M

MOTT

M

MACDONALD

Preliminary Engineering
Report for Caldwell WWTP
Capacity Improvements

December 2021






Mott MacDonald

111 Wood Avenue South
Iselin, NJ 08830-4112
United States of America

T +1 (800) 832 3272
mottmac.com

Preliminary Engineering
Report for Caldwell WWTP
Capacity Improvements
Preliminary Engineering Report

December 2021






Mott MacDonald | Preliminary Engineering Report for Caldwell WWTP Capacity Improvements

Issue and revision record

Revision Date Originator Checker Approver Description
1 7/2/2020 DF/RL KSB JJS Internal Draft
2 1/29/2021 DF/RL KSB JJS Draft to Client
3 12/22/2021  DF/RL KSB JJS Final Issue

Document reference: 504102388 |

Information class: Standard

This document is issued for the party which commissioned it and for specific purposes connected with the above-
captioned project only. It should not be relied upon by any other party or used for any other purpose.

We accept no responsibility for the consequences of this document being relied upon by any other party, or being
used for any other purpose, or containing any error or omission which is due to an error or omission in data supplied
to us by other parties.

This document contains confidential information and proprietary intellectual property. It should not be shown to other
parties without consent from us and from the party which commissioned it.

504102388 | December 2021



Mott MacDonald | Preliminary Engineering Report for Caldwell WWTP Capacity Improvements

Contents
1.1.  Project Background
1.2.  Study Objectives
1.3. Data Accumulation
2.1. Background
2.2. Flow Data Analysis and Future Flow Projections
2.2.2. Future Additional Flow Projections
2.2.3. Summary of Future Flow Projections
2.3. Data Collection and Analysis
2.3.1. Temporary Flow Metering
2.4.  Capacity-Sharing with Adjacent WWTPs
2.4.1. Parsippany-Troy Hills Township WWTP
2.4.2. Two Bridges Sewer Authority WWTP
2.4.3. Capacity Sharing Impact on Caldwell WWTP Expansion
Requirements
3.1.  Existing Site Plan
3.2.  Existing Plant Facilities
3.2.1. Treatment Capacity Analyses
3.2.1.1. Hydraulic Profile of the Existing Facilities Under Current Flow
Conditions
3.2.1.2. Hydraulic Profile of the Existing Facilities Under Projected Flow
Conditions
3.2.2. Performance Evaluation and Process Modeling
3.3.  Alternative 1
3.3.1. Process Analysis
3.3.2. Hydraulic Analysis
3.3.3. Proposed Site Plan
3.3.4. Cost Estimate
3.4. Alternative 2
3.4.1. Process Analysis
3.4.2. Hydraulic Analysis
3.4.3. Proposed Site Plan
3.4.4. Cost Estimate
3.5.  Alternative 3

504102388 | December 2021

© ©O© 00 N o1 O

12
12
12

13

14
16
18

18

20
22
27
28
43
46
48
49
49
56
58
60
61



Mott MacDonald | Preliminary Engineering Report for Caldwell WWTP Capacity Improvements

3.5.1. Process Analysis
3.5.2. Proposed Site Plan
3.5.3. Hydraulic Analysis
3.5.4. Cost Estimate

4.  Final Design Recommendations

4.1. Capital Cost Comparison

4.2.  Life Cycle Cost Comparison

4.3.  Feasibility of Implementation

4.4.  Final Design Recommendation
Appendices
A. NJDEP DMR Influent and Effluent Data
B. Caldwell 2018-2019 DMR Data
C. BioWin Program for Existing Conditions
D. BioWin Program for Future Conditions
E. Future Flow Projections and Correspondence
F.  Temporary Flow Metering Data
G. Vendor Reference Documents
H. Capital Cost Estimates
l. Life Cycle Cost Estimates
J.  Hydraulic Modeling Spreadsheets
Tables

Table ES-1-1: Summary of Capital Costs

Table 2-1: Summary of Caldwell WWTP Daily Flows (11/06/2016 — 10/31/2020)
Table 2-2: Future Flow Projections for Municipalities Served by Caldwell WWTP
Table 2-3: Adjusted Future Additional Flow Projection

Table 2-4: Caldwell WWTP Adjusted Flows and Build-out Flows

Table 2-5: Caldwell WWTP Existing Design Basis

504102388 | December 2021

62
62
62
62

64
64
64

65
65

67

68

69

70

71

72

73

74

75

76

77

© ©O© 00 N Oo0N



Mott MacDonald | Preliminary Engineering Report for Caldwell WWTP Capacity Improvements

Table 2-6:
Table 2-7:
Table 3-1:
Table 3-2:
Table 3-3:
Table 3-4:
Table 3-5:
Table 3-6:
Table 3-7:
Table 3-8:
Table 3-9:

Table 3-10:
Table 3-11.:
Table 3-12:
Table 3-13:
Table 3-14:
Table 3-15:
Table 3-16:
Table 3-17:
Table 3-18:

Table 4-1:
Table 4-2:

Figure 2-1:
Figure 2-2:
Figure 2-3:

Caldwell WWTP Rainfall Event Rainfall & Flow Data

Caldwell WWTP Recommended Design Flows for Increased Capacities
Caldwell WWTP Existing Process Equipment Summary

Caldwell WWTP Current and Future Permit Limits

Wastewater Design Parameters* for Oxidation Ditches

Relevant Regulatory and Design Reference Sizing Criteria
Overflow Rates of Secondary Clarifiers (Current Conditions)
Solids Loading Rate of Secondary Clarifiers (Current Conditions)
Solids Loading Rate of Secondary Clarifiers (Future Flows)

Filter Design Parameters

Flood Elevations* at Caldwell WWTP

Alternative 1 Capital Costs

Alternative 1 Increased Annual Operation Cost Per Year
Overflow Rates of Secondary Clarifiers

Solids Loading Rate of Secondary Clarifiers (Current Conditions)
Solids Loading Rate of Secondary Clarifiers (Future Flows)
Alternative 2 Capital Costs

Alternative 2 Increased Annual Operation Cost Per Year
Alternative 3 Capital Costs

Alternative 3 Increased Annual Operation Cost

Summary of Capital Costs

Summary of Life Cycle Costs

Caldwell WWTP Capacity Assurance Threshold (Based on 4.275 MGD)
Caldwell WWTP Capacity Assurance Threshold (Based on 5.76 MGD)
Caldwell WWTP Influent & Effluent Average Daily Flows (06/26/2020 —

09/17/2020)

Figure 2-4:
Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 3-4:
Figure 3-5:
Figure 3-6:
Figure 3-7:
Figure 3-8:
Figure 3-9:

Caldwell WWTP Rainfall Event Influent & Effluent Flow (07/10/2020)
Existing Caldwell WWTP Site Plan

Caldwell WWTP Existing Process Flow Diagram

Caldwell WWTP Existing Hydraulic Profile (Current Conditions)
Caldwell WWTP Existing Hydraulic Profile (Projected Conditions)
Caldwell Plant, Chronological Flows and Loads

Caldwell Plant, Chronological Effluent Temperature

Caldwell WWTP Activated Sludge Train Functional Schematics
Caldwell WWTP Alternative 1 Process Flow Diagram

Mahr Bar Screens with Shared Transpactor Profile

Figure 3-10: Proposed Bar Screen Bypass
Figure 3-11: Grit King Dynamic Separator Profile (14-Foot Diameter)

Figure 3-12: Ovivo Excell Aerator Il Profile

504102388 | December 2021

11
12
18
22
34
37
37
38
38
39
43
48
49
51
52
52
60
61
63
63
64
65

10
11
15
17
19
21
24
25
26
29
31
31
33
35



Mott MacDonald | Preliminary Engineering Report for Caldwell WWTP Capacity Improvements

Figure 3-13:
Figure 3-14:
Figure 3-15:
Figure 3-16:
Figure 3-18:
Figure 3-19:
Figure 3-20:
Figure 3-21:
Figure 3-22:
Figure 3-23:
Figure 3-24:

Proposed Ovivo Oxidation Ditch Basin Profile

Aqua-Aerobic AquaDisk 10-Disk Filter Sample Retrofit Layout
Veolia HPF2224-2F Hydrotech Discfilter Sample Retrofit Layout
Caldwell WWTP Alternative 1 Hydraulic Profile

Caldwell WWTP Alternative 2 Process Flow Diagram
Aqua-Aerobic AquaDisk 10-Disk Filter Sample Retrofit Layout
Veolia HPF2224-2F Hydrotech Discfilter Sample Retrofit Layout
Retrofit of Existing UV Channel

Third UV Disinfection Channel Footprint

Caldwell WWTP Alternative 2 Hydraulic Profile

Alternative 2 Caldwell WWTP Site Plan

504102388 | December 2021

36
35
40
45
48
49
52
54
55
57
58


https://mottmac.sharepoint.com/teams/pj-e3144/do/Design/Documents/Reports/Preliminary%20Engineering%20Report_Caldwell%20WWTP%20Capacity%20Improvements.docx#_Toc60297881
https://mottmac.sharepoint.com/teams/pj-e3144/do/Design/Documents/Reports/Preliminary%20Engineering%20Report_Caldwell%20WWTP%20Capacity%20Improvements.docx#_Toc60297882

Mott MacDonald | Preliminary Engineering Report for Caldwell WWTP Capacity Improvements

Executive Summary

The Borough of Caldwell has tasked Mott MacDonald to conduct an engineering study to
confirm the required additional treatment capacity for Caldwell Wastewater Treatment Plant
(WWTP) and to evaluate and compare proposed treatment alternatives. In 2018, the Caldwell
WWTP exceeded its rated capacity of 4.5 MGD. As a result, the Borough submitted a Capacity
Assurance Report (CAR) to the New Jersey Department of Environmental Protection (NJDEP).
The NJDEP accepted the Borough'’s proposed Capacity Assurance Plan, which includes a
multi-phase sanitary sewer collection system I/l reduction program and WWTP Capacity
Improvements. The August 2019 CAR presented an option to meet current demands with a
20% re-rating of the Caldwell WWTP to achieve a permitted flow of 5.4 MGD. This report
considers current capacity needs with the future additional treatment capacity required to
provide service to new and redevelopment projects within the area currently served by the
Caldwell WWTP. A summary of the findings of the preliminary engineering evaluations
associated with the WWTP Capacity Improvements is presented.

In accordance with Mott MacDonald’s proposal, three previously identified treatment
alternatives were evaluated. These alternatives will provide adequate treatment for the future
Caldwell WWTP average and peak flows as follows:

e Alternative 1: Expansion to a permitted flow of approximately 6.75 MGD, or 7.25 MGD,
and peak flow of 15 MGD, with full equalization of peak flow

o For this alternative, it is assumed that the existing permitted effluent loadings
will be maintained

o Detailed evaluations were conducted to identify improvements that are required
to provide increased level of treatment to maintain compliance with the New
Jersey Pollutant Discharge Elimination System (NJPDES) permit limits
expected to be imposed for flow of 6.75 MGD.

o Itis assumed that peak flows, in excess of the existing peak hydraulic design
flow of 15 MGD, will be managed with a help of new peak flow equalization
facilities at the Caldwell WWTP site

o Costs for expansion to 7.25 MGD are based on extrapolation of detailed
estimates prepared for 6.75 MGD.

e Alternative 2: Expansion to a permitted flow of approximately 6.75 MGD, or 7.25 MGD,
and peak flow of 22.5 MGD

o For this alternative, it is assumed that an increased level of treatment will be
required, as in Alternative 1

o Itis assumed that, to eliminate the need for flow equalization facilities to
manage peak flows, hydraulic capacity of existing facility will be increased

e Alternative 3: Expansion or re-rating of the Caldwell WWTP to provide only the current
required treatment capacity necessary for the municipalities to be served, if some
capacity can be made available by a WWTP other than the Caldwell WWTP.

o Expansion to a permitted flow of greater than 5.76 MGD would require that
future additional flow capacity would be provided by an adjacent regional
facility, such as the Parsippany-Troy Hills Township WWTP and/or the Two
Bridges Sewerage Authority WWTP.

o Detailed evaluations were conducted to identify improvements that are required
to provide increased level of treatment to maintain compliance with the New
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Jersey Pollutant Discharge Elimination System (NJPDES) permit limits
expected to be imposed for flow of 5.76 MGD.

o The costs to convey future additional flow and provide treatment at an adjacent
regional facility were not available and are excluded from this report.

