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Executive Summary 
This report evaluates the capacity of the North Castle Wastewater Treatment Plant and identifies 
necessary improvements to process a maximum month flow of 0.60 mgd and 0.70 mgd. The report 
is intended to be utilized by the Town of North Castle for planning purposes. The following table 
summarizes the recommended improvements for the two capacity alternatives. 

Future Maximum Month Flow 
of 0.60 mgd 

Future Maximum Month Flow 
of 0.70 mgd 

Necessary Improvements: 
1. Construct one additional primary clarifier. 1. Construct one additional primary clarifier. 
2. Construct one additional denitrifying filter 

cell. 
2. Construct two additional denitrifying filter 

cells. 
3. Construct a granular carbon adsorption 

system for additional nitrogen removal. 
3. Construct a granular carbon adsorption 

system for additional nitrogen removal. 
4. Replace existing thickening equipment with 

greater capacity equipment. 
4. Replace existing thickening equipment with 

greater capacity equipment. 
-- 5. Construct additional equalization storage 

volume. 
-- 6. Construct an additional rotating biological 

contactor train. 
5. Construct building and site improvements. 7. Construct building and site improvements. 
Opinion of Project Cost: 
 $5,200,000  $9,000,000 
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1. Introduction 
1.1 Background 

The Town of North Castle Sewer District No. 2 owns and operates a wastewater treatment facility, 
located on Business Park Drive in the Town of North Castle, County of Westchester, NY. The 
Town’s wastewater treatment facility was originally built in 1984 to treat 380,000 gallons per day 
(gpd). Treated effluent from the facility is discharged to the Wampus River, which is classified as a 
Class A waterway by the New York State Department of Environmental Conservation (NYSDEC). 
The Wampus River merges with the Byram River approximately 0.5 miles from the point of 
discharge. The Byram River ultimately flows to Long Island Sound.  

In 1985, the U.S. Environmental Protection Agency (USEPA), New York State, and the State of 
Connecticut began a program to assess the water quality of Long Island Sound (LIS). In 1994, a 
plan was approved to protect and improve the water quality. In 1998, Connecticut, New York, and 
the USEPA adopted nitrogen reduction targets for 11 designated zones that compromise the 
Connecticut and New York portions of LIS. In 2001, the USEPA mandated a 58.5 percent reduction 
of nitrogen discharges to be achieved over a 15-year period. The Town of North Castle WWTP, 
along with four WWTPs operated by Westchester County, contribute to the portion of LIS that is 
designated as Zone 7. 

In May 2004, NYSDEC initiated a modification to the North Castle WWTP State Pollutant 
Elimination Discharge System (SPDES) permit to include nitrogen limits that would be phased in 
over time. The NYSDEC issued Order on Consent #CO 3-20041207-3 in July 2006 requiring the 
Town to meet a schedule to comply with the nitrogen limits that were added to the SPDES permit. 
The schedule included enforceable milestone dates. 

The Town of North Castle retained GHD Consulting Services Inc. to evaluate nitrogen removal 
options to upgrade the Town of North Castle WWTP to meet the new nitrogen limits in the SPDES 
permit. Engineering Report I, “Nitrogen Removal Evaluation,” was completed in September 2006 
and submitted to NYSDEC and the Westchester County Department of Health. A design report for 
the nitrogen removal upgrade was submitted in June 2007, thus meeting the requirement of the 
Consent Order. As recommended in the design report, the WWTP was upgraded for improved 
performance and nitrogen removal.  The upgrades were completed in accordance with the schedule 
established by the Consent Order, with many milestones being completed ahead of schedule. 

In late 2008, the Town of North Castle again retained GHD to assist a Sewer Capacity Task Force 
in projecting future flows and to evaluate the capacity of existing infrastructure and identify 
improvements required to increase the design maximum month flow of the WWTP by 50,000 gpd to 
0.50 million gallons per day (mgd). The increase of 50,000 gpd was identified as an expansion that 
would meet the short-term needs of the District and could be quickly implemented at a reasonable 
cost.  

In January 2009, GHD completed the “Evaluation to Assist Sewer Capacity Task Force” utilizing 
information provided by the Town to project future capacity needs of Sewer District No. 2. The 
report also identified an economical approach to expanding plant design capacity from 0.45 mgd to 
0.50 mgd by adding improvements to the ongoing construction contract. This approach was 
implemented with the understanding that additional measures may be necessary to meet long-term 
needs. 
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In September of 2010, performance testing of the nitrogen removal system was successfully 
completed and the WWTP began operating in compliance with the nitrogen limit that would go into 
effect in 2014. Engineering Report II, “Evaluation of Nitrogen Treatment Capabilities,” was 
submitted to NYSDEC in September 2011 in accordance with Consent Order requirements.  

Following completion of the upgrade and successful demonstration of performance, the Town 
requested a SPDES permit modification to increase the flow limit of the plant from 0.45 to 0.50 mgd.  
The NYSDEC issued a new SPDES permit, effective on March 1, 2012, that increased the 
maximum month flow limit to 0.50 mgd. The limit on total nitrogen (TN) was not changed from that 
established by the Consent Order. 

At the present time, construction of the WWTP upgrades is complete and the facility is operating in 
compliance with the existing SPDES permit. 

In anticipation of continued growth within the Town and the District, in May 2013, the Town retained 
GHD to evaluate the existing WWTP, project future flows, and recommend necessary 
improvements to enable the WWTP to accommodate an increased flow rate. This effort is 
summarized in the “Sewer Capacity Study for Sewer District No. 2,” August 2013. 

The Town again retained GHD in October 2013 for assistance in evaluating and planning for 
improvements to accommodate a design capacity increase from both a maximum month flow of 
0.60 mgd and also a maximum month flow of 0.70 mgd. The Town and GHD met with the NYSDEC 
in November 2013 to discuss NYSDEC’s expectations and requirements associated with a permit 
modification to allow additional flow. The NYSDEC indicated such a permit modification would be 
considered, provided an engineering report is submitted demonstrating the WWTP can provide 
adequate capacity for the increase. NYSDEC also indicated that existing concentration-based 
limits, such as for BOD and TSS, may remain, thus allowing an increase in any associated mass-
based limits. However, the existing 12-month rolling average mass-based limit for TN was highly 
unlikely to be increased, since it is inextricably linked to the TMDL for LIS Zone 7, and the approval 
of many stakeholders would be involved. 

1.2 Purpose of Report 

The purpose of this report is to provide assistance to the Town of North Castle in evaluating the 
Sewer District No. 2 WWTP for a design capacity maximum month flow of 0.60 mgd and 0.70 mgd, 
and identifying recommended improvements that may be required to provide adequate treatment 
for the increased flow and loading. This report provides information to assist the Town in identifying 
a revised flow limit that can be feasibly implemented. Once the Town has identified the desired flow 
limit, this report will serve as the basis for an engineering report supporting a formal request for a 
permit modification from the NYSDEC. 

1.3 Scope of Study 

The scope of this effort includes an evaluation of the existing Sewer District No. 2 WWTP capacity 
and identification of improvements necessary to accommodate a maximum month flow of 0.60 mgd 
and of 0.70 mgd, while meeting the existing limit for TN as well as the concentration-based limits in 
the existing SPDES permit. 
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2. Existing Conditions 
2.1 Flows and Loading 

Influent data was taken from WWTP daily monitoring reports for the period of September 2013 to 
August 2015 to reflect recent conditions. The data is presented in Table 2-1.  

 Table 2-1    Recent Influent Flows and Loading 

Parameter Recent  Influent Data (September 2013 to August 2015) 
Influent Flow Rate 

Average annual 
Maximum month  
Peak day 
Peak hour 
Peak flow after equalization 

 
0.362 mgd 
0.427 mgd 
0.583 mgd(1) 
0.82 mgd(2) 
0.84 mgd(3) 

CBOD Loading 
Average annual 
Maximum month 

 
863 lbs/day 
1,185 lbs/day 

TSS Loading 
Average annual 
Maximum month 

 
863 lbs/day 
1,310 lbs/day 

Ammonia Loading 
Average annual   
Maximum month 

 
69 lbs/day 
94 lbs/day 

(1) Peak day of data set was April 30, 2014. Precipitation of 3.26 inches was recorded. 
(2) Peak hour is estimated by applying a diurnal peaking factor of 1.4 to the peak day flow. 
(3) Based on the capacity of the equalization tank pump station. 

2.2 WWTP Process Description 

In 2010, construction was completed to implement nitrogen removal as well as other improvements 
(previously identified as “Priority 1” and “Priority 2”) at the WWTP. These upgrades improved the 
reliability and performance of the facility and provided a design capacity for a maximum month flow 
of 0.50 mgd. This section describes the facilities and recent upgrades. The following unit processes 
are currently utilized at the treatment plant: 

 

1. Influent pump station. 

2. Channel grinder/manual bar rack. 

3. Equalization tank. 

4. Equalization pump station. 

5. Primary clarifiers. 

6. Nitrifying rotating biological contactors (RBCs) with supplemental aeration. 

7. Final clarifiers. 
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8. Filter feed pump station. 

9. Denitrifying filter system. 

10. Methanol storage and feed system. 

11. Cloth filter (supplemental process). 

12. Ultraviolet (UV) disinfection. 

13. Post-treatment reaeration system. 

14. Aerated sludge holding tanks. 

15. Sludge thickener system. 

16. Odor control units. 

The following sections describe these processes and equipment.  

2.2.1 Influent Pump Station and Influent Flow Meter 

The influent pump station for the facility receives wastewater from two sanitary sewer interceptors. 
The pump station consists of three constant speed pumps rated for 460 gpm (0.66 mgd each). A 
magnetic flow meter is installed in the lift station valve pit to measure instantaneous and totalized 
pump flow. A circular chart recorder for this flow meter is located in the Control Building. 

2.2.2 Preliminary Treatment 

Preliminary treatment for the facility consists of a manual bar rack and a channel grinder installed 
during the Priority 1 upgrade project. Under normal conditions, wastewater is pumped from the 
influent pump station to the headworks channel, where it flows by gravity through the grinder and 
then to the equalization tank. If maintenance is to be performed on the grinder, the wastewater can 
be diverted to the bypass channel, which contains a manually cleaned bar rack. 

