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SUMMARY

This report presents the results of the evaluation to select the most appropriate and cost-effective
approach for the implementation of a biological anoxic filtration denitrification (DN BAF) process at the
Port Chester Water Resource Recovery Facility (WRRF). The evaluation also includes the study of an
ultraviolet light (UV) disinfection process in conjunction with the proposed DN BAF facilities due to
potential regulations for effluent limitations on enterococcus (entero) bacteria (or other pathogen
indicator) in the plant discharge.

The recommended project is the construction of a DN BAF Facility consisting of six (6) DN BAF filter cells;
an equipment building adjacent to the filter cells would house DN BAF-related equipment; an open
channel UV disinfection system; and a new effluent pumping station. The existing Effluent Pumping
Station will be modified to provide intermediate pumping to convey wastewater flow to the new DN
BAF Facility. The project will also include construction of chemical storage and feed facilities to support
the nitrogen removal processes. The probable construction cost for the above facilities is approximately
$33.6 million in 2016 dollars. Details of the proposed project are included in this report.

In the future, construction of an eighth train in the rotating biological contactor (RBC) process (RBC-4)
may be needed depending on the performance required in the RBCs (nitrification process) to achieve
the required nitrogen reduction in the DN BAFs (denitrification process). If required, RBC-4 would be
constructed under a later phase. The probable construction cost for RBC-4 is approximately $6.5 million
in 2016 dollars, bringing the total cost of the improvements to $40.1 million in 2016 dollars. Including a
25% factor for related non-construction costs (engineering, construction management, project
administration and legal fees), the total project costs are approximately $50.1 million in 2016 dollars.

The DN BAF Facility in conjunction with the RBCs will remove a minimum of 475 pounds of total nitrogen
(TN) per day (ppd) on average under current flows and loads. If the construction of RBC-4 occurs under
current flow and loading conditions, the average TN removal will be up to 535 ppd. Following the
construction of RBC-4, the capacity under design flow and loading conditions will be up to 600 ppd TN
on average. These are shown for comparison in Table 1 below. The loading conditions or time at which
RBC-4 will be needed cannot be defined at this time because it is dependent on a number of factors,
including: increases in the flows and loads at all four Long Island Sound WRRFs; the aggregate
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performance of the four Long Island Sound WRRFs; and the relative changes in ammonia and organic
loading at the Port Chester WRRF.

Table 1 - Total Nitrogen Removal at Port Chester WRRF

No. of RBCs Ammonia Nitrified by RBCs Total Nitrogen Removal

(Ibs NH3-N per day) (Ibs TN per day)
7 Minimum of 525 Minimum of 475
7 Up to 560 Up to 535
8 Up to 690 Up to 600

Through pilot testing and the detailed evaluation of alternatives in the conceptual design stage, the
approach outlined in the Second Engineering Plan was confirmed and the program was reduced from
the process alternative proposed in the original Engineering Plan of RBCs followed by a two-stage
nitrification / denitrification biological filter system (N/DN BAF) to the current recommendation of RBCs
followed by single-stage DN BAFs plus the UV disinfection system and the overall savings outlined in the
Second Engineering Plan of $40 million in 2016 dollars was also confirmed.

BACKGROUND

In 2008, Westchester County executed a Consent Order with New York State Department of
Environmental Conservation (NYSDEC) which mandated the installation of nitrogen removal facilities at
the County-owned WRRFs which discharge to Long Island Sound. An Engineering Plan developed by the
County recommended a Long Island Sound Improvement Program, the first phase of which was the
construction of nitrogen removal facilities at the New Rochelle, Mamaroneck and Blind Brook WRRFs.
Those facilities have now been constructed and are operational.

The 2008 Consent Order required the preparation of a Second Engineering Plan to be submitted to
NYSDEC to evaluate additional nitrogen reduction alternatives that may be necessary for Westchester
County to meet the overall aggregate 12-month rolling average (12MRA) TN discharge limit of 1,768
pounds per day (1,781 pounds per day less the 13 pounds per day allocated to the New Castle WRRF)
stipulated in the Consent Order by August 1, 2017. Westchester County fulfilled that obligation and
submitted The Second Engineering Plan on December 30, 2011. The Plan evaluated further nitrogen
treatment capabilities and developed a recommended program. If additional nitrogen removal is
necessary beyond the removal achieved at New Rochelle, Mamaroneck and Blind Brook WRRFs, the Plan
concluded that improvements at Port Chester WRRF was the most logical next step for a cost effective
treatment solution to meet the nitrogen discharge limit.