These three alternatives are compared in this study in terms of capital costs, life cycle costs,
and ease of implementation. The findings from this study indicate that Alternative 1 and
Alternative 2 are similar for a permitted capacity of 6.75 MGD or 7.25 MGD. Alternative 3 has
the lowest capital and life cycle costs but is not considered a viable alternative at this time due
to uncertainty in the availability of capacity from the nearby facilities.

Table ES-1 below summarizes the capital costs for each Alternative.

Table ES-1-1: Summary of Capital Costs

Alternative 1 $27,360,000 $37,257,000
(6.75 MGD)
Alternative 1 $28,800,000 $39,204,000
(7.25 MGD)
Alternative 2 $26,880,000 $36,608,000
(6.75 MGD)
Alternative 2 $28,680,000 $39,042,000
(7.25 MGD)
Alternative 3 $16,560,000 $22,651,000
(5.76 MGD)

The final recommendations are as follows:

1. Engage in a full-scale demonstration test to determine the maximum treatment capacity
of the existing oxidation ditches.

2. Confirm and select the future design capacity for the Caldwell WWTP.

3. Proceed with Alternative 1, modifying as needed based on the results of the full-scale
demonstration test to provide near term and long term operational benefits to the
facility.

Additional description of the analysis of each alternative and the final recommendations can be
found within this report.
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1. Introduction

The Borough of Caldwell has provided the sanitary sewer infrastructure and wastewater
treatment necessary to provide for the active lifestyle and economic vitality of the communities
that make up western Essex County. In 2018, the annual average flow for the Caldwell
Wastewater Treatment Plant (WWTP) exceeded its rated flow capacity of 4.5 MGD, which is
also the permitted flow of the WWTP as specified in its NJPDES permit.

The August 2019 Capacity Assurance Report (CAR) indicated that the existing treatment
facilities could be adequate for a possible re-rate of the Caldwell WWTP by 20% to a NJPDES
flow of 5.4 MGD. However, development pressures within the five municipalities that are served
by the Caldwell WWTP are likely to require additional capacity beyond the permitted flow of 4.5
MGD or a re-rated flow of 5.4 MGD. Accordingly, a potential increase in capacity by 50% or
more may be necessary, which would require that the facility be expanded to provide treatment
for a flow of 6.75 MGD or more.

The following list of tasks were completed and summarized by this report, with the objective of
identifying the expansion and upgrades necessary at the Caldwell WWTP in order to provide
consistent and reliable wastewater treatment for the foreseeable future:

e Confirm required additional treatment capacity
e Evaluate treatment alternatives
e Develop recommendations for WWTP capacity improvements

The following documents were used by Mott MacDonald for the analysis:

» Caldwell Wastewater Treatment Plant Upgrades Drawings (Mott MacDonald, 2007)

> Wastewater Engineering: Treatment and Resource Recovery, 5 Edition (Metcalf &
Eddy, 2013)

» Design of Water Resource Recovery Facilities, MOP No. 8, Water Environment
Federation

» Recommended Standards for Wastewater Facilities, A Report of the Wastewater
Committee of the Great Lakes — Upper Mississippi River Board of State and Provincial
Public Health and Environmental Managers

» Caldwell Wastewater Treatment Plant: Project Report Addendum, prepared by Killam
Associates, May 1988 (Revised June 1988)

» Summary Report: Economic Considerations of Treating Caldwell area wastewater at

the Two Bridges Treatment Plant, prepared by Elson T. Killam Associates, October

1979

Mahr Bar Screen Vendor Information (Headworks, Inc.) *

Grit King Vortex Grit Chamber Vendor Information (Hydro International) *

Oxidation Ditch Vendor Information (Ovivo)*

Secondary Clarifier Vendor Information (Ovivo)*

Hydrotech Discfilter Vendor Information (Veolia Water Technologies) *

Trojan UV System Vendor Information (Trojan Technologies) *

YVVVYVY
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*These documents have been included in Appendix G.
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2. Required Treatment Capacity and Flow
Projections

The Borough of Caldwell owns and operates a wastewater treatment facility located in West
Caldwell, Essex County, New Jersey. The facility serves five (5) municipalities and discharges
treated wastewater to a ditch tributary in the Passaic River. The discharge from the facility is
regulated by the NJDEP under NJPDES Discharge to Surface Water Permit No. NJ0020427.

Mott MacDonald has used information provided by each of the participating municipalities
regarding anticipated major development projects to estimate the future treatment capacity
requirements for the Caldwell WWTP. This information was used along with NJDEP flow
projection factors to estimate the future treatment capacity for the facility. Additionally, six (6)
weeks of temporary flow metering was conducted at the influent of Caldwell WWTP, to confirm
that the previously established design peaking factors are appropriate to apply to future
conditions. Existing daily flow records and raw wastewater characteristics from the past three
(3) to five (5) years are used to establish flows and loadings that are used as the basis of design
for re-rating/expansion of the Caldwell WWTP. Current influent wastewater characteristics taken
from monthly discharge monitoring reports (DMR) are used to establish the design wastewater
concentrations. Options to obtain additional treatment capacity from adjacent wastewater
utilities were also investigated.

NJDEP regulations (N.J.A.C. 7:14A-22.16(a)) define the Capacity Assurance threshold as when
the 12-month rolling average flow exceeds 95% of the permitted flow. Four years of daily flow
records from the Caldwell WWTP for the period November 1, 2016 through October 31, 2020
were analyzed to evaluate the current conditions with respect to the NJDEP Capacity
Assurance Regulations. A summary of the flows for the 48-month period is presented in Table
2-1 below:

Table 2-1: Summary of Caldwell WWTP Daily Flows (11/06/2016 — 10/31/2020)

Minimum | 1.29 3.23 3.95
Average | 4.46 4.47 4.60
Maximum | 14.73 6.62 5.39
90" Percentile | 6.05 5.76 5.22

The current Capacity Assurance threshold for the Caldwell WWTP is 4.275 MGD based upon
the facility’s permitted capacity of 4.5 MGD. Figure 2-1 shows the facility’s 30-day rolling
average and 12-month rolling average flows compared with the permitted flow and Capacity
Assurance threshold:
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Figure 2-1: Caldwell WWTP Capacity Assurance Threshold (Based on 4.275 MGD)

Statistical analysis of the flow data was performed to select an appropriate basis for re-rating of
the facility to satisfy existing capacity requirements. The results of the analysis indicate that it is
appropriate to select the 90™ percentile of the 30-day rolling average flow of 5.76 MGD as the
permitted flow basis for current conditions. For current conditions, a permitted flow of 5.76 MGD
will provide adequate treatment capacity with a small safety factor when compared to the
recorded maximum 12-month rolling average and NJDEP Capacity Assurance threshold. See
Figure 2-2:
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Figure 2-2: Caldwell WWTP Capacity Assurance Threshold (Based on 5.76 MGD)

2.2.2. Future Additional Flow Projections

It is Mott MacDonald’s understanding that participating municipalities are obligated to provide
affordable housing to satisfy requirements from the NJ Council on Affordable Housing (COAH).
Under this task, we requested that each of the municipalities provide information regarding their
respective COAH obligations along with updated information regarding proposed or anticipated
major development and redevelopment projects. The information provided by each municipality
was used to project future sewerage flows resulting from the proposed development. Appendix
E contains the correspondence received from Essex Fells, North Caldwell, Roseland and West
Caldwell. Projections from the Borough of Caldwell are based upon the Caldwell Re-
development Plan adopted in 2020.The future flow projections are summarized for each
municipality currently served by the Caldwell WWTP in Table 2-2 below:

Table 2-2: Future Flow Projections for Municipalities Served by Caldwell WWTP

Municipality Estimated Build-out Projected Flow
Development (MGD)
(Dwelling Units)
Caldwell 1,614 0.483
West Caldwell 1,625 0.488
North Caldwell 499 0.068
Essex Falls 30 0.009
Roseland 1,332 0.400
Total 5,100 1.447
SAY - 1.45
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These flow projections were compared with flow projections contained in the draft Essex County
Wastewater Management Plan dated 2018 (revised June 2019), which is currently under review
by the NJDEP. The draft Essex County Wastewater Management Plan, prepared before
determination of COAH obligations, projected a build-out future additional capacity requirement
of 0.66 MGD with a corresponding population increase of 5,943 people.

Accordingly, a sensitivity analysis was performed to determine the potential range of future
capacity that may be required for the Caldwell WWTP. Table 2-3 summarizes the adjusted
future additional flow projection based on the sensitivity analysis:

Table 2-3: Adjusted Future Additional Flow Projection

1,614 0.483 1,000 0.300 Realistic maximum based on need
Caldwell for eminent domain and high values
of existing multi-story buildings
1,625 0.488 275 0.083 Excludes Mountain View Country
West Caldwell Club assuming speculative
development
North Caldwell 499 0.068 499 0.068
Essex Falls 30 0.009 30 0.009
Roseland 1,332 0.400 1,332 0.400
Total 5,100 1.447 3,136 0.859
SAY - 1.45 - 0.86

The existing Caldwell WWTP is designed to provide treatment for a permitted flow of 4.5 MGD.
Analysis of the most recent 4 years of flow data indicates that a minimum capacity increase of
1.26 MGD is necessary to provide sufficient capacity to address the current needs of the
communities served by the facility without future additional system demands.

Various factors beyond the control of Caldwell and the communities it serves could impact the
realization of the projected additional capacity requirements, including additional COAH
obligations and/or the health of the economy and real estate industry. However, information
provided by Caldwell and the participating communities indicates a need for future additional
capacity requirements in range of 0.86 MGD to 1.45 MGD based on COAH obligations,
development and redevelopment plans for each municipality. This represents the probable
build out scenario for the area served by the Caldwell WWTP over a 20 to 30-year planning
horizon. Therefore, required future treatment capacity for the Caldwell WWTP is expected to be
in the range of 6.75 MGD to 7.25 MGD, as summarized in Table 2-4 below.
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Table 2-4: Caldwell WWTP Adjusted Flows and Build-out Flows

Flow Criteria Adjusted Flow (MGD) Build-out Flow (MGD)

Existing Flow 5.76 5.76
Projected Additional Flow 0.86 1.45
Total 6.62 7.21
SAY 6.75 7.25

2.3. Data Collection and Analysis

2.3.1. Temporary Flow Metering

The design basis of the existing WWTP is summarized in Table 2-5 below:

Table 2-5: Caldwell WWTP Existing Design Basis

1988/2007 Design Basis Design Flows (MGD) Factor (Ratio to ADF)
Annual Average Daily Flow (ADF) 4.5 1.00
Peak Month ADF 7.0 1.56
Peak 7 Days ADF 9.9 2.20
Peak Day 12.0 2.67
Daily Diurnal Peak 6.8 1.51
Maximum Hydraulic Capacity 15 3.33
(Instantaneous)

The existing facility basis of design established various design flows including a peak hydraulic
loading of 15 MGD. As part of the 2007 facility upgrades, a new effluent flow meter was
installed and is currently used as the basis for flow recording and reporting.

To confirm the various design flows that need to be established for the capacity expansion, a
temporary influent flow metering program was conducted from June 2020 through September
2020. The flow metering study results confirmed that the average flows recorded by the
temporary influent and permanent effluent flow meters compared favorably. See Figure 2-3
below:
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June to September 2020
Influent & Effluent Average Daily Flows vs. Date
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Figure 2-3: Caldwell WWTP Influent & Effluent Average Daily Flows (June — September
2020)

As shown in the above figure, the flow metering study also confirmed that significant peak flows
are received at the Caldwell WWTP during wet weather. It is noted that Caldwell is conducting
a phased Infiltration and Inflow (/) investigation as part of a separate study to identify
measures that can be undertaken to reduce excessive infiltration and inflow in sanitary sewer
the collection system. It is expected that the I/l investigation will help reduce but not eliminate
the peak wet weather flows observed at the Caldwell WWTP.