2.2.3 Equalization Tank 

Following preliminary treatment, flow from the headworks channel is discharged to an in-line 
equalization tank. The purpose of the equalization tank is to reduce the hourly variations of flows 
entering the plant and provide a more constant flow of wastewater through the plant. This improves 
the overall operation of the clarifiers, RBCs, and denitrifying filter; and reduces the peak flow to 
downstream equipment. Wastewater from the equalization tank is pumped to a concrete splitter box 
for distribution to the primary clarifiers. 

The equalization tank also receives recycle flows from the aerated sludge holding tank, sludge 
thickener, denitrifying filter backwash, and plant drain system. Short-term flow variations are 
dampened in the tank, which is 36 feet in diameter with a sidewater depth of approximately 18 feet. 
The tank has an equalization volume of about 137,000 gallons and is aerated by coarse bubble 
diffusers to mix the wastewater and reduce the potential for odors. Air for the equalization tank is 
provided by two positive displacement blowers located in the basement of the plant Control 
Building. The tank is covered and actively vented to an activated carbon odor control unit. 
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2.2.4 Equalization Pump Station 

Wastewater is pumped from the equalization tank to the primary clarifier distribution box. The pump 
station consists of two 584 gpm (0.84 mgd) submersible pumps controlled by variable frequency 
drives (VFDs) and a capacitance-type level sensing system. Pump speeds are automatically 
adjusted based on tank level. Peak hourly flows to downstream equipment are limited to 0.84 mgd 
by the equalization tank system. This reduces capacity requirements and provides a more constant 
flow rate, which improves process stability.  

2.2.5 Primary Clarifiers 

Two 16-foot diameter tanks with a sidewater depth of 10 feet provide primary clarification of the 
wastewater and the initial removal of suspended solids, BOD, and Total Kjeldahl nitrogen (TKN). 
Under normal operating conditions, both units are in operation.  

Underflow (sludge) from the two clarifiers flows by gravity to a sludge wet well via a timer-operated 
automatic valve. Primary sludge is pumped from the wet well to the sludge holding tank for 
treatment and final disposal.  Sludge is pumped out of the wet well using two float switch controlled, 
plunger-type pumps located in the basement of the Control Building. Under normal operating 
conditions, only one of the two sludge pumps operates at a time.  

A deeper scum baffle was previously installed to improve operation and prevent floating material 
from passing under the baffle when sludge is being pumped. The primary clarifier drives were 
replaced by the Town in 2003. 

2.2.6 RBC Distribution Box 

There are eight RBCs arranged in four trains of two RBCs each, four of which were installed as part 
of the Priority 1 upgrade. Flow from the two existing primary clarifiers is piped to an RBC distribution 
box, which is equipped with five weirs of equal length and equal elevation to evenly divide the flow 
to each RBC train. The weirs are of equal length and elevation so the same amount of water flows 
over each weir. Two of the weirs direct flow to the original (1984) RBC trains, two weirs direct flow 
to the two newer (2006) RBCs trains, and the fifth weir is installed to support an additional train of 
RBCs should it be required in the future. If an RBC train must be taken out of service, an aluminum 
stop plate can be inserted to stop the flow to that specific train.  

2.2.7 Nitrifying RBCs 

The four trains of RBCs operate in parallel. Each train is equipped with two RBC shafts in series. 
The RBC process is an aerobic fixed-film process in which a biofilm, growing on plates of inert 
polyethylene media, is rotated through the wastewater. Oxygen transfer to the biofilm occurs as it is 
exposed to the atmosphere. Each shaft is equipped with a supplemental aeration system designed 
to improve performance during heavy loading conditions by enhancing sloughing and increasing 
dissolved oxygen in the wastewater. The biofilm removes CBOD from the wastewater by converting 
it to biomass that sloughs off and flows to the secondary clarifier for removal by sedimentation. The 
biofilm also removes ammonia from the wastewater by converting it to nitrate (nitrification). Each 
train is nearly equal in treatment capacity, and flow is equally distributed between trains. The water 
level in the RBCs is controlled by the elevation of the weirs in the downstream secondary clarifier 
distribution box. 
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Baffles are provided to separate the stages of the two RBCs in each train. The RBCs are provided 
with valves and interconnecting piping so a single RBC can be taken out of service.  Each RBC is 
provided with a valved drain in the event the RBC must be drained for servicing.  

2.2.8 Secondary Clarifier Distribution Box 

Nitrified effluent from the four RBC trains is piped into a distribution box equipped with two equal 
length weirs. The purpose of the distribution box is to combine flow from the four RBC trains and 
equally distribute it to the two secondary clarifiers. If a secondary clarifier is taken out of service, an 
aluminum stop plate can be inserted and flow will not be discharged to that clarifier. 

2.2.9 Final Clarifiers 

Two 22-foot diameter clarifiers with a sidewater depth of 10 feet provide secondary clarification of 
the wastewater following RBC treatment. Wastewater flows to the clarifiers by gravity from the 
RBCs. In 2003, the final clarifier drives were replaced by the Town and a deeper scum baffle was 
installed to prevent floating material from flowing under the baffle when sludge is pumped. 

2.2.10 Filter Feed Pump Station 

Final clarifier effluent flows to a pump station and is then pumped to the denitrifying filter. There are 
two variable speed pumps with a capacity of 580 gpm each (0.84 mgd). This pump station, 
including pumps, check valves, and controls, was upgraded during the nitrogen removal project. 

2.2.11 Denitrifying Filter (Nitrogen Removal) System  

Deep bed granular media filters are used to denitrify and remove solids in the same process. After 
the nitrifying RBC process converts ammonia to nitrate, the nitrate-bearing wastewater is passed 
through a bed of granular media where an anoxic condition is maintained. A fixed-film biological 
process removes nitrate from the liquid. An external source of carbon (20 percent methanol) is 
injected into the wastewater immediately upstream of the filter to serve as a food source for the 
biogrowth. Since the media generates and captures solids, it must be periodically cleaned by 
backwashing. The solids-bearing backwash is recycled to the plant equalization tank. 

Flow is from the top down through a 72-inch deep bed of coarse sand and gravel. Methanol addition 
is controlled by an automated system that monitors influent and effluent nitrate concentration and 
adjusts the methanol feed rate accordingly.  

As denitrification proceeds, bubbles of nitrogen gas form in the bed. To prevent an accumulation of 
gas, the sand bed is periodically “bumped,” with a burst of filtered effluent provided from the 
clearwell by the backwash pumps.  

As solids accumulate in the bed, the pressure drop increases. The filter goes through a backwash 
cycle based on a preset time interval or when the pressure drop increases to a predetermined 
setpoint. Filtered water is forced upward through the sand bed by backwash pumps.  The solids-
laden backwash water is discharged to a “mudwell.” Utilizing a mudwell dampens variation in flow 
associated with intermittent backwash cycles. Backwash volumes are typically less than 3 percent 
of forward flow.  Backwash water is collected in a mudwell and returned by gravity or by pumping to 
the equalization tank.  

The existing denitrification filter system consists of three filter/reactor cells, a mudwell, a clearwell, a 
methanol storage and feed system, and auxiliary process equipment.  Major components of the 
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auxiliary equipment include two methanol feed pumps, two sample pumps, two backwash pumps, 
two mudwell pumps, two positive displacement-type blowers, an on-line chemical analyzer, piping, 
valves, instrumentation, and electrical equipment required to support their operation.   

The filter, mudwell, and clearwell are combined into a single concrete structure. This approach 
minimizes the overall footprint, the quantity of concrete, and the formwork required for construction. 
This structure covers a 53-foot by 25-foot area. The filter height is approximately 22 feet. The 
filter/bioreactor consists of three 9.5-foot by 12-foot compartments, allowing for two active filters to 
meet design conditions and one standby for backup. Normally all three cells are maintained in 
operation. This is necessary to maintain the standby unit in a “ready” state should one of the three 
cells be removed from service. All tanks are covered by flat aluminum covers to exclude debris and 
control insects. The covers are hinged for access and equipped with screened vents to allow for 
pressure equalization. 

A building adjacent to the filter houses the associated process equipment (not including the 
methanol system) and electrical equipment. The footprint of the building is 62 feet by 18 feet. One 
wall is common to the filter tankage structure. The mudwell and clearwell pumps are of the 
submersible type and are located in their respective tanks. The clearwell pumps provide filtered 
water for backwashing.  The mudwell receives the dirty backwash water. If the mudwell fills to 
elevation 388 feet, additional influent will flow through a port in the wall, then by gravity to the plant 
equalization tank. Thus, operation of the mudwell pumps is not required, but may be utilized to 
control the flow of dirty backwash to the equalization tank.  

The denitrification process requires a carbon source to complete the denitrifying biologically 
mediated reaction. Most of the carbon content of the filter influent wastewater has been removed by 
preceding treatment processes, so a supplemental source must be added to the denitrification 
process. 

Methanol has a long history of use and is well studied as a carbon supplement in denitrification 
processes. However, it requires special handling. Typically, methanol is supplied as a 100 percent 
pure liquid.  At the North Castle WWTP, 20 percent methanol (80 percent water) is utilized in order 
to mitigate hazardous properties to some degree. 

2.2.12 Cloth Filter 

A cloth filter was installed in 2005 to provide polishing of the effluent prior to discharge to the 
Wampus River. The cloth filter now serves as a supplemental process. It may be utilized at the 
discretion of the operator to augment the performance of the denitrifying filter. Valving is established 
to allow use of the cloth filter following the denitrifying filters in the process train. When the filter is in 
service, it will automatically clean itself by backwashing. This generates some recycle flow to the 
equalization tank. The cloth filter has not been operated since startup of the denitrifying filter in early 
2010. 

