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Executive Summary 

This Combined Sewer Overflow Long-Term Control Plan (CSO LTCP) Study was 
performed to evaluate whether the City of Kingston’s combined sewer system meets the 
requirements of the USEPA CSO Control Policy and if additional CSO control measures 
are necessary, to develop and evaluate CSO control alternatives to achieve compliance 
with the policy.  Kingston’s Combined Sewer System (CSS) is a high performing system.  
The system captures for treatment 89 percent of wet weather flows for full treatment at 
the Wastewater Treatment Facility (WWTF), exceeding the USEPA CSO Policy criteria 
of 85 percent capture.  The CSS has four (4) CSOs: 

 Wilbur: Outfall No. 11; 

 Hunter: Outfall No. 7; 

 Broadway: Outfall No. 6; and 

 Hasbrouck: Outfall No. 5. 

Previously the CSS had 14 outfalls, but during the 1980’s and 1990’s 10 of these 
overflows were eliminated.  The CSS utilizes a system of siphons to deliver flow to the 
WWTF.  The CSOs and the WWTF discharge to Rondout Creek near the confluence with 
the Hudson River.  This section of the Creek through Kingston is subject to tidal 
influences of the Hudson River. 

Of the system’s four overflows, three discharge infrequently and in small volumes.  Only 
the Hasbrouck overflow chronically discharges to the Rondout Creek.  Table ES-1-1 
shows that the Hasbrouck CSO generates 92 percent of the 29.1 MG discharged in a 
typical year under baseline conditions. 

Water quality sampling was performed in 2007 to evaluate whether the Kingston CSOs 
preclude the Rondout Creek from attaining Water Quality Standards (WQS).  The 
sampling showed that Fecal Coliform is the parameter of concern.  Fifteen samples were 
collected over three (3) months at five locations along Rondout Creek.  As shown in 
Figure ES-1-1, geomean values were within the 200 cfu/100 mL  
NYS DEC standard for all months and all locations.  The value of this data in interpreting 
the effect of the CSOs on water quality is somewhat limited due to the relatively small 
data set and the lack of complimentary data, such as whether the CSOs had activated.  
Based on available data, it appears the CSO discharges do not preclude compliance with 
WQS. 
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Table ES-1-1:  
Kingston CSO System Performance (Baseline Conditions) 

Typical Year Period 

CSO No. 
Total 

Overflow 
Volume (MG) 

Total 
Overflow 
Duration 
(hours) 

Overflow 
Peak Flow 

(MGD) 

Number of 
Activations1 

Hasbrouck 26.93 423 22.46 59 
Broadway 0.21 13 1.35 9 
Hunter 0.12 23 0.61 12 
Wilbur 1.81 18 7.41 5 

Total 29.07 - - - 

Typical 5-Year Period 

CSO No. 
Total 

Overflow 
Volume (MG) 

Total 
Overflow 
Duration 
(hours) 

Overflow 
Peak Flow 

(MGD) 

Number of 
Activations1 

Hasbrouck 121.10 1889 27.93 296 
Broadway 0.95 76 2.57 38 
Hunter 0.52 108 1.03 50 
Wilbur 8.81 60 8.72 21 
Total 131.38 - - - 

1) 12 hour interevent time, 0.01 cfs threshold 

 
Figure ES-1-1:  2007 Rondout Creek Fecal Coliform Sampling and Geomeans 
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Another important consideration in the development of the CSO LTCP was the 
performance of the Hasbrouck system during dry weather and small wet weather events.  
Flow monitoring data indicated that the Hasbrouck system was subject to overflows 
during dry weather periods.  While the dry weather overflows have not been witnessed 
directly, City personnel have responded to the information with daily maintenance of the 
regulator to ensure that the trash rack and orifice connecting to the siphon system is clear 
and open as the system was prone to debris accumulation.  During small events, flow 
monitoring data also indicated that the Hasbrouck regulator continued to overflow when 
flows to the WWTF had fallen below peak rates.   