Currently, the nitrogen removal facilities at Mamaroneck, New Rochelle and Blind Brook WRRFs are
performing well and meeting the August 1, 2017 12MRA discharge limit of 1,768 pounds per day.
However, flows to the four Long Island Sound WRRFs over the past 15 months have been lower than
average (average combined flow of 34.1 MGD compared to a historical average of 37.1 MGD) and this is
contributing to lower nitrogen discharges. At historical flow conditions Westchester County is unlikely to
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meet the 12MRA TN discharge limit. A review of historical flow data over a 10 year period indicates that
Westchester County will require the removal of an additional 200 to 600 pounds of nitrogen per day.

The original Engineering Plan had developed a nitrogen removal project for Port Chester that had a project
cost of $106 million. The Second Engineering Plan identified an alternative to nitrify using the existing
RBCs and to install new DN BAFs to provide denitrification at a project cost of $66 million. The key to
utilizing this alternative, which is $40 million less than the original project, is the performance of the
nitrification process in the RBCs. To evaluate the nitrification performance, the Second Engineering Plan
recommended a full scale demonstration pilot testing of one RBC train at Port Chester.

The Second Engineering Plan outlined a phased approach to the Port Chester Nitrogen Removal Project:

Phase | - Retrofit RBC Train 8 and conduct the Pilot Test.
Phase Il - Retrofit RBC Trains 1 through 7 and construct the new RBC-4.
Phase Il - Construct the DN BAF Facility.

PHASE | — PILOT TESTING

One of the RBC Trains was retrofitted with new media of varying density and then operated as a pilot
facility for 16 months to evaluate the ability of the RBCs to nitrify. The results of the testing confirmed
that the upgraded RBC can provide sufficient nitrification of the wastewater to support a downstream
denitrification process. In addition, the pilot test also concluded that at current flows and loads, the
existing 7 RBC Trains followed by a DN BAF facility could remove a minimum of 475 pounds per day of
nitrogen on average. If the new eighth RBC is installed, then at design flows and loads, up to 600 pounds
per day of nitrogen could be removed on average.

These were key conclusions of the pilot test because they allow a phased construction approach

permitting the delay of the construction of the 8" RBC train until it is needed, if ever. This deferment
reduces the cost of Phase Il by $6.5 million.

PHASE Il = RETROFIT RBC TRAINS 1 -7

The retrofitting of the RBCs has been divided into the following subphases:
Phase IIA - Retrofit RBC Trains 5, 6, & 7 in a similar manner to the Pilot Train 8.

The construction contract for this work has just been awarded by the County at a
cost of $7,176,190.
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Phase IIB - Retrofit RBC Trains 1, 2 & 3 in a similar manner.

This phase is designed (but needs to be reconfigured and coordinated with other
ongoing projects) and will be bid in the near future based on the Phase IIA schedule
of completion. The Engineer’s Opinion of Probable Cost for this work is
approximately $9.1 million.

PHASE Ill — DN BAF FACILITY

The DN BAF Facility has been the subject of extensive evaluation over the last year to determine the most
cost-effective solution. Several iterations of alternatives have been evaluated, as detailed in the various
reports outlined below. These reports are included in the appendices as indicated below and are bound
separately from this report.

e Appendix A: Draft Report dated Nov 30, 2015 and subsequent revision dated Dec 11, 2015 —
This report evaluated options for the DN BAF process to treat either the permitted flow of 6
MGD (plus internal recycles) or the peak hour flow of 13.4 MGD (plus internal recycles) with at
least one redundant filter cell.

e Appendix B: Draft Report Revision dated Dec 22, 2015 — This report evaluated options for the
DN BAF process based on sizing the system to treat either the peak hour flow of 13.4 MGD (plus
internal recycles) with one redundant filter cell or to treat only a portion of the flow based on a
system with 50% of the total filter capacity required for the peak hour flow.

e Appendix C: Draft Report dated May 27, 2016 — This report evaluated a modular approach for
the DN BAF process to achieve specific TN removal targets of 200, 400 and 600 pounds per day.
The incorporation of a UV disinfection process was also evaluated in conjunction with the DN
BAF facilities.

e Appendix D: Draft Presentation dated Jul 27, 2016 — This evaluated a modular approach for the
DN BAF to achieve specific TN removal targets of 200, 400 and 600 pounds per day including
alternatives for splitting the flow upstream at the RBCs. The alternatives evaluated included the
use of an in-line UV disinfection system in lieu of an open channel system.