2.2.13 Disinfection 

Following denitrification/filtration, the treated wastewater flows by gravity to three individual 
ultraviolet light (UV) disinfection units aligned in parallel configuration (two duty, one standby). Each 
unit is rated for a capacity of 350 gpm. 
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2.2.14 Reaeration 

Filtered, disinfected effluent flows to the reaeration tank. One 2,500-gallon tank is used to aerate 
the wastewater to obtain a minimum dissolved oxygen level of 7.0 mg/L prior to discharge to the 
Wampus River. During the existing maximum monthly wastewater flow of 0.43 mgd, a detention 
time of approximately 8.3 minutes is provided in the existing reaeration tank. At a maximum month 
flow of 0.50 mgd, detention time is about 7.2 minutes. Two blowers (one active, one standby) 
located adjacent to the tank provide air to a retrievable fine bubble diffuser grid submerged in the 
tank.   

2.2.15 Aerated Sludge Holding Tanks 

The aerated sludge holding tanks are utilized to store sludge prior to thickening. Each aerated 
holding tank has a capacity of about 35,000 gallons. A blower and diffusers provide air for the 
tanks. The air is provided to prevent septic conditions and provide a degree of aerobic treatment. 
The tank is vented to an odor control system that utilizes an activated carbon bed. Approximately 
30,000 gallons of dilute sludge are discharged to the sludge holding tanks per week. 

Sludge is removed from the primary and secondary clarifiers when timers open a valve that allows 
sludge to flow into the sludge well. Sludge is then pumped to one of the sludge holding tanks. 
Sludge from the primary and secondary clarifiers is pumped directly to one sludge holding tank, 
where the two sludges are mixed together. Over a period of two to four days, the designated active 
tank fills. A level probe is provided in each tank with indication in the thickener room. The probes 
allow the operators to track the level of sludge in each tank and plan when thickening should occur. 
A level alarm is provided which includes a local light and audible alarm. The tanks are equipped 
with a decanter that directs supernatant to the equalization tank. Operation of the rotary drum 
thickener has reduced the volume of decanted liquid and eliminated recycle of solids from the 
holding tank. 

Sludge is pumped directly from the aerated holding tank to the rotary drum thickener using one of 
the thickener feed pumps. A VFD is provided on the thickener feed pumps to maintain a constant 
flow. Since the pumps draw from a tank where the level can vary by 10 feet, changes in tank level 
can change the pump output.  To compensate for this variation,  the pump speed is adjusted with a 
variable speed drive to maintain a 50 gpm feed rate to the rotary drum thickener. A constant flow to 
the rotary drum thickener provides more effective dewatering and optimizes polymer dosing.   

2.2.16 Rotary Drum Thickener 

A rotary drum thickener removes water from the sludge and reduces hauling costs. Polymer is 
injected into the sludge upstream of the rotary drum thickener to aid in the separation of water 
during the thickening process. After polymer is added, sludge flows into the flocculation tank of the 
rotary drum thickener, where a mixer blends the polymer and sludge and initiates the water 
separation process. 

From the flocculation tank, the polymer/sludge mixture flows into the rotary drum thickener. As the 
sludge moves through the thickener, free water passes through the stainless steel mesh of the 
thickener drum and sludge solids are retained inside the drum. Thickened sludge then drops into a 
discharge chute and falls directly into a thickened sludge tank. An 8-inch knife gate valve is 
provided on the discharge chute to prevent odors within the tank from passing through the chute 
and into the dewatering room when the thickener is not in operation.  
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2.2.17 Thickened Sludge Tank 

The thickened sludge tank receives sludge output from the rotary drum thickener. To help control 
odors, the tank is aerated and vented to an activated carbon-type odor control unit. The thickener is 
operated five days per week.  A level probe is also provided in the thickened sludge storage tank so 
the depth of sludge can be monitored and the sludge truck hauling company can be scheduled to 
remove the sludge. A high level alarm is provided for this tank.  

Air from the thickened sludge tank is withdrawn through an activated carbon-type odor control unit. 
A 4-inch vent is provided to allow air to flow into the thickened sludge tank from the outside when 
the odor control unit is operating.  

2.2.18 Aerated Sludge Holding Tanks Air Blowers 

Two existing blowers provide air to the sludge holding tanks and thickened sludge tank. A butterfly 
valve with a position indicator is provided to control the flow of air to the thickened sludge tank.  

2.2.19 Addition of Archaea Microbes 

The Town initiated the addition of commercially purchased Archaea microbes in March 2005 with 
the intent of improving nitrogen removal with the existing treatment processes and improving 
characteristics of the waste sludge.  The plant operator has observed that overall performance of 
the RBCs appears to have improved following the addition of Archaea to the RBC influent. Although 
addition of Archaea is considered to enhance plant performance, and the practice is planned to be 
continued, it is not considered to be required to meet permit conditions. 

2.3 WWTP Capacity 

Unit capacities are calculated based on several flow characterizations including average annual, 
maximum month, peak day and peak hour. Mass loadings may be considered as well. 

Flow is reported on a monthly average basis, and the permit limit is based on the maximum month 
flow. Based on recent flow data presented in Table 2-1, the WWTP is not yet utilizing full capacity. 
The existing capacity of each unit process is adequate for a maximum month flow of 0.50 mgd. 
However, the primary clarifiers and rotary drum thickener are potentially limiting. 

The primary clarifiers are marginally undersized for a maximum month flow of 0.50 mgd based on 
the Ten-States Standards. However, this has not been observed to create operational or 
performance issues and is not anticipated to do so at flows up to 0.50 mgd because the primary 
clarifiers are followed by RBCs, secondary clarifiers, and filtration. 

Since going into service, the rotary drum thickener has produced excellent results and has reduced 
sludge disposal costs by about $100,000 per year. It is currently operated five days per week. 
Additional flow may require additional hours of operation or disposing of less concentrated sludge. 
A higher capacity thickener unit could reduce operation time and should be evaluated. 

2.4 Effluent Limits 

The WWTP is currently operated under SPDES Permit No. NY0109584, with effective date 
March 1, 2012 and expiration date February 28, 2017. The existing permit allows the facility to treat 
and discharge a maximum month wastewater flow of 500,000 gpd (0.50 mgd). Table 2-2 shows the 
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effluent limits currently in effect. A copy of the full SPDES discharge permit is included in 
Appendix A. 

Table 2-2    SPDES Permit Effluent Limits 

 Effluent Limit 
Parameter Type Limit Limit 

Flow 30-day average 0.50 mgd  
CBOD5 Daily maximum 5.0 mg/L 21 lbs/day 
Solids, settleable Daily maximum 0.1 ml/L  
Solids, total suspended Daily maximum 10.0 mg/L 42 lbs/day 
pH Range 6.5 – 8.5 SU  
Total ammonia (summer) Daily maximum 1.18 mg/L  
Total ammonia (winter) Daily maximum 2.20 mg/L  
Total nitrogen 12-mra  13 lbs/day(1) 
Temperature Daily maximum Monitor ºF  
Dissolved oxygen Daily minimum 7.0 mg/L  
Coliform, fecal 30-day geometric mean 200 (No./100 ml)  
Coliform, fecal 7-day geometric mean 400 No./100 ml)  
Chlorine, total residual Daily maximum 0.1 mg/L  
Zinc, total  Daily maximum 100 µg/L  

(1)  Became effective in 2014. 

As discussed in Section 1, the NYSDEC issued Order on Consent No. CO3-20041207-3 to phase 
TN limits into the Town’s effluent limits (a copy of the Order is included in Appendix B). Effluent TN 
is regulated as an aggregate limit. The aggregate includes discharge from the Blind Brook, 
Mamaroneck, New Rochelle, Port Chester, and North Castle WWTPs. The North Castle WWTP is 
the only plant in the aggregate that is not owned and operated by Westchester County. 

The TN limit is mass-based and calculated based on a 12-month rolling average (12-mra). The 
monthly rolling average of effluent TN has been calculated since the startup of the nitrogen removal 
system. In October 2010, after the nitrogen removal system successfully passed performance 
testing, the NYSDEC reset the mra to the average value obtained for that month (7.2 lbs/day). 

2.5 WWTP Performance and Effluent Quality 

The WWTP has been operating in substantial compliance with the requirements of the existing 
SPDES permit. Effluent data for the period of September 2013-August 2015 was evaluated and is 
summarized in Table 2-3.  The data compares favorably with the effluent requirements shown in 
Table 2-2 and in the plant SPDES permit. 
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Table 2-3     Recent Effluent Data 

Parameter Average Over Data Collection Period 
Flow 0.36 mgd 
CBOD 2.2 mg/L 
Suspended solids 2.1 mg/L 
Ammonia-N 0.2 mg/L 
Total nitrogen 2.5 mg/L 
pH (range) 6.8 to 8.1 
Fecal coliform <100/mL 
Dissolved oxygen 8.3 mg/L 
Zinc, total  26 µg/L 

Total nitrogen is comprised of a mixture of ammonia, organic nitrogen, and inorganic nitrogen. 
 

1. Ammonia – Ammonia nitrogen is present as ammonium ion or ammonia depending on the 
pH of the wastewater. Ammonia is removed from the wastewater by conversion to nitrite and 
nitrate in the RBC by an aerobic process known as nitrification. 

2. Organic Nitrogen – Organic nitrogen is a mixture of organic nitrogen compounds, not 
including ammonia. Some of the organic nitrogen is converted to ammonia in the collection 
system and in the WWTP. A portion of the organic nitrogen is resistant to treatment and is 
characterized as “refractory” nitrogen. TKN represents the sum of ammonia and organic 
nitrogen. 

3. Inorganic Nitrogen – Inorganic nitrogen is composed of nitrite and nitrate. Nitrite is an 
intermediate product in the oxidation of ammonia to nitrate. Nitrite is found in very low 
concentration because it is rapidly converted to nitrate. Nitrate is the end product of the 
oxidation of ammonia. It is typically not found in significant concentrations in WWTP influent. 
Nitrate is removed from the wastewater by an anoxic process known as denitrification, which 
converts it to gases. This transformation is affected by the denitrifying filter at the North 
Castle WWTP.  

The nitrogen removal system is designed to produce an effluent TN concentration of 3.0 mg/L 
consisting of 1 mg/L ammonia-N, 1 mg/L inorganic-N, and 1 mg/L of organic nitrogen while 
operating at a flow of 0.50 mgd. 