During the temporary flow metering study a significant rainfall event was observed at the
Caldwell WWTP on July 10, 2020. An on-site rain gauge recorded a total of 3.16 inches of
rainfall during this event, which had a rainfall intensity associated with a 2-year return
frequency. As can be seen upon inspection of Figure 2-4 below, the recorded influent peak
flow received at the facility is attenuated through the various unit processes before the peak
flow recorded at the effluent flow meter.
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Figure 2-4: Caldwell WWTP Rainfall Event Influent & Effluent Flow (07/10/2020)
July 10th, 2020:
Influent & Effluent Flow Meter Data vs. Time
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Table 2-6 summarizes the total rainfall, average and peak flow data for the July 10, 2020 storm
event.

Table 2-6: Caldwell WWTP Rainfall Event Rainfall & Flow Data

Date Temp. Flow Permanent Temp. Flow Permanent Daily
Meter Daily  Meter Daily Meter Peak Meter Rainfall
Average Flow Average Hourly Flow Peak Flow (in.)
(MGD) (MGD) (MGD) (MGD)

July 10, | 8.3 6.4 23.5 14.3 3.16

2020

While it is anticipated that efforts to reduce I/l by Caldwell will reduce peak flows, an increase to
the permitted capacity of the Caldwell WWTP requires that the previously established design
flows be updated to account for any proposed increase in treatment capacity. Table 2-7 below
summarizes the design flows recommended for the increased capacities described above:
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Table 2-7: Caldwell WWTP Recommended Design Flows for Increased Capacities

Permitted Flow (90" 5.76 -- 5.76 - 5.76 -
Percentile 30-Day Avg.)

Projected Future Flow 0.86 - 1.45 - 0.00 -
Future NJPDES Permit 6.62 -- 7.21 -- 5.76 --
Flow

SAY 6.75 - 7.25 - 5.76 -
Future CAP Threshold 6.41 -- 6.85 -- 5.47 --
Annual Average Daily 5.19 1.00 5.54 1.00 4.43 1.00
Flow

Peak 12-Month Rolling 6.08 1.17 6.50 1.17 5.19 1.17
Average

Peak Month ADF 6.75 1.30 7.25 1.30 5.76 1.30
Peak 7 Days ADF 11.42 2.20 12.20 2.20 9.75 2.20
Peak Day 13.85 2.67 14.78 2.67 11.82 2.67
Daily Diurnal Peak 7.85 1.51 8.38 1.51 6.70 1.51
Maximum Hydraulic 21.35 3.16 22.82 3.15 19.20 3.33
Capacity

Because of the projected increase in the wastewater flows in the Caldwell WWTP
service area, the Borough has inquired with Parsippany-Troy Hills about any current or
future excess capacity at the Parsippany-Troy WWTP that could be made available to
the Caldwell WWTP service area. The Caldwell WWTP currently serves the Borough of
Roseland, which is adjacent to the Parsippany-Troy WWTP sewer service area. The
flow from Borough of Roseland is pumped directly into the Caldwell WWTP. In the past,
the possibility of redirecting Roseland’s flow from Caldwell WWTP to the Parsippany-
Troy WWTP has been discussed. The Borough of Caldwell will need to amend the
Essex County Wastewater Management Plan (WMP) to increase the NJPDES flow for
its WWTP. Thus, any additional treatment capacity that could be made by Parsippany-
Troy to the Caldwell participants could be included as a part of the WMP amendment
request that Caldwell will need to prepare as part of its WWTP capacity increase
project.

Because of the projected increase in the wastewater flows in the Caldwell WWTP service area,
the Borough of Caldwell also inquired with Two Bridges Sewerage Authority (TBSA) about any
current or future excess capacity that could be made available to the municipalities served by
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the Caldwell WWTP. The Caldwell WWTP currently serves the municipalities of North Caldwell
and West Caldwell, which are also partially served by Pequannock, Lincoln Park, and Fairfield
Sewerage Authority (also known as TBSA). Portions of North Caldwell and West Caldwell
served by the TBSA are through connections to the Fairfield Township sanitary sewer system.
The Borough of Caldwell will need to amend the Essex County WMP to increase the NJPDES
flow for its WWTP; however, the Essex County WMP currently identifies North Caldwell as
being served by both the Caldwell WWTP and TBSA WWTP. Furthermore, the Essex County
WMP currently identifies some properties within West Caldwell as being served by the TBSA
WWTP. Thus, any additional treatment capacity that could be made by TBSA to the Caldwell
participants could be included as a part of the WMP amendment request that Caldwell will need
to prepare as part of its WWTP capacity increase project.

Redirection of existing or future flows to outside the Caldwell WWTP sewer service area will
impact the recommended design flows for increasing the capacity of the Caldwell WWTP. For
example, if Roseland’s flow contribution to the Caldwell WWTP is 15 —20% of the permitted flow
(4.5 MGD), and the future additional flow projection for Roseland is 0.4 MGD, as shown in Table
2.3 above, there is a current and future flow capacity service requirement of approximately 1.1
MGD to 1.3 MGD for Roseland.

Accordingly, a scenario that results in redirection of a significant portion of existing and future
flow from the Caldwell WWTP sewer service would provide a commensurate reduction of the
recommended design flows for increased capacities at the Caldwell WWTP. A reduction in the
range of 1.0 MGD in flow could potentially lower the Caldwell WWTP future capacity
requirement to a range between 5.1 MGD and 6.25 MGD, depending on the proportionate ratio
of existing and future flow diversions.

504102388 | December 2021

13



Mott MacDonald | Preliminary Engineering Report for Caldwell WWTP Capacity Improvements

3. Evaluation of Treatment Alternatives

Figure 3-1 shows the existing site plan for the Caldwell WWTP. This figure was reproduced
from the drawings that Mott MacDonald produced for the 2007 Caldwell WWTP Upgrades
Project.
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Figure 3-1: Existing Caldwell WWTP Site Plan
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The existing Caldwell WWTP was originally constructed in 1917, and has undergone a
series of expansion and improvements, in 1928-30, 1958, 1964, 1966-68, 1970-71,
1988-89, and 2007. The current facility consists of preliminary and secondary treatment
facilities that were upgraded in 2007, tertiary treatment facilities that were constructed in
1988, and sludge processing facilities that were originally constructed in 1958, updated
in 1992 and modified and upgraded in 2007. Figure 3-2 shows a process flow diagram
for the current Caldwell WWTP configuration. Table 3-1 provides an overview of the key
process facilities and their rated capacities.
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Figure 3-2: Caldwell WWTP Existing Process Flow Diagram
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Table 3-1: Caldwell WWTP Existing Process Equipment Summary

18

b Mechanical Bar Screen 1 Headworks, Inc 15 MGD
rimar
y Vortex Grit Chamber 2 Grit King 15 MGD (7.5 MGD each)
Oxidation Ditch 2 Qvivo (aerators) 15 MGD (7.5 MGD each)
Secondary - :
Final Settling Tanks 2 Walker 15 MGD (7.5 MGD each)
Sand Filters 6* Zimpro (Evoqua) 15 MGD (4.7 gpm/sf)
Tertiary UV Disinfection 4** Trojan 15 MGD (7.5 MGD per
channel)

*One filter unit permanently offline. Max capacity rated on the use of 6 units.
**4 banks (2 per channel)

The plant also has an existing return activated sludge pump station with three (one
standby) Hayward Gordon recessed impeller pumps each rated for 2,400 gpm (3.5
MGD), and an existing UV effluent clearwell with three (one standby) National vertical
turbine pumps each rated for 5,200 gpm (7.49 MGD).

To evaluate the improvements required to allow the Caldwell WWTP to increase
capacity, Mott MacDonald conducted both hydraulic modeling and biological process
modeling of the plant. The goal of these modeling efforts is to determine the maximum
flow and treatment capacity that the existing unit processes can support, as well as
establish the additional tankage and equipment required to maintain permit compliance
at the increased flows desired.

To evaluate the hydraulic capacity of the Caldwell WWTP, Mott MacDonald built and calibrated
a hydraulic profile calculator. This calculator was developed from the hydraulic calculations and
drawings that were prepared by Mott MacDonald for the Caldwell WWTP Upgrades Project in
2007. Figure 3-3 displays the water surface elevations for different unit processes, during
average daily flow, maximum daily flow, and peak hourly flow conditions of 4.5 MGD, 12.5
MGD, and 15 MGD, respectively. The current average, maximum, and peak flow conditions do
not result in submerged weirs (water surface elevation downstream of weir greater than or equal
to weir crest elevation) or insufficient freeboard (water surface elevation is within 1 foot of top of
concrete elevation).
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Figure 3-3: Caldwell WWTP Existing Hydraulic Profile (Current Conditions)
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Projected flow conditions were applied to the hydraulic profile of existing facilities under current
flow conditions to calculate water surface elevations for the projected future average daily,
maximum daily, and peak hourly flows of 6.75 MGD, 18 MGD, and 22.5 MGD, respectively.
Figure 3-4 displays these water surface elevations in the form of a hydraulic profile. The
hydraulic modeling indicates that the existing facilities of Caldwell WWTP can accommodate
6.75 MGD, without submergence of weirs or insufficient freeboard. However, the existing
configuration is not able to accommodate the future maximum and peak flows of 18 MGD and
22.5 MGD. At 18 MGD and 22.5 MGD, the weirs for advanced treatment facilities (sand filters)
and influent division box are expected to become submerged (the UV disinfection facilities weir
may be neglected, due to having the effluent pumps that may reduce water surface elevation
downstream of the weir). In addition to the previously mentioned submerged weirs, the
projected future peak flow of 22.5 MGD results in submergence of the final settling tank weirs,
oxidation ditch weirs, and grit chamber overflow weir.
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The WWTP currently operates with average flows exceeding the design/permitted flow of 4.5
MGD. Appendix A summarizes plant flows, influent characteristics and effluent quality for key
parameters, as reported in on-line NJDEP DMR database for the 3-year period 2017-2019.
Over this time period, the average plant flow was approximately 4.6 MGD, with average influent
CBODS5 and average influent TSS being 155 mg/L and 201 mg/L, respectively. The average
effluent ammonia (as N) and effluent nitrate (as N) were 0.35 mg/L and 1.42 mg/L, respectively.
Table 3-2 summarizes key NJPDES permit limits currently in force as well as projected future
limits at 6.75 MGD permitted flow based on assumption of maintaining currently permitted mass
loading limits. Comparison of Appendix A and Table 3-2 indicates that despite wastewater
flows exceeding the design values the plant consistently meets both current and projected
future permit limits.