As detailed in Appendices C and D, the modular approach was evaluated to determine whether any
significant savings could be achieved by postponing construction of a portion of the DN BAF facilities to a
later date based on the anticipated progression of TN removal needed due to increases in wastewater
flows and loads with time. The DN BAF filters would be constructed in a modular fashion such that
additional capacity could be added by constructing the next pair of filters in sequence. However, due to
the infrastructure required to operate and support the first module of the DN BAF process (which
represented 80-85% of the overall DN BAF Facility cost, see Appendix C, page 10), the modular
construction of the DN BAF Facility was determined not to be cost-effective (see Appendix D, page 17).
The evaluation of the modular approach, in conjunction with the pilot test results, however, did
determine that the construction of RBC-4 could be postponed resulting in a savings of $6.5 million in
construction costs (see Appendix D, page 8).
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Also as shown in Appendix D, the conceptual plan for the DN BAF Equipment Building was redesigned
based on the use of steel framing for the superstructure in lieu of the reinforced concrete structure
originally considered. The need for fine screens was also reviewed and the fine screens were removed
from the general building design and included only under the specific alternatives where they were
required. In addition, the basis for evaluating the probable construction costs for the building trades —
architectural, electrical, HVAC and plumbing — was refined from a percentage cost basis to a square foot
cost basis fashioned from standard construction estimating tools and recent experience with County
projects. In all, the redesign of the DN BAF Equipment Building resulted in a savings of $5.2 million in
construction costs (see Appendix D, page 7).

The recommended project is Combined Flow RBCs with Open Channel UV Disinfection — Alternative 4A
as outlined in the July 27, 2016 Report. The conceptual design of the proposed facility is shown in the
attached figures. The scope of work includes:

e Construction of a DN BAF Facility consisting of six (6) DN BAF filter cells.

e Construction of an adjacent DN BAF Equipment Building to house supporting equipment such as
blowers, backwash waste pumps, controls and electrical equipment.

e Construction of an open channel UV disinfection system within the new DN BAF Equipment
Building. The design could be modified to allow for the construction of the UV system at a later
date when the disinfection regulations are finalized. This will be reviewed during detailed
design.

e The DN BAF Facility will include a new Effluent Pumping Station to convey the treated plant
effluent to the existing outfall in the City of Rye.

e Modification of the existing Effluent Pumping Station and effluent force main to convey the
nitrified RBC effluent to the DN BAF Facility for denitrification and disinfection.

e Construction of chemical storage and feed facilities for the denitrification process (i.e.,
methanol) and the nitrification process within the RBCs (i.e., sodium hydroxide).

Ultimately, construction of an eighth train in the RBC process (RBC-4) may be needed to maximize
the nitrogen removal capacity of the treatment system.

The DN BAF Facility, in conjunction with the operation of eight RBC trains for nitrification, will provide
for the removal of up to 600 of pounds of TN per day. Under current flows and loads, and in conjunction
with the existing seven RBC trains, the DN BAF Facility will provide for the removal of a minimum of 475
pounds of TN per day. These removals will supplement the TN removals achieved at the Mamaroneck,
New Rochelle and Blind Brook WRRFs providing additional treatment capacity for compliance with the
County’s aggregate Long Island Sound TN discharge limit of 1,768 pounds per day.

The project will be constructed in phases:

e Phase llIA: Construction of DN BAF Facility and related improvements.
e Phase llIB: Construction of RBC-4 due to increases in wastewater flows and loads.
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As shown in Appendix D, the evaluation of the DN BAF alternatives and the phasing of construction
results in a savings under Phase IlIA of $11.7 million (see Appendix D, page 13).

A summary of the probable construction costs for the two phases of the project are presented in Table 2
below. A detailed listing of the construction costs is presented in the attached Table 3. Table 2 below
also lists probable project costs including a customary factor of 25% for non-construction costs such as
engineering, construction management, administration and legal fees. The costs are stated in July 2016
dollars.

“ Approximate Total Construction Costs Project Costs
Nitrogen Removal (2016 dollars) (2016 dollars)

Minimum of 475 lbs/day $336M $42.0 M

Up to 600 lbs/day $6.5M $8.1M

Total Phase Il
40.1 M AM
Construction Costs $40 $50

It should be noted that when comparing these costs to the costs outlined in the two Engineering Plans,
that the Engineering Plans did not include an UV Disinfection System. Excluding the cost of the UV
Disinfection System and including the costs of the RBC improvements outlined above, the total project
cost is approximately $66.7 million in 2016 dollars, confirming the $40 million savings outlined in the
Second Engineering Plan.
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WESTCHESTER COUNTY, NEW YORK
DEPARTMENT OF PUBLIC WORKS AND TRANSPORTATION
DEPARTMENT OF ENVIRONMENTAL FACILITIES