As seen in recent effluent data, ammonia concentration is less than the design basis, which 
indicates the ammonia removal process (RBC) is outperforming the design basis removal. Nitrate 
concentration is typically higher than the design basis, which indicates the nitrate removal process 
(denitrifying filter) has been underperforming. Effluent organic nitrogen is in alignment with the 
design basis.  
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3. Evaluation of WWTP Capacity for 
Increased Flow and Loading 
This section presents an evaluation of the WWTP based on values for future design maximum 
month flows, selected by the Town, of 0.60 mgd and 0.70 mgd. The design flow value is established 
to accommodate the wastewater the WWTP will receive, process, and discharge. The effluent flow 
limit established by the WWTP SPDES permit is based on the design flow of the plant. 

The existing SPDES permit limit for flow is based on a maximum monthly average. Flow is reported 
to the NYSDEC on a monthly basis. The total flow for each day is recorded and an average is 
calculated for the month. The average flow can vary from month to month, and the highest monthly 
average flow must remain below the permitted limit given in the SPDES permit. This method of 
characterizing flow is referred to as “maximum month” flow in the remainder of this report. Thus, the 
design basis maximum month flow is equivalent to the permitted flow. 

Another method of characterizing plant flow is on an “average annual” basis. The average annual 
can be calculated by taking an average of the monthly flow averages for one or more years. The 
maximum month flow is typically greater than the average annual flow. 

Flow may also be characterized on a “peak day” or “peak hour” basis. Although the SPDES permit 
does not directly regulate peak day or peak hour flow rate, many process units are rated based on 
the peak flow rate they may be required to process. Design standards for some equipment include 
peak flow as a parameter. Peak flow rate is also important in evaluating the hydraulic capacity of 
pumping equipment, pipes, and channels. 

3.1 Capacity Evaluation for a Maximum Month Flow of 0.60 mgd 

This section presents an evaluation of the WWTP based on a projected maximum month flow of 
0.60 mgd. An evaluation based on a projected maximum month flow of 0.70 mgd is presented in 
Section 3.2.   

3.1.1 Projected Influent Conditions Associated With 0.60 mgd Maximum Month 
Flow 

As previously discussed, the maximum month flow for this evaluation was selected to be 0.60 mgd 
for planning purposes. To project the plant loading conditions associated with a 0.60 mgd maximum 
month flow, the existing influent concentrations for BOD, TSS, and ammonia were applied to the 
future projected average annual and maximum month flows. The results are presented in Table 3-1. 
This approach is based on the characteristics of future growth being consistent with the existing 
characteristics of the District. 
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 Table 3-1 Projected Future Influent Flows and Loading Based on Maximum 
Month Flow of 0.60 mgd 

Parameter  Projected Future Influent Flows and Loading 
Influent Flow Rate 

Average annual 
Maximum month (design flow) 
Peak day 
Peak hour 
Peak flow after equalization 

 
0.51 mgd 
0.60 mgd 
0.84 mgd 
1.1 mgd 
0.84 mgd 

CBOD 
Average annual  
Maximum month 

 
1,000 lbs/day 
1,400 lbs/day 

TSS 
Average annual 
Maximum month 

 
1,000 lbs/day 
1,600 lbs/day 

Ammonia 
Average annual 
Maximum month 

 
82 lbs/day 
110 lbs/day 

3.1.2 Effluent Requirements Associated With 0.60 mgd Maximum Month 
Permitted Flow 

Based on a 2013 meeting with the Town, the NYSDEC has expressed a willingness to modify the 
WWTP SPDES permit to allow increased flow and the associated increased loading of all existing 
parameters with the exception of TN. The existing SPDES permit includes a mass-based limit for 
TN of 13 lbs/day. NYSDEC has indicated the mass-based TN limit would not be increased. At a 
greater flow, the associated TN concentration must be lower in order to maintain an equivalent 
mass loading. TN is reported monthly, and the effluent limit is based on a 12-mra. Thus, design 
basis capacity calculations for TN may be based on average annual flow.The mass-based limit for 
CBOD and TSS would need to be increased from 21 and 42 lbs/day, to 25 and 50 lbs/day, 
respectively. The associated concentration limits (5.0 and 10.0 mg/L, respectively) would remain 
the same as currently regulated by the existing permit. Other parameters regulated by the existing 
permit are not currently limited on a mass basis and, based on input from the NYSDEC, this would 
likely remain as is. 

3.1.3 Capacity of Existing Process Units 

Table 3-2 compares the existing capacity of WWTP unit processes to the capacity that would be 
required for the projected future conditions associated with a maximum month flow of 0.60 mgd. 
Based on the data in the table, most processes appear to be adequate for a maximum month flow 
of 0.60 mgd. However, the following processes are further evaluated. 

Flow Equalization 

The flow equalization system limits the peak flow to downstream processes by receiving and storing 
wastewater from preliminary treatment and pumping it at a controlled flow rate to the primary 
clarifiers. The capacity of each downstream treatment process is evaluated based on the output of 
the equalization pumps.   
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Table 3-2    Process Unit Capacity Required For A Maximum Month Flow of 0.60 mgd 

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.60 mgd Design Flow Recommendation 
Influent Pumps 
 Number of units 
 Type 
 Manufacturer 
 Model 
 Capacity per pump 
  
 Motor HP 
 Drive type 

 
3 (2 duty, 1 standby) 
Submersible 
Flygt  
NP 3102 
460 gpm (0.66 mgd) @ 

16 feet TDH 
5 HP 
Constant speed 

1.3 mgd 1.1 mgd No action required 

Channel Grinder  
 Number 
 Maximum capacity 
 Design maximum daily flow 
 Maximum head drop 
 Continuous torque 
 Momentary torque 

 
1 
990 gpm (1.4 mgd) 
840 gpm (1.2 mgd) 
10 inches 
1,000 in-lbs 
3,280 in-lbs 

1.4 mgd 1.1 mgd No action required 

Manually Cleaned Bar Screen 
 Spacing between bars 
 Channel width 

 
1 inch 
12 inches 

>1.3 mgd 1.1 mgd No action required 

Flow Equalization Facility 
 Flow Equalization Tank 
  Diameter 
  Sidewater depth 
  Volume 
  Required dissolved oxygen level 
 Equalization Pump Station 
  Number of units 
  Manufacturer 
  Model 
  Type 
  Drive 
  Motor HP 
  Capacity (each) 

 
 
36 feet 
18 feet 
137,000 gallons 
1 to 2 mg/L 
 
2 
Flygt 
NP 3102 
Submersible 
Variable speed 
5 HP  
350 gpm (0.50 mgd) @ 

21 feet TDH 

0.84 mgd 0.84 mgd 

 
No action required 
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Table 3-2 (continued)  

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.60 mgd Design Flow Recommendation 
Flow Equalization Facility (cont.) 
 Equalization Basin Blowers  
  Number  
  Inlet capacity 
  Discharge pressure 
      Brake HP 
   Mixing 
 Equalization Bypass Pump 
  Number  
  Motor HP 
  Capacity 
 Equalization Tank Odor Control  
  Type 
  Air flow 

 
 
2 (1 duty, 1 standby) 
155 cfm 
7.0 psig 
7.5 HP 
2 cfm/1,000 gallons 
 
1 
3 HP 
264 gpm 
 
Carbon filter 
400 cfm 

  No action required 

Primary Clarifiers  
 Number 
 Diameter 
 Sidewater depth 
 Surface area (each) 
 Surface overflow rate @ design 

average flow  
 Surface overflow rate @ design peak 

equalized flow  

 
2 
16 feet 
10 feet 
200 SF 
1,000 gpd/SF 
 
2,000 gpd/SF 

0.40 mgd average flow 
0.80 mgd peak flow 

0.51 mgd average flow 
0.84 mgd peak flow 

Construct additional 
primary clarifier 

Rotating Biological Contactors 
 Number of units 
  Standard density, shafts 
  High density, shafts 
 Unit dimensions 
  Diameter 
  Length 
 Total surface area of older units 
  Standard density 
  High density 
  Total media area 

 
8 
4 
4 
 
12 feet 
20 feet 
 
177,000 SF 
239,000 SF 
416,000 SF 

2,100 lbs BOD/day 
140 lbs ammonia/day 
0.68 mgd 

1,400 lbs BOD/day 
110 lbs ammonia/day 

No action required 
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Table 3-2 (continued)  

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.60 mgd Design Flow Recommendation 
RBCs (cont.) 
 Total surface area of newer units 
  Standard density 
  High density 
  Total media area 

 
 
184,400 SF 
224,800 SF 
409,200 SF 

  No action required 

Secondary Clarifiers  
 Number of tanks 
 Diameter 
 Sidewater depth 
 Surface area (total) 
 Weir loading rate at design flow 
 Maximum surface overflow rate @ 

design equalized peak  

 
2 
22 feet 
10 feet 
760 SF 
2,750 gpd/ft 
 
1,200 gpd/SF 

0.91 mgd 0.84 mgd No action required 

Filter Feed Pump Station  
 Type 
 Manufacturer 
 Model 
 Number of pumps 
 Pump capacity (each) 
 Motor HP 
 Drive type 

 
Submersible 
Flygt 
NP 3127 
2 (1 duty, 1 standby) 
580 gpm at 21 feet TDH 
7.5 HP 
Variable frequency 

0.84 mgd 0.84 mgd No action required 

Denitrifying Filters  
 Number of filters 
 Type 
 Filter area (each) 
 Bed depth 
 Media volume (each) 
 Hydraulic loading (average) 
 Hydraulic loading (peak) 
 Nitrate loading 

 
3 (2 duty, 1 active standby) 
Downflow 
114 SF 
72 inches 
684 CF 
3 gpm/SF 
7.5 gpm/SF 
87 to 112 lbs/day/1,000 CF 

0.50 mgd average 
1.23 mgd peak 
 

0.53 mgd average 
0.84 mgd peak 
 
 

