40 Ib/ft’/day

Medium

Full step BNR

see advanced basic BNR criteria above

add Methanol addition:
5 Ib carbon per Ib NO3z-N removed
Assumes residual soluble BOD in anoxic zone
14 days storage— below ground

High

Full step BNR

Deep-bed downflow
denitrifying filter

see full step BNR criteria above

Hydraulic Loading:
1.9 gpm/sf @ avg flow, 5.1 gpm/sf @ peak flow
NOs;-N Loading:
26 Ib/10° cf media/day @ avg flow
Backwash water: 7,000 gpm/cell for 15 min
Backwash air: 3,500 cfm/cell for 12 min
Methanol addition for CAS plants:
5.0 Ib carbon per Ib NO3-N removed in denit. filter
3.5 Ib carbon per Ib NO3-N removed in anoxic zone
Assumes residual soluble BOD at filter
14 days storage— below ground
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Table 3-7
Design Criteria Summary Table for Nitrogen-Targeting Removal at the Generic
Oxygen Activated Sludge Plant

Removal Process Description Key Sizing / Design Criteria
Level
Low Shallow bed filter see Carbon-Targeting, Low

Medium Nitrifying BAF cells | Hydraulic Loading:
(partial nitrification) 1.8 gpm/sf @ avg flow, 5.1 gpm/sf @ peak flow
NH;-N Loading:
41 Ib/10° cf media/day @ avg flow
Alkalinity addition (Magnesium hydroxide):
7.14 Ib alkalinity as CaCO; per Ib NH5-N oxidized
14 days storage

Denitrifying BAF cells | Hydraulic Loading:

2.5 gpm/st @ avg flow, 7.3 gpm/sf @ peak flow
NOs;-N Loading:

73 Ib/10° cf media/day @ avg flow
Methanol addition:

3.5 Ib carbon per Ib NOz-N removed

Assumes no soluble BOD at filter

14 days storage— below ground

High Nitrifying BAF Hydraulic Loading:
(full nitrification) 1.3 gpm/sf @ avg flow, 3.6 gpm/sf @ peak flow
NH;-N Loading:
35 Ib/10° cf media/day @ avg flow
Process air: 1,150 scfm/cell
Backwash air: 1,694 scfm/cell
Alkalinity addition (Magnesium hydroxide):
7.14 Ib alkalinity as CaCO; per Ib NH5-N oxidized
14 days storage

Deep-bed downflow | Hydraulic Loading:
denitrifying filter 1.0 gpm/sf @ avg flow, 2.9 gpm/sf @ peak flow
NOs;-N Loading:
50 Ib/10° cf media/day @ avg flow
Backwash water: 7,000 gpm/cell for 15 min
Backwash air: 3,500 cfm/cell for 12 min
Methanol addition:
3.5 1b carbon per Ib NOz-N removed
Assumes no soluble BOD at filter
14 days storage— below ground
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Table 3-8
Design Criteria Summary Table for Nitrogen-Targeting Removal at the
Generic Trickling Filter Plant.

Removal Process Description Key Sizing / Design Criteria
Level
Low Shallow bed filter see Carbon-Targeting, Low

Medium Nitrifying BAF cells | Hydraulic Loading:
(partial nitrification) 1.8 gpm/sf @ avg flow, 3.7 gpm/sf @ peak flow
NH;-N Loading:
43 Ib/10° cf media/day @ avg flow
Alkalinity addition (Magnesium hydroxide):
7.14 Ib alkalinity as CaCO; per Ib NH5-N oxidized
20 days storage

Denitrifying BAF cells | Hydraulic Loading:

2.5 gpm/st @ avg flow, 5.0 gpm/sf @ peak flow
NOs;-N Loading:

69 Ib/10° cf media/day @ avg flow
Methanol addition:

3.5 Ib carbon per Ib NOz-N removed

Assumes no soluble BOD at filter

16 days storage — above ground

High Nitrifying BAF Hydraulic Loading:
(full nitrification) 1.3 gpm/sf @ avg flow, 2.5 gpm/sf @ peak flow
NH;-N Loading:
33 Ib/10° cf media/day @ avg flow
Process air: 297 scfm/cell
Backwash air: 462 scfm/cell
Alkalinity addition (Magnesium hydroxide):
7.14 Ib alkalinity as CaCO; per Ib NH5-N oxidized
14 days storage— below ground

Deep-bed downflow | Hydraulic Loading:
denitrifying filter 0.8 gpm/sf @ avg flow, 1.6 gpm/sf @ peak flow
NOs;-N Loading:
54 1b/10° cf media/day @ avg flow
Backwash water: 7,000 gpm/cell for 15 min
Backwash air: 3,500 cfm/cell for 12 min
Methanol addition:
3.5 1b carbon per Ib NOz-N removed
Assumes no soluble BOD at filter
16 days storage— above ground
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The design criteria for BAFs and denitrifying filters shown in Tables 3-6 through 3-8 are based
on the size of facilities proposed by vendors to guarantee effluent qualities corresponding to
Medium or High nutrient removal level for the Original Upgrade scenario.
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4.0 NUTRIENT REMOVAL UPGRADE SCENARIOS
4.1 Basis of Original Upgrades

0 Technologies and related improvements for upgrading the generic plants are listed in
Tables 3-1, 3-2 and 3-3, and are sized based on the Generic Plant flows and
corresponding maximum month influent loads, without bypassing or blending of wet
weather flows.

0 Effluent concentrations shown in Tables 3-1, 3-2 and 3-3 are year round values, not
seasonal.

0 The generic conventional activated sludge plant can be operated in a step feed mode, but
cannot reliably nitrify and denitrify year round without new structures.

0 The generic oxygen activated sludge plant and trickling filter plant cannot reliably nitrify
and denitrify year round.

4.2 Basis of Upgrades with Wet Weather Bypass

0 Technologies and related improvements for upgrading the generic plants are as listed in
Tables 3-1, 3-2 and 3-3 with the addition of diversions chambers, bypass piping and
junction chambers as required for wet weather bypass, as further described below.

o For all plants, where additional carbon removal is accomplished through add-on
processes downstream of the secondary treatment train, existing peak flow will continue
to go through the secondary process, however flow through the downstream add-on
processes will be limited to 150% of average daily flow by way of bypassing around the
add-on carbon removal process, with secondary effluent flow in excess of 150% of
average daily flow blended into the main plant flow prior to disinfection.

o For conventional activated sludge plants where the nitrogen removal process is integral to
the secondary treatment train, peak flow to the secondary system is limited to 150% of
average daily flow, with primary effluent flow in excess of 150% of average daily flow
blended with secondary effluent prior to disinfection. This is consistent with the
approach being utilized by the NYCDEP.

o For trickling filter and pure oxygen activated sludge plants where nitrogen removal is
accomplished though add-on processes downstream of the secondary treatment train, the
existing peak flow will continue to go through the secondary process, however flow
through the downstream add-on processes will be limited to 150% of average daily flow
by way of bypassing around the nitrogen removal process, with secondary effluent flow
in excess of 150% of average daily flow blended with the main plant flow prior to
disinfection.

4.3 Basis of Upgrades with Seasonal Limits
o For all plants, the total nitrogen effluent concentrations shown in Tables 3-1, 3-2 and 3-3

are seasonal limits for the period May 1* through October 31* of each year, with
nitrogen limits not in effect during the period November 1 through April 30 of each year.
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To size the nitrogen removal processes such that a May 1 limit can be reliably met, a
design temperature was selected based on the average of the March and April plant
process water temperatures. This was selected because to meet a May 1 permit limit, the
start up period would begin in mid-March through April.

For nitrogen removal processes at conventional activated sludge plants, it was assumed
that swing zones would be used to achieve BNR during the summer season and to
achieve full nitrification over the winter season. Achieving nitrification over the winter
season was deemed essential to avoid operational difficulties associated with
transitioning from a non-nitrifying system to nitrifying system. The aeration tank volume
requirement was calculated by accordingly.

For carbon removal processes at conventional activated sludge plants, the effluent
concentrations shown in Table 3-1 can be achieved year-round irrespective of
temperature through process control adjustments. Therefore, seasonal limits will not
reduce the extent of improvements and thus the cost of carbon removal upgrades relative
to the original upgrade scenario.

For carbon removal processes at oxygen activated sludge and trickling filter plants, the
aerobic BAF proposed for medium and high levels of carbon removal will be sized based
on the higher design temperature associated with seasonal limits. A design temperature
was selected based on the average of the March and April plant process water
temperatures, which is consistent with the approach for seasonal nitrogen removal.

4.4 Basis of Upgrades with Seasonal Limits and Wet Weather Bypass

(0}

For conventional activated sludge plants where the nitrogen removal process is integral to
the secondary treatment train, peak flow to the secondary system is limited to 150% of
average daily flow, and the effluent concentrations shown in Table 3-1 are seasonal limits
in effect only during the period May 1* through October 31* of each year.

For trickling filter and pure oxygen activated sludge plants where nitrogen removal is
accomplished though add-on processes downstream of the secondary treatment train, the
existing peak flow goes through the secondary process, but is limited to 150% of the
average daily flow through the downstream nitrogen removal process. In addition, the
effluent concentrations shown in Tables 3-2 and 3-3 are seasonal limits in effect only
during the period May 1* through October 31* of each

To size the nitrogen removal processes such that a May 1 limit can be reliably met, a
design temperature was selected based on the average of the March and April plant
process water temperatures. This was selected because to meet a May 1 permit limit, the
start up period would begin in mid-March through April.

For conventional activated sludge plants, it was assumed that swing zones would be used
to achieve BNR during the summer season and to achieve full nitrification over the
winter season. The aeration tanks volume requirement was calculated by accordingly.

For carbon removal processes at conventional activated sludge plants, the effluent
concentrations shown in Table 3-1 can be achieved year-round irrespective of

-32-



New Jersey Harbor Dischargers Group
Nutrients Reduction Cost Estimation Study
Summary Report

temperature through process control adjustments. Therefore, the cost savings associated
with this upgrade scenario are the same as with the wet weather bypass scenario.

o For carbon removal processes at oxygen activated sludge and trickling filter plants, the
aerobic BAF proposed for medium and high levels of carbon removal will be sized for
the higher temperature associated with seasonal limits, and the reduced peak flow
associated with wet weather bypassing. A design temperature was selected based on the
average of the March and April plant process water temperatures, which is consistent
with the approach for seasonal nitrogen removal.

4.5 Upgrade Scenario Impacts on Nitrogen-Targeting Processes at the
Generic Conventional Activated Sludge Plant

For all upgrade scenarios, M&E sized the additional aeration and final settling tanks needed to
implement step feed BNR at the generic conventional activated sludge plant using BioWin
Version 3.0 process modeling software. The design criteria previously presented in Table 3-6
were used to evaluate the aeration and final settling tanks. RAS rates were assumed to be 75%,
60%, and 40% of forward flow at the average, maximum month, and peak flow, respectively.

M&E’s approach was to first evaluate the existing aeration and final settling tankage. If the
existing tankage was found to be inadequate, the process was then evaluated with the addition of
a unit tank of equal size to the existing tanks at the plant. In the case of the generic conventional
activated sludge plant, which is based on JIMEUC, the unit aeration tanks are 4.1 million gallons
and final settling tanks are 180’ diameter.

For Advanced Basic and Full Step BNR, the aeration tanks were modeled as having four passes
(A, B, C, and D) with primary effluent flow splitting of 25%, 35%, 30%, and 10%, respectively.
Anoxic zone volume was 33% of each pass. Oxic zone volume was 62% of each pass.
Deoxygenation zone volume was 5% of each pass, with the exception of the final pass, which did
not have a deoxygenation zone. For Full Step BNR, methanol was added to passes B, C, and D,
as applicable based on nitrogen removal level.

Deep bed downflow denitrification filters were sized by the filter manufacturer based on the
following design criteria:

Filter influent of 9 mg/L NO3z-N, 1 mg/L NH3-N, 15 mg/L TSS, and 4 mg/L DO
Design flow of maximum month flow plus allowance for filter backwash

Peak flow as applicable to scenario

Minimum temperature as applicable to the upgrade scenario

Filter effluent of 3 mg/L TN and 4 mg/L TSS

©Oo0oo0oo0oOo

Based on the design criteria and approach described above, Table 4-1 presents a summary of the
existing and additional required aeration tanks (AT), final settling tanks (FST) and denitrification
filters (DNF) at the generic conventional activated sludge plant. The quantity of DNF below is
corresponds to a unit filter size of 1,167 ft* and 8-foot media depth.
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Table 4-1

Summary of existing and additional required process tankage for nitrogen-targeting

upgrade scenarios at the generic conventional activated sludge plant

Additional Process Tankage Required
Existing ) . Wet Seasonal
procss [ e | Qo | waaner | S| Ui
Tankage pgrac Bypass : w/ Bypass
Level Scenario . Scenario .
Scenario Scenario
TI\II_(_'JL\E)V-:12 1AT 1AT 0 AT 0 AT
(Adv. Basic Step BNR) 2 FST 2 FST 2 FST 2 FST
4 AT, each of
4.1 million gal P
’ '\T"ﬁldé“% 1AT 1AT 1AT 1AT
4 FST,.each of (Full Step BNR) 2 FST 2 FST 2 FST 2 FST
180’ diameter
TF||\:g4h:5 1AT 1AT 1AT 1AT
(Full Step-BNR 2 FST 2 FST 2 FST 2 FST
W/ Denite Filters) 22 DNF 22 DNF 20 DNF 20 DNF

Table 4-1 shows the following:

0 Two additional final settling tanks are required for all upgrade scenarios. These

additional settling tanks are required to meet the maximum solids loading rate criteria at
the higher MLLSS concentrations that must be carried for step-feed BNR.