PORT CHESTER WATER RESOURCE RECOVERY FACILITY
EVALUATION OF DN BAF ALTERNATIVES

Table 3 - Probable Construction Costs
Recommended Alternative - RBCs plus DN BAFs with Open Channel UV Disinfection

Project Scope Item Item Cost Item Cost Total Construction Cost
Phase IlIA
Split RBC Effluent to Final Tanks S - S -
DN Influent Pumping Station S - S -
DN Influent Force Main S - S -
Existing EPS Modification S 2.73 | S 2,730,000
Equipment Building (Shell) S 380 (S 3,800,000
DN BAF Filters and Equipment S 16.34 | $ 16,340,000
DN Effluent Force Main S - S -
Existing Eff FM Modification S 1.23 | S 1,230,000
UV System S 297 1S 2,970,000
Effluent PS S 3.72 (S 3,720,000
Subtotal DN BAF and UV-Related Costs S 30.79 | $ 30,790,000
RBC Chemical Feed Costs S 160 |S 1,600,000
RBC Electrical Upgrade S 1.20| S 1,200,000
Subtotal RBC-Related Costs S 280 1|8$ 2,800,000
PHASE IIIA TOTAL S 33,590,000
Phase IlIIB
RBC 4 Construction S 6.50 | S 6,500,000
PHASE I1IB TOTAL S 6,500,000
PROBABLE CONSTRUCTION COSTS TOTAL S 40,090,000
(in July 2016 dollars)
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WESTCHESTER COUNTY, NEW YORK
DEPARTMENT OF PUBLIC WORKS AND TRANSPORTATION
DEPARTMENT OF ENVIRONMENTAL FACILITIES

PORT CHESTER WRRF
EVALUATION OF PHASING FOR DN BAF PROCESS CONSTRUCTION

CONCEPTUAL DESIGN COSTS
RBCs + DN BAF + UV Disinfection
Table 4 - Breakdown of DN BAF and UV Facility Costs

Contractor's

Contingency Mobilization Construction Costs Overhead &
Item Description Qty Units Unit Cost Extended Cost Direct Costs Subtotal (+30%) Direct Costs (+8%) Subtotal Profit (+20%) [Construction Costs
Existing Effluent Pumping Station Upgrade S 1,620,000 | S 1,620,000 | $ 486,000 | S 2,106,000 | S 168,000 | $ 2,274,000 | S 455,000 | S 2,729,000
Effluent Pumps 4 Ea S 150,000 | $ 600,000
Pumping Unit Installation 4 Ea S 150,000 | S 600,000
Process Instrumentation 1 LS 10% S 120,000
Process Electrical 1 LS 25% S 300,000
Building Shell and Systems $ 2,257,000 | $ 2,257,000 | $ 677,000 | $ 2,934,000 | $ 235,000 | $ 3,169,000 | $ 634,000 | $ 3,803,000
Structural 1 LS S 1,180,000 | $ 1,180,000
Architectural 5658 SF S 751$ 424,350
Electrical 5658 SF S 25 1S 141,450
HVAC 5658 SF S 16| S 90,528
Plumbing 5658 SF S 131]S 73,554
Site Work 1886 SF S 25|S 47,150
500 MCM Cable to DN from Exist EFF PS 1200 LF S 250 | $ 300,000
DN BAF Filters (See Table 5 for Cost Breakdown) S 9,700,000 | S 9,700,000 | $ 2,910,000 | $ 12,610,000 | S 1,009,000 | $ 13,619,000 | S 2,724,000 | $ 16,343,000
Process Mechanical 1 LS S 3,900,000 | $ 3,900,000
Structural Work 1 LS $ 1,953,000 | $ 1,953,000
Process/Yard Piping 1 LS S 1,171,000 | S 1,171,000
Architectural 1 LS S 685,000 | S 685,000
Electrical 1 LS S 1,171,000 | S 1,171,000
Process Instrumentation 1 LS S 293,000 | S 293,000
HVAC 1 LS S 293,000 | S 293,000
Plumbing 1 LS S 117,000 | $ 117,000
Site Work 1 LS S 117,000 | $ 117,000
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WESTCHESTER COUNTY, NEW YORK
DEPARTMENT OF PUBLIC WORKS AND TRANSPORTATION
DEPARTMENT OF ENVIRONMENTAL FACILITIES

PORT CHESTER WRRF
EVALUATION OF PHASING FOR DN BAF PROCESS CONSTRUCTION

CONCEPTUAL DESIGN COSTS
RBCs + DN BAF + UV Disinfection
Table 4 - Breakdown of DN BAF and UV Facility Costs