Construct one 
additional filter cell 

Cloth Filter 
 Filter area 
 Filter hydraulic loading 
  Average 
  Maximum 

 
108 SF 
 
3.0 gpm/SF 
6.0 gpm/SF 

0.47 mgd average flow 
0.93 mgd peak flow 

0.53 mgd average flow 

0.84 mgd peak flow 
No action required; 
used as a 
supplemental 
treatment process 
only 
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Table 3-2 (continued)  

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.60 mgd Design Flow Recommendation 
Ultraviolet Disinfection System  
 Number of units 
 Flow capacity  
 Lamps (total) 

 
3 (2 duty, 1 standby) 
350 gpm each (0.50 mgd) 
40 

1.0 mgd 0.84 mgd No action required 

Reaeration System 
 Tank volume 
 Blowers 
 Number of units 
 Capacity 
 Motor power 

 
2,500 gallons 
 
2 (1 duty, 1 standby) 
65 cfm at 5 psi 
3 HP 

0.84 mgd peak flow 0.84 mgd peak flow No action required 

Aerated Sludge Holding Tank 
 Number of tanks 
 Type 
 Type of oxygen transfer 
 Dimensions 
  
 Volume 
  
 Air required  

 
2 
Concrete, rectangular 
Diffused air 
20 feet by 20 feet by 

12 feet each 
9,600 CF total 

(71,800 gallons) 
288 cfm to meet 

30 cfm/1,000 CF 

N/A N/A No action required 

Thickener Feed Pumps  
 Type 
 Number 
 Operating point 
 Pump speed 
 Rated motor HP 

 
Vertical centrifugal 
2 (1 duty, 1 standby) 
50 gpm @ 15 feet TDH 
1,700 rpm 
3 

50 gpm 50 gpm Upgrade to reduce 
operating time 

Sludge Thickener  
 Type 
 Feed solids 
 Hydraulic throughput 
 Solids throughput 
 Thickened sludge 
 Polymer usage 

 
Rotary drum 
0.5 to 1.0 percent 
50 gpm 
250  lb D.S./hr 
5.8 to 7.0 percent 
6 to 8 lbs/ton TDS 

50 gpm 50 gpm Upgrade to reduce 
operating time 
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Table 3-2 (continued)  

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.60 mgd Design Flow Recommendation 
Thickened Sludge Holding Tank 
    Number 
    Dimensions 
  Length 
  Width 
  Liquid depth 
    Storage capacity 
 Air required 

 
1 
 
20 feet 
10 feet 
9 feet 
1,800 CF (13,500 gallons) 
54 cfm to meet 

30 cfm/1,000 CF 

N/A N/A No action required 

Sludge Holding Tank Blowers  
 Type 
 Number  
 Inlet air flow 
 Aeration capacity 
 Discharge pressure 
 Brake HP 

 
Positive displacement 
2 
500 cfm 
52 cfm/1,000 CF 
6.5 psig 
19 HP 

N/A N/A No action required 

Thickener Building Odor Control 
System  
 Type 
 Air flow 
 Carbon 

 
Carbon filter 
600 cfm 
1,125 lbs 

N/A N/A No action required 
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Flow Equalization (continued) 

The existing duplex pump station is rated for 0.84 mgd (583 gpm) at 21 feet total dynamic head 
(TDH), based on one duty pump and one in standby. Should the influent flow exceed 0.84 mgd, 
137,000 gallons of storage is available in the tank. 

Based on recent flow data, the peak day flow associated with a maximum month flow of 0.60 mgd is 
0.84 mgd (refer to Table 3-1), which is approximately equal to the rated capacity of the existing 
equalization pumping. The total flow received for the projected peak day is 0.84 mgd. However, due 
to diurnal flow variation, there are times during the peak day when the influent flow rate will be 
greater than 0.84 mgd, so storage is required. 

In addition to plant influent and effluent flows, in-plant recycle flows returned to the equalization tank 
must be considered in evaluating equalization storage and pumping capacity. In-plant recycle flows 
are estimated to be as high as 30,000 gpd (0.03 mgd). While this flow does not contribute to the 
effluent volume and is not measured or included in the reportable flow, it may take up capacity in 
the equalization tank. 

Based on an analysis of a typical diurnal pattern, 120,000 gallons of storage is required for buffering 
of the diurnal peak flow on a peak day flow of 0.84 mgd. Approximately 137,000 gallons of existing 
storage is available to accommodate the diurnal variation on the projected peak day; therefore, the 
existing equalization system is adequate for a maximum monthly flow of 0.60 mgd. Operational 
activities that generate return flow to the equalization tank should not be conducted during the peak 
flow hours of a peak flow day.  

Since the volume of the equalization tank will remain the same, the existing blower and odor control 
system is anticipated to be adequate for future conditions. 

Primary Clarifiers  

Ten-State Standards requires that surface overflow rates not exceed 1,000 gpd/square foot at 
average flows and 2,000 gpd/square foot at peak hourly flows. The capacity of the existing primary 
clarifiers is shown in Table 3-2. Peak flow to the primary clarifiers is limited by the equalization 
pump station. The existing peak pumping rate of 0.84 mgd is about 5 percent greater than the rated 
peak flow capacity of the existing primary clarifiers. 

Although the primary clarifiers are undersized based on Ten-States Standards, no operational or 
performance issues have been reported and none are anticipated during conditions associated with 
the existing design maximum month flow of 0.50 mgd. However, performance of the primary 
clarifiers may decline as the maximum month flow increases to 0.60 mgd in the future. A decline in 
clarifier performance could increase the loading on the secondary process. Construction of an 
additional primary clarifier is recommended. 

Nitrifying RBC 

There are four trains of existing RBCs. Each RBC train is equipped with two shafts in series. The 
first shaft consists of two stages of standard density media and is designed to remove CBOD. The 
total area of the existing standard density media is 361,400 square feet. The second shaft consists 
of two stages of high density media and is designed to perform nitrification (conversion of ammonia 
to nitrate). The total area of the existing high density media is 463,800 square feet. 

Based on surface area and the conditions in Table 3-1, the existing RBCs are anticipated to 
produce CBOD of 5.0 mg/L and ammonia at or below 1.0 mg/L at a monthly average flow of 
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0.60 mgd. Based on recent data, the existing RBCs produce ammonia effluent at the detection limit 
of 0.2 mg/L or less at the existing maximum month flow. The addition of another RBC train should 
produce the same or better level of performance at an average annual flow of 0.51 mgd.  

Denitrifying Filter  

Ammonia is converted to nitrate by the RBC process. Nitrate is subsequently removed by the 
denitrifying filter. In addition to removing nitrate by converting it to gas, the denitrifying filter removes 
particulate matter. The denitrifying filter alone does not reduce soluble ammonia or dissolved 
organic nitrogen concentration. 

Recent operating data indicates the system has been producing an average annual nitrate-N 
effluent of 1.3 mg/L. Since the effluent quality has been well within the permit limit, this performance 
has been acceptable. However, based on computer simulations and on start-up testing results, an 
effluent nitrate-N concentration of 1.0 mg/L is achievable at an average annual flow of 0.50 mgd 
with only two of the three existing filters in operation. Some adjustment to the existing controls may 
be necessary to achieve this performance. 

The normal practice is to maintain all three filters in operation. This provides additional nitrate 
removal capacity as well as an active spare unit. The filter cells have proven to be reliable. Since 
commissioning, it has not been necessary to remove a filter from service except during a routine 
backwash, which occurs for a few minutes each day. 

For this evaluation, the capacity of the denitrifying filter was calculated based on the conditions in 
Table 3-1 and the design basis of 1.0 mg/L effluent nitrate-N. The calculation was also performed 
based on an effluent nitrate-N target of 0.5 mg/L. The results are shown below. 

Denitrifying Filter Requirements for 0.60 mgd Maximum Month Design Flow 
Conditions 

No. of Filters 
Required to 

Achieve 1.0 mg/L 
NOx-N at 0.51 mgd 

No. of Filters 
Required to Achieve 
0.5 mg/L NOx-N at 

0.51 mgd 

No. of Filters 
Required to Achieve 
1.0 mg/L NOx-N at 

0.60 mgd 

No. of Filters 
Required to 

Achieve 0.5 mg/L 
NOx-N at 0.60 mgd 

3 3 3 4 

Based on these calculations, there is a sufficient number of existing filters to achieve 1.0 mg/L 
nitrate-N or less at the 0.60 mgd maximum month design condition. However, the methanol feed 
rate would be greater and the capacity of the existing methanol metering pumps would need to be 
increased. Also, the existing design basis provides an active spare filter, since only two filters are 
required to meet effluent requirements based on the existing design basis conditions. Since three 
filters are required to operate to produce 1.0 mg/L nitrate-N for a 0.60 mgd maximum month design 
condition, it would be necessary to construct a new additional filter cell to provide a spare filter.  
During most conditions, all four filters would be in operation, potentially providing a lower nitrate-N 
concentration. 

Rotary Drum Thickener  

Since being put into service, the rotary drum thickener has produced excellent results and has 
reduced sludge disposal costs by about $100,000 per year. It is operated five days per week for 
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eight hours per day at the existing influent flow rate. At a greater plant influent flow, additional hours 
of operation would be required or a portion of the sludge would not be thickened and a higher unit 
cost for disposal would be incurred. A higher capacity unit would reduce operational effort and 
future sludge disposal costs and is recommended. 

3.1.4 Nitrogen Removal Performance at a Maximum Month Flow of 0.60 mgd 

The design of the existing nitrogen removal processes is based on producing an average 
concentration of 3.0 mg/L TN at an average annual flow of 0.50 mgd. At the existing design 
maximum month flow of 0.50 mgd, the projected average annual flow is 0.43 mgd. The design basis 
TN average concentration of 3.0 mg/L should produce a 12-mra of 11 lbs/day TN or less. This 
provides a margin of 2 lbs/day to compensate for limited instances of nitrogen removal under-
performance should they occur. 

Based on the data in Table 3 -1 and an average TN concentration of 3.0 mg/L, the 12-mra would be 
12.8 lbs/day. This would meet the limit of 13 lbs/day; however, there would be little margin to 
compensate for instances of nitrogen removal under-performance, should they occur.  

If an average TN concentration of 2.5 mg/L TN can be achieved the resulting 12-mra would be 10.6 
lbs/day, which provides more margin than the existing design. 