For all upgrade scenarios except Seasonal Limits and Seasonal Limits with Wet Weather
Bypassing, one additional unit size aeration tank is required. The exceptions are
specifically the “Low” level of nitrogen removal for Seasonal Limits and Seasonal Limits
with Wet Weather Bypass scenarios, where the existing aeration tank volume, can be
used to achieve the target effluent TN concentration. Due to the size of the unit aeration
tanks, there is minimal variation in the quantity of additional aeration tanks required for
each scenario.

20 denitrification filters are required for scenarios with seasonal limits, whereas 22 filters
are required for scenarios without seasonal limits.

Reductions in additional required process tankage associated with the Seasonal Limits and

Seasonal Limits with Bypass Scenarios, as shown above, translated into capital cost savings as
compared to the Original Upgrade Scenario. Generic plant capital costs for all nitrogen-targeting

upgrade scenarios are presented in Section 5.

4.6 Upgrade Scenario Impacts on Nitrogen-Targeting Processes at the

Generic Oxygen Activated Sludge and Trickling Filter Plants

For the various upgrade scenarios, biological aerated filters (BAF) and deep bed downflow
denitrification filters (DNF) were sized by filter manufacturers based on the design criteria

identified below.
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For the partially nitrifying and denitrifying BAF (Medium level of nitrogen removal):
o Filter influent of 26 mg/L TKN, 21 mg/L NH5-N, 15 mg/L TSS, and 15 mg/L BOD
o Filter influent dissolved oxygen of 2.0 mg/L at generic oxygen activated sludge plant and
0.5 mg/L at generic trickling filter plant
Design flow of maximum month flow plus allowance for filter backwash
Peak flow as applicable to scenario
Minimum month temperature as applicable to upgrade scenario
Filter effluent of 10 mg/L TN, 12 mg/L TSS, and 5 mg/L BOD

©Oo0oo0o

The design criteria for dissolved oxygen were selected based on the desired configuration of an
upflow BAF with bottom anoxic zone and internal recycle for nitrogen removal. Although the
BAF manufacturers initially indicated that this configuration was preferred, the BAF
manufacturers ultimately would not provide conceptual design and costs for this configuration.
Manufacturers cited that their equipment has yet to be designed in such a configuration and, even
if it were to be designed in such a configuration, they are not set-up to manufacture such a
configuration. Consequently, for the Original Upgrade Scenario, M&E utilized BAF designs for
medium level of nitrogen removal in the configuration of two-stage treatment with separate
nitrifying and denitrifying cells.

For the fully nitrifying BAF (High level of nitrogen removal):

o Filter influent of 26 mg/L TKN, 21 mg/L NH5-N, 15 mg/L TSS, and 15 mg/L BOD
Filter influent dissolved oxygen of 2.0 mg/L at generic oxygen activated sludge plant and
0.5 mg/L at generic trickling filter plant
Design flow of maximum month flow plus allowance for filter backwash
Peak flow as applicable to scenario
Temperature as applicable to scenario
Filter effluent of 1 mg/L NH3-N, 12 mg/L TSS, and 5 mg/L BOD

o

(0}
(0}
(0}
(0}

For the deep bed downflow DNF (High level of nitrogen removal):

o0 Filter influent of 25 mg/L NO3-N, 1 mg/L NH3-N, 12 mg/L TSS, and 4 mg/L DO
0 Design flow of maximum month flow plus allowance for filter backwash

0 Peak flow as applicable to scenario

0 Temperature as applicable to scenario

o Filter effluent of 3 mg/L TN and 4 mg/L TSS

Based on the design criteria, Tables 4-2 and 4-3 present summaries of the required add-on process
tankage (number of units, media surface area per unit, and media depth) for Medium and High
levels of nitrogen removal at the generic oxygen activated sludge plant and generic trickling filter
plant, respectively. Nitrifying and denitrifying BAF cells are shown as BAF-N and BAF-DN,
respectively, and deep bed downflow denitrifying filter cells are shown as DNF. The Low level
of nitrogen removal is not shown in Tables 4-3 and 4-4 because at the generic oxygen activated
sludge and trickling filter plants, the technology for Low level of nitrogen removal (traveling
bridge filter) is the same as for Low level of carbon removal, which was previously discussed in
Section 4.5.

Any reductions in number of units, filter area, and/or media depth of the process tankage
associated with additional upgrade scenarios, as shown below, translated into capital cost savings
as compared to the Original Upgrade Scenario. Generic plant capital costs for all nitrogen-
targeting upgrade scenarios are presented in Section 5.
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Table 4-2

Summary of required add-on process tankage for nitrogen-targeting upgrade scenarios at
the generic oxygen activated sludge plant

Seasonal Limits

Nitrogen Original Upgrade Vet Weather Seasonal Limits
Removal . Bypass . w/ Bypass
Scenario . Scenario .
Level Scenario Scenario
20 BAF-N 19 BAF-N 20 BAF-N 17 BAF-N
2,582 ft? 2,582 ft? 2,582 ft? 2,582 ft?
— 11.48 ft media 11.48 ft media 9.84 ft media 9.84 ft media
Medium:
TN 10-12 14 BAF-DN 14 BAF-DN 14 BAF-DN 14 BAF-DN
2,582 ft? 2,582 ft? 2,582 ft? 2,582 ft?
8.20 ft media 8.20 ft media 8.20 ft media 8.20 ft media
26 BAF-N 24 BAF-N 21 BAF-N 21 BAF-N
2,582 ft? 2,582 ft? 2,582 ft? 2,582 ft?
High: 9.84 ft media 11.48 ft media 9.84 ft media 9.84 ft media
TN 3-5 79 DNF 66 DNF 65 DNF 52 DNF
1,167 ft? 1,167 ft? 1,167 ft? 1,151 ft?
8 ft media 8 ft media 8 ft media 8 ft media
Table 4-3

Summary of required add-on process tankage for nitrogen-targeting upgrade scenarios at
the generic trickling filter plant

Seasonal Limits

Nitrogen Original Upgrade Vet Weather Seasonal Limits
Removal . Bypass . w/ Bypass
Scenario . Scenario .
Level Scenario Scenario
8 BAF-N 7 BAF-N 7 BAF-N 6 BAF-N
468 ft? 468 ft? 468 ft? 468 ft?
— 11.48 ft media 11.48 ft media 9.84 ft media 9.84 ft media
Medium:
TN 10-12 6 BAF-DN 6 BAF-DN 6 BAF-DN 6 BAF-DN
468 ft? 468 ft? 468 ft? 468 ft?
8.20 ft media 8.20 ft media 8.20 ft media 8.20 ft media
8 BAF-N 5 BAF-N 6 BAF-N 6 BAF-N
704 ft? 940 ft? 704 ft? 704 ft?
High: 9.84 ft media 11.48 ft media 9.84 ft media 9.84 ft media
TN 3-5 8 DNF 7 DNF 6 DNF 6 DNF
1,167 ft? 1,120 ft? 1,120 ft? 1,027 ft?
6 ft media 6 ft media 6 ft media 6 ft media
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4.7 Upgrade Scenario Impacts on Carbon-Targeting Processes at the
Generic Conventional Activated Sludge Plant

In the Original Upgrade Scenario, the filtration rates at peak wet weather flow governed the
sizing of the downstream carbon removal process equipment. Therefore, the Wet Weather
Bypass Scenario reduced the required size of the carbon removal process equipment
proportionate to the reduction in peak flow associated with the bypassing of wet weather flows.
With this reduction, the filtration rates at average flow were within typical design values for
filtration rate at average flow. The reduced size of process equipment for the Wet Weather
Bypass Scenario translates into capital cost savings as compared to the Original Upgrade
Scenario.

Generic conventional activated sludge plant capital costs for carbon-targeting removal are
presented in Section 5.2.

4.8 Upgrade Scenario Impacts on Carbon-Targeting Processes at the
Generic Oxygen Activated Sludge and Trickling Filter Plants

In the Original Upgrade Scenario, the filtration rates at peak wet weather flow governed the
sizing of the traveling bridge filters (for low level of carbon removal) and membrane filters (for
the high level of carbon removal). Therefore, the scenarios including bypassing of wet weather
flows reduced the required size of these carbon removal processes proportionate to the reduction
in peak flow associated with the bypassing of wet weather flows. With this reduction, the
filtration rates at average flow were within typical design values for filtration rate at average flow.
The reduced size of process equipment for the scenarios including bypassing of wet weather
flows translates into capital cost savings as compared to the Original Upgrade Scenario.

Also in the Original Upgrade Scenario, the aerobic BAFs required for removal of additional
soluble CBOD were sized based on the minimum annual wastewater temperature. Under the
seasonal limits scenarios, the aerobic BAFs are sized based on a higher temperature.

Because the aerobic BAFs were assumed to be of the same size as the fully nitrifying BAFs, as
discussed in Section 3.2, the impact of wet weather bypassing, seasonal limits, and the
combination of seasonal limits and wet weather bypassing on the size of the aerobic BAFs can be
seen in nitrogen-targeting Tables 4-2 and 4-3 for the generic oxygen activates sludge and trickling
filter plants, respectively. Based on the above assumption, the size of aerobic BAFs are equal to
that of the fully nitrifying BAFs shown in these tables for the high level of nitrogen removal.

The reduced size of process equipment for the scenarios including wet weather bypassing,
seasonal limits, and the combination of seasonal limits and wet weather bypassing translates into
capital cost savings as compared to the Original Upgrade Scenario.

Generic oxygen activated sludge and trickling filter plant capital costs for carbon-targeting
removal are presented in Sections 5.3 and 5.4, respectively.
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5.0 GENERIC PLANT CAPITAL COST ESTIMATES

5.1 Generic Plant Capital Cost Estimating Methodology and Assumptions

Year 2007 conceptual capital cost estimates for upgrading the generic plants are based on the
following conclusions, assumptions, methodology and unit costs:

(0}

(0}

(0}

Sufficient land of suitable quality currently exists at the generic plant to construct the
proposed improvements without land acquisition.

Soil conditions at the generic plant are such that pile foundations, construction
dewatering, sheeting and rock excavation are not required.

The improvements to achieve nutrient removal will impact the O&M and disposal costs
associated with sludge processing, but will not require the installation of new equipment.

Budgetary quotes for major equipment items and typical installation costs based on M&E
experience.

Approximate quantities and unit costs for concrete, earth excavation, bedding and
backfill based on the specific geographic area:

o Concrete - $910/CY
o Earth excavation, bedding and backfill - $20/CY

Approximate sizing of new buildings and roof structures and $/SF unit costs (which
include HVAC) based on the specific geographic area:

o Masonry Buildings - $200/SF
0 Pre-Engineered Metal Buildings - $80/SF
0 Pre-Engineered Roof Structures - $16/SF

Appropriate percentages for site work, piping, electrical and 1&C based on the nature of
the upgrades and specific geographic area:

0 Piping — 20% for non-bypass scenarios

0 Piping — 30% for bypass scenarios to account for additional piping and diversion
and junction chambers

o0 Miscellaneous Site Work — 10%

o0 Electrical — 25% (18% for shallow media filter only, due to low connected load)

0 1&C —10% (7% for shallow media filter only, due to low level of complexity)

Contractor OH&P of 24%, including 3% for mobilization and 1% for bonds.
Construction cost contingency of 30%, to reflect a planning level of detail.

Engineering, legal and administrative costs equal to 20% of total construction cost.

Unit costs are based on actual geographic-specific unit costs from a recent wastewater treatment
plant upgrade project and M&E’s experience.
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5.2 Generic Conventional Activated Sludge Plant Capital Cost Estimates

Tables 5-1 and 5-2 present summaries of the 2007 conceptual capital cost estimates (in millions
of dollars) to achieve low, medium and high levels of nitrogen and carbon removal, respectively,
at the generic conventional activated sludge plant for all upgrade scenarios. For upgrade
scenarios without bypassing, the corresponding costs on a $/gpd of capacity basis are presented
for both average annual flow (AAF) and peak hourly wet weather flow (PWWEF-hr), since the
development of plant specific costs will need to consider both of these unit costs. For scenarios
with bypassing, the corresponding costs on a $/gpd of capacity basis are only presented for
average annual flow because the peak flows under this bypass scenarios are uniformly limited and
are thus not needed for development of plant-specific cost estimates.

Detailed conceptual capital cost estimates for the generic conventional activated sludge plant can
be found in Appendix R.