Contractor's
Contingency Mobilization Construction Costs Overhead &
Item Description Qty Units Unit Cost Extended Cost Direct Costs Subtotal (+30%) Direct Costs (+8%) Subtotal Profit (+20%) [Construction Costs
Connect Existing FM to new DN BAF Bldg S 733,000 | $ 733,000 | S 220,000 | $ 953,000 | $ 76,000 | $ 1,029,000 | $ 206,000 | $ 1,235,000
30" Line Stopping Valve 1 Ea S 150,000 | $ 150,000
30" Wet Taps w/ Valves 2 Ea S 150,000 | S 300,000
30" Piping 200 LF S 500 | $ 100,000
Trenching - Excavation 300 cY S 40 (S 12,000
Trenching - Fill 150 cY S 401 S 6,000
Trenching - Dewatering 1 LS S 15,000 | $ 15,000
Utility Support / Relocation 1 LS S 150,000 | $ 150,000
UV Disinfection Process - Open Channel S 1,763,000 | S 1,763,000 | S 529,000 | S 2,292,000 | $ 183,000 | 2,475,000 | $ 495,000 | $ 2,970,000
UV System Equipment 1 LS S 685,000 | S 685,000
UV System Installation 1 LS S 513,750 | S 513,750
Structural - Channel Walls 74 cY S 1,450 | $ 107,300
Process Instrumentation 1 LS 10% S 130,605
Process Electrical 1 LS 25% S 326,513
Effluent Pumping Station S 2,210,000 | S 2,210,000 | $ 663,000 | S 2,873,000 | $ 230,000 | $ 3,103,000 | $ 621,000 | $ 3,724,000
Effluent Pumps 4 Ea S 200,000 | $ 800,000
Pumping Unit Installation 4 Ea S 140,000 | $ 560,000
Structural - Wet Well Walls 78 cY S 1,450 | $ 113,100
Process / Yard Piping 1 LS 15% S 220,965
Process Instrumentation 1 LS 10% S 147,310
Process Electrical 1 LS 25% S 368,275

TOTAL CONSTRUCTION COSTS (2016 Dollars) $ 30,804,000
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WESTCHESTER COUNTY, NEW YORK
DEPARTMENT OF PUBLIC WORKS AND TRANSPORTATION
DEPARTMENT OF ENVIRONMENTAL FACILITIES

PORT CHESTER WRRF
EVALUATION OF PHASING FOR DN BAF PROCESS CONSTRUCTION

CONCEPTUAL DESIGN COSTS
PHASE IIIA - BIOSTYR (KRUEGER)
Table 5 - Detailed DN BAF Facility Costs
No. of Filters: 6
Filter Size: 11.2'x 13.5' (150 SF)

Item Description Qty Units Unit Cost Extended Cost

Process Mechanical S 3,900,000
Biofilter Process (Vendor) 1 LS S 1,800,000 | $ 1,800,000
Vendor Eq. Installation 1 LS S 1,350,000 | $ 1,350,000

Fine Screens Ea S -
Backwash Waste Pumps 2 Ea S 75,000 | $ 150,000
Backwash Connection to PSTs 1 LS S 100,000 | S 100,000
Methanol Storage and Feed System 1 LS S 500,000 | $ 500,000
Structural S 1,866,000
Excavation 1060 cY S 30 (S 31,800
Sheeting and Bracing 3020 SF S 251 $ 75,500
Pile Foundation 2650 VLF S 120 | $ 318,000
Base Slab 195 cYy S 1,000 | $ 195,000
Walls 694 cYy S 1,450 | S 1,006,300
Elevated Slabs 155 cYy S 1,150 | $ 178,250
Filters/ Gallery Canopy 1912 SF S 32 (S 61,184
Structural - DN Bldg 5 87,000
Walls - Backwash Wet Well 60 cY S 1,450 | S 87,000
Process Mechanical and Structural Subtotal S 5,853,000
Process / Yard Piping 20% $ 1,171,000
Architectural S 685,000
DN Facility Architectural 10% S 585,000
DN Gallery Egress Stair 1 LS S 100,000 | S 100,000
Electrical S 1,171,000
DN Facility Electrical 20% S 1,171,000
Process Instrumentation 5% S 293,000
HVAC 5% S 293,000
Plumbing 2% S 117,000
Site Work 2% S 117,000
Direct Costs Subtotal S 9,700,000
Contingency 30% S 2,910,000
Direct Costs S 12,610,000
Mobilization 8% S 1,009,000
Construction Costs Subtotal S 13,619,000
Contractor O&P 20% S 2,724,000
Construction Costs (2016) S 16,343,000
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