As discussed above, the addition of capacity to the RBC and denitrifying filter can achieve 0.5 mg/L 
ammonia and 0.5 mg/L nitrate at the average annual flow of 0.51 mgd that is associated with a 
maximum month flow of 0.60 mgd. In conjunction with 1.0 mg/L of organic nitrogen, this would 
result in a TN concentration of 2.0 mg/L and a 12-mra of 8.5 lbs/day. 

Organic nitrogen may be in a solid form (suspended) or it may be dissolved (DON). Suspended 
organic nitrogen may settle in the clarifiers or be removed in the filter. DON remaining after the RBC 
process may be considered to be “refractory” and may be conserved, remaining in the plant 
effluent. Recent plant operating data support the design basis of 1.0 mg/L effluent organic nitrogen.  

Recent pilot testing conducted at the plant indicates that some DON can be removed by adsorption 
with granular activated carbon (GAC). In order to provide more margin, an additional process could 
be added as a “polishing” step to further reduce the concentration of TN in the effluent. Several 
such technologies are available as described below. 

Additional Nitrogen Removal Technologies 

Microfiltration 

Membrane microfiltration is a proven technology in common usage in the wastewater treatment 
industry and can produce water for reuse. Several wastewater treatment plants equipped with 
microfiltration exist within the New York City watershed. 

This technology is intended to remove suspended solids that are small enough to pass through 
conventional sedimentation or conventional filtration. This is achieved by passing the wastewater 
through a membrane filter media with pores on the order of 0.5 microns. Generally, particles larger 
than 0.5-micron will be retained on the media while water passes through. The solids must be 
periodically backwashed and disposed of. The membranes themselves must be periodically 
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cleaned with chemicals, typically sodium hydroxide, sodium hypochlorite, and citric acid. Backwash 
flow and chemical cleaning waste can create a significant impact on in-plant recycle flows. 

The membrane filters are skid mounted with valving and instrumentation. Auxiliary support 
equipment including dedicated blowers, compressors, and feed pumps would be required.  

Microfiltration would reduce effluent TSS to near non-detectable concentrations. The portion of 
nitrogen and CBOD present in an undissolved form would also be removed by microfiltration. Fully 
dissolved chemical species would pass through the filter and appear in the effluent.  

If implemented at the North Castle WWTP, the microfiltration system would be installed between 
the denitrifying filter and the UV disinfection system. 

Reverse Osmosis 

Reverse osmosis (RO) is similar to microfiltration, except that in addition to suspended solids, it will 
remove many dissolved species from the wastewater as well. The “pore” size of the filter media is 
on a molecular scale. This produces a very high quality effluent suitable for many reuse 
applications. RO is commonly utilized in desalination facilities for the production of potable water 
from seawater. It is a mature technology, and membrane configurations and sizes are largely 
standardized. There is a high headloss through the process and energy is a large component of 
operating costs. 

The material that is separated from the RO effluent is referred to as “retentate,” as it is retained by 
the RO membrane as water passes through. Reject rates may be as high as 30 percent depending 
on system design, so the volume of retentate can have a significant impact on plant operation. If 
RO were to be implemented at the North Castle WWTP, It may be possible to return the retentate to 
the existing equalization tank, but this may require improvements to the plant hydraulics. Further, 
refractory materials, including some organic nitrogen, would accumulate in the plant, necessitating 
the need for periodic purging. Due to these factors, RO is not the optimal technology for this 
application. 

Carbon Adsorption  

Carbon adsorption is another proven process that can be utilized to remove many wastewater 
constituents including nitrate and organic nitrogen.  The North Castle WWTP currently utilizes 
carbon adsorption systems for odor control. 

Carbon adsorption equipment would likely consist of two or more vessels charged with GAC. As 
wastewater passes through the carbon bed, dissolved constituents, including nitrate and organic 
nitrogen, sorp to the surface of the carbon and are removed from the wastewater.  

As time progresses, the bed becomes depleted of available adsorption sites and must be removed 
from service for regeneration. Carbon regeneration is typically done off site. Removal of the spent 
carbon and replacement with fresh carbon is performed by a vendor at the WWTP.  This approach 
minimizes impact to the WWTP process that could otherwise be caused by backwash flow or 
chemicals associated with other processes. 

Carbon adsorption would not require storage or use of chemicals. Periodic backwashing with 
treated effluent may be required to remove solids that may accumulate in the media over time. 
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Ion Exchange (IX) 

Ion exchange is commonly utilized in water softening and production of deionized water. It is 
capable of producing extremely high purity water by passing the wastewater through a bed of 
material, upon which salt ions are exchanged for ions in solution. The ions are removed from the 
solution and fixed to the IX media.  

The IX media must be regenerated once it is depleted. This process involves chemicals such as 
acid, alkalies, or salt. After the regenerant is passed through the IX media, it must be disposed of 
(i.e., treated at the WWTP).  Alternatively, the media can be removed and regenerated off site 
similar to activated carbon. 

Table 3-3 lists these processes and their relative advantages and disadvantages. 

Table 3-3    Relative Ranking of Technologies 

Process 
Impact on 

Operations 
Cost to 

Construct 
Cost to 
Operate Constructability 

Microfiltration High High High Moderate 
Reverse osmosis High Very high Very high Moderate 
Carbon adsorption Low to medium Low Medium Easier 
Ion exchange Medium Medium Medium Easier 

3.1.5 Process Selection and Implementation 

Selection of an appropriate technology is based on several factors, including analysis of the plant 
effluent, impact on operations, available space, cost to construct and operate, and operator 
preferences. 

As an initial test, the existing plant effluent was sampled and analyzed. Sampled effluent was split 
and a portion was filtered.  Both filtered and unfiltered portions were tested for organic nitrogen.  
Most of the organic nitrogen was present in dissolved (soluble) form. This finding is consistent with 
the understanding that the existing denitrifying filter currently provides a high degree of filtration. 

Since most of the nitrogen in the existing treated effluent is in a dissolved state, absorptive 
separation-based technologies (IX, GAC) are preferred over filtration-based technologies 
(membrane filtration). GAC has an advantage over IX in that chemical regeneration (and associated 
on-site chemical handling and storage) is not required. Further, the operating staff has familiarity 
with GAC as it is currently utilized at the facility for odor control. 

Subsequent to the initial sampling and analysis, a pilot test was conducted at the WWTP over the 
period March 2015-August 2015. Treated effluent was passed through a column of GAC. Influent 
and effluent was sampled and analyzed for TN. The TN concentration was reduced through the 
GAC by 0.4 mg/L on average. Data from this test is included in Appendix C of this report. 

3.1.6 Recommendations for WWTP Improvements to Accommodate a 
Maximum Month Flow of 0.60 mgd 

The recommended approach to improving the WWTP for a rated capacity of 0.60 mgd maximum 
month flow includes: 
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1. Construct one additional primary clarifier. 

2. Construct a carbon adsorption (GAC) process. 

3. Construct one additional denitrifying filter cell. 

4. Replace the existing rotary drum thickener with a larger unit. 

5. Construct related building and site improvements. 

3.1.7 Preliminary Opinion of Cost for WWTP Improvements to Accommodate a 
Maximum Month Flow of 0.60 mgd 

A preliminary opinion of cost was developed for implementation of the suggested WWTP 
improvements and is presented in Table 3-4.  

Table 3-4    Preliminary Opinion of Cost for WWTP Improvements to 
Accommodate a Maximum Month Flow of 0.60 mgd 

Cost Component Installed Cost (Rounded) 
Primary clarifier $350,000 
Rotary drum thickener $530,000 
Piping modifications  $350,000 
Plant water system $200,000 
Carbon adsorption system $650,000 
Additional denitrifying filter cell $500,000 
Building and site improvements  $500,000 
 Subtotal $3,100,000 
 Electrical allowance $650,000 
 Contingency $750,000 
 Fiscal, legal, administrative, engineering $650,000 
    PROJECT COST $5,200,000 

3.2 Capacity Evaluation for a Maximum Month Flow of 0.70 mgd 

This section presents an evaluation of the WWTP based on a projected maximum month flow of 
0.70 mgd. 

3.2.1 Projected Influent Conditions Associated With 0.70 mgd Maximum Month 
Flow 

For planning purposes, the maximum month flow for this evaluation was selected to be 0.70 mgd. 
To evaluate the capacity of the WWTP process units, flow must be characterized on an average 
annual, maximum month, peak day, and peak hour basis. These conditions were projected from 
existing plant data on the basis that the characteristics of future additions to the District are 
consistent with the characteristics of the existing wastewater. 

To project the plant loading associated with a 0.70 mgd maximum month flow, the existing influent 
concentrations for BOD, TSS, and ammonia were applied to the future projected average annual 
and maximum month flows. The results are presented in Table 3-5. 
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 Table 3-5 Projected Future Influent Flows and Loading Based on Maximum 
Month Flow of 0.70 mgd 

Parameter  Projected Future Influent Flows and Loading 
Influent Flow Rate 

Average annual 
Maximum month   
Peak day 
Peak hour 
Peak flow after equalization 

 
0.60 mgd 
0.70 mgd 
0.98 mgd 
1.28 mgd 
0.84 mgd 

CBOD 
Average annual 
Maximum month 

 
1,200 lbs/day 
1,700 lbs/day 

TSS 
Average annual 
Maximum month 

 
1,200 lbs/day 
1,800 lbs/day 

Ammonia 
Average annual 
Maximum month 

 
97 lbs/day 
130 lbs/day 

 

The SPDES permit flow limit would be based on the maximum month flow of 0.70 mgd. Due to 
seasonal flow variation, the maximum month flow is greater than the average annual flow. 

TN is reported monthly and the SPDES permit limit for TN is based on a 12-mra. Thus, design basis 
capacity calculations for TN may consider the average annual flow as well as the maximum month 
(0.70 mgd). 