Table 3-2: Caldwell WWTP Current and Future Permit Limits

Month Weekly Month  Weekly Month Week/Day Daily Max
Avg. Max. Avg. Max. Avg. Max. y ’
Current Concentration
Permit Limits (4.5 MGD) 30.0 45.0 8.0 12.0 2.0/45(1) 3.0/7.0(2) 184
Concentration Limits
pro-rated to 6.75 MGD 20.0 30.0 5.3 8.0 15/3.0(1) 2.0/4.7(2) 12.0
flow
Concentration Limits
pro-rated to 7.25 MGD 18.6 28.0 5.0 7.5 1.2/28 (1) 1.9/43(22) 11.4

flow
(1) Summer/winter monthly average
(2) Summer weekly maximum/winter daily maximum

(3) Winter season only

NOTE: 6.75 MGD and 7.25 MGD limits are calculated under assumption that loads will be held constant to avoid

antidegradation analysis
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Figure 3-5 provides chronological record of raw wastewater CBOD5 and TSS mass loadings in
the three-year period. It indicates a fairly stable CBOD5 loading in the past three (3) years while
TSS loadings are highly variable, which is typical for this parameter. Based on the record of
effluent temperature (Figure 3-6) 10 deg C was adopted as critical winter temperature for

process modeling.
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Caldwell Plant, Chronological Flows and Loads
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Figure 3-5: Caldwell Plant, Chronological Flows and Loads
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Caldwell Plant, Chronological Effluent Temperature
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Figure 3-6: Caldwell Plant, Chronological Effluent Temperature
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In order to evaluate existing plant process capacity and the need for expansion of the key
treatment process, a BiowWin model of the WWTP activated sludge train was developed. The
BioWin simulation software provides convenient means of comparative evaluation of plant
performance under a variety of scenarios of flow, influent characteristics, temperature and
operating strategies such as aeration power input. The BioWin program is best suited for
evaluation of alternatives for Nitrogen species reduction, i.e. nitrification and denitrification. It is
noted that removal of phosphorus, which is another key nutrient regulated by NJPDES permit is
readily accomplished to a desired level by adjusting rate of chemical (alum or similar) addition.
Another key step of the activated sludge treatment train is final clarification. The effectiveness of
that step is a strong function of sludge settleability, which is subject to changes modulated by
microbiological population of mixed liquor and cannot be reliably predicted or modeled.
Consequently, design of final clarification is best based on published conservative design
guidelines and engineering experience, as discussed in 36

Functional schematics of the Caldwell WWTP activated sludge train as constructed in BioWin
and used for process modeling is shown on Figure 3-7. In order to simulate operation of the
oxidation ditch with a single surface aerator, the ditch volume was subdivided into 8 Zones, with
the aerator placed in Zone 1. The effluent leaves the ditch after Zone 6 with a large stream of
internal recirculation continuing in the loop to simulate racetrack operation of the tank. In our
simulations, aerator power output was adjusted to affect simultaneous nitrification-denitrification
(SND), which is a conservative approximation of the intermittent aeration practiced in full scale.

Zone 2 Zone 3 Zone 4

Influent . Zone 1 ;—F -- H_{ -- ’__)_< --
?_.)H_i - h

— .

Alum Addition

&
)
Sludge Thickener
£ o= Sludge Off-site
t——=n
>

£
Y

Zone 8 Zone 7 Zone 6

Weir Box RAS

&£
-

Figure 3-7: Caldwell WWTP Activated Sludge Train Functional Schematics

Model calibration was performed utilizing influent characteristics and plant performance for a
recent 12-month period May 2018 - April 2019 as documented in Caldwell 2018-2019 DMR
Data. During that period, average plant flow was 5.12 MGD.
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Appendix C (upper panel) provides output of the BioWin program for the typical existing
conditions (i.e. flow of 5.12 MGD), indicating a good agreement with the actual performance
(Appendix B) for the key parameters of interest for BioWin modeling (i.e. Nitrogen species).
Subsequent panels in Appendix C show results of modeling at a higher flow of 5.4 MGD for
several temperatures. These results indicate that beyond the flow of 5.4 MGD, nitrification
performance of the existing facilities becomes questionable at the critical winter temperatures.
Consequently, in order to accommodate a future flow of 6.75 MGD, a 50% uprate, construction
of additional activated sludge tankage is recommended.

The layout of the WWTP site lends itself to expansion of the existing facilities by providing an
additional activated sludge train duplicating the two existing trains. The additional train will
consist of a third oxidation ditch of equal volume and configuration and third final clarifier of the
same size as the existing two (i.e. 90 ft diameter), or larger.

Appendix D provides BioWin modeling results for the future plant flow of 6.75 MGD for several
conditions assuming expansion of the existing activated sludge train by 50%. As expected from
the plant’s current performance, the expanded facility should be fully adequate to provide
treatment of 6.75 MGD flow to meet the future, more stringent limits to the key parameters of
interest. Performance at flows higher than 7.25 MGD requires further analysis.

The overall plant performance is also predicated upon satisfactory capacity and operation of
other treatment process steps, which do not lend themselves to BioWin modeling. As discussed
previously, these include final clarification in addition to filtration and disinfection. To provide
adequate secondary clarification capacity construction of new clarifier is necessary, as
discussed in 36 Performance of final clarifiers at wet weather flows could be significantly
improved by utilization of on-demand polymer addition. Facilities for polymer addition are
provided at the current plant and could be utilized at a future, expanded facility.

It is noted that process modeling for future conditions utilized the BioWin steady state function
at critical process conditions and utilizing continuous aeration at a limited aerator power output.
As indicated previously, this is judged to be a conservative approach. This is because
intermittent aeration practiced in full scale, where nitrification and denitrification stages are
occurring cyclically and are more efficient and easier to control than SND. For that reason,
there is a possibility that the existing facilities (2 oxidation ditches), when operated in a closely
controlled fashion could provide adequate treatment for 6.75 MGD flow. In order to determine
potential adequacy of the existing oxidation ditches for 6.75 MGD flow, performance of
adequate full-scale demonstration testing program under controlled conditions is necessary.
More details of the demonstration testing exercise are provided in the recommendation section.

Alternative 1 requires expansion of the Caldwell WWTP to an annual average daily flow of
approximately 6.75 MGD and peak flow of 15 MGD, with full equalization of peak flows greater
than 15 MGD. This alternative assumes that the existing permitted effluent loads will be
maintained. Flow equalization will occur downstream of the screening and grit facilities, to
prevent accumulation of solids in equalization tank and to improve ease of maintenance.
Detailed analysis for a future capacity of 6.75 MGD has been extrapolated for a capacity of 7.25
MGD. Confirmation of performance at flows higher than 7.25 MGD requires further analysis
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The following flow rates were designated as the basis of evaluation for capacity
expansion at the Caldwell WWTP:

e Annual average design flow of 6.75 MGD (increase of 50% from 4.5 MGD) or
7.25 MGD (increase of 60% from 4.5 MGD)

e Peak day design flow of 18 MGD (increase of 50% from 12 MGD)
e Peak hourly design flow of 22.5 MGD (increase of 50% from 15 MGD)

Under Alternative 1, a flow equalization tank is assumed to be present and sized for
approximately 2.0 million gallons. For the purposes of this evaluation, all unit processes
upstream of the equalization tank were evaluated to treat a peak flow of 22.5 MGD,
while all downstream units were evaluated to treat a peak hourly flow of 15 MGD
assuming full equalization for flows greater than 15 to 22.5 MGD.

Additionally, the following criteria were established as important considerations during
evaluation:

e Meet Current and Future Effluent Limits: Adapt and integrate into existing
treatment process which has consistently met effluent limits

Minimize Costs: Reuse and retrofit existing infrastructure to the extent possible

28

Figure 3-8 shows a process flow diagram for the Alternative 1 configuration of Caldwell WWTP.

504102388 | December 2021



'CHAMBERS CMDATION DITCH No. 3

FLOW.
EQUALIZATION
TANK

BULDING
(ROTATING CLOTH FILTERS)

Figure 3-8: Caldwell WWTP Alternative 1 Process Flow Diagram
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The plant currently has one 15 MGD rated multi-rake style in-channel Mahr Bar Screen for
coarse screening located inside the Headworks Building, which receives all influent raw
wastewater from the distribution system. A secondary channel serving as a means of bypass
sits parallel to the bar screen and shares a common influent and effluent channel. The bar
screen also contains a shaftless washer-compactor that discharges into a dumpster residing on
the ground floor. Mott MacDonald consulted with Headworks, Inc to facilitate new options for
providing increased treatment of flow.

Initial evaluation of the unit indicates that there is sufficient screenfield surface area to pass 22.5
MGD through the existing channel. However, the true flow capacity per square foot of
screenfield area is dependent on factors such as the channel configuration, upstream and
downstream water surface elevations, presence of upstream bypass weirs, and approach
velocities. Under a 22.5 MGD scenario with the existing process flow, it was determined that
while the channel velocity itself would not prevent 22.5 MGD from passing through a single
screen, the upstream water surface elevation would submerge the screenfield with
approximately one inch of headroom to the bar screen side seal. To maintain the safety factor
recommended for the design of the channel and screen, Mott MacDonald recommends
installation of a second Mahr Bar Screen in the existing bypass channel as shown in Figure 3-9
to provide screening for flows up to 22.5 MGD. Modification to the existing screen is not
anticipated.
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Figure 3-9: Mahr Bar Screens with Shared Transpactor Profile

The existing washer- compactor has adequate capacity for screening volumes at 22.5 MGD but
is physically too short to accommodate discharge from a secondary screen. The washer-
compactor can be modified with an extension kit (by the same manufacturer) to allow
screenings from both the existing and new bar screen to discharge into a single washer-
compactor and existing dumpster. This minimizes the additional footprint required for new
equipment. Additional layout options, such as staggering of the screens to provide a means of
bypass, were considered but would require a secondary washer-compactor and/or dumpster.
This would present challenges given the space constraints in the existing Headworks building
and were concluded to be infeasible. An extended washer-compactor will require
relocation/removal of the lower level aluminum tread stairs nearest to Grit Washer No. 2, but
three existing stairways (one inside, two outdoors) are available for accessibility to the upper
platform.

Installation of a second bar screen as discussed will require a new means of bypass around the
bar screens. The manhole directly upstream of the Headworks Building as shown in Figure
3-10 may be routed to an existing 42” x 42" MJ tee to provide a potential bypass line.
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Figure 3-10: Proposed Bar Screen Bypass

3.3.1.2. Vortex Grit Chambers

The plant currently has two 7.5 MGD rated, 14-foot diameter vortex-type grit chambers for grit
removal inside the Headworks Building. Each Grit King Dynamic Separator unit is served by a
screw-type grit classifier and 400 GPM grit pump. The grit chambers are served by separate 24-
inch influent lines and share a combined 42-inch effluent line to the Influent Division Box
preceding the oxidation ditches. A 42-inch grit chamber bypass line is also provided east of the
grit chambers. Mott MacDonald consulted with Hydro International to evaluate options for
providing treatment of increased flow.

The vortex chambers currently provide 95% removal of all grit particles with a specific gravity of
2.65 greater than or equal to 150 microns at the design peak flow of 15 MGD. With a revised
peak flow of 22.5 MGD, the two units and associated grit pumps are still able to treat incoming
flow with a recommended underflow of no less than 200 GPM per unit. However, a flowrate of
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11.25 MGD through each grit chamber would double existing headloss through the units from 6
inches (at 7.5 MGD) to 1 foot and decrease particle removal to 300 microns and larger. The
increase in headloss will not causing flooding of the bar screen channel upstream. However, to
continue providing existing levels of grit removal, it is recommended to install a third 7.5 MGD
rated Grit King Dynamic Separator unit for a peak flowrate of 22.5 MGD. A cutsheet of the unit
is shown in Figure 3-11. . Modification of the existing two grit units are not anticipated.
However, it is recommended that the existing grit classifier equipment will be replaced with
stainless steel units because the existing classifier units have deteriorated due to corrosion.
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A 32 DW INET PIPE (24 42°00)
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FLAD@ING -w,-\

EL 171122

Figure 3-11: Grit King Dynamic Separator Profile (14-Foot Diameter)

There is limited space available for a third grit chamber in the immediate area. Adjacent space
directly east of the Headworks building (across the access road) may be a feasible location but
would require the relocation of solar panels in the solar panel farm. An alternative location
would be placement of a third unit directly north of the eastmost grit chamber. This would
reduce available driveway space behind the building but minimize the amount of tie-in piping
back to the 42-inch effluent line. Proposed site plans that show the grit chamber in this
proposed location are shown in Figure 3-17 and Figure 3-23.

3.3.1.3. Flow Equalization Tank

Full flow equalization is achieved by accommodating all flow in excess of 15 MGD during a peak
flow of 22.5 MGD. Analysis of available peak influent flow data indicates that an equalization
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volume of approximately 2.0 million gallons is required to equalize the peak flow in excess of 15
MGD associated with a 2-year return storm event. Therefore, it is assumed that full flow
equalization will be achieved by constructing two tanks with minimum diameter of 100 feet or by
using one rectangular tank with an area of approximately 13,200 square feet. The construction
of flow equalization tank(s) also requires construction of a pumping station (with associated
piping and equipment). Proposed site plan, Figure 3-17, indicates that the area occupied by the
solar farm is required to be modified in order to provide space for construction of flow
equalization facilities.