Flow monitoring data also identified sediment related flow restrictions in the Wilbur and 
Hunter regulators.  City crews responded by cleaning the Wilbur regulator and modifying 
the Hunter regulator to eliminate these flow restrictions. 

Being a small community, as defined by USEPA CSO Policy, the City has selected the 
presumptive compliance approach.  Two most commonly used presumptive approach 
criteria from USEPA CSO Control Policy are 85 percent capture of wet weather flows or 
four to six overflows per year.  The CSS already meets the 85 percent capture 
presumptive criterion; however, the number of annual activations is currently greater than 
four to six overflows per year.  This is not uncommon, CSO LTCP efforts for many 
communities have shown that the four to six overflows per year is a more stringent 
criterion than the 85 percent capture.  Since the water quality evaluation results from the 
small data set appear to meet WQS, it is unclear at present time whether or not additional 
control of the CSOs is required.    

Consequently, the recommended CSO LTCP utilizes a staged approach that includes 
post-construction monitoring after modifying the CSS to determine the effect of the 
CSOs on attainment of WQS.  The monitoring will be used to determine if the 
performance is sufficient to meet WQS.  If not, the system will be reassessed to refine the 
size and type of additional CSO control required. 

The recommended CSO LTCP implements a staged approach that focuses on improving 
the performance of the Hasbrouck system.  The stages of the CSO LTCP are depicted in 
the flow chart of Figure ES-2.  The initial stage upgrades the regulator to eliminate the 
need for daily maintenance in the prevention of dry weather overflows, provide direct 
measurement of CSO discharges, and modulate the wet weather discharge to maximize 
flow to the WWTF.  Post-construction monitoring will be performed to update the 
characterization of the Hasbrouck system and re-evaluate water quality in Rondout 
Creek.  If the water quality sampling shows that Rondout Creek is meeting WQS or that 
the CSOs are not precluding compliance with WQS, no additional capital work will be 
undertaken. 
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If the monitoring shows that CSO remaining activations appear to cause a WQS 
violation, additional CSO control measure will be implemented.  Based on the estimated 
costs, the additional CSO control measure is expected to be tank storage.  The final size 
of the tank will be determined based on the updated hydraulic model of the Hasbrouck 
system and the water quality sampling data.  The update of the hydraulic model should 
also include the updating and refinement of capital costs.  If markets or technologies 
change, such that treatment or separation becomes more cost-effective than storage, the 
City may elect to implement the most cost-effective solution.   

Once the tank or other CSO Control Measure is operational, the post construction water 
quality monitoring program will be initiated to confirm compliance with WQS in 
Rondout Creek. 

Although it is not anticipated, in the event the post construction water quality sampling 
shows that the CSOs are clearly the cause of WQS violations, the City will undertake 
additional study to determine appropriate steps to further reduce impacts. 

Figure ES-1-2:  Kingston CSO Long Term Control Plan 
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Storage for Hasbrouck is sized to reduced discharges to five (5) overflows in the typical 
year under baseline conditions.  This would reduce the annual discharge volume from 
Hasbrouck CSO 24.08 MG, from 26.9 MG in the typical year to 2.82 MG and increase 
the systemwide percent capture to 98.0 percent.  The estimated costs for the CSO LTCP 
are provided in Table ES-2.  The post construction monitoring included water quality 
sampling and analysis that the City may elect to self perform.  The total cost of the 
program may be as low as $0.99M if post construction monitoring confirms water quality 
standards are not precluded. 

Costs ranging from $0.99M to $5.14M fall within the low burden range for the City of 
Kingston.  The implementation schedule reflects this, with the schedule based on the time 
required to correctly and competently perform the required work.  A schedule reflecting 
the full implementation of the CSO stages shows related work and post construction 
monitoring complete by summer 2018 (see Figure ES-3). 