3.2.2 Effluent Requirements Associated With 0.70 mgd Maximum Month 
Permitted Flow 

Based on a 2013 meeting with the Town, the NYSDEC has expressed a willingness to modify the 
WWTP SPDES permit to allow increased flow as well as the associated increased loading of all 
existing parameters with the exception of TN. NYSDEC has indicated the existing mass-based TN 
limit of 13 lbs/day would not be increased. At a greater flow, the associated TN concentration must 
be lower in order to maintain an equivalent mass loading. 

The mass-based limit for CBOD and TSS would need to be increased from 21 and 42 lbs/day, to 
29 and 59 lbs/day, respectively.  The associated concentration limits (5.0 and 10.0 mg/L, 
respectively) would remain the same as currently regulated by the existing permit. Other 
parameters regulated by the existing permit are not currently limited on a mass basis, and this 
would likely remain as is based on input from the NYSDEC. 

3.2.3 Capacity of Existing Process Units 

Table 3-6 compares the existing capacity of WWTP unit processes to the capacity that would be 
required for the projected future conditions associated with a maximum month flow of 0.70 mgd. 
Based on the data in Table 3-6, the influent pumping and preliminary treatment processes are 
anticipated to be adequate for a maximum month flow of 0.70 mgd. However, peak flows 
associated with this maximum month flow exceed the existing capacity of some plant processes 
downstream of the equalization tank. 
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Table 3-6    Process Unit Capacity Required For A Maximum Month Flow of 0.70 mgd 

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.70 mgd Design Flow Recommendation 
Influent Pumps 
 Number of units 
 Type 
 Manufacturer 
 Model 
 Capacity per pump 
  
 Motor HP 
 Drive type 

 
3 (2 duty, 1 standby) 
Submersible 
Flygt  
NP 3102 
460 gpm (0.66 mgd) @ 

16 feet TDH 
5 HP 
Constant speed 

1.3 mgd 1.3 mgd No action required 

Channel Grinder  
 Number 
 Maximum capacity 
 Design maximum daily flow 
 Maximum head drop 
 Continuous torque 
 Momentary torque 

 
1 
990 gpm (1.4 mgd) 
840 gpm (1.2 mgd) 
10 inches 
1,000 in-lbs 
3,280 in-lbs 

1.4 mgd 1.3 mgd No action required 

Manually Cleaned Bar Screen 
 Spacing between bars 
 Channel width 

 
1 inch 
12 inches 

>1.3 mgd 1.3 mgd No action required 

Flow Equalization Facility 
 Flow Equalization Tank 
  Diameter 
  Sidewater depth 
  Volume 
  Required dissolved oxygen level 
 Equalization Pump Station 
  Number of units 
  Manufacturer 
  Model 
  Type 
  Drive 
  Motor HP 
  Capacity (each) 

 
 
36 feet 
18 feet 
137,000 gallons 
1 to 2 mg/L 
 
2 
Flygt 
NP 3102 
Submersible 
Variable speed 
5 HP  
350 gpm (0.50 mgd) @ 

21 feet TDH 

0.84 mgd 0.84 mgd 

 
Construct additional 
storage 
(40,000 gallons) 
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Table 3-6 (continued)  

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.70 mgd Design Flow Recommendation 
Flow Equalization Facility (cont.) 
 Equalization Basin Blowers  
  Number  
  Inlet capacity 
  Discharge pressure 
      Brake HP 
   Mixing 
 Equalization Bypass Pump 
  Number  
  Motor HP 
  Capacity 
 Equalization Tank Odor Control  
  Type 
  Air flow 

 
 
2 (1 duty, 1 standby) 
155 cfm 
7.0 psig 
7.5 HP 
2 cfm/1,000 gallons 
 
1 
3 HP 
264 gpm 
 
Carbon filter 
400 cfm 

  No action required 

Primary Clarifiers  
 Number 
 Diameter 
 Sidewater depth 
 Surface area (each) 
 Surface overflow rate @ design 

average flow  
 Surface overflow rate @ design peak 

equalized flow  

 
2 
16 feet 
10 feet 
200 SF 
1,000 gpd/SF 
 
2,000 gpd/SF 

0.40 mgd average flow 
0.80 mgd peak flow 

0.60 mgd average flow 
0.84 mgd peak flow 

Construct additional 
primary clarifier 

Rotating Biological Contactors 
 Number of units 
  Standard density, stages 
  High density, stages 
 Unit dimensions 
  Diameter 
  Length 
 Total surface area of older units 
  Standard density 
  High density 
  Total media area 

 
8 
4 
4 
 
12 feet 
20 feet 
 
177,000 SF 
239,000 SF 
416,000 SF 

2,170 lbs BOD/day 
140 lbs ammonia/day 

1,700 lbs BOD/day 
130 lbs ammonia/day 

Construct additional 
RBC train 
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Table 3-6 (continued)  

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.70 mgd Design Flow Recommendation 
RBCs (cont.) 
 Total surface area of newer units 
  Standard density 
  High density 
  Total media area 

 
 
184,400 SF 
224,800 SF 
409,200 SF 

  No action required 

Secondary Clarifiers  
 Number of tanks 
 Diameter 
 Sidewater depth 
 Surface area (total) 
 Weir loading rate at design flow 
 Maximum surface overflow rate @ 

design equalized peak  

 
2 
22 feet 
10 feet 
760 SF 
2,750 gpd/ft 
 
1,200 gpd/SF 

0.91 mgd 0.84 mgd No action required 

Filter Feed Pump Station  
 Type 
 Manufacturer 
 Model 
 Number of pumps 
 Pump capacity (each) 
 Motor HP 
 Drive type 

 
Submersible 
Flygt 
NP 3127 
2 (1 duty, 1 standby) 
580 gpm at 21 feet TDH 
7.5 HP 
Variable frequency 

0.84 mgd 0.84 mgd No action required 

Denitrifying Filters  
 Number of filters 
 Type 
 Filter area (each) 
 Bed depth 
 Media volume (each) 
 Hydraulic loading (average) 
 Hydraulic loading (peak) 
 Nitrate loading 

 
3 (2 duty, 1 active standby) 
Downflow 
114 SF 
72 inches 
684 CF 
3 gpm/SF 
7.5 gpm/SF 
87 to 112 lbs/day/1,000 CF 

0.50 mgd average 
1.23 mgd peak 
 

0.60 mgd average 
0.84 mgd peak 
 
 

Construct additional 
filter cell 

Cloth Filter 
 Filter area 
 Filter hydraulic loading 
  Average 
  Maximum 

 
108 SF 
 
3.0 gpm/SF 
6.0 gpm/SF 

0.47 mgd average flow 
0.93 mgd peak flow 

0.60 mgd average flow 

0.84 mgd peak flow 
No action required; 
supplemental 
process only 
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Table 3-6 (continued)  

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.70 mgd Design Flow Recommendation 
Ultraviolet Disinfection System  
 Number of units 
 Flow capacity  
 Lamps (total) 

 
3 (2 duty, 1 standby) 
350 gpm each (0.50 mgd) 
40 

1.0 mgd 0.84 mgd No action required 

Reaeration System 
 Tank volume 
 Blowers 
 Number of units 
 Capacity 
 Motor power 

 
2,500 gallons 
 
2 (1 duty, 1 standby) 
65 cfm at 5 psi 
3 HP 

0.84 peak flow 0.84 peak flow No action required 

Aerated Sludge Holding Tank 
 Number of tanks 
 Type 
 Type of oxygen transfer 
 Dimensions 
  
 Volume 
  
 Air required  

 
2 
Concrete, rectangular 
Diffused air 
20 feet by 20 feet by 

12 feet each 
9,600 CF total 

(71,800 gallons) 
288 cfm to meet 

30 cfm/1,000 CF 

N/A N/A No action required 

Thickener Feed Pumps  
 Type 
 Number 
 Operating point 
 Pump speed 
 Rated motor HP 

 
Vertical centrifugal 
2 (1 duty, 1 standby) 
50 gpm @ 15 feet TDH 
1,700 rpm 
3 

50 gpm 50 gpm Upgrade to reduce 
operating time 

Sludge Thickener  
 Type 
 Feed solids 
 Hydraulic throughput 
 Solids throughput 
 Thickened sludge 
 Polymer usage 

 
Rotary drum 
0.5 to 1.0 percent 
50 gpm 
250  lb D.S./hr 
5.8 to 7.0 percent 
6 to 8 lbs/ton TDS 

50 gpm 50 gpm Upgrade to reduce 
operating time 
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Table 3-6 (continued)  

Wastewater Treatment Facilities Design Information Existing Capacity 
Capacity Requirement at 

0.70 mgd Design Flow Recommendation 
Thickened Sludge Holding Tank 
    Number 
    Dimensions 
  Length 
  Width 
  Liquid depth 
    Storage capacity 
 Air required 

 
1 
 
20 feet 
10 feet 
9 feet 
1,800 CF (13,500 gallons) 
54 cfm to meet 

30 cfm/1,000 CF 

N/A N/A No action required 

Sludge Holding Tank Blowers  
 Type 
 Number  
 Inlet air flow 
 Aeration capacity 
 Discharge pressure 
 Brake HP 

 
Positive displacement 
2 
500 cfm 
52 cfm/1,000 CF 
6.5 psig 
19 HP 

N/A N/A No action required 

Thickener Building Odor Control 
System  
 Type 
 Air flow 
 Carbon 

 
Carbon filter 
600 cfm 
1,125 lbs 

N/A N/A No action required 
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Flow Equalization 

The existing process equipment located downstream of the equalization tank is designed for a peak 
flow of 0.84 mgd, as this is the maximum flow rate of the existing equalization pumping system.  
However, the existing equalization storage volume of 137,000 gallons is not sufficient to buffer the 
projected peak day flow (shown in Table 3-5) to 0.84 mgd. To accommodate the peak day flow 
volume that is projected when the maximum month flow is 0.70 mgd, it is necessary to increase the 
volume of the equalization storage tank so influent peaks can be buffered to 0.84 mgd. 

The equalization system is intended to reduce peak flow to the downstream processes by 
temporarily storing wastewater and pumping to the primary clarifiers at a controlled rate.  The 
existing storage volume is about 137,000 gallons. Additional storage of at least 30,000 gallons is 
required so as to not exceed the capacity of the downstream processes. 