Table 5-1
Conceptual Capital Cost Estimates for Nitrogen Removal:
Generic Conventional Activated Sludge Plant

Upgrade Scenario Conventional Activated Sludge Plant
and Nutrient 70 mgd AAF
190 mgd PWWF-hr

Removal 105 mgd PWWF-hr (Bypass Scenarios)

Level SMM $/gpd AAF | S/gpd PWWF
Original Upgrade Scenario

Low 95.4 1.36 0.50
Medium 97.5 1.39 0.51
High 213 3.04 1.12
Low 101 1.44 n/a
Medium 103 1.47 n/a
High 226 3.23 n/a
Low 65.7 0.94 0.35
Medium 97.5 1.39 0.51
High 207 2.96 1.09
Upgrade with Seasonal Limits and Wet Weather Bypass Scenario

Low 69.7 1.00 n/a
Medium 103 1.47 n/a
High 220 3.14 n/a
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Table 5-2
Conceptual Capital Cost Estimates for Carbon Removal:
Generic Conventional Activated Sludge Plant

Conventional Activated Sludge Plant
70 mgd AAF
190 mgd PWWF-hr
105 mgd PWWF — hr (Bypass Scenarios)

Upgrade Scenario
and Nutrient
Removal

Level

$MM $/gpd AAF $/gpd PWWF
Original Upgrade Scenario &

Upgrade with Seasonal Limits Scenario

Low 66.5 0.95 0.35
Medium 133 1.90 0.70
High 214 3.06 1.13
Upgrade with Wet Weather Bypass Scenario &

Upgrade with Seasonal Limits and Wet Weather Bypass Scenario
Low 41.2 0.59 n/a
Medium 96.4 1.38 n/a
High 134 1.91 n/a

Tables 5-3 and 5-4 present the approximate site area “footprint” of the new processes/structures
required to implement each level of nitrogen and carbon removal, respectively, for each upgrade
scenario at the generic conventional activated sludge plant. This information will be used to
assess land acquisition needs for the plant-specific cost estimates and to develop other plant-
specific costs that relate to structure size, after adjusting the areas based on differences in flow
between the generic plant and the specific plant.
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Table 5-3
Estimated Site Area “Footprint” Required for Nitrogen Removal Upgrades:
Generic Conventional Activated Sludge Plant

High

Original Wet Seasonal S_eas_,onal
. Weather . Limits w/
Nutrient Removal Level Upgrade Limits
and Site Area Item Scenario Bypass Scenario Bypass
Scenario Scenario
Footprint in ft* unless otherwise noted
Low
Aeration tank expansion 39,000 39,000 0 0
Clarifier expansion 51,000 51,000 51,000 51,000
Chemical building 1,600 1,600 1,600 1,600
Subtotal 91,600 91,600 52,600 52,600
Misc. Site @ 20% 18,320 18,320 10,520 10,520
Rounded Total, ft* 110,000 110,000 63,000 63,000
L Rounded Total, ac 2.5 2.5 1.4 1.4 |
Medium
Aeration tank expansion 39,000 39,000 39,000 39,000
Clarifier expansion 51,000 51,000 51,000 51,000
Chemical building 1,800 1,800 1,800 1,800
Methanol tank 1,800 1,800 1,800 1,800
Subtotal 93,600 93,600 93,600 93,600
Misc. Site @ 20% 18,720 18,720 18,720 18,720
Rounded Total, ft* 112,000 112,000 112,000 112,000
Rounded Total, ac 2.6 2.6 2.6 2.6

Aeration tank expansion 39,000 39,000 39,000 39,000
Clarifier expansion 51,000 51,000 51,000 51,000
Chemical building 1,800 1,800 1,800 1,800
Intermediate pump station 13,100 7,725 13,100 7,725
Denitrifying filter, gallery, etc. 43,650 43,650 39,700 39,700
Methanol tank 2,100 2,100 2,100 2,100
Subtotal 150,650 145,275 146,700 141,325

Misc. site @ 20% 30,130 29,055 29,340 28,265
Rounded Total, ft* 181,000 174,000 176,000 170,000

Rounded Total, ac 4.2 4.0 4.0 3.9
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Table 5-4
Estimated Site Area “Footprint” Required for Carbon Removal Upgrades:
Generic Conventional Activated Sludge Plant

Wet
Original Weather
Upgrade Bypass
Scenario Scenario
Nutrient Removal Level Seaf:)nal Seaf:)nal
and Site Area ltem Limits Limits w/
Scenario Bypass
Scenario
Footprint in ft* unless
otherwise noted
Low
Shallow media filter 92,200 54,340
Subtotal 92,200 54,340
Misc. Site @ 20% 18,440 10,868
Rounded Total, ft* 111,000 65,000
Rounded Total, ac 2.5 15
Medium
Deep bed filter, gallery, etc. 57,900 39,200
Intermediate pump station 13,100 7,725
Subtotal 71,000 46,925
Misc. site @ 20% 14,200 9,385
Rounded Total, ft* 85,000 56,000
Rounded Total, ac 2.0 1.3
High
Microfiltration building 68,400 40,300
Subtotal 68,400 40,300
Misc. site @ 20% 13,680 8,060
Rounded Total, ft* 82,000 48,000
Rounded Total, ac 1.9 1.1
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5.3 Generic Oxygen Activated Sludge Plant Capital Cost Estimates

Tables 5-5 and 5-6 present summaries of the 2007 conceptual capital cost estimates (in millions
of dollars) to achieve low, medium and high levels of nitrogen and carbon removal, respectively,
at the generic oxygen activated sludge plant for all upgrade scenarios. For upgrade scenarios
without bypassing, the corresponding costs on a $/gpd of capacity basis are presented for both
average annual flow (AAF) and peak hourly wet weather flow (PWWF-hr), since the
development of plant specific costs will need to consider both of these unit costs. For scenarios
with bypassing, the corresponding costs on a $/gpd of capacity basis are only presented for
average annual flow because the peak flows under this bypass scenarios are uniformly limited and
are thus not needed for development of plant-specific cost estimates.

Detailed conceptual capital cost estimates for the generic oxygen activated sludge plant can be
found in Appendix S.

Table 5-5
Conceptual Capital Cost Estimates for Nitrogen Removal:
Generic Oxygen Activated Sludge Plant

Upgrade Scenario Oxygen Activated Sludge Plant
and Nutrient 130 mgd AAF
380 mgd PWWEF-hr

Removal 195 mgd PWWF-hr (Bypass Scenarios)

Level $MM $/gpd AAF | $/gpd PWWF
Original Upgrade Scenario

Low 129 0.99 0.34
Medium 345 2.65 0.91
High 548 4.22 1.44
Low 76 0.58 n/a
Medium 329 2.53 n/a
High 488 3.75 n/a
Low 129 0.99 0.34
Medium 335 2.58 0.88
High 450 3.46 1.18
Upgrade with Seasonal Limits and Wet Weather Bypass Scenario

Low 76 0.58 n/a
Medium 303 2.33 n/a
High 403 3.10 n/a

-43-



New Jersey Harbor Dischargers Group
Nutrients Reduction Cost Estimation Study
Summary Report

Table 5-6
Conceptual Capital Cost Estimates for Carbon Removal:
Generic Oxygen Activated Sludge Plant

Upgrade Scenario Oxygen Activated Sludge Plant
and Nutrient 130 mgd AAF
380 mgd PWWEF-hr

Removal 195 mgd PWWF-hr (Bypass Scenarios)

Level $MM $/gpd AAF | $/gpd PWWF
Original Upgrade Scenario

Low 129 0.99 0.34
Medium 294 2.26 0.77
High 722 5.56 1.90
Low 76 0.58 n/a
Medium 268 2.06 n/a
High 517 3.98 n/a
Low 129 0.99 0.34
Medium 245 1.88 0.64
High 623 4.79 1.64
Upgrade with Seasonal Limits and Wet Weather Bypass Scenario

Low 76 0.58 n/a
Medium 231 1.78 n/a
High 479 3.68 n/a

Tables 5-7 and 5-8 present the approximate site area “footprint” of the new processes/structures
required to implement each level of nitrogen and carbon removal, respectively, for each upgrade
scenario at the generic oxygen activated sludge plant. This information will be used to assess
land acquisition needs for the plant-specific cost estimates and to develop other plant-specific
costs that relate to structure size, after adjusting the areas based on differences in flow between
the generic plant and the specific plant.
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Table 5-7

Estimated Site Area “Footprint” Required for Nitrogen Removal Upgrades:

Generic Oxygen Activated Sludge Plant

- Wet Seasonal
Original Weather Segso_nal Limits w/
Nutrient Removal Level UpgraQe Bypass L|m|ts_ Bypass
and Site Area Item Scenario Scenario Scenario Scenario
Footprint in ft* unless otherwise noted
Low
Shallow media filter 184,000 100,870 184,000 100,870
Subtotal 184,000 100,870 184,000 100,870
Misc. Site @ 20% 36,800 20,174 36,800 20,174
Rounded Total, ft* 221,000 121,000 221,000 121,000
Rounded Total, ac 5.1 2.8 5.1 2.8
Medium
Nitrifying/denitrifying BAF, gallery, etc. 154,500 150,000 154,500 140,900
Chemical building 1,100 1,100 1,100 1,100
Intermediate pump station 26,200 14,355 26,200 14,355
Methanol tank 3,040 3,040 3,040 3,040
Subtotal 184,840 168,495 184,840 159,395
Misc. Site @ 20% 36,968 33,699 36,968 31,879
Rounded Total, ft* 222,000 202,000 222,000 191,000
Rounded Total, ac 5.1 4.6 5.1 4.4
High
Nitrifying BAF, gallery, etc. 118,000 109,000 95,300 95,300
Denitrifying filter, gallery, etc. 129,800 108,400 106,800 85,400
Chemical building 3,400 3,400 3,400 3,400
Intermediate pump station 26,200 14,355 26,200 14,355
Methanol tank 4,900 4,900 4,900 4,900
Subtotal 282,300 240,055 236,600 203,355
Misc. site @ 20% 56,460 48,011 47,320 40,671
Rounded Total, ft* 339,000 288,000 284,000 244,000
Rounded Total, ac 7.8 6.6 6.5 5.6
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Table 5-8

Estimated Site Area “Footprint” Required for Carbon Removal Upgrades:

Generic Oxygen Activated Sludge Plant

Nutrient Removal Level
and Site Area Item

Original
Upgrade
Scenario

Wet
Weather
Bypass
Scenario

Seasonal
Limits
Scenario

Seasonal
Limits w/
Bypass
Scenario

Footprint in ft* unless otherwise noted

Low
Shallow media filter 184,000 100,870 184,000 100,870
Subtotal 184,000 100,870 184,000 100,870
Misc. Site @ 20% 36,800 20,174 36,800 20,174
Rounded Total, ft* 220,800 121,000 220,800 121,000
Rounded Total, ac 5.1 2.8 5.1 2.8
Medium
Intermediate pump station 26,200 14,355 26,200 14,355
Aerobic BAF, gallery, etc. 118,000 109,000 95,300 95,300
Chemical building 3,400 3,400 3,400 3,400
Subtotal 147,600 126,755 124,900 113,055
Misc. Site @ 20% 29,520 25,351 24,980 22,611
Rounded Total, ft* 177,100 152,100 149,900 135,700
L Rounded Total, ac 4.1 3.5 3.4 3.1
High
Intermediate pump station 26,200 14,355 26,200 14,355
Aerobic BAF, gallery, etc. 118,000 109,000 95,300 95,300
Chemical building 3,400 3,400 3,400 3,400
Microfiltration building 136,800 74,900 136,800 74,900
Subtotal 284,400 201,655 261,700 187,955
Misc. site @ 20% 56,880 40,331 52,340 37,591
Rounded Total, ft* 341,300 242,000 314,000 225,500
Rounded Total, ac 7.8 5.6 7.2 5.2
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5.4 Generic Trickling Filter Plant Capital Cost Estimates

Tables 5-9 and 5-10 present summaries of the 2007 conceptual capital cost estimates (in millions
of dollars) to achieve low, medium and high levels of nitrogen and carbon removal, respectively,
at the generic trickling filter plant for all upgrade scenarios. For upgrade scenarios without
bypassing, the corresponding costs on a $/gpd of capacity basis are presented for both average
annual flow (AAF) and peak hourly wet weather flow (PWWF-hr), since the development of
plant specific costs will need to consider both of these unit costs. For scenarios with bypassing,
the corresponding costs on a $/gpd of capacity basis are only presented for average annual flow
because the peak flows under this bypass scenarios are uniformly limited and are thus not needed
for development of plant-specific cost estimates.

Detailed conceptual capital cost estimates for the generic trickling filter plant can be found in
Appendix T.

Table 5-9
Conceptual Capital Cost Estimates for Nitrogen Removal:
Generic Trickling Filter Plant

Upgrade Scenario Trickling Filter Plant
and Nutrient 10 mgd AAF
20 mgd PWWF-hr

Removal 15 mgd PWWF-hr (Bypass Scenarios)

Level $MM $/gpd AAF | $/gpd PWWF
Original Upgrade Scenario

Low 7.1 0.71 0.36
Medium 34.6 3.46 1.73
High 59.1 5.91 2.96
Low 6.0 0.60 n/a
Medium 33.9 3.39 n/a
High 54.9 5.49 n/a
Low 7.1 0.71 0.36
Medium 31.6 3.16 1.58
High 45.8 4.58 2.29
Upgrade with Seasonal Limits and Wet Weather Bypass Scenario

Low 6.0 0.60 n/a
Medium 30.4 3.04 n/a
High 45.6 4.56 n/a
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Table 5-10
Conceptual Capital Cost Estimates for Carbon Removal:
Generic Trickling Filter Plant

Upgrade Scenario Trickling Filter Plant
and Nutrient 10 mgd AAF
20 mgd PWWF-hr

Removal 15 mgd PWWF-hr (Bypass Scenarios)

Level $MM $/gpd AAF | $/gpd PWWF
Original Upgrade Scenario

Low 7.1 0.71 0.36
Medium 29.4 2.94 1.47
High 62.7 6.27 3.14
Low 6.0 0.60 n/a
Medium 30.0 3.00 n/a
High 56.3 5.63 n/a
Low 7.1 0.71 0.36
Medium 23.8 2.38 1.19
High 57.0 5.70 2.85
Upgrade with Seasonal Limits and Wet Weather Bypass Scenario

Low 6.0 0.60 n/a
Medium 24.4 244 n/a
High 52.7 5.27 n/a

Tables 5-11 and 5-12 present the approximate site area “footprint” of the new
processes/structures required to implement each level of nitrogen and carbon removal,
respectively, for each upgrade scenario at the generic trickling filter plant. This information will
be used to assess land acquisition needs for the plant-specific cost estimates and to develop other
plant-specific costs that relate to structure size, after adjusting the areas based on differences in
flow between the generic plant and the specific plant.
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Table 5-11

Estimated Site Area “Footprint” Required for Nitrogen Removal Upgrades:
Generic Trickling Filter Plant

i Wet Seasonal
Original Weather Segso_nal Limits w/
Nutrient Removal Level UpgraQe Bypass L|m|ts_ Bypass
and Site Area Item Scenario Scenario Scenario Scenario
Footprint in ft* unless otherwise noted
Low
Shallow media filter 9,700 7,810 9,700 7,810
Subtotal 9,700 7,810 9,700 7,810
Misc. Site @ 20% 1,940 1,562 1,940 1,562
Rounded Total, ft* 11,600 9,400 11,600 9,400
Rounded Total, ac 0.3 0.2 0.3 0.2
Medium
Nitrifying/denitrifying BAF, gallery, etc. 11,400 10,590 10,590 9,770
Chemical building 300 300 300 300
Intermediate pump station 1,800 1,430 1,800 1,430
Methanol tank 510 510 510 510
Subtotal 14,010 12,830 13,200 12,010
Misc. Site @ 20% 2,802 2,566 2,640 2,402
Rounded Total, ft* 16,800 15,400 15,800 14,400
Rounded Total, ac 0.4 0.4 0.4 0.3