The plant currently has two 7.5 MGD rated carrousel-style oxidation ditches with dual-impeller
type aerators. The oxidation ditches are downstream from the grit vortex chambers and are
preceded and followed by an influent and effluent division box. The average retention time for
flow in the basins is 21 hours with the current average daily flow of 4.5 MGD (50/50 split to each
oxidation ditch), and approximately 6 hours during a peak flow of 15 MGD. Both oxidation
ditches receive approximately 3.5 MGD of RAS flow a day, independent of influent flowrate.
Mott MacDonald consulted with Ovivo to evaluate new options for providing treatment of
increased flow.

The existing oxidation ditches have a combined maximum hydraulic capacity of 15 MGD and
therefore will not have hydraulic concerns at a revised average flow of 6.75 MGD.

However, as discussed in 3.2.2, BioWin modeling suggests that existing activated sludge
facilities may not be able to adequately nitrify past an average flow of 5.4 MGD during winter
temperatures. Mott MacDonald therefore recommends construction of an additional oxidation
ditch to adequately treat and meet all permitted effluent limits at an average flow of 6.75 MGD.
BioWin modeling has not been performed for a design flows greater than 6.75 MGD and the
process performance for 7.25 MGD needs to be confirmed.

The following design parameters were assumed for the purposes of evaluation:

Table 3-3: Wastewater Design Parameters* for Oxidation Ditches

Biochemical Oxygen Demand 138 10
(BOD), mg/L

Total Suspended Solids (TSS), mg/L 140 10

Total Kjeldahl Nitrogen (TKN), mg/L 26 2.0

Ammonia Nitrogen (NH3-N), mg/L - 1.0

Nitrate Nitrogen (NO3-N), mg/L - 6.7

*Obtained from 2007 parameters used for the selection and installation of the current Ovivo Excell Aerators. Effluent
values are prorated from 4.5 MGD to 6.75 MGD

Based on the peak organic loading rate shown in Table 3-2, an aeration power of 93 HP
(without accounting for denitrification) is required. In consideration of a maximum month to peak
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load peaking factor of approximately 1.5 to 1, a 200 HP dual impeller aerator was selected as
the basis of design for the new oxidation ditch as shown in Figure 3-12. It should be noted that
although the existing aerators use the same impeller diameter, gearbox and motor as the new
aerator, they are not necessarily interchangeable, as the impeller shaft length and rotational
direction may differ. To provide flexibility in interchangeability between the three basins, the
impeller and basin should be designed with consideration of the existing basin configuration.
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Figure 3-12: Ovivo Excell Aerator Il Profile

The existing oxidation ditches were retrofitted with the Ovivo Excell aerators in 2007. With a
maximum water surface elevation of 184.2 feet, the basin structure permitted 10 inches of
vertical skirt gap clearance, which did not provide sufficient airflow into the aeration zone. To
facilitate adequate airflow to the aerators, grated 2-feet by 3.5-feet openings were installed on
the deck of each basin. Construction of a new concrete basin will be designed to provide a
vertical skirt gap of no less than 2.5 feet, and 4.5 feet of aeration zone freeboard (lowest beam
to max WSE), as shown in Figure 3-13. A projected footprint for a third oxidation ditch as shown
in Figure 3-17 provides available space for future construction directly adjacent to Oxidation
Ditch No. 2.
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Figure 3-13: Proposed Ovivo Oxidation Ditch Basin Profile

To provide denitrification, the plant currently uses a combination of intermittent timed aeration
with aerator speed during aeration phase DO-controlled. This mode of operation has been
successfully used for the last ten years providing consistent denitrification. However, for future
higher design flow and loading conditions, it is assumed that the new oxidation ditch and
existing oxidation ditches will be provided with instrumentation to accommodate controlled SND
operation to meet the expected lower effluent limitations.

Mott MacDonald recommends installation of an Ovivo Carrousel system for the new oxidation
ditch to maintain operational consistency across all three basins.

3.3.1.5. Final Settling Tanks

The plant currently has two 7.5 MGD rated, 90-foot diameter spiral-blade Walker clarifiers with
side water depth of 14 feet for mixed liquor solids settling. Each clarifier contains an Energy-
Dissipating Inlet (EDI) to control turbulence and short-circuiting caused by influent flow. This
provides an overflow rate of 350 gpd/sg-ft at the current design/permitted flow of 4.5 MGD.

Mott MacDonald reviewed the surface overflow rate and solids loading rates to determine if the
existing clarifiers will offer sufficient performance and meet regulatory requirements at the
projected future average and peak hydraulic flows. A summary of the criteria used to review the
adequacy of the clarifier is presented in Table 3-4, below.
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Table 3-4: Relevant Regulatory and Design Reference Sizing Criteria

NJDEP 10 1000 Design N/A

Ten State Standards

(Extended Aeration 12 1000 Peak Hour/Peak 35
Single Stage Day*

Nitrification)

*Ten State Standards uses Peak Hour Flow to evaluate Surface Overflow Rates. Ten State Standards uses Peak Day
Flow to evaluate Solids Loading Rate

The clarifier overflow and solids loading rate for the existing clarifiers were reviewed under
existing and projected flow conditions:

Table 3-5: Overflow Rates of Secondary Clarifiers (Current Conditions)

2 o I\R/IZi(i)nTlTn?nls\???ule and REGUMIMEEIE 9
clarifiers*  clarifiers* . Ten-State Standards
Regulations

Annual Average

(Permitted) Flow of 350 240 1,000 -

4.5 MGD

Permitted Flow of

6.75 MGD 530 360 1000

Permitted Flow of

7 25 MGD 570 380 1000

Peak Hourly Flow

of 15 MGD* 1,180 790 - 1000

*Assumes 90-foot diameter clarifiers
**Assumes flow equalization (2 million gallon capacity)

Under this alternative, all flow greater than 15MGD will be diverted to equalization, therefore the
solids loading rate analysis was only done for a peak flow of 15 MGD, as it is assumed that all
flows greater than 15 MGD will be diverted to equalization. However, with the addition of a third
oxidation ditch to accommodate future flow expansion, the total return active sludge rate will
increase under future flow conditions. Comparison of solids loading rates at current and future
flows is summarized in Table 3-6 and Table 3-7 below.
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Table 3-6: Solids Loading Rate of Secondary Clarifiers (Current Conditions)

Recommended by Ten-

N
2 clarifiers State Standards

Peak Day Flow
of 12 MGD + Max. RAS 37 35
flow of 6.9 MGD**

*Assumes two 90-feet diameter clarifiers with an average MLSS concentration of 3,000 mg/L
**Assumes two 3.5 MGD RAS pumps operating at full capacity.

Table 3-7: Solids Loading Rate of Secondary Clarifiers (Future Flows)

Recommended by

. g 11 *
2 clarifiers 3 clarifiers Ten-State Standards

Peak Day Flow

of 15 MGD** + Max.
RAS flow of 10.4
MGD***

50 33 35

*Assumes three 90-feet diameter clarifiers with an average MLSS concentration of 3,000 mg/L
**Assumes flow equalization (2 million gallon capacity)
***Assumes three 3.5 MGD RAS pumps operating at full capacity.

As evidenced by the tables above, the existing clarifiers cannot support additional flow without
controverting the referenced design recommendations. Mott MacDonald recommends
installation of a third 90-foot diameter clarifier with a side water depth of 16-feet and an EDI to
maintain existing overflow and solids loading rates at the plant. This provides a clarifier overflow
rate under the peak hourly flow of approximately 800 gpd/sqg-ft and is less than the Ten-State
Standards recommendation of 900 gpd/sqg-ft. The solids loading rate will be maintained at
approximately 35 Ib/sq-ft/day and meets the Ten-State Standards recommendation. A 16-foot
side water depth is also recommended to minimize scouring and billowing of the sludge blanket
if poor settling conditions are present during peak flows.

Madification to the existing two clarifiers is not anticipated. A new RAS pump station with a
minimum of two pumps will be required to service the new clarifier as discussed in Section
3.3.1.6. The existing sludge pump station will continue to serve Clarifiers No. 1 and No. 2.
Limited footprint for a new clarifier and sludge pump station is available directly north of the
existing two units as shown in Figure 3-17.

The plant’s sludge pump station is centrally located between the two secondary clarifiers and
regulates conveyance of sludge back to the oxidation ditches (Return Activated Sludge system)
or to the sludge handling facilities for storage, treatment and disposal (Waste Activated Sludge
system). The plant currently maintains a constant RAS recirculation of 3.5 MGD, with an 80/20
split to the Influent Division Box and Oxidation Ditch No. 1, respectively. The influent valve for
Oxidation Ditch No. 2 is out of service and receives all RAS flow from the Influent Division Box.
Three 2,460 GPM rated horizontal recessed impeller vortex-type Hayward-Gordon pumps serve
as RAS pumps inside the sludge pump station with one RAS pump on standby. The sludge
pump station also contains a waste sludge wet well and two WAS pumps. Valves above the
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waste sludge wet well are manually opened for several hours allowing settled sludge from the
clarifiers to enter the wet well. Once a set level is achieved in the wet well, the WAS pumps,
activated by floats, turn on and continuously pump sludge to the WAS storage tanks located at
the head of the plant. The sludge pumped to the storage tanks is monitored throughout the
process and manually shut down by closing the valves originally used to start the process. The
number of gallons to be wasted is determined by the operator on a daily basis by the previous
day’s mixed liquor concentration but on average is approximately 50,000 gallons per day.

There is limited footprint available to install an additional RAS or WAS pump in the existing
station to serve a third new clarifier. In order to provide new pumps as well to maintain adequate
space for safe operation and maintenance of the existing sludge pump station, Mott MacDonald
recommends the addition of a new second sludge pump station adjacent to the third proposed
clarifier. A minimum of two new RAS pumps inside the station should be provided to provide
redundancy within the station (one as a standby). Each pump will have a rated capacity of 2,450
gpm with 38 feet of total dynamic head. This matches the capacity of the existing RAS pumps
with headloss primarily based on assumed 12” to 18” diameter cement-lined ductile iron piping
and fittings from the proposed location of the station to the Influent Division Box. The proposed
site layout is shown in Figure 3-17.

It is recommended that the pumps be provided with VFDs to match overnight flow rates and
reduce energy usage at the station. Discharge piping can be configured with actuated valves to
allow for conveyance to the sludge storage tanks or recirculation to the Influent Division Box (or
future Oxidation Ditch No. 3). This will eliminate the need for additional WAS pumps and
streamline operation of the new sludge station.

The plant currently has 6 conventional rapid sand filters with a rated capacity of 15 MGD, with
one filter offline. The sand filters are equipped with a standard mud well, clear well, and blower
system for backwash of the filter media. Each concrete filter basin is approximately 16-feet by
28-feet with approximately 9.8 feet of vertical depth and receives influent flow from the
secondary clarifiers.

The plant wishes to replace the existing sand filters with rotary cloth media filters with capacity
to treat future flows. Mott MacDonald consulted and obtained filter selections with Aqua-
Aerobic, Veolia and Schreiber to evaluate options for providing treatment under a peak hourly
flow of 15 MGD. Filter influent quality characteristics as shown in Table 3-8 were used to guide
filter design:

Table 3-8: Filter Design Parameters

Peak Influent TSS 30 mg/L
Average Influent TSS 20 mg/L
Monthly Average Effluent TSS <5 mg/L

Three filter types were evaluated for retrofit into the existing sand filters: Schreiber Fuzzy Filters,
Aqua-Aerobic AquaDisk Cloth Media Filters, and Veolia Hydrotech Discfilters. All three filters
are suitable for concrete basin retrofits and can provide typical removal efficiencies to less <5
mg/L TSS with the plant’s filter influent wastewater characteristics.
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Schreiber Fuzzy Filters use synthetic fiber spheres to form a media bed with an upper and lower
perforated compression plate to provide extended filtration run time. The filters allow an upflow
or downflow configuration as well as the option for a movable upper compression plate to
provide customized filter performance during peak flows. To treat 15 MGD, this option would
require six (6) 8x8-feet units, each with 30 inches of media depth. However, each filter structure
requires approximately 17 feet of vertical basin depth to treat flow by gravity at the design peak
flow. With less than 10 vertical feet available in the existing filter basins, and without significant
rework of the concrete basins, this filter type may only be feasible with additional pumping. For
this reason, these filters were not pursued further as a viable retrofit option.