Space is available adjacent to the existing equalization tank (Figure 3-1) where additional tankage 
could be constructed. The new storage tank would be approximately 20 feet in diameter and 18 feet 
deep. This additional storage volume of about 40,000 gallons would increase the equalization 
capacity such that peak flows associated with a maximum month of 0.70 mgd could be buffered 
such that flow to downstream processes would not exceed 0.84 mgd. This approach would 
eliminate the need to increase the peak capacity of the equalization pump station and processes 
downstream of the equalization tank. Limitations associated with average flow rates and increased 
loading would still need to be addressed. This includes the primary clarifiers, the rotary drum 
thickener, and nitrogen removal systems. 

Primary Clarifiers  

As previously discussed, the performance of the primary clarifiers may decline as the maximum 
month flow increases to 0.70 mgd, possibly increasing the loading on the secondary process. 
Construction of an additional primary clarifier is recommended. 

Nitrifying RBC 

Based on surface area and the conditions in Table 3-5, the existing RBCs are anticipated to have 
the capacity to produce CBOD of 5.0 mg/L and ammonia at or below 1.0 mg/L at an average annual 
flow of 0.60 mgd . 

Based on recent data, the existing RBCs produce ammonia effluent at the detection limit of 
0.2 mg/L or less at the existing maximum month flow. By linear extrapolation, the addition of two 
RBC trains should produce the same or better level of performance as the four existing trains at an 
average annual flow of 0.60 mgd. The addition of three RBC trains should produce the same or 
better level of performance as the existing four trains at an average annual flow of 0.70 mgd. 

Denitrifying Filter  

For this evaluation, the capacity of the denitrifying filter was calculated based on the conditions in 
Table 3-5 and the existing effluent basis of 1.0 mg/L nitrate-N. The calculation was also performed 
based on an effluent nitrate-N target of 0.5 mg/L. The results are shown below. 
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Denitrifying Filter Requirements for 0.70 mgd Maximum Month Design Flow 
Conditions 

No. of Filters 
Required to 

Achieve 1.0 mg/L 
NOx-N at 0.60 mgd 

No. of Filters 
Required to Achieve 
0.5 mg/L NOx-N at 

0.60 mgd 

No. of Filters 
Required to Achieve 
1.0 mg/L NOx-N at 

0.70 mgd 

No. of Filters 
Required to 

Achieve 0.5 mg/L 
NOx-N at 0.70 mgd 

4 4 4 5 

Based on these calculations, there are not enough existing filters to achieve 1.0 mg/L nitrate-N or 
less at the 0.70 mgd maximum month design condition.  Also, the existing design basis provides an 
active spare filter, since only two filters are required to meet effluent requirements based on the 
existing design basis conditions. Since four filters are required to operate to produce 1.0 mg/L 
nitrate-N for a 0.70 mgd maximum month design condition, it would be necessary to construct two 
new additional filter cells (total of five) to provide a spare filter. In addition, the methanol feed rate 
would be greater and the capacity of the existing methanol metering pumps would need to be 
increased. During most conditions, the spare filter would be in operation, potentially providing a 
lower nitrate-N concentration 

Rotary Drum Thickener  

At a greater plant influent flow, additional hours of operation would be required or a portion of the 
sludge would not be thickened and a higher unit cost for disposal would be incurred. A higher 
capacity unit would reduce operational effort and future sludge disposal costs and is recommended. 

3.2.4 Nitrogen Removal Performance at 0.70 mgd 

Based on the data in Table 3-5, and an average TN concentration of 3.0 mg/L, the 12-mra would be 
15 lbs/day. This would not meet the limit of 13 lbs/day. 

If an average TN concentration of 2.5 mg/L can be achieved, the resulting 12-mra would be 
12.5 lbs/day, providing a margin of 0.5 lbs/day, which is within the 13 lbs/day limit but with less 
margin than the existing design provides. 

As discussed above, the addition of capacity to the RBC and denitrifying filter can achieve 0.5 mg/L 
ammonia and 0.5 mg/L. In conjunction with 1.0 mg/L of organic nitrogen, this would result in a TN 
design concentration of 2.0 mg/L for a 12-mra of 10.0 lbs/day TN. 

3.2.5 Additional Nitrogen Removal 

An average annual ammonia concentration of 1.0 or less can be achieved at a maximum month 
flow of 0.70 mgd if additional RBC capacity is provided. An average annual nitrate concentration of 
1.0 mg/L or less can be achieved at a maximum month flow of 0.70 mgd if an additional denitrifying 
filter cell is provided and all four cells are operated. A fifth cell would be necessary to provide a 
spare. 

Lower TN concentrations may be achievable with the addition of a new GAC adsorption process to 
act as a “polishing” step to further remove TN from the effluent. If the effluent TN is reduced to 
2.5 mg/L, the 12-mra for a maximum month flow of 0.70 mgd would be 12.5 lbs/day. This would 
meet the permit limit of 13 lbs/day. 
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Additional capacity in the RBC and denitrifying filter processes could produce an average TN 
concentration of 2.5 mg/L which would meet the limit of 13 lbs/day on a 12-mra basis. 

3.2.6 Recommendations for WWTP Improvements to Accommodate a 
Maximum Month Flow of 0.70 mgd 

The recommended approach to improving the WWTP for a rated capacity of 0.70 mgd maximum 
month flow basis includes: 

 

1. Construct additional equalization volume. 

2. Construct one additional primary clarifier. 

3. Construct one additional RBC train. 

4. Construct two additional denitrifying filters. 

5. Construct a carbon adsorption (GAC) process. 

6. Replace the existing rotary drum thickener with a larger unit. 

7. Construct related building and site improvements. 

3.2.7 Preliminary Opinion of Cost for WWTP Improvements to Accommodate a 
Maximum Month Flow of 0.70 mgd 

A preliminary opinion of cost was developed for implementation of the suggested WWTP 
improvements and is presented in Table 3-7.  

Table 3-7    Preliminary Opinion of Cost for WWTP Improvements to 
Accommodate a Maximum Month Flow of 0.70 mgd 

Cost Component Installed Cost (Rounded) 
Equalization $300,000 
Primary clarifier $350,000 
Nitrifying RBC train $500,000 
Denitrifying filter (2 new cells) $900,000 
Rotary drum thickener $530,000 
Piping modifications  $350,000 
Plant water system $200,000 
Carbon adsorption (GAC) $850,000 
Building and site improvements $1,000,000 
 Subtotal $5,000,000 
 Electrical allowance $1,500,000 
 Contingency $1,200,000 
 Fiscal, legal, administrative, engineering $1,200,000 
    PROJECT COST $9,000,000 

 

GHD | Evaluation of WWTP Capacity Increase, Town of North Castle, NY – 3711093.4 | 24 



 

3.3 Additional Needs Associated with a WWTP Capacity Increase 

3.3.1 Age and Condition-Related Improvements 

Sections 3.1 and 3.2 discuss the design basis capacity ratings of plant equipment and outline the 
minimum improvements required for the evaluated capacity increases. In addition to these capital 
improvements, age and condition-related improvements to plant equipment and assets are 
required. Some identified areas include the following: 

Plant Water System  

The WWTP currently utilizes water from North Castle Water District No. 4 for in-plant use, which is 
estimated to be 3,000 to 4,000 gpd. Most of this usage is associated with the sludge thickening 
operation. Implementation of a plant water system that reuses treated effluent water would reduce 
the demand for public water supply. This would save costs by eliminating potable water demand by 
the WWTP and increase the available supply for off-site potable demand. 

Site Lighting  

Improvements to site lighting are recommended. 

Existing UV Disinfection Building  

The existing UV Disinfection Building, which is a converted greenhouse, is unheated and 
uninsulated. During the winter of 2013, snow load created a significant hole in the roof. If this 
building is to continue to be utilized as a process building, it should be converted to a permanent 
heated and insulated building in compliance with applicable codes. 

Existing RBC Building1 

Two of the existing RBC trains are housed in fiberglass covers and two are housed in an existing 
building from the original WWTP construction in 1984. The existing RBC Building is in poor 
condition and it is recommended it be demolished and fiberglass covers be placed over the RBCs 
similar to the newer RBC trains. 

UV Disinfection System1 

One of the three existing UV disinfection units was installed during the 2009 improvement project.  
The two other units, although still operating, have been in service for over 20 years and have 
reached the end of their useful life. It is recommended they be replaced. 

Existing Clarifier Scum Boxes1  

The existing primary and secondary clarifiers are equipped with scum collection equipment. Some 
of this equipment has reached the end of its useful life and should be replaced. 

Odor Control Systems1  

The existing odor control systems are approaching the end of their service life and are in need of 
improvement. 

 

1Costs for these items are not included in Tables 3-4 and 3-7.  
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Existing Sludge Holding Tank Blowers1 

The existing sludge holding tank blowers are approaching the end of their service life and are in 
need of improvement. 

Administrative Office1  

The existing administrative office is a trailer that was placed during construction of the WWTP in 
1984. It was intended as a temporary building. It is recommended that a new, permanent 
Administration Building be constructed. 

3.3.2 Operation and Maintenance Costs 

As maximum month flow increases, WWTP operation and maintenance costs can also be 
anticipated to increase. This includes cost components for labor, electricity, solids disposal, 
chemical costs, laboratory fees. and administrative costs. If operation and maintenance costs are 
estimated as being proportional to plant flow, these costs can be anticipated to increase by 20 to 
40 percent. 

3.3.3 Staffing  

Current regulations require a Grade 2 licensed Chief Operator and Grade 1 Assistant/Shift Operator 
based on the NYSDEC scoring system that considers the capacity and complexity of a WWTP.  
The proposed improvements are not anticipated to change this requirement. The minimum 
qualification would remain the same for a maximum month flow of both 0.60 mgd and 0.70 mgd.  
However, it is recommended that a licensed Grade 2 Chief Operator or Grade 1 Assistant Operator 
be dedicated to the WWTP on a full-time basis. 
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Appendix A - SPDES Permit 

  

























 

Appendix B - Consent Order 

  



















































 

Appendix C  - GAC Pilot Test Data 
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