Nitrifying BAF, gallery, etc. 9,800 8,180 7,350 7,350
Denitrifying filter, gallery, etc. 17,200 14,400 12,400 11,400
Chemical building 425 425 425 425
Intermediate pump station 1,800 1,430 1,800 1,430
Methanol tank 590 590 590 590
Subtotal 29,815 25,025 22,565 21,195

Misc. site @ 20% 5,963 5,005 4,513 4,239
Rounded Total, ft* 35,800 30,000 27,100 25,400

Rounded Total, ac 0.8 0.7 0.6 0.6
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Table 5-12

Estimated Site Area “Footprint” Required for Carbon Removal Upgrades:
Generic Trickling Filter Plant

. Wet Seasonal
Original Weather Seff‘so.”a' Limits w/
Nutrie_znt Removal Level UpgraQe Bypass L|m|ts_ Bypass
and Site Area Item Scenario Scenario Scenario Scenario
Footprint in ft* unless otherwise noted
Low
Shallow media filter 9,700 7,810 9,700 7,810
Subtotal 9,700 7,810 9,700 7,810
Misc. Site @ 20% 1,940 1,562 1,940 1,562
Rounded Total, ft* 11,600 9,400 11,600 9,400
Rounded Total, ac 0.3 0.2 0.3 0.2
Medium
Intermediate pump station 1,800 1,430 1,800 1,430
Aerobic BAF, gallery, etc. 9,800 8,180 7,350 7,350
Chemical building 425 425 425 425
Subtotal 12,025 10,035 9,575 9,205
Misc. Site @ 20% 2,405 2,007 1,915 1,841
Rounded Total, ft* 14,400 12,000 11,500 11,000
L Rounded Total, ac 0.3 0.3 0.3 0.3 |
High
Intermediate pump station 1,800 1,430 1,800 1,430
Aerobic BAF, gallery, etc. 9,800 8,180 7,350 7,350
Chemical building 425 425 425 425
Microfiltration building 7,200 5,700 7,200 5,700
Subtotal 19,225 15,735 16,775 14,905
Misc. site @ 20% 3,845 3,147 3,355 2,981
Rounded Total, ft* 23,100 18,900 20,100 17,900
Rounded Total, ac 0.5 0.4 0.5 0.4
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o Staffing
Chemicals

Energy
Maintenance

©Oo0oo0oo

Sludge Processing and Disposal

6.1 Staffing — Original Upgrade Scenario

Table 6-1

6.0 OPERATIONS AND MAINTENANCE COST ESTIMATING METHODOLOGY

Anticipated Additional Staffing Needs for Conventional Activated Sludge Plants

Plant-specific annual O&M cost estimates for each level of nutrient removal upgrade incorporate
the following categories of O&M costs:

For each O&M cost category, the sections below present the assumptions and methodology used
for the Original Scenario followed by those used for the additional upgrade scenarios.

The anticipated number of additional full time staff for each level of upgrade for the conventional
activated sludge, oxygen activated sludge, and trickling filter plants, based on input from NJHDG
members and M&E’s experience, are summarized in Tables 6-1, 6-2 and 6-3, respectively.

Conventional Activated Sludge Plants

LRSA RVSA JMEUC BCUA
Flow, AAF 11 30 70 87
N-Targeting Low
Operator 0 0 1 1
Maintenance 0 0 1 1
I&C Technician 0 0 0 0
N-Targeting Medium
Operator 0 0 1 1
Maintenance 0 0 1 1
I&C Technician 0 0 0 0
N-Targeting High
Operator 2 1/shift =5 1/shift =5 1/shift =5
Maintenance 1 2 2 2
I&C Technician 1 1 1 1
C-Targeting Low
Operator 1 0 1/shift =5 1/shift =5
Maintenance 1 0 1 1
I&C Technician 0 0 0 0
C-Targeting Medium
Operator 1 0 1/shift =5 1/shift =5
Maintenance 1 0 1 1
I&C Technician 0 0 0 0
C-Targeting High
Operator 2 1/shift =5 1/shift =5 1/shift =5
Maintenance 1 2 2 2
I&C Technician 1 1 1 1
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Table 6-2
Anticipated Additional Staffing Needs for Oxygen Activated Sludge Plants

Oxygen Activated Sludge Plants

EMUA MCUA PVSC
Flow, AAF 4 127 260
N-Targeting Low
Operator 1 1/shift =5 1/shift =5
Maintenance 0 1 2
I&C Technician 0 0 0
N-Targeting Medium
Operator 1 1/shift =5 1/shift = 5
Maintenance 1 2 3
I&C Technician 0 1 1
N-Targeting High
Operator 1 1/shift =5 2/shift = 10
Maintenance 1 2 4
I&C Technician 0 1 1
C-Targeting Low
Operator 1 1/shift =5 1/shift =5
Maintenance 0 1 2
I&C Technician 0 0 0
C-Targeting Medium
Operator 1 1/shift =5 1/shift =5
Maintenance 1 2 3
I&C Technician 0 1 1
C-Targeting High
Operator 1 1/shift =5 2/shift = 10
Maintenance 1 2 4
I&C Technician 0 1 1
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Table 6-3
Anticipated Additional Staffing Needs for Trickling Filter Plants

Trickling Filter Plants
NBMUA SMUA NHSA-Riv Rd | NHSA-Adams

Flow, AAF 3 3 10 14
N-Targeting Low

Operator 1 1 2 0
Maintenance 0 0 1 0
I&C Technician 0 0 0 0
N-Targeting Medium

Operator 1 1 2 2
Maintenance 1 1 1 1
I&C Technician 0 0 1 1
N-Targeting High

Operator 1 1 2 2
Maintenance 1 1 1 1
I&C Technician 0 0 1 1
C-Targeting Low

Operator 1 1 2 0
Maintenance 0 0 1 0
I&C Technician 0 0 0 0
C-Targeting Medium

Operator 1 1 2 2
Maintenance 1 1 1 1
I&C Technician 0 0 1 1
C-Targeting High

Operator 1 1 2 2
Maintenance 1 1 1 1
I&C Technician 0 0 1 1

A total salary cost (salary plus fringe benefits) of $110,000 per year per additional full time plant
staff was utilized based on the maximum salaries reported in a salary survey of water and
wastewater treatment professionals in major metropolitan areas.

For plants less than 10 mgd AAF, it was assumed the plant does not currently have an in-house
I&C technician. For “low” level upgrades to these plants, it is assumed that an 1&C technician
will not be required. For “medium” and “high” level upgrades to these plants, it is assumed that
the plant will need to contract for 1&C maintenance services at $25,000/yr.

6.2 Staffing — Additional Upgrade Scenarios

Although the wet weather bypassing and seasonal limits upgrade scenarios, as applicable,
somewhat reduce the extent of additional process tankage and equipment required for nutrient
removal, essentially the same number of additional staff will be required for daily operation and
scheduled maintenance as the Original Scenario. Therefore, the applicable upgrade scenarios are
assumed to not change the anticipated number of additional full time staff needed for each level
of nutrient removal.
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6.3 Chemicals — Original Upgrade Scenario
Chemical costs were estimated for:

o0 Alkalinity addition to nitrifying systems (magnesium hydroxide assumed).

o Carbon addition to denitrifying systems (methanol assumed).

0 Polymer addition for processing additional sludge.
Magnesium hydroxide demand was calculated based on an alkalinity consumption of 7.16 lbs per
pound of TKN nitrified. A unit cost of $390 per dry ton was assumed, delivered as a 60%
solution.
Methanol demand was calculated based on a dose of 3.5 Ibs per pound of nitrate denitrified in
denitrifying filters, and a higher dose of 5 Ibs per pound of nitrate denitrified in the full step BNR
process, based on NYCDEP experience. A methanol cost of $1.25/gal was assumed.

Polymer consumption was based on 12 pounds per ton of additional sludge thickened plus 12
pounds per ton of additional sludge dewatered. A polymer cost of $1.50 per pound was assumed.

Capital costs associated with compliance with chemical containment regulatory requirements are
accounted for by generic plant capital cost percentages and allowances.

6.4 Chemicals — Additional Upgrade Scenarios

Wet Weather Bypass Scenario — All Plants

For the Wet Weather Bypass Scenario, it was assumed that the annual chemical consumption,
which is based on annual average load, will not change significantly due to wet weather
bypassing. Therefore, chemical consumption for the Wet Weather Bypass scenarios was assumed
to be the same as that for the Original Upgrade Scenario.

Seasonal Limits and Seasonal Limits with Wet Weather Bypass Scenarios:
Conventional Activated Sludge Plants

For the Seasonal Limits Scenario and the Seasonal Limits with Wet Weather Bypass Scenario at
conventional activated sludge plants, changes in annual chemical consumption were calculated
based on the following approach:

It was assumed that methanol addition would be suspended at the commencement of the
November 1 winter season and restarted two months prior to the commencement of the May 1
seasonal limits. Therefore, methanol would be added eight months of the year (six months
summer plus two months startup). This corresponds to 67% of the methanol cost for the Original
Scenario.

It was assumed that nitrification would be maintained over winter months by employment of
swing zones in aeration tanks so as to avoid the operational problems associated with
transitioning into and out of nitrification. Therefore, magnesium hydroxide would not change as
compared to the Original Upgrade Scenario.
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Because methanol addition would be suspended as described above, sludge generation would
change because biomass yield from methanol addition would cease. The corresponding change in
polymer consumption was calculated.

Seasonal Limits and Seasonal Limits with Wet Weather Bypass Scenarios:
Oxygen Activated Sludge and Trickling Filter Plants

For the Seasonal Limits Scenario and the Seasonal Limits with Wet Weather Bypass Scenario at
oxygen activated sludge and trickling filter plants, changes in annual chemical consumption were
calculated based on the following approach:

Based on the design temperature (March and April average) for Seasonal Limit Scenarios it was
assumed that nitrification would decrease during the winter season (but not be fully lost) and
subsequently increase with the increasing temperature following the winter season. It was
assumed that methanol and magnesium hydroxide would be added to keep pace with nitrification.
Therefore, nitrification and nitrogen removal would follow the same pattern over winter months,
as presented in Table 6-4.

Table 6-4
Assumed nitrogen removal performance over winter months
at oxygen activated sludge and trickling filter plants

6-mo Annual
Time Period | Nov | Dec | Jan Feb | Mar | Apr Winter .
.. | Composite
Composite
(0)
% 0f TN 116006 | 90% | 80% | 70% | 85% | 100% | 87.5% | 93.75%
removal

1. For the expected effluent TN for given level of nitrogen removal

Therefore, methanol and magnesium hydroxide costs for Seasonal Limit Scenarios would be
93.75% of the corresponding Original Upgrade Scenario costs.

As nitrification performance deteriorates and methanol addition is reduced, sludge generation
would be reduced due to a decrease in biomass yield from methanol addition. The corresponding
change in polymer consumption was calculated.
6.5 Sludge Processing and Disposal — Original Upgrade Scenario
The impact of each upgrade scenario on sludge production was evaluated based on the following:
0 Additional TSS removed through the various filter technologies to achieve low, medium
and high levels of carbon removal, based on the difference between current average
effluent TSS and effluent TSS associated with each level of upgrade.
o0 Inconventional activated sludge plants:
o0 Change in sludge yield from operation in conventional activated sludge mode to
advanced basic BNR mode (3% reduction in WAS production based on

NYCDEP experience) to full step BNR (9% increase in WAS production based
on NYCDEP experience).
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o0 Biological growth in denitrification filters attributable to carbon (methanol)
addition — 0.18 pounds of VVSS produced per pound of COD applied, based on
1.5 Ib COD per pound of methanol added for denitrification. VSS assumed to be
85% of TSS).

0 In oxygen activated sludge and trickling filter plants:

0 Additional waste sludge from removal of additional soluble BOD in BAFs —
assume VSS yield of 0.5 pounds per pound of soluble BOD removed, and a
corresponding TSS yield based on 85% VSS. SBOD to BAF assume to be equal
to the effluent total BOD, minus the particulate BOD, which is assumed to be
equal to 60% of the effluent TSS. SBOD from BAFs was assumed to be 0 mg/L.

o Growth in denitrification BAF and denitrification filter attributable to carbon
(methanol) addition - 0.18 pounds of VSS produced per pound of COD applied,
based on 1.5 Ib COD per pound of methanol added for denitrification. VSS
assumed to be 85% of TSS).

The cost to dispose of the additional sludge produced is based on the following fees, which
represent an average or typical value of the costs currently incurred by NJHDG plants:

o Transportation and disposal fees of $0.08/gal for thickened sludge
0 Transportation and disposal fee of $90/wet CY for sludge cake
0 Transportation and disposal fee of $78/ton for dried biosolids

As previously indicated, the cost of polymer to thicken and dewater the additional sludge was
calculated and included as a chemical cost.

6.6 Sludge Processing and Disposal — Additional Upgrade Scenarios

For the Wet Weather Bypass Scenario, it was assumed that the annual sludge generation, which is
based on annual average load, will not change significantly due to wet weather bypassing.
Therefore, annual sludge processing and disposal costs were assumed to be the same as that of the
Original Upgrade Scenario.

For nitrogen-targeting Seasonal Limit Scenarios, as discussed in Section 6.4, it was assumed that
methanol addition (and associated biomass yield on methanol) will decrease in winter months.
The corresponding change in sludge generation was calculated accordingly.