Aqua-Aerobic AquaDisk Cloth Media Filters use pile cloth media in horizontally stacked discs to
provide tertiary filtration. Influent gravity-flows over a weir and follows an outside-in filtration flow
path through the submerged filter. Filtered effluent exits through the center of the filter drum out
into the effluent channel through a weir. A minimum 10.5 feet of vertical depth is required in
order to install and adequately submerge the filters. However, to maintain free discharge of the
clarifier weirs upstream, a total of approximately 2 feet of additional depth will be required by
lowering the bottom slab of the filter basin. The 2007 Caldwell WWTP drawings indicate
approximately 5 feet of vertical space beneath the filter gullets that may be available for use but
would require significant structural modification to the existing concrete structure. This does not
provide redundancy at peak flows but will provide treatment of the average design flow with one
unit out of service. It is assumed that an additional filter unit will be provided to account for
redundancy at peak flow conditions.

Three units can fit into one existing 16 x 28 feet filter cell with a pump room placed in an
adjacent cell. Construction of new walls will be required to provide influent and effluent
chambers as well as partitions between the filter units as shown in Figure 3-14. The effluent
channel of the new filters will tie into the existing clearwell. With the use of these cloth filters,
backwashed flows are typically sent back to headworks along with heavier solids which are
intermittently pumped out of the bottom of the filter basin.
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Figure 3-14: Aqua-Aerobic AquaDisk 10-Disk Filter Sample Retrofit Layout

Veolia Hydrotech Discfilters use woven cloth polyester media in horizontally stacked discs to
provide tertiary filtration. Influent flows by gravity through the central drum and filtered flow
passes inside-out through the disk. Filtered flow from the filter basin structure passes over an
effluent weir. The filter profile requires 8.5 feet of vertical depth for installation which can utilize
the existing basin while maintaining free-discharge conditions upstream. Two (2) Hydrotech
Discfilter units are required to treat a peak flow of 15 MGD, with one additional unit required to
provide peak flow redundancy. Unlike the Aqua-Aerobic filters, each filter unit requires its own
16 x 28 feet filter cell as installing tank walls between the units while maintaining adequate room
for maintenance is not possible without a major redesign of a cell. A sample layout is shown in
Figure 3-15. In this layout, the mudwell is converted into an effluent channel. Backwashing
solids are piped out of the backwash trough and are intended to tie into existing waste piping or
go back to the head of the plant. The backwash pumps are mounted to the structure of the filter
unit and do not require a separate pump room. Instead of a clearwell, the filtered effluent serves
as the backwash supply for the pumps. Construction of a new wall will be required to provide an
influent distribution box for each filter unit.
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Figure 3-15: Veolia HPF2224-2F Hydrotech Discfilter Sample Retrofit Layout

The Veolia Hydrotech Discfilters requires additional footprint but less retrofit construction as
compared to the Aqua-Aerobic Aquadisk filters and are a cost-competitive option for
replacement of the sand filters. For this reason, the Veolia Hydrotech Discfilters is
recommended to be chosen as the basis of design for tertiary filtration.

3.3.1.8.

UV Disinfection System

42

The plant currently has two existing UV channels each rated at 7.5 MGD, for a total capacity of
15 MGD. Each 30-foot length channel contains two UV banks, each with 5 modules and 8
lamps. Each channel is served by three fixed weir troughs which feed into the effluent clearwell.
The UV system is downstream from the existing tertiary sand filters and is the last stage of

treatment before discharge to the Passaic River. The current bacteriological limit is 126 E. coli

units per 100 ml as monthly average. The existing UV system is sufficient under Alternative 1 to
provide treatment of flow for effluent discharge limits and will not require modification.

3.3.1.9.

Effluent Pump Wet Well

Treated flow enters the Effluent Pump Wet Well for final discharge into the Passaic River and is

also the source for non-potable flushing water throughout the plant. Under normal conditions,
flow leaves the wet well by gravity through an effluent channel, a 36-inch pipe and discharges

through an outfall structure. When flood conditions in the Passaic River occur such that the
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water level inside the wet well rises, a sequence is initiated to isolate the wet well from the
effluent channel and pump out of the wet well to prevent flooding of the UV disinfection system
upstream. The existing 16-inch effluent discharge centerline elevation of 182.08 will remain
unaffected by both the current 100-year and 500-year floodplain elevations provided in Table
3-9:

Table 3-9: Flood Elevations* at Caldwell WWTP

NJ FHA DDE 177.0
500 Yr 178.0
100 Yr 174.8
10 Yr 171.0

*From FEMA FIS #43013C as of 04/2020. Elevations are NAVD88.

The wet well is equipped with three 30 HP National Vertical Turbine pumps each rated for 5,200
GPM (7.5 MGD) and are set up to provide automatic level control based on wet well level
measured with a bubbler system. Pump controls are designed to prevent the upstream
elevation from exceeding 170.35, or the maximum allowable level permitted for the UV
Disinfection system.

A 7.5-million-gallon flow equalization basin will reduce peak flow downstream of the basin to
approximately 15 MGD. Existing level controls within the wet well will not be affected under
Alternative 1 and no additional pump capacity is proposed.

To expand the annual average daily flow to 6.75 MGD or 7.25 MGD, while implementing
flow equalization, Mott MacDonald recommends the following improvements to the
Caldwell WWTP for Alternative 1:

e Addition of second bar screen to Headworks
e Addition of third 7.5 MGD vortex grit chamber to Headworks

e Addition of 2.0-million-gallon flow equalization tank, along with associated
equipment, piping and appurtenances

e Addition of third oxidation ditch
e Addition of third 90-foot diameter final settling tank

e Replacement of existing sand filters with rotating cloth filters in Advanced
Treatment facilities

e Associated process piping and appurtenances for modifications as described

To evaluate the hydraulic feasibility of Alternative 1, the hydraulic profile calculator referenced in
Section 0 was used. With full equalization of flows in excess of 15 MGD, downstream of the grit
chambers, the only hydraulic differences between Alternative 1 and the existing plant, under
current conditions, arise from the headworks, additional oxidation ditch, additional clarifier, and
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new cloth filters. Figure 3-16 displays these water surface elevations in the form of a hydraulic
profile. This hydraulic profile shows water surface elevations that are representative of the unit
processes after flow equalization has been achieved. Therefore, the water surface elevations
during 18 MGD and 22.5 MGD conditions, for facilities downstream of the grit chambers, are
effectively water surface elevations for 15 MGD conditions.

The hydraulic profile indicates that the Alternative 1 configuration of Caldwell WWTP can
accommodate the average, maximum, and peak flows. Furthermore, the Alternative 1
configuration allows operators to add excess flow, from peak hours, to influent flow during low-
flow hours of operation. By reducing peaks and adding flow to low flow rates, the downstream
treatment processes are exposed to more constant flow rates.
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Figure 3-16: Caldwell WWTP Alternative 1 Hydraulic Profile
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The site plan for two 1-Mgal rectangular equalization tanks with dimensions of 60 feet by 110
feet is shown in Figure 3-17. The figure indicates that reconfiguration of the solar panel farm is
required to accommodate construction of flow equalization facilities. It is important to note that
peak flows will be diverted to the equalization facilities by gravity and therefore the location of
the equalization tanks shown on Figure 3-17 is the optimal location for siting the tank(s).
Furthermore, it is not feasible to expand fence line of the site, to accommodate the facilities, due
to the presence of environmentally sensitive areas just beyond the limits of the fence line.

The likely solution to fitting the equalization tank on the site would entail relocating/removing
existing solar panels along the northeast side of the site.
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The planning level capital costs for Alternative 1 are presented in Table 3-10. The estimated
cost is considered to be a Class Il estimate (as defined by AACE) and is based upon
manufacturer quotations for major equipment, Means Construction Cost data, recent bid prices,
and our experience, and accounts for material, equipment, and labor costs associated with the
facility upgrades listed in Section 43 The Alternative 1 capital costs are summarized in Table
3-10. The total project cost, total loan amount and debt service annual payment has been
calculated assuming the project will be financed through the NJ I-Bank over a 30 year period
with an assumed equivalent interest rate of 2%. The complete cost estimate for Alternative 1 is
included in Appendix H.

Table 3-10: Alternative 1 Capital Costs

Headworks $2,500,000 $3,000,000
Equalization Basin $3,500,000 $3,500,000
and Pump Station

Oxidation Ditch No. 3  $6,000,000 $6,000,000
Final Clarifier No. 3 $5,000,000 $5,000,000
and RAS/WAS Pump

Station

Tertiary Filter $2,000,000 $2,500,000
Upgrades

Electrical and 1&C $3,800,000 $4,000,000
Upgrades

Contingency $4,560,000 $4,800,000
Total Construction $27,360,000 $28,800,000
Costs

Total Project Costs $36,365,200 $38,266,000
Total Loan Amount $37,257,000 $39,204,000
Annual Payment $1,663,522 $1,750,456
(Debt Service)

The life cycle costs for Alternative 1 are calculated over a twenty-year timeline, with capital
costs being paid in Year 0, and anticipated electrical, chemical, and sludge disposal operating
costs being paid from Year 1 to Year 20. The electrical operating costs are based on usage
rates, specified by vendors in Appendix G, for new equipment. Chemical and sludge disposal
costs are based upon current rates. All lifecycle costs are presented as the increased annual
expense per year. Table 3-11 summarizes the increased annual operational cost for Alternative
1. The complete life cycle cost estimate for Alternative 1 is included in Appendix I.
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Table 3-11: Alternative 1 Increased Annual Operation Cost Per Year

Electrical* $200,100 $200,100
Chemical $95,000 $116,100
Sludge Disposal* $162,200 $198,300
Total/Year $457,300 $514,500
Total Cost 20 Year $6,800,000 $7,650,000

Net Present Value**

*Assumes electricity cost of $0.12/kWh and sludge hauling/disposal cost $0.08/gallon
**20 Year cost includes annual inflation of 3%/year

Alternative 2 assumes expansion to an annual average daily flow of approximately 6.75 MGD or
7.25 MGD and peak flow of 22.5 MGD. This alternative will assume an increased level of
treatment will be required as in Alternative 1. However, under this alternative it will be assumed
that the hydraulic capacity of the existing facility will be increased to eliminate the need for flow
equalization.

The following flow rates were designated as the basis of evaluation for capacity
expansion at the Caldwell WWTP:

e Annual average design flow of 6.75 MGD (increase of 50% from 4.5 MGD) or
7.25 MGD (increase of 60% from 4.5 MGD)

e Peak day design flow of 18 MGD (increase of 50% from 12 MGD)
e Peak hourly design flow of 22.5 MGD (increase of 50% from 15 MGD)

For the purposes of this evaluation, all unit processes were expanded to accommodate
a peak flow of 22.5 MGD (with no equalization). Additionally, the following criteria were
established as important considerations during evaluation:

e Meet Current and Future Effluent Limits: Adapt and integrate into existing
treatment process which has consistently met effluent limits

e Minimize Costs: Reuse and retrofit existing infrastructure to the extent possible

Figure 3-18 shows a process flow diagram for the Alternative 2 configuration of Caldwell
WWTP.
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Upgrades to the bar screens will match the proposed upgrades for Alternative 1. Addition of a
second bar screen and expansion of the existing compactor can accommodate flows up to 22.5
MGD.

Similarly, improvements to expand the existing grit chambers to process flow up to 22.5 MGD
will be the same as was presented for Alternative 1.