For carbon removal at oxygen activated sludge and trickling filter plants, where aerobicBAF
technology is being used, it is expected that BAF effluent soluble CBOD concentration would
gradually increase over the winter season and return to ~1 mg/L after the winter season. For
calculating the corresponding decrease in biomass yield on soluble CBOD, it was assumed that at
the winter low temperature, the BAF effluent soluble CBOD would increase 3 mg/L and that the
6-month winter composite increase in soluble CBOD would be 1.5 mg/L. The decrease in
biomass yield (and associated sludge processing and disposal costs) was calculated accordingly.
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6.7 Energy — Original Upgrade Scenario

Energy consumption, typically on a horsepower-per-mgd basis, was developed for each of the
following plant components:

Intermediate pumping stations — 11 to 14 hp/mgd

RAS pump station upgrades — 12 hp/mgd

Shallow media filters (traveling bridge type) — 3 hp/mgd

Activated sludge tank mixers (for anoxic zones) — 17 hp/MGal of tank volume

Aeration tank blowers — 0.042 hp/scfm

Secondary clarifier collector drives — 2 hp/clarifier

Deep bed sand filter systems (backwash pumps, backwash return pumps, scour air

blowers, etc.) — 1.4 to 1.8 hp/mgd

Microfiltration systems (permeate pumps, blowers, etc) — 300 kwWhr/Mgal

Add-on nitrogen removal processes (nitrifying BAFs, denitrifying BAFs, deep bed

denitrifying filters) — for nitrifying and denitrifying BAFs, 13 to 18 hp/mgd depending on

plant capacity and nitrogen removal target level and loading; for deep bed denitrifying

filters, 1.1 to 2.3 hp/mgd depending on plant capacity and nitrogen loading

0 Chemical feed systems — 0.05 to 1.0 hp/mgd, depending on plant capacity and nutrient
removal target level

o0 Allowance for miscellaneous buildings, site lighting, valve actuators, etc. — 10% of total

additional hp

©OO0OO0OO0O0O0O0
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Based on the plant-specific AAF, the total horsepower was calculated using the hp-per-mgd
power consumption factors. The corresponding total annual energy cost was then calculated
based on an assumed energy cost of $0.12 per kWhr, inclusive of demand charges.

6.8 Energy — Additional Upgrade Scenarios

Scenarios without Wet Weather Bypass

It was assumed that annual energy cost will not change significantly for the applicable additional
upgrade scenarios because annual energy cost is based on average flows and loads. Therefore,
annual energy costs for the applicable additional upgrade scenarios were assumed to be equal to
that of the Original Upgrade Scenario.

Scenarios with Wet Weather Bypass

For the Wet Weather Bypass Scenario, it is anticipated that annual energy cost would be slightly
less than that of the Original Scenario due to peak flow shaving. The magnitude of the impact of
wet weather bypassing is dependent on individual plant flow. For purposes of calculating annual
energy reduction with bypassing of wet weather flows, the following assumptions were made:

0 The maximum month event occurs one month of the year
0 The peak day event occurs four days per year

Using these assumptions, the amount of bypassed flow was calculated for each plant. To
determine the annual energy cost for scenarios with bypassing of wet weather flows, the annual
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energy costs as calculated for the Original Upgrade were reduced by the ratio of bypassed flow to
annual average flow.

6.9 Maintenance — All Upgrade Scenarios

Based on M&E experience and input from manufacturers, an annual maintenance cost for spare
parts, scheduled replacement, etc. was calculated using 1% of total direct capital material costs.
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7.0 PRESENT WORTH, PRESENT COST, TOTAL ANNUALIZED PRESENT COST,
AND FUTURE COST ESTIMATING METHODOLOGY

The present worth of annual operating costs was calculated assuming a 25-year operating period,
an interest rate of 5% an inflation of 3.5%, resulting in a discount rate of 1.5% (5%-3.5%). At
i=1.5% and n=25, the present worth is equal to 20.7 times the annual O&M cost. A 25 year
operating period was selected because it reflects the expected useful life of most mechanical
systems in wastewater treatment plants.

The total present cost is equal to the sum of the current capital cost estimate plus the present
worth of annual O&M costs.

The total annualized present cost is the sum of debt service corresponding to the plant-specific
capital cost plus the annual operations and maintenance cost. Debt service on capital cost
assumes a bond term of 30 years at an interest rate of 5%.

For consistency with NYCDEP in estimating future costs, it was assumed that construction of
plant upgrades will begin in 10 years, and that the average construction period will be 4 years.
Therefore, the average mid-point of construction will be in 12 years.

Consequently, future cost was calculated assuming an inflation rate of 3.5% per year, and a 12-

year period from present day to the mid-point of construction. Based on i=3.5% and n-12 years,
the future cost (2019) is equal to 1.51 times the 2007 cost.
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8.0 PLANT-SPECIFIC COST ESTIMATES AND NUTRIENT REDUCTION COST
CURVES

Section 8 discusses the plant-specific cost estimates and corresponding nitrogen reduction cost
curves. Sections 8.1 and 8.2 describe the methodology used to calculate the plant-specific cost
estimates and nutrient load reductions, respectively. Sections 8.3 through 8.13 present the plant-
specific cost estimates and curves. The plants are arranged in order of flow capacity. Section
8.14 presents cumulative cost curves for all NJHDG plants.

8.1 Methodology for Calculating Plant-Specific Cost Estimates
Plant-specific conceptual capital cost estimates were developed using the following methodology.

First, plant-specific base costs for each upgrade scenario were calculated using the $/gpd unit
costs developed for the generic plants as presented in Tables 5-1 and 5-2 for the conventional
activated sludge plant, Tables 5-5 and 5-6 for the generic oxygen activated sludge plant, and
Tables 5-9 and 5-10 for the generic trickling filter plant.

Under the Original Upgrade Scenario and additional upgrade scenarios incorporating seasonal
limits, for each plant, the $/gpd unit costs for both the AAF and PWWF condition were multiplied
by the plant’s projected future AAF and PWWF, respectively. The flow scenario (i.e. AAF
versus PWWF) that resulted in the highest cost was then utilized as the plant-specific base cost.
For many plants, the service area is essentially built out and significant increases in flow are not
anticipated. In these cases, the $/gpd unit costs were multiplied by the plant’s current annual
average and peak wet weather hourly flows.

Under the additional upgrade scenarios that included bypassing of wet weather flows, for each
plant, the $/gpd unit costs for AAF condition were multiplied by the plant’s projected future
AAF, or current AAF in cases where the service area is essentially built out and significant
increases in flow are not anticipated. The resultant cost was then utilized as the plant-specific
base cost.

Adjustments to the resultant plant-specific base cost were made to reflect differences in existing
process equipment and performance capability between the specific individual plant and the
generic plant. Any differences in process equipment and performance capability between the
individual plant and generic plant resulting in a cost adjustment are discussed in greater detail in
Sections 8.3 — 8.13.
Depending on individual plant site conditions, additional plant-specific adjustments were made to
the plant-specific base cost using the following plant-specific capital cost factors. These costs
include percentages for contractor overhead and profit and contingency, as applicable, and are
also highlighted in Sections 8.3 — 8.13, as applicable to each plant.

0 Land acquisition - $200/SF ($600/sf for NHSA)

o Pile foundations - $105/SF of structure area (based on 40’ depth)

0 Rock excavation - $270/CY

0 Sheeting - $36/SF of sheeting area
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o Dewatering

0 Set up - $16.20/SF of structure area for well point dewatering
0 Set up - $8.10/SF of structure area for sump dewatering
o Dewatering system operation - $0.33/SF of structure area per month of operation

0 Reduced productivity factor for confined sites — 4.5% of total construction costs

Plant-specific O&M cost estimates were developed using the unit costs and methodology
identified in Section 6, as applicable to each plant and nutrient removal upgrade scenario.

Sections 8.3 — 8.13 present tables that summarize the total present (2007) costs (capital plus
present worth of annual O&M costs), annualized present costs (debt service plus annual O&M
costs), and total future (2019) costs (future capital plus escalated PW of annual O&M costs) to
achieve low, medium and high levels of nitrogen and carbon removal under the Original Upgrade
and additional upgrade scenarios at each NJHDG plant.

8.2 Methodology for Calculating Plant-Specific Nutrient Reduction

Cost curves for each plant for all upgrade scenarios are presented in terms of additional pounds
per day removed versus cost, rather than effluent concentration versus cost, since additional
pounds per day removed versus cost is more useful to EPA. Cost curves are presented in Sections
8.3 through 8.13. This section discusses the methodology employed for calculating nutrient
reduction for each upgrade scenario, as described below.

Original Upgrade Scenario

For the Original Upgrade Scenario, additional nutrient load reduction (pounds per day removed)
is based on average plant flow and the difference in concentration between existing and expected
plant effluent quality for the “Low”, “Medium”, and “High” levels of nutrient removal.

For nitrogen-targeting scenarios, expected plant effluent quality was selected to be the median
value of the expected effluent range presented in Tables 3-1, 3-2, and 3-3, with the exception of
the Low level of nitrogen removal at oxygen activated sludge and trickling filter plants, where
nitrogen removal was calculated as 10% of the TSS removed by the traveling bridge filter.

For carbon-targeting scenarios, the expected plant effluent quality is heavily influenced by the
degree of particulate CBOD removal associated with TSS removal via filtration processes.
Therefore, current plant-specific effluent TSS concentration was used to calculate the expected
plant-specific effluent quality.

For carbon-targeting filtration processes without integrated biological treatment (i.e., all
technologies except aerobic BAFs), the predicted effluent CBOD concentration was calculated as
the current plant effluent CBOD concentration minus the amount of particulate CBOD removed
via TSS removal in the filtration process. The particulate CBOD fraction of TSS was assumed to
be 60%. For the traveling bridge filter and deep bed sand filter, expected effluent TSS was
chosen based on current plant-specific effluent TSS, as shown in Table 8-1. For membrane
filtration, expected effluent TSS was assumed to be 1 mg/L for all plants. For aerobic BAFs,
which combine biological treatment with filtration, the BAF effluent soluble CBOD was assumed
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to be 1-2 mg/L. BAF effluent particulate CBOD was calculated based on expected BAF effluent
TSS and an assumed CBOD fraction of 60%. Expected BAF effluent TSS was chosen based on
current plant-specific effluent TSS, as shown in Table 8-1.

Table 8-1
Approach for choosing expected effluent TSS for carbon-targeting technologies
Technology Expected If current plant Then expected
TSS range performance is: TSS is:
Aerobic BAF 6-12 mg/L <10 mg/L 6 mg/L
100 TSS < 14 mg/L 7 mg/L
14 0 TSS <18 mg/L 8 mg/L
18 0 TSS < 22 mg/L 9 mg/L
22 0 TSS < 26 mg/L 10 mg/L
26 0 TSS < 30 mg/L 11 mg/L
TSS 0 30 mg/L 12 mg/L
Traveling Bridge Filter 5-8 mg/L TSS <15 mg/L 5 mg/L
150 TSS < 20 mg/L 6 mg/L
20 0 TSS < 25 mg/L 7 mg/L
TSS 0 25 mg/L 8 mg/L
Deep Bed Filter 4-5 mg/L TSS <20 mg/L 4 mg/L
TSS 0 20 mg/L 5 mg/L
Microfiltration 1 mg/L n/a 1 mg/L

Wet Weather Bypass Scenario

For the Wet Weather Bypass Scenario, it is anticipated that nutrient load reduction would be
slightly less than that of the Original Scenario due to peak flow shaving. The magnitude of the
impact of wet weather bypassing is dependent on individual plant flow and load peaking factors
and the timing of peak loading events as compared to peak flow events. For purposes of
calculating nutrient load reductions with bypassing of wet weather flows, the following
assumptions were made:

0 The maximum month event occurs one month of the year

0 The peak day event occurs four days per year

0 Auverage plant concentrations occur concurrent to the maximum month and peak day
events

Under these assumptions, the greater the plant flow peaking factors, the greater the difference in
nutrient load reduction will be between the Original Scenario and the Wet Weather Bypass
Scenario.

Using these assumptions, the amount of bypassed flow (and bypassed load corresponding to
average concentration) was calculated for each plant. The nutrient load reductions as calculated
for the Original Upgrade were reduced by the ratio of bypassed flow (and load) to annual average
flow (and load).
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Seasonal Limits Scenario for Conventional Activated Sludge Plants

As discussed in Section 6.4, for the Seasonal Limits Scenario at conventional activated sludge
plants, the operations strategy assumed that methanol addition will be suspended at the end of the
seasonal limits period on November 1* until start-up (occurring in March — April of the
following year) for seasonal limits that become effective May 1st. Based on this approach, the
“Medium” and “High” levels of nitrogen removal revert to “Low” (Basic BNR with median TN
of 11 mg/L) over the winter until temperatures are cold enough to require the swing zones to be
operated in fully oxic mode to maintain nitrification. Therefore, over winter, the “Low” level of
nitrogen removal would be a best-case scenario and no nitrogen removal would be a worst-case
scenario. It is reasonable to assume that Basic Step Feed BNR would not be lost immediately
over winter and that nitrogen removal performance would follow a pattern similar to that which is
presented in Table 8-2 below.

Table 8-2
Assumed nitrogen removal pattern over winter season for Seasonal Limits scenarios
at conventional activated sludge plants

Month Nitrogen removal performance | Comments

Nov 1.00*(Influent TN — 11 mg/L) No longer adding methanol

Dec 0.75*(Influent TN — 11 mg/L) Losing nitrogen removal performance

Jan 0*(Influent TN — 11 mg/L) Fully oxic to maintain nitrification

Feb 0*(Influent TN — 11 mg/L) Fully oxic to maintain nitrification

Mar 0.75%(Influent TN — 11 mg/L) ﬁi‘i’r‘gmgazzf’:f%?]a' start-up with

Apr 1.00*(Influent TN — 11 mg/L) ?;fjgr‘]f #\IT\% 'r';r')\:iils average
C(\J/r\qggirite 0.58*(Influent TN — 11 mg/L) Weighted average over winter season

Therefore, the annual nitrogen removal was calculated as six months of removal at the “Low”,
“Medium” or “High” median expected effluent quality, as dictated by the design level of removal,
and six months of removal at the winter composite effluent quality.

Seasonal Limits Scenarios for Oxygen Activated Sludge and Trickling Filter Plants

As discussed in Section 6.4, for the Seasonal Limits Scenario at oxygen activated sludge and
trickling filter plants, the operations strategy assumed that nitrification would gradually decrease
over the winter season and that methanol would be correspondingly decreased and subsequently
increased as the winter season ends to pace denitrification with the fluctuation in nitrification with
changes in temperature. Table 6-4 originally presented the assumed fluctuation in nitrogen
removal over winter months at oxygen activated sludge and trickling filter plants and is presented
again as Table 8-3, below, for reference.
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Table 8-3
Assumed nitrogen removal performance over winter months
at oxygen activated sludge and trickling filter plants

6-mo Annual
Time Period | Nov | Dec | Jan Feb | Mar | Apr Winter c .
c . omposite
omposite
o)
00T TN | 1009% | 90% | 80% | 70% | 85% |100% | 87.5% | 93.75%
removal

1. For the expected effluent TN at “Medium” or “High” level of nitrogen removal

Therefore, the annual nitrogen removal for the Seasonal Limits Scenario was calculated as
93.75% of the nitrogen removal calculated for the Original Scenario. Note that at oxygen
activated sludge and trickling filter plants, the Seasonal Limits adjustment for nitrogen removal is
only applicable for “Medium” and “High” levels of nitrogen removal, where nitrogen removal is
temperature dependent.

For “Medium” and “High” levels of carbon removal at oxygen activated sludge and trickling
filter plants, where aerobic BAF technology is being used, it is expected that BAF effluent
soluble CBOD would gradually increase over the winter season and subsequently return to ~1
mg/L as the winter season ends. For calculating the effects of this increase in soluble CBOD, it
was assumed that at the winter low temperature, the BAF effluent soluble CBOD would increase
3 mg/L and that the 6-month winter composite increase in soluble CBOD would be 1.5 mg/L.
The increase in carbon discharge (or, decrease in carbon removal performance) was calculated
accordingly.

Seasonal Limits with Wet Weather Bypass Scenario

The nutrient reduction for Seasonal Limits with Wet Weather Bypass Scenario was calculated by
reducing the nutrient reduction as determined using the approach for the Seasonal Limits
Scenario by the ratio of flow (and load) bypassed as determined using the approach for Wet
Weather Bypass Scenario.
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8.3 Passaic Valley Sewerage Commissioners (PVSC)
Oxygen Activated Sludge Plant
330 mgd Permitted Capacity, 260 mgd Current AAF

PVSC’s plant-specific costs are summarized in Table 8-4. The corresponding cost curves, based
on total present costs, are presented in Figures 8-1A and 8-1B for nitrogen-targeting and carbon-
targeting scenarios, respectively. Breakdowns of capital and O&M costs for each level of
nitrogen and carbon removal are presented in Appendix A along with an aerial view of the plant
site.

With regard to development of the plant-specific cost estimates, the annual average flow at PVSC
is projected to increase from the approximate current AAF of 260 mgd to 300 mgd by 2025,
while the corresponding influent loadings are projected to increase by only 3% due to reduced
industrial contribution. Also, to enable the treatment of additional wet weather flow, PVSC is
increasing its effluent pumping capacity from 620 mgd to 720 mgd. Therefore, the future peak
flow to PVSC is projected to be 720 mgd. PVSC’s plant-specific cost estimates are based on
these projected flows and loads.

For nitrogen removal at PVVSC, due to PVSC’s high effluent TN concentration compared to other
NJHDG plants, the shallow media filter technology presented for the Low level of nitrogen
removal in Table 3-2 will not be sufficient to achieve the corresponding effluent quality presented
in Table 3-2. As a result, plant-specific nitrogen removal cost estimates were determined for four
levels of nitrogen removal at PVSC:

0 Very Low (Effluent TN =41 — 1 = 40 mg/l) using traveling bridge filters, consistent
with the Low level of Nitrogen removal at other oxygen activated sludge plants.

0 Low (Effluent TN = 19-20 mg/l) using highly loaded nitrifying and denitrifying
BAFs.

0 Medium (Effluent TN = 10-12 mg/l) using a greater quantity of nitrifying and
denitrifying BAFs compared to the Low level

0 High (Effluent TN = 3-5 mg/l) using fully nitrifying BAFs followed by deep bed
downflow denitrifying filters.

Plant-specific carbon removal cost estimates for PVSC were determined for three levels of carbon
removal, consistent with the technologies and effluent qualities presented in Table 3-2.

The plant-specific cost estimates for PVSC were developed using the generic oxygen activated
sludge plant costs previously discussed and shown in Appendix S. However, the $/gpd unit costs
(AAF and PWWEF) for the generic oxygen activated sludge plant shown in Tables 5-5 and 5-6
were not directly used.

Because PVSC has a significantly higher influent TN load compared to the generic plant, it must
remove significantly more pounds of nitrogen for each million gallons of wastewater treated to
achieve the target effluent quality. Similarly, for carbon removal, where Medium and High levels
of carbon removal use an aerobic BAF that is expected to fully nitrify to remove soluble and
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particulate CBOD, because PVSC has a significantly higher NH;-N load compared to the generic
plant, it must nitrify more pounds of ammonia for each million gallons of wastewater treated.

Consequently, PVSC plant-specific base costs for biological nitrogen removal processes (in
nitrogen removal scenarios) and aerobic BAFs (in carbon removal scenarios) were calculated
based on the pounds of TN that must be removed or pounds of ammonia that must be nitrified
versus that of the generic plant, rather than the gallons of wastewater that must be treated at
PVSC versus the generic plant. Accordingly, the unit cost ($/Ib) of maximum month TN
removed or ammonia nitrified at the generic plant was first calculated. This unit cost was
multiplied by the projected maximum month TN load or ammonia load that must be removed at
PVSC to determine the PVSC base plant-specific capital cost for biological nitrogen removal
processes, aerobic BAFs, and associated chemical systems.

PVSC plant-specific base costs for processes that are sized based on hydraulic loading rather than
organic loading, such as traveling bridge filters, mircofilters, and intermediate pumping, were
determined using the generic plant unit cost in $/gpd. Accordingly, the unit cost for these
processes in $/gpd AAF and PWWF was calculated for the generic plant and then applied to the
projected flows at PVSC. The PVSC plant-specific costs for these processes were calculated
using the $/gpd AAF unit costs, as these resulted in the most conservative base cost.

After calculation of the base plant-specific cost estimates, the total plant-specific cost estimates
were developed by adding to the base cost the additional costs associated with the following site-
specific issues and factors applicable to PVSC:

0 All upgrades will be constructed on acquired land.

0 An intermediate pump station is required for the shallow media filters for the Very Low
level of nitrogen removal and the Low level of carbon removal scenarios.

0 Pile supported foundations are required for all new structures.

0 Sheeting is required for all structure excavation.

0 Well point dewatering is required during construction.

0 Reduced productivity factor is required for work in confined acquired land.

o Improvements to the sludge handling facilities are not required, since the existing sludge
handling capacity is adequate for the additional sludge produced.

Nutrient load reduction was calculated according to the methodology previously discussed in
Section 8.2. For carbon removal, based on PVVSC’s current average effluent concentrations of 17
mg/L CBOD and 12 mg/L TSS, the expected average effluent CBOD concentrations used in
calculation of carbon removal were 12.8 mg/L, 5.7 mg/L, and 2.1 mg/L for Low, Medium, and
High levels of carbon removal, respectively.
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Table 8-4. PVSC Plant-Specific Cost Summary

Present Cost Annualized Present Cost Future Cost
Nutrient | Effluent (MM, Year 2007) ($MM/yr, Year 2007) (MM, Year 2019)
Removal | Quality
Level (mg/L) Capital %Vg‘&f Total Se[))r(\e/?::e A(‘)ngﬁl Total Capital Févg&f Total
Nitrogen-Targeting Original Upgrade Scenario
Very Low ~40 657 139 795 42.7 6.7 49.4 992 209 1,201
Low 19-20 1,285 688 1,973 83.6 33.3 116.9 1,941 1,039 2,980
Medium 10-12 1,667 864 2,531 108.4 41.8 150.2 2,517 1,305 3,822
High 3-5 2,482 1,148 3,630 161.4 55.5 216.9 3,747 1,734 5,481
Nitrogen-Targeting Wet Weather Bypass Scenario
Very Low ~40 401 128 530 26.1 6.2 32.3 606 194 800
Low 19-20 1,238 680 1,918 80.5 32.9 113.4 1,869 1,027 2,896
Medium 10-12 1,628 855 2,483 105.9 41.3 147.2 2,458 1,291 3,749
High 3-5 2,227 1,127 3,354 144.9 54.4 199.3 3,363 1,702 5,065
Nitrogen-Targeting Seasonal Limits Scenario
Very Low ~40 657 139 795 42.7 6.7 49.4 992 209 1,201
Low 19-20 1,225 657 1,883 79.7 31.7 111.5 1,850 992 2,843
Medium 10-12 1,591 823 2,414 103.5 39.8 143.2 2,402 1,243 3,645
High 3-5 1,982 1,080 3,062 128.9 52.2 181.1 2,992 1,631 4,623
Nitrogen-Targeting Seasonal Limits with Wet Weather Bypass Scenario
Very Low ~40 401 128 530 26.1 6.2 32.3 606 194 800
Low 19-20 1,141 647 1,788 74.2 31.3 105.5 1,723 977 2,700
Medium 10-12 1,498 528 2,026 97.4 255 122.9 2,262 797 3,059
High 3-5 1,837 1,064 2,900 119.5 51.4 170.9 2,773 1,606 4,379
Carbon-Targeting Original Upgrade Scenario
Low 9-14 657 139 795 42.7 6.7 49.4 992 209 1,201
Medium 5-9 1,265 468 1,733 82.3 22.6 104.9 1,910 706 2,616
High 1-3 2,428 733 3,161 158.0 354 193.4 3,667 1,107 4,774
Carbon-Targeting Wet Weather Bypass Scenario
Low 10-15 387 128 516 25.2 6.2 314 585 194 779
Medium 5-9 1,175 507 1,683 76.5 245 101.0 1,775 766 2,541
High 1-3 1,847 675 2,522 120.2 32.6 152.8 2,789 1,019 3,809
Carbon-Targeting Seasonal Limits Scenario
Low 10-15 657 139 795 42.7 6.7 49.4 992 209 1,201
Medium 5-9 1,039 501 1,540 67.6 24.2 91.8 1,569 757 2,326
High 1-3 2,202 707 2,909 143.3 34.1 177.4 3,325 1,067 4,392
Carbon-Targeting Seasonal Limits with Wet Weather Bypass Scenario
Low 10-15 401 128 530 26.1 6.2 32.3 606 194 800
Medium 5-9 1,106 492 1,598 71.9 23.8 95.7 1,670 743 2,413
High 1-3 1,781 652 2,433 115.9 315 147.4 2,689 985 3,674
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8.4 Middlesex County Utilities Authority (MCUA)
Oxygen Activated Sludge Plant
150 mgd Permitted Capacity, 127 mgd Current AAF

MCUA'’s plant-specific costs are summarized in Table 8-5. The corresponding cost curves, based
on total present costs, are presented in Figures 8-2A and 8-2B for nitrogen-targeting and carbon-
targeting scenarios, respectively. Breakdowns of capital and O&M costs for each level of
nitrogen and carbon removal are presented in Appendix B along with an aerial view of the plant
site.

The plant-specific cost estimates for MCUA were developed by first calculating the base plant-
specific capital costs shown in Appendix B by using the $/gpd unit costs (AAF and PWWF) for
the generic oxygen activated sludge plant shown in Tables 5-5 and 5-6. Since significant flow
increases are not expected at MCUA, base capital costs were calculated using the current annual
average and peak hourly flows of 127 mgd and 380 mgd, respectively.
After calculation of the base plant-specific cost estimates, the total plant-specific cost estimates
were developed by adding to the base cost the additional costs associated with the following site-
specific issues and factors applicable to MCUA.

o Sufficient land exists within the plant site to construct all new structures.

0 An intermediate pump station is required for the shallow media filters due to inadequate
head available between the secondary clarifiers and diversion structure.

0 Pile supported foundations are not required.

0 Well point dewatering is required during construction.

0 Sheeting is required for all new structure excavation.

o0 Improvements to the sludge handling facilities are not required.