Similarly to Alternative 1, this alternative will require the addition of a third oxidation ditch
system sized to match the existing two ditches. Modifications to the existing two ditches will be
required as was described in Alternative 1.

For this alternative, existing site piping will be evaluated and upsized as needed to convey the
peak 22.5 MGD flow proposed for Alternative 2. Similarly, the existing influent and effluent
distribution boxes will be evaluated to confirm that there is sufficient weir length for the
increased peak flows, and that the existing boxes can be modified to accept new site piping to
the third oxidation ditch and new third clarifier.

For Alternative 2, a similar comparison was made to evaluate the suitability of the existing
clarifiers against current and future projected flows. The analysis included evaluating each flow
condition with the addition of a third 90’ diameter clarifier as well.

A summary of the clarifier overflow and solids loading rate for the existing clarifiers and
proposed third clarifier under existing and projected flow conditions is shown in Table 3-12
through Table 3-14:

Table 3-12: Overflow Rates of Secondary Clarifiers

Annual Average 350 240 1,000 -
(Permitted) Flow
of 4.5 MGD

Permitted Flow of 530 360 1,000 -
6.75 MGD

Permitted Flow of 570 380 1,000 -
7.25 MGD

Peak Hourly Flow 1,770 1,180** - 1,000

of 22.5 MGD

*Assumes 90-foot diameter clarifiers
**A 125; diameter clarifier would be required to meet 10 States Standards Criteria, see discussion below
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Table 3-13: Solids Loading Rate of Secondary Clarifiers (Current Conditions)

Recommended by Ten-

N
2 clarifiers State Standards

Peak Day Flow
of 12 MGD + Max. RAS 37 35
flow of 6.9 MGD**

*Assumes two 90-feet diameter clarifiers with an average MLSS concentration of 3,000 mg/L
**Assumes two 2,400 gpm RAS pumps operating at full capacity. Actual RAS recirculation rate is approx. 3.5 MGD.

Table 3-14: Solids Loading Rate of Secondary Clarifiers (Future Flows)

Recommended by

. p 11 *
2 clarifiers 3 clarifiers Ten-State Standards

Peak Day Flow

of 15 MGD + Max. RAS 50 33 35
flow of 10.4 MGD**

*Assumes three 90-feet diameter clarifiers with an average MLSS concentration of 3,000 mg/L
**Assumes three 2,400 gpm RAS pumps operating at full capacity.

Three clarifiers are required to achieve a clarifier overflow rate <1,200 gpd/sg-ft at the peak
hourly flow condition and a peak daily flow solids loading rate of less than 35 Ib/sqg-ft/day. The
existing facility does include a standby polymer feed system that can help improve clarifier
performance during peak flow events.

As evidenced by the tables above, the existing clarifiers cannot support additional flow without
controverting the referenced design recommendations. At minimum, Mott MacDonald
recommends installation of a third 90-foot diameter Ovivo clarifier with a side water depth of 16-
feet and an EDI to maintain existing overflow and solids loading rates at the plant. A new RAS
pump station with a minimum of two pumps will be required to service the new clarifier. The
existing sludge pump station will continue to serve Clarifiers No. 1 and No. 2. Limited footprint
for a new clarifier and new sludge pump station is available directly north of the existing two
units. Modification to the existing two clarifiers is not anticipated.

A larger diameter clarifier can be constructed to improve future clarifier overflow and solids
loading rates. The existing site can accommodate up to a 125-foot diameter clarifier with a
suggested 50/25/25 split (50% to new clarifier). This will reduce the future clarifier overflow rate
to 901 gpd/sg-ft and the solids loading rate to 31.5 Ib/sqg-ft/day. These rates meet Ten-State
Standards recommendations while also providing additional loading capacity on-site during
high-flow events. A 16-foot side water depth is also recommended to minimize scouring and
billowing of the sludge blanket if poor settling conditions are present during peak flows.
However, a clarifier of a different diameter than the two existing may present operational
challenges as proportional control of the mixed liquor flow will be required.
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Sludge Pump Station

A new Sludge Pump Station as discussed in Section 3.3.1.6 is recommended to be constructed
to provide sludge recirculation and wasting for a third clarifier. If a larger diameter clarifier
(greater than 90-feet) is selected as the final basis of design, the hydraulic capacity of the
proposed pumps will need to be re-evaluated for a revised proportion of split flow. Operational
controls can also be provided if desired such that the RAS flow rate automatically paces the
influent flow rate at some fixed percentage.

3.4.1.5. Tertiary Filters

As was discussed for Alternative 1, new filters will be provided to replace the existing sand
filters. For Alternative 2, the filters will be sized to hydraulically pass the full peak flow of 22.5
MGD. Similar to Alternative 1, Veolia Hydrotech Discfilters will provide the simplest retrofit
option. Four (4) Hydrotech Discfilter units are required to treat a peak flow of 22.5 MGD with
one unit out of service. A sample layout is shown in Figure 3-19.
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Figure 3-19: Veolia HPF2224-2F Hydrotech Discfilter Sample Retrofit Layout

3.4.1.6. UV Disinfection System

The plant currently has two existing UV channels each rated at 7.5 MGD, for a total capacity of
15 MGD. Each 30-foot length channel contains two UV banks, each with 5 modules and 8
lamps. Each channel is served by three fixed weir troughs which feed into the effluent clearwell.
The UV system is downstream from the existing tertiary sand filters and is the last stage of
treatment before discharge to the Passaic River. The current bacteriological limit is 126 E. coli
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units per 100 ml as monthly average. Mott MacDonald consulted with Trojan Technologies to
evaluate options for providing treatment of increased flow.

Under a revised peak flow of 22.5 MGD additional UV disinfection capacity will be required. Two
design options were considered: Retrofitting the existing channels or installing a third adjacent
channel for additional capacity. These alternatives are discussed below.

To increase the rated capacity of the two existing UV channels from 15 to 22.5 MGD, each UV
bank will require 8 modules instead of 5 modules with a 1.25 safety factor (per NJ regulation).
The existing banks can be retrofitted with 3 additional modules in lieu of brand-new units, but
each bank must be supplied with a new Power Distribution Center to accommodate an 8-
module bank and a new System Control Center must be installed. The existing Hydraulic
System Center can be upgraded for continued operation of the cleaning system.

Expansion of the UV banks will necessitate structural modification of the interior concrete
channel reduction baffle to provide 32 inches of horizontal clearance for the expanded banks,
as shown in Figure 3-20. In addition, the fiberglass weir troughs will require 8.5 inches of
additional depth which will require replacement of all 6 weir troughs with 20.5-inch depth weir
troughs and 2 new level controllers for each set of troughs. The existing slide gates will not
require any modification. The estimated equipment cost for this upgrade option is $345,875.
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Figure 3-20: Retrofit of Existing UV Channel

Alternatively, the rated capacity of the UV disinfection system can also be increased with the
addition of a third, adjacent UV channel rated at 7.5 MGD as shown below in Figure 3-21. The
third channel would be sized identically to the existing channels and consist of two new banks,
three new weir troughs, three new aluminum slide gates, and two new Power Distribution
Centers (one per bank). The existing System Control Center and Hydraulic System Center will
need to be replaced with brand-new units to facilitate control for three channels. Note that this
does not include the cost of the slide gates or any demolition or structural work associated with
construction of the third channel.
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Figure 3-21: Third UV Disinfection Channel Footprint

Installation of a third channel provides additional operational flexibility across average and peak
flows. This option also does not require bypass setup and allows both channels to remain in full
operation during construction. The first option to retrofit the existing channels will require either

one or both channels to be out of operation during construction and will require bypass.

Therefore, Mott MacDonald recommends installation of a third channel with two Trojan UV 3000
Plus units to increase the rated disinfection capacity to 22.5 MGD.

For either option, if the maximum water surface elevation downstream of the UV channels

increases, the base of the channels will also have to be raised by the same increment.
However, in anticipation of increased flows, an additional effluent vertical turbine pump is
recommended to maintain existing levels within the clearwell. These pumps are further

discussed in Section 3.4.1.7.

3.4.1.7.

Effluent Pumping Facilities

Treated flow enters the Effluent Pump Wet Well for final discharge into the Passaic River and is
also the source for non-potable flushing water throughout the plant. Under normal conditions,
flow leaves the wet well by gravity through an effluent channel, a 36-inch pipe and discharges
through an outfall structure. When flood conditions in the Passaic River occur such that the
water level inside the wet well rises, a sequence is initiated to isolate the wet well from the
effluent channel and pump out of the wet well to prevent flooding of the UV disinfection system
upstream. The existing 16-inch effluent discharge centerline elevation of 182.08 will remain
unaffected by both the current 100-year and 500-year floodplain elevations provided in Table

3-9.

The wet well is equipped with three 30 HP National Vertical Turbine pumps each rated for 5,200
GPM (7.49 MGD) and are set up to provide automatic level control based on wet well level

measured with a bubbler system. Pump controls are designed to prevent the upstream
elevation from exceeding 170.35, or the maximum allowable level permitted for the UV
Disinfection system.
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Under a new peak flow of 22.5 MGD, it is recommended to maintain the same maximum
elevation of 170.35 to avoid additional modifications to the UV system. Specifically, if the
downstream elevation past the UV weir troughs increases, the bottom of each UV channel will
need to be raised by the subsequent difference, and each set of existing weir troughs will
require replacement with deeper troughs. To provide a firm pumping capacity of 22.5 MGD and
maintain existing wet well levels, a fourth vertical turbine pump in the Effluent Pump Wet Well
will be required and pump controls will require revised configuration.

To expand the annual average daily flow to 6.75 MGD with a peak hourly flow of 22.5
MGD, Mott MacDonald recommends the following improvements to the Caldwell WWTP
for Alternative 2:

e Addition of second bar screen to Headworks

e Addition of third 7.5 MGD vortex grit chamber to Headworks
e Addition of third 7.5 MGD oxidation ditch

e Addition of third, minimum 90-foot diameter, final settling tank
¢ Replacement of existing sand filters with rotating cloth filters

¢ Modification of the existing UV disinfection facilities or addition of third UV
disinfection channel

e Addition of a fourth effluent pump and modification of the pump controls

e Construction of separate return activated sludge pump station with a minimum
of two RAS pumps

e Associated process piping and appurtenances for modifications as described

Figure 3-22 displays the expected water surface elevations for different unit processes,
for Alternative 2, in the form of a hydraulic profile. The hydraulic profile indicates that the
Alternative 2 configuration allows Caldwell WWTP to accommodate the projected future
average, maximum, and peak flows, without any weirs becoming submerged or
insufficient freeboard (the submergence of weir at UV disinfection facilities is neglected,
due to ability to use effluent pumps).
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Figure 3-22: Caldwell WWTP Alternative 2 Hydraulic Profile
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3.4.3. Proposed Site Plan

As was shown in the 2007 Caldwell WWTP Upgrades Drawings, there is enough
space for the additional grit chamber, oxidation ditch, final settling tank, and sludge
pumping station. Figure 3-23 shows the proposed site plan for Alternative 2 — the

existing features are shown with grey lines, while the proposed Alternative 2 features
are shown with black lines.
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The capital costs for Alternative 2 account for the material, equipment, and labor costs
associated with the facility upgrades listed in Section 56 The line items for these costs in the
cost estimate are categorized as site work, concrete work, equipment, and electrical work.
Table 3-15 summarizes the capital costs for Alternative 2, assuming financing through the NJ I-
Bank. The entire cost estimate can be found in Appendix H.