0 Rock excavation is not required.

0 Reduced productivity factor related to work in confined sites is not required.
Nutrient load reduction was calculated according to the methodology previously discussed in
Section 8.2. For carbon removal, based on MCUA'’s current average effluent concentrations of
15 mg/L CBOD and 16 mg/L TSS, the expected average effluent CBOD concentrations used in

calculation of carbon removal were 9.0 mg/L, 6.3 mg/L, and 2.1 mg/L for Low, Medium, and
High levels of carbon removal, respectively.
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Table 8-5. MCUA Plant-Specific Cost Summary

) Present Cost Annualized Present Cost Future Cost
Nutrient | Effluent ($MM, Year 2007) ($MM/yr, Year 2007) (MM, Year 2019)
Removal | Quality
Level (mg/L) Capital %\g&f Total Se[))r(\e/ti)::e A(‘)ngﬁl Total Capital %Vg‘&f Total
Low 19-20 195 83 278 12.70 3.99 16.69 295 125 420
Medium 10-12 352 208 560 22.87 10.06 32.93 531 315 845
High 3-5 556 336 892 36.16 16.25 52.41 839 508 1,347
Low 19-20 112 79 191 7.27 3.83 11.10 169 120 289
Medium 10-12 327 206 532 21.24 9.95 31.19 493 311 804
High 3-5 484 329 813 31.46 15.90 47.36 730 497 1,227
Nitrogen-Targeting Seasonal Limits Scenario
Low 19-20 195 83 278 12.70 3.99 16.69 295 125 420
Medium 10-12 339 202 542 22.07 9.77 31.84 512 305 818
High 3-5 455 318 773 29.58 15.37 44.95 687 480 1,167
Nitrogen-Targeting Seasonal Limits with Wet Weather Bypass Scenario
Low 19-20 112 79 191 7.27 3.83 11.10 169 120 289
Medium 10-12 301 180 480 19.57 8.67 28.24 454 271 725
High 3-5 400 313 713 26.02 15.12 41.14 604 472 1,076
Carbon-Targeting Original Upgrade Scenario
Low 9-14 195 83 278 12.70 3.99 16.69 295 125 420
Medium 5-9 297 153 451 19.33 7.41 26.74 449 232 680
High 1-3 731 265 996 47.53 12.81 60.34 1,103 400 1,504
Carbon-Targeting Wet Weather Bypass Scenario
Low 10-15 112 79 191 7.27 3.83 11.10 169 120 289
Medium 5-9 266 172 437 17.28 8.29 25.57 401 259 660
High 1-3 512 243 754 33.29 11.73 45.01 773 367 1,139
Carbon-Targeting Seasonal Limits Scenario
Low 10-15 195 83 278 12.70 3.99 16.69 295 125 420
Medium 5-9 247 168 415 16.07 8.10 24.17 373 253 626
High 1-3 631 258 889 41.06 12.45 53.51 953 389 1,342
Carbon-Targeting Seasonal Limits with Wet Weather Bypass Scenario
Low 10-15 112 79 191 7.27 3.83 11.10 169 120 289
Medium 5-9 231 165 396 15.03 7.99 23.02 349 250 599
High 1-3 474 237 711 30.81 11.45 42.27 715 358 1,073
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8.5 Bergen County Utilities Authority (BCUA)
Conventional Activated Sludge Plant
94 mgd Permitted Capacity, 87 mgd Current AAF

BCUA’s plant-specific cost estimates are summarized in Table 8-7. The corresponding cost
curves, based on total present costs, are presented in Figures 8-3A and 8-3B, for nitrogen-
targeting and carbon-targeting scenarios, respectively. Breakdowns of capital and O&M costs for
each level of nitrogen and carbon removal are presented in Appendix C along with an aerial view
of the plant site.

With regard to development of the plant-specific costs estimates, BCUA’s annual average flow is
projected to increase from 87 mgd to 94 mgd. Based on maintaining the same maximum monthly
and peak wet weather flow peaking factors, the corresponding maximum monthly and peak
hourly flows are projected to be 125 mgd and 265 mgd, respectively. BCUA’s plants-specific
costs are based on these projected flows.

For carbon removal upgrades, plant-specific base capital costs shown in Appendix C for the
BCUA plant were calculated using the $/gpd PWWF unit costs for the generic conventional
activated sludge plant shown in Table 5-2, as this resulted in the most conservative base cost. A
peak wet weather flow of 265 mgd was used in the calculation.

For carbon removal scenarios, the following site-specific issues and factors applicable to BCUA
were included in the plant-specific cost estimates.

0 An intermediate pumping station will be required for all add-on carbon removal
processes due to insufficient available head.

For nitrogen removal upgrades, the plant-specific base capital costs were modified due to
differences in the BCUA plant and the generic conventional activated sludge plant. One key
difference is that the BCUA plant’s organic loading rate per existing aeration tank volume
(volumetric organic loading rate) is greater than the generic plant. The fact that volumetric
organic loading rate at the existing BCUA plant is greater than at the generic plant means that, all
other things being equal, the BCUA plant will require a greater percentage of aeration tank
expansion (compared to existing aeration tank volume) than required for the generic plant.
Another key difference is that plant data indicates that BCUA is subject to lower wastewater
temperatures for year-round and seasonal limit upgrade scenarios (9-deg C and 13 deg-C at
BCUA versus 11-deg C ad 14-deg C at the generic plant), respectively. The lower design
temperature at BCUA results in the need to carry a greater relative biomass inventory, which
impacts the sizing of aeration tanks and final clarifiers.

Because of these significant differences between the BCUA plant and the generic plant, M&E
used BioWin process modeling software to evaluate the ability of the BCUA plant to achieve
Advanced Basic BNR (Low level of nitrogen removal) and Step Feed BNR (Medium and High
levels of nitrogen removal) for the upgrade scenarios. Based on the design criteria presented in
Table 3-6 and the evaluative approach described in Section 4.5, Table 8-6 presents a summary of
the existing and additional required aeration tanks (AT) and final settling tanks (FST) required at
the BCUA plant.
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Table 8-6
Summary of existing and additional required aeration and final settling tanks for
nitrogen removal upgrade scenarios at the BCUA plant

Additional Process Tankage Required

Existing Nitrogen Removal | . .- Wet Seasonal | Seasonal
Process Level U gra de | Weather | ST Limits

Tankage (and associated pgrac Bypass . | w/ Bypass
Scenario ; Scenario .

BNR Process) Scenario Scenario
13 AT, each of Low 13AT | 13AT 7AT 7AT

1.04 milliongal I Ay, Basic BNR) | 8 FST 8 FST 8 FST 8 FST
(300" x 31" x15)

16 FST, each of
6,290 sf Medium and High 13 AT 13 AT 9AT 9AT
(170’ x 377) (Full Step BNR) 8 FST 8 FST 8 FST 8 FST

Similar to the generic plant, as discussed in Section 4.5, eight (8) additional final settling tanks
are required at BCUA to meet the maximum solids loading rate criteria at the higher MLSS
concentrations that must be carried for step-feed BNR. As compared to the generic plant, BCUA
has a broader range in the quantity of additional unit-size aeration tanks required, which is
primarily because the BCUA aeration tanks are of a smaller unit size.

Consequently, to calculate the base cost for BCUA, the generic plant cost estimates were
modified by removing the generic plant Step Feed BNR upgrades and include only the upgrades
applicable to BCUA (RAS pumping, chemical storage and pumping systems, intermediate
pumping, and denitrification filters). The base cost for BCUA was calculated on a $/gpd PWWF
basis using the modified generic plant base costs.

Separate cost estimates were calculated for the modifications and expansions required to
implement the given levels of BNR, as applicable to the nitrogen removal scenarios shown above
in Table 8-6. The cost of these facilities was determined using the following assumptions:

0 Additional aeration tank volume at the same cost per gallon of tank as that of the generic
plant.

0 Modifications to the existing aeration tanks to achieve BNR using the same cost per
gallon of tank as that of generic plant.

0 Additional final settling tanks at the same cost per square foot as that of the generic plant.

0 Provide blowers to support the new BNR process using the same cost per gallon of
additional aeration tank volume as that of the generic plant.

0 Interconnect the new aeration tanks and secondary clarifiers to the existing facilities by
gravity flow-splitting and piping — no intermediate pumping is assumed.
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The costs for these modifications and expansions were included as a plant-specific capital cost
addition for the BCUA plant, as shown for all nitrogen removal scenarios in Appendix C.

For both carbon and nitrogen removal, the following site-specific issues and factors applicable to
BCUA were included in the plant-specific cost estimates:

o Sufficient BCUA-owned land on which to construct these facilities currently exists to the
southwest of the existing plant. However, based on NJ DEP GIS data, the majority of
this area is classified as wetlands. Therefore, an allowance for wetlands mitigation and
permitting was included at $40/sf, or 20% of the unit cost for land acquisition as defined
in Section 8.1.

0 Pile foundations required for all new structures.
o0 Dewatering required during construction of all new structures.

o Existing sludge handling facilities were assumed to be sufficient to handle the increased
sludge production.

0 Reduced productivity factor required due to work in confined site.

Nutrient load reduction was calculated according to the methodology previously discussed in
Section 8.2. For carbon removal, based on BCUA’s current average effluent concentrations of 14
mg/L CBOD and 20 mg/L TSS, the expected average effluent CBOD concentrations used in
calculation of carbon removal were 6.2 mg/L, 5.0 mg/L, and 2.6 mg/L for Low, Medium, and
High levels of carbon removal, respectively.
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Table 8-7. BCUA Plant-Specific Cost Summary

) Present Cost Annualized Present Cost Future Cost
g:rt;(';f;tl (E?fjg:ﬁf;t ($MM, Year 2007) ($MM/yr, Year 2007) ($MM, Year 2019)
Level (mg/L) Capital %Vg‘&f Total Se?r(\e/ti);[:e A(‘)nglﬁl Total Capital %Vg‘&f Total
Low 10-12 208 86 294 13.50 4.17 17.67 313 130 444
Medium 6-10 211 120 331 13.74 5.79 19.53 319 181 500
High 4-5 394 189 584 25.66 9.15 34.81 596 286 882
Low 10-12 217 85 303 14.12 4.13 18.25 328 129 457
Medium 6-10 221 119 340 14.36 5.75 20.11 333 180 513

High 4-5 382 188 571 24.87 9.10 33.96 577 284 861

Nitrogen-Targeting Seasonal Limits Scenario

Low 10-12 162 85 247 10.53 4.10 14.63 244 128 373
Medium 6-10 176 109 285 11.47 5.26 16.73 266 165 431

High 4-5 352 172 524 22.88 8.31 31.18 531 260 791

Nitrogen-Targeting Seasonal Limits with Wet Weather Bypass Scenario

Low 10-12 167 84 251 10.87 4.06 14.92 252 127 379
Medium 6-10 181 108 289 11.80 5.22 17.02 274 163 437

High 4-5 334 171 504 21.70 8.25 29.95 504 258 761

Carbon-Targeting Original Upgrade Scenario &
Carbon-Targeting Seasonal Limits Scenario

Low 5-8 172 75 247 11.17 3.62 14.78 259 113 372
Medium 3-5 216 84 300 14.07 4.05 18.12 327 127 453

High 1-3 382 126 508 24.82 6.09 30.91 576 190 766

Carbon-Targeting Wet Weather Bypass Scenario &
Carbon-Targeting Seasonal Limits with Wet Weather Bypass Scenario

Low 5-8 106 73 179 6.91 3.52 10.43 160 110 270
Medium 3-5 153 89 242 9.95 431 14.26 231 135 366
High 1-3 232 115 347 15.08 5.56 20.65 350 174 524
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8.6 Joint Meeting of Essex and Union Counties (JMEUC)
Conventional Activated Sludge Plant
75 mgd Permitted Capacity, 70 mgd Current AAF

JMEUC’s plant-specific cost estimates are summarized in Table 8-8. The corresponding cost
curves, based on total present costs, are presented in Figures 8-4A and 8-4B for nitrogen-targeting
and carbon-targeting scenarios, respectively. Breakdowns of capital and O&M costs for each
level of nitrogen and carbon removal are presented in Appendix D along with an aerial view of
the plant site.

The plant-specific cost estimates for JMEUC were developed by first calculating the base plant-
specific capital costs shown in Appendix D by using the $/gpd unit costs for the generic
conventional activated sludge plant shown in Tables 5-1 and 5-2. In the case of JIMEUC, the
$/gpd unit costs yielded base plant-specific capital costs similar to the generic plant, since the
generic plant’s flows and loads are essentially equal to JMEUC’s current flow and loads, and
since significant flow increases are not expected at JMEUC.

After calculation of the base plant-specific cost estimates, the total plant-specific cost estimates
were developed by adding to the base cost the additional costs associated with the following site
specific issues and factors applicable to JMEUC:

o0 Land acquisition is required for all major nutrient removal equipment, including aeration
tank and secondary clarifier expansion.

0 Based on excavation elevations in previous design drawings for some existing facilities,
no rock excavation will be required for the new facilities

o0 Dewatering is assumed to be required for all structures under all alternatives

0 Sheeting and pile foundations are assumed to be required for all new structures, since
they are proposed to be located on acquired land to the east of the plant. The basis of this
assumption is that piles were used in construction of the existing JMEUC outfall pipe and
the solids handling facilities, which are located on the eastern part of the site.

o0 No improvements to the solids handling processes will be needed as a result of the
proposed upgrades

0 Anintermediate pump station is required for the low level carbon alternative (shallow
media filters) due to hydraulic head limitations.

0 Sludge drying is no longer performed at JIMEUC so removal of additional dewatered
sludge cake was included in the O&M cost estimate in lieu of dried sludge.

Nutrient load reduction was calculated according to the methodology previously discussed in
Section 8.2. For carbon removal, based on JIMEUC’s current average effluent concentrations of 9
mg/L CBOD and 11 mg/L TSS, the expected average effluent CBOD concentrations used in
calculation of carbon removal were 5.4 mg/L, 4.8 mg/L, and 3.0 mg/L for Low, Medium, and
High levels of carbon removal, respectively.
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Table 8-8. JIMEUC Plant-Specific Cost Summary

) Present Cost Annualized Present Cost Future Cost
g:rt;(')?/f;tl Eﬁ;ﬁ‘ﬁ*}t ($MM, Year 2007) ($MM/yr, Year 2007) ($MM, Year 2019)
Level (mg/L) Capital %Vg‘&f Total Se?r(\e/ti);[:e A(‘)nglﬁl Total Capital %Vg‘&f Total
Low 10-12 137 54 191 8.94 2.60 11.54 207 81 289
Medium 6-10 140 76 216 9.13 3.66 12.79 212 114 326
High 4-5 285 133 418 18.52 6.42 24.94 430 201 631
Low 10-12 143 54 197 9.32 2.59 11.90 216 81 297
Medium 6-10 146 75 222 9.51 3.64 13.16 221 114 335
High 4-5 296 132 429 19.28 6.39 25.68 448 200 647

Nitrogen-Targeting Seasonal Limits Scenario

Low 10-12 107 53 160 6.99 2.55 9.53 162 80 242
Medium 6-10 140 68 208 9.13 3.27 12.40 212 102 314
High 4-5 277 120 397 18.04 5.78 23.81 419 181 599

Nitrogen-Targeting Seasonal Limits with Wet Weather Bypass Scenario

Low 10-12 111 52 163 7.22 2.53 9.75 168 79 247
Medium 6-10 146 67 214 9.51 3.25 12.77 221 102 322
High 4-5 288 119 407 18.75 5.75 24.50 435 180 615

Carbon-Targeting Original Upgrade Scenario &
Carbon-Targeting Seasonal Limits Scenario

Low 5-8 144 45 189 9.37 2.16 11.54 218 68 285
Medium 3-5 169 52 221 10.96 2.52 13.48 254 79 333
High 1-3 253 70 322 16.43 3.37 19.80 381 105 487

Carbon-Targeting Wet Weather Bypass Scenario &
Carbon-Targeting Seasonal Limits with Wet Weather Bypass Scenario

Low 5-8 88 43 132 5.74 2.09 7.83 133 65 199
Medium 3-5 121 57 177 7.84 2.73 10.57 182 85 267
High 1-3 156 61 218 10.17 2.96 13.14 236 93 329
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8.7 Rahway Valley Sewerage Authority (RVSA)
Conventional Activated Sludge Plant
40 mgd Permitted Capacity, 30 mgd Current AAF

RVSA'’s plant-specific cost estimates are summarized in Table 8-9, and are based on the effluent
quality expected to exist after completion of the plant improvements currently under construction.
The corresponding cost curves, based on total present costs, are presented in Figures 8-5A and 8-
5B for nitrogen-targeting and carbon-targeting scenarios, respectively. Breakdowns of capital
and O&M costs for each level of nitrogen and carbon removal are presented in Appendix E along
with an aerial view of the plant site.