Table 3-15: Alternative 2 Capital Costs

Headworks Improvements  $2,500,000 $3,000,000
Oxidation Ditch No. 3 $6,000,000 $6,000,000
Final Clarifier No. 3 and $5,000,000 $5,000,000
RAS/WAS Pump Station

Tertiary Filter Upgrades $2,750,000 $3,250,000
Effluent Pumping $500,000 $750,000
UV Disinfection $1,500,000 $1,500,000
Bypass Pumping $500,000 $750,000
Electrical and 1&C $3,650,000 $3,900,000
Upgrades

Contingency $4,480,000 $4,780,000
Total Construction Costs  $26,880,000 $28,680,000
Total Project Costs $35,731,600 $38,107,600
Total Loan Amount $36,608,00 $39,042,000
Annual Payment (Debt $1,634,544 $1,743,222
Service)

The life cycle costs for Alternative 2 are calculated over a twenty-year timeline, with capital
costs being paid in Year 0, and anticipated electrical, chemical, and sludge disposal operating
costs being paid from Year 1 to Year 20. The electrical operating costs are based on usage
rates, specified by vendors in Appendix G, for new equipment. Chemical and sludge disposal
costs are based upon current rates. All lifecycle costs are presented as the increased annual
expense per year. Table 3-16 summarizes the increased annual operational cost for Alternative
2. The complete life cycle cost estimate for Alternative 1 is included in Appendix I.
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Table 3-16: Alternative 2 Increased Annual Operation Cost Per Year

Electrical* $190,000 $190,000
Chemical $95,000 $116,100
Sludge $162,200 $198,300
Disposal*

Total/Year $447,200 $504,400
Net Present $6,650,000 $7,500,000
Value 20 Year

Cost**

*Assumes electricity cost of $0.12/kWh and sludge hauling/disposal cost $0.08/gallon
**20 Year cost includes annual inflation of 3%/year

This alternative will consider expansion or re-rating of the Caldwell WWTP to provide only the
currently required treatment capacity necessary for the municipalities to be served assuming
that some capacity can be made available for future additional flows by a WWTP other than the
Caldwell WWTP. The current maximum monthly flow to the Caldwell WWTP based on analysis
of the most recent 4 years of operating data is 5.76 MGD. Therefore, this alternative assumes
that the existing Caldwell WWTP will be re-rated to treat maximum monthly flow of 5.76 MGD
and that the additional capacity projected for future additional flows will be diverted to the
adjacent regional Parsippany-Troy Hills (Par-Troy) WWTP and/or the Two Bridges Sewerage
Authority (TBSA) WWTP.

The following historical reports document previous evaluations that have considered diversion
of flows from Roseland, North Caldwell and West Caldwell to adjacent systems:

Summary Report: Economic Considerations of Treating Caldwell area wastewater at the
Two Bridges Treatment Plant, prepared by Elson T. Killam Associates, October 1979

Caldwell Wastewater Treatment Plant: Project Report Addendum, prepared by Killam
Associates, May 1988 (Revised June 1988)

The 1979 report indicates there was no economic advantage to send flow to the TBSA
wastewater facility. The 1988 report presents concepts for diverting flow from Roseland to the
Par-Troy wastewater treatment facility. Roseland made the decision to remain part of the
Caldwell system at that time.

As part of this study, Caldwell contacted the TBSA WWTP and Par-Troy WWTP to inquire if
capacity could be made available to the municipalities served by the Caldwell WWTP. Copies
of the requests and the response received from the TBSA are provided in Appendix E. No
formal response has been received from the Par-Troy WWTP. However, information provided
during a Caldwell Sewer Board meeting in December 2020 indicated that Par-Troy was
planning to offer any excess capacity to its current customers.

The TBSA indicated it is possible that some of its future capacity could be made available to the
Caldwell system participants. However, it was noted that the TBSA capacity is actually owned
by the members of the TBSA and that unanimous agreement is required to change the
allocation of capacity. Furthermore, the TBSA noted that there are a number of other factors
that could influent the cost of any capacity that could be made available, including future permit
requirements and facility evaluations associated with increased treatment capacity.

504102388 | December 2021



62

The Alternative 3 process is assumed to be identical to the existing Caldwell WWTP process.
However, peak flow hydraulic improvements including off-line equalization facilities,
implementation of SDN for tight process control of the oxidation ditches, addition of a third
clarifier (see Table 3-5), and replacement of the sand filters with rotating cloth filters as
described in Alternative 1 will be required to accommodate re-rating the existing facility for a
higher capacity.

Alternative 3 would require addition of a third clarifier and associated sludge pumping station as
well as peak flow equalization. Refer to improvements shown on site plans for Alternatives 1
and 2 as representative of the Alternative 3 site plan.

Hydraulically, Alternative 3 is nearly identical to the Alternative 1 configuration of Caldwell
WWTP. Alternative 3 assumes that capacity-sharing with other WWTPs will allow Caldwell
WWTP to be re-rated to treat a permitted flow of 5.76 MGD. The annual average daily flow
water surface elevations shown in the Alternative 1 hydraulic profile (Figure 3-16) can be seen
as a “worst-case scenario” for the hydraulics of Alternative 3 average annual daily flow. Also,
the peak flow water surface elevations shown in the Alternative 1 hydraulic profile can be
assumed to be applicable to Alternative 3. Therefore, it can be concluded that the Caldwell
WWTP would be able to accommodate average, maximum, and peak flow rates with the
improvements proposed under the Alternative 3 configuration.

The capital costs for Alternative 3 include costs associated with a new equalization tank,
headworks facility expansion, third clarifier with return sludge pumping station, and sand filter
replacement. The capital costs for Alternative 3 are summarized in Table 3-17, and assume NJ
I-Bank financing. The entire capital cost estimate may be found in Appendix H.
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Table 3-17: Alternative 3 Capital Costs

Headworks

Equalization Basin and
Pump Station

Final Clarifier No. 3 and
RAS/WAS Pump Station

Tertiary Filter Upgrades
Electrical and 1&C Upgrades
Contingency

Total Construction Costs
Total Project Costs

Total Loan Amount

Annual Payment (Debt
Service)

The life cycle costs for Alternative 3 are associated with replacing the existing sand filters with
rotating cloth filters and peak flow hydraulic improvements. Alternative 3 uses the same cloth
filter life cycle costs that Alternative 1 uses, due to Alternative 3 being hydraulically like

$1,500,000
$3,500,000

$5,000,000

$2,000,000
$1,800,000
$2,760,000
$16,560,000
$22,109,200
$22,651,000
$1,011,365
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Alternative 1. The life cycle costs for Alternative 3 are summarized in Table 3-18. The entire life

cycle cost estimate may be found in Appendix |.

Table 3-18: Alternative 3 Increased Annual Operation Cost

Electrical* $88,800
Chemical $53,200
Sludge $90,850
Disposal*

Total/Year $232,850
Net Present $3,460,000

Value 20 Year
Cost**
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4. Final Design Recommendations

The total capital costs for the three alternatives are displayed in Table 4-1:

Table 4-1: Summary of Capital Costs

Alternative 1 (6.75 MGD) $27,360,000 $37,257,000
Alternative 1 (7.25 MGD) $28,800,000 $39,204,000
Alternative 2 (6.75 MGD) $26,880,000 $36,608,000
Alternative 2 (7.25 MGD) $28,680,000 $39,042,000
Alternative 3 (5.76 MGD) $16,560,000 $22,651,000

Alternative 1 has costs between $37.3 million and $39.02 million, depending on the selected
capacity. Alternative 2 has costs between $36.6 million and $39.0 million, depending on the
selected capacity. Alternative 3 has a cost of $22.7 million. However, Alternative 3 does not
account for any future increase in treatment capacity at the Caldwell WWTP or the costs
associated with conveyance and treatment at a nearby regional wastewater treatment facility.

Of the three alternatives, Alternative 1 has the highest capital costs, which are approximately
1.0% to 1.7% higher than for Alternative 2. The additional capital costs associated with
Alternative 1 mainly come from the construction of the flow equalization tank (costs do not
account for potential deforestation, relocation of solar panels, etc.).

Alternative 3 has the lowest capital cost due to not needing additional unit processes to
accommodate future increased influent flows.

Of the three alternatives, Alternative 1 has the greatest life cycle costs — this is because
Alternative 1 essentially has the same capital and operating costs as Alternative 2, in addition to
the capital and operating costs associated with the flow equalization tank. Alternative 3 has the
lowest life cycle costs, due to only having capital and operating costs that are associated with
the equalization tank, headworks, and rotating cloth filters. However, it is noted that the life
cycle costs for Alternative 3 do not account for the construction of conveyance infrastructure
that would assumed to be required to transfer a portion of the flow to the adjacent WWTPs. The
life cycle costs are summarized in Table 4-2:
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Table 4-2: Summary of Life Cycle Costs

Alternative 1 $457,300 $6,800,000
(6.75 MGD)
Alternative 1 $514,500 $7,650,000
(7.25 MGD)
Alternative 2 $447,200 $6,650,000
(6.75 MGD)
Alternative 2 $504,400 $7,500,000
(7.25 MGD)
Alternative 3 $232,850 $3,460,000
(5.76 MGD)

Alternative 1 will require relocation of a portion of the existing solar panel system to allow for
construction of the equalization tanks onsite. It has been determined due to limited additional
property available, and environmentally sensitive areas surrounding the site that the new
equalization tanks cannot be located anywhere else on the existing property. The advantage of
Alternative 1 is that construction of the new equalization tanks will provide additional flexibility
during the remainder of construction that will allow plant operators to divert flow to the tanks as
needed and largely avoid the need for bypass pumping during construction. Construction of the
new equalization tanks also provides long-term operational benefits for daily and peak flow
management at the plant.

Alternative 2 does not require any relocation of the existing solar panels. However,
modifications to yard piping and construction of new facilities will require significant bypass
pumping during construction. Additionally, it may be difficult for the plant to meet existing permit
requirements during construction as key unit processes, such as the existing sand filters, are
taken out of service to construct the new improvements. The facility would not have the
operational flexibility of flow equalization under this alternative, and the plant could require
future improvements if peak flows exceed the selected hydraulic design capacity for this
Alternative.

Alternative 3 is currently not considered a viable alternative in the near term as there is too
much uncertainty in the available capacity from the surrounding regional wastewater treatment
utilities. Therefore Alternative 3 is not recommended at this time.

Based upon a review of the capital and operational costs associated with each option, and the
feasibility of implementation discussion above, Mott MacDonald recommends that the following
course of action be considered (or adopted):

1. Engage in a full-scale demonstration test to determine the maximum treatment capacity
of the existing oxidation ditches. Demonstration testing would require purchase and
installation of additional flow meters and on-line ammonia and nitrate probes to monitor
plant performance at increased flows for a period of 2 to 4 weeks. This would be
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accomplished by modifying the flow split from 50/50 between the two ditches to 60/40
and higher if feasible, as needed to simulate future flows. Testing would end when the
plant’s performance indicates that the target effluent quality metrics are in danger of
being breached. The demonstration testing would be overseen by a licensed operator
and could be stopped at any time at his discretion. The NJDEP would be notified in
advance about the intent to conduct the demonstration testing. Conducting the
demonstration testing would require some upfront costs, but addition of a third oxidation
ditch requires a significant capital expenditure, which could potentially be saved if
construction of a third ditch was proved to be unnecessary.

Select the future design capacity of the facility. This report summarizes improvements
and costs associated with future capacities of 6.75 MGD and 7.25 MGD. ltis
recommended that a firm capacity be decided based on the above outlined testing
before proceeding with improvements to the Caldwell WWTP.

Upon selection of the appropriate design capacity, proceed with implementation of
Alternative 1, modifying the scope of work as necessary based upon results from the
demonstration test. That Alternative will provide, in our opinion, the greatest long term
benefit for the Caldwell WWTP. Capital and annual cost expenditures are similar
between Alternatives 1 and 2, but Alternative 1 offers the most resiliency against future
increases in peak flow associated with infiltration and inflow. Additionally, constructing
equalization tanks will provide the plant more stability in operations with the opportunity
to equalize diurnal and peak variations in flows and loads. This option will also allow for
reduced bypass pumping requirements during construction, and, increased operational
performance throughout the construction duration and for future conditions.
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NJDEP DMR Influent and Effluent Data
Caldwell 2018-2019 DMR Data

BioWin Program for Existing Conditions
BioWin Program for Future Conditions

Future Flow Projections and Correspondance
Temporary Flow Metering Data

Vendor Reference Documents

Capital Cost Estimates

Life Cycle Cost Estimates

Hydraulic Modeling Spreadsheets
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