The plant-specific cost estimates for RVSA were developed by first calculating the base plant-
specific capital costs shown in Appendix D by using the $/gpd (AAF and PWWF) unit costs for
the generic conventional activated sludge plant shown in Tables 5-1 and 5-2. In the case of
RVSA, the $/gpd PWWF unit cost yielded the more conservative base capital cost.
Consequently, base capital costs were established based on the $/gpd PWWEF unit cost and
current flowrate of 105 mgd PWWF, since significant flow increases are not expected.

After calculation of the base plant-specific cost estimates, the total plant-specific cost estimates
were developed by adding to the base cost the additional costs associated with the following site-
specific issues and factors applicable to RVSA:

0 RVSA’s plant is currently being upgraded to treat a peak wet weather flow of 105 mgd
and to provide traveling bridge filtration of secondary flows up to 55 mgd. Therefore, for
the Low level of carbon removal without bypassing of wet weather flows and to be
consistent with NJHDG cost estimating methodology, the RVSA plant-specific cost
estimate will be based on the need to expand the filters to treat 100% of the peak wet
weather flow. For the Low level of carbon removal with bypassing of wet weather flows,
the filters have capacity for 150% of AAF, and therefore, no upgrades are required.
Consequently, the Low level of carbon removal with bypassing is a no-cost, no-additional
removal scenario.

0 For Medium and High levels of carbon removal, it was assumed that processes must be
sized at peak flow and that the traveling bridge filter associated with the current plant
upgrades cannot be retrofitted to provide tankage for other proposed nutrient removal
processes.

o0 Other components of the current plant improvements project relevant to nutrient removal
cost estimates are:
0 Expansion of RAS capacity
0 Two additional secondary clarifiers

0 Based on BioWin modeling performed as part of the design of the current upgrade, the
existing aeration tanks, new clarifiers and RAS system will have sufficient capacity to
implement Step Feed BNR for the Original Upgrade scenario. However, the following
modifications will be required:

0 Aeration tanks must be retrofitted with baffles
0 Aeration tanks must be retrofitted with mixers in anoxic zones
0 One additional blower must be installed
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0 25,300 additional membrane disc diffusers must be installed
0 Chemical addition systems per proposed treatment level upgrades

Because the RVSA plant has adequate capacity to implement Step Feed BNR for the
Original Upgrade scenario, it will inherently have adequate capacity for the additional
upgrade scenarios with less stringent design criteria. Based on the assumption that all
existing aeration tanks would be uniformly modified for Step Feed BNR for the
additional upgrade scenarios, there is no difference in capital cost for implementing Step
Feed BNR between the Original Upgrade and additional upgrade scenarios.
Consequently, to calculate the base cost for RVSA, the generic plant cost estimates were
modified by removing the generic plant Step Feed BNR upgrades and include only the
upgrades that would be required at RVVSA (chemical storage and pumping systems,
intermediate pumping, and denitrification filters). A separate cost estimate for the
bulleted items above that are required to implement Step Feed BNR at RVSA was
generated and included as a plant-specific cost addition at RVSA for all nitrogen removal
scenarios, as shown in Appendix E. Thus, the total capital cost differences between the
Original Upgrade and additional upgrade scenarios for nitrogen removal are associated
with differences in capital costs associated with chemical systems, intermediate pumping,
and denitrification filters.

Land acquisition is required for construction of all new structures

Since all add-on processes will be off-site, intermediate pumping was assumed to be a
requirement for all add-on processes, including the traveling bridge filter expansion in the
case of the Low level of carbon removal for the Original Upgrade.

Some of the new structures are on pile foundations. However, since it is assumed that
intermediate pumping is required to newly acquired site area, it is also assumed that
facilities located on acquired site space will be elevated or shallow and not require pile
foundations.

Since the add-on facilities will be not be deep, and based on the historic geotechnical
experience at the current plant upgrades, rock excavation is assumed to be unnecessary at
RVSA.

Dewatering is required for all new structures.

Sheeting is required for all new structures.

Sludge handling processes are sufficient for the additional sludge produced.

Reduced productivity factor required due to work on tight site to minimize land
acquisition costs.

Nutrient load reduction was calculated according to the methodology previously discussed in
Section 8.2. For carbon removal, based on assumed average effluent concentrations of 6 mg/L
CBOD and 6 mg/L TSS following the upgrades at RVSA currently under construction, the
expected average effluent CBOD concentrations used in calculation of carbon removal were 5.4
mg/L, 4.8 mg/L, and 3.0 mg/L for Low, Medium, and High levels of carbon removal,
respectively.
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Table 8-9. RVSA Plant-Specific Cost Summary

) Present Cost Annualized Present Cost Future Cost
g:rt;(';f;tl (E?fjg:ﬁf;t ($MM, Year 2007) ($MM/yr, Year 2007) ($MM, Year 2019)
Level (mg/L) Capital %\g"&f Total Se?r(\e/ti);[:e A(‘)ngﬁl Total Capital %Vg‘&f Total
Low 10-12 16 20 36 1.07 0.95 2.02 25 30 54
Medium 6-10 18 30 48 1.18 1.44 2.61 27 45 72
High 4-5 98 62 160 6.35 3.01 9.36 147 94 241
Low 10-12 16 19 36 1.04 0.94 1.98 24 29 54
Medium 6-10 17 30 47 1.13 1.43 2.56 26 45 71

High 4-5 81 62 143 5.29 2.99 8.28 123 93 216

Nitrogen-Targeting Seasonal Limits Scenario

Low 10-12 16 19 36 1.07 0.92 1.99 25 29 54
Medium 6-10 18 27 45 1.18 1.32 2.50 27 41 69

High 4-5 93 58 151 6.07 2.81 8.88 141 88 229

Nitrogen-Targeting Seasonal Limits with Wet Weather Bypass Scenario

Low 10-12 16 19 35 1.04 0.92 1.96 24 29 53
Medium 6-10 17 27 45 1.13 131 244 26 41 67

High 4-5 78 58 136 5.06 2.79 7.85 118 87 205

Carbon-Targeting Original Upgrade Scenario &
Carbon-Targeting Seasonal Limits Scenario

Low 5-8 38 7 44 2.45 0.32 2.77 57 10 67
Medium 3-5 93 9 101 6.03 0.42 6.45 140 13 153

High 1-3 159 42 201 10.36 2.04 12.40 241 64 304

Carbon-Targeting Wet Weather Bypass Scenario &
Carbon-Targeting Seasonal Limits with Wet Weather Bypass Scenario

Low 5-8 0 0 0 0.00 0.00 0.00 0 0 0
Medium 3-5 51 11 62 3.35 0.51 3.86 78 16 94
High 1-3 77 38 115 4.99 1.85 6.84 116 58 174
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8.8 North Hudson Sewerage Authority (NHSA) — Adams Street WWTP
Trickling Filter Plant
21 mgd Permitted Capacity, 14 mgd Current AAF

NHSA’s Adams Street plant-specific cost estimates are summarized in Table 8-10. The
corresponding cost curves, based on total present costs, are presented in Figures 8-6A and 8-6B
for nitrogen-targeting and carbon-targeting scenarios, respectively. Breakdowns of capital and
O&M costs for each level of nitrogen and carbon removal are presented in Appendix F along with
an aerial view of the plant site.

The plant-specific cost estimates for the Adams Street WWTP were developed by first calculating
the base plant-specific capital costs shown in Appendix F by using the $/gpd (AAF and PWWF)
unit costs for the generic trickling filter plant shown in Tables 5-9 and 5-10. In the case of NHSA
Adams Street, the $/gpd PWWEF unit cost yielded the more conservative base capital cost.
Consequently, base capital costs were established based on the $/gpd PWWEF unit cost and
current flowrate of 52 mgd PWWF, since significant flow increases are not expected.

After calculation of the base plant-specific cost estimates, the total plant-specific cost estimates
were developed by adding to the base costs the additional costs associated with the following site-
specific issues and factors applicable to the Adams Street WWTP:

o0 For the low nitrogen-targeting and low carbon-targeting scenarios, it was assumed that no
changes would be required to the existing plant since the plant already achieves the
effluent standards specified for these scenarios.

0 There is no available space at the existing site. Therefore, the land to the north of the
Adams Street WWTP, on the other side of the light rail tracks, was considered for
locating the various add-on processes for medium and high levels of nitrogen and carbon
removal. This location is approximately 200 ft from the existing secondary treatment
facilities.

o0 For the medium and high levels and nitrogen and carbon removal, effluent from the
PURAC® dissolved air flotation/filtration facility would be pumped to the tertiary
treatment facility by an intermediate pump station. The effluent from the tertiary
treatment facility would also be pumped back to the existing disinfection facilities. Asa
result, the costs for an intermediate pump station with two sets of pumps and the
additional land were included in the cost estimate.

0 The costs for 80-ton structural piles were included for the Adams Street WWTP site-
specific cost estimate since the existing structures are built on 85 ft piles. A pile
foundation unit cost of $210/sf was used, since the depth of pile foundations at Adams
Street WWTP is slightly greater than twice that of the pile foundations discussed in
section 8.1.

0 The cost for sheeting was included for all excavation since this site is adjacent to a rail
line as well as existing structures.

0 The water table at the site is approximately 8 ft below the ground surface. Therefore, the

cost for installing and maintaining a dewatering system for the sub-surface structures was
included in the cost estimates.
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0 The existing sludge thickening and storage facilities have sufficient capacity for the
additional sludge produced.

0 Reduced productivity factor required due to work on tight site.
0 Increased land acquisition cost of $600/SF

Nutrient load reduction was calculated according to the methodology previously discussed in
Section 8.2. For carbon removal, based on Adams Street WWTP’s current average effluent
concentrations of 12 mg/L CBOD and 7.2 mg/L TSS, the expected average effluent CBOD
concentrations used in calculation of carbon removal were 5.1 mg/L and 2.1 mg/L for Medium
and High levels of carbon removal, respectively. Since no upgrades are proposed for the Low
level of carbon removal, no additional carbon removal is expected.
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Table 8-10. NHSA — Adams Street Plant-Specific Cost Summary

Present Cost Annualized Present Cost Future Cost
Nutrient | Effluent ($MM, Year 2007) ($MM/yr, Year 2007) ($MM, Year 2019)
Removal | Quality
Level (mg/L) Capital %\g&f Total Se?r(\e/ti)::e A(‘)ngﬁl Total Capital %Vg‘&f Total
Nitrogen-Targeting Original Upgrade Scenario
Low ~25 0 0 0 0.00 0.00 0.00 0 0 0
Medium 10-12 144 35 180 9.39 171 11.10 218 54 271
High 3-5 253 45 298 16.45 2.18 18.63 382 68 450
Nitrogen-Targeting Wet Weather Bypass Scenario
Low ~25 0 0 0 0.00 0.00 0.00 0 0 0
Medium 10-12 75 35 110 4.86 1.69 6.55 113 53 166
High 3-5 123 44 167 8.01 2.13 10.14 186 67 253
Low ~25 0 0 0 0.00 0.00 0.00 0 0 0
Medium 10-12 134 35 169 8.72 1.67 10.39 202 52 255
High 3-5 197 43 240 12.83 2.07 14.90 298 65 363
Low ~25 0 0 0 0.00 0.00 0.00 0 0 0
Medium 10-12 68 26 94 4.44 1.24 5.69 103 39 142
High 3-5 104 42 146 6.76 2.05 8.81 157 64 221
‘Carbon-Targeting Original Upgrade Scenario
Low 9-14 0 0 0 0.00 0.00 0.00 0 0 0
Medium 5-9 125 14 140 8.15 0.69 8.84 189 22 211
High 1-3 235 36 271 15.30 1.73 17.04 355 54 409
‘Carbon-Targeting Wet Weather Bypass Scenario
Low 10-15 0 0 0 0.00 0.00 0.00 0 0 0
Medium 5-9 65 17 82 4.22 0.84 5.06 98 26 124
High 1-3 112 34 146 7.26 1.66 8.92 169 52 220
Carbon-Targeting Seasonal Limits Scenario
Low 10-15 0 0 0 0.00 0.00 0.00 0 0 0
Medium 5-9 104 25 129 6.74 1.22 7.96 156 38 195
High 1-3 213 35 248 13.85 171 15.56 322 53 375
Carbon-Targeting Seasonal Lim
Low 10-15 0 0 0 0.00 0.00 0.00 0 0 0
Medium 5-9 60 25 85 3.87 121 5.08 90 38 128
High 1-3 114 34 148 7.44 1.64 9.08 173 51 224
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