Table ES-1-2: 
CSO LTCP Estimated Cost 

Stage  Description 
Construction 
Cost 

Engineering 
Cost 1 

Sampling / 
Monitoring / 
Analysis Cost 

 
 
Total 

1 
Hasbrouck Regulator 
Upgrade  $  750,000  $115,000   $  865,000 

2 
Hasbrouck Flow Monitoring 
and Model Re-calibration      $50,000  $  50,000 

2 
Post Construction Water 
Quality Sampling 

  
$75,000 $  75,000 

3 Hasbrouck Storage Tank  $ 3,500,000   $525,000      $4,025,000 

4 
Post Construction 
Monitoring      $  75,000  $  75,000 

5 Re-assessment      $  50,000  $  50,000 

Totals    $  4,250,000   $  640,000   $  250,000  $5,140,000 
1 Engineering costs are estimated to be 15 percent of the construction costs. 
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Figure ES-1-3:  Kingston CSO LTCP Implementation Schedule (Long Schedule) 
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1 

1. Description of Kingston System 

This section of the CSO LTCP presents a summary of the known information about the 
configuration and performance of the CSS.  The purpose of collecting and analyzing this 
information is to understand, to the degree possible, the reasons for and consequences of 
the activation of the combined sewer overflows, such that the solutions developed to 
manage the wet weather discharge are technically appropriate.  The intent of this section 
of the CSO LTCP is to define the existing system conditions for both the City,  
NYS DEC, and the public.   

The data and information presented herein were acquired from several sources including: 

 City of Kingston mapping, record drawings and historic information; 

 Desktop Capacity Evaluation, dated December 2008; 

 NYSERDA Energy Conservation Study, dated April 2007; 

 Combined Sewer System Characterization, Monitoring and Modeling Plan, dated July 
2007; 

 Model Calibration and Validation Technical Memorandum, dated April 2010; 

 2009 Flow Monitoring; 

 2006 & 2007 Water Quality Sampling; 

 NYS DEC Waterbody Index/Priority Waterbodies List; 

 FEMA Flood Maps; 

 National Resource Conservation Services (NRCS) Soil Survey; 

 2006-2008 American Community Survey. 

1.1. City of Kingston 
The City of Kingston is home to approximately 25,000 residents and is the seat of Ulster 
County.  The majority of the historic City’s seven and a half square miles drain to the 
Rondout Creek, which borders the City immediately to the southeast, prior to the 
confluence with the Hudson River.  The City is organized around the downtown business 
district, with general business and residential housing surrounding.  Land uses, as 
maintained within GIS, are shown in Figure 1-1.    
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Primarily residential, the commercial and industrial businesses are focused along a 
corridor through the center of the city.  In recent years, economic conditions have 
adversely affected the population.  In an effort to stave off diminishing tax revenues, the 
city desires to grow the tax base by actively promoting commercial and residential 
development.  The city has manufacturing and retail businesses and potentially two new 
housing developments.  

The 2006-2008 American Community Survey estimated the following demographics: 

 Total Population: 25,245 

o Male/Female: 53.0 percent 

 Age 18 and over: 75.7 percent 

o Age 65 and over: 13.1 percent 

 Average household size: 2.31 

 Average family size: 3.15 

 In labor force: 69.5 percent 

1.2. Rondout Creek and Tributary Area 
Kingston is located at the mouth of Rondout Creek, which is a tributary to the Hudson 
River.  Rondout Creek is a NYS DEC Class C waterbody.  Class C waterbodies can be 
used for recreation and fishing but are not suitable for water supply.  The best available 
information on the overall evaluation of the creek comes from the ―Lower Hudson River 
Basin Waterbody Inventory/Priority Waterbodies List Report‖; August 2008 (WI/PWL 
Report).  Figure 1-2 shows the location of the Rondout Creek watershed within the 
greater Lower Hudson River watershed as provided in the WI/PWL Report.  (Note: page 
numbers refer to the WI/PWL Report.)  

The NYS DEC ―must provide regular, periodic assessments of the quality of the water 
resources in the state, and their ability to support specific uses‖. These assessments 
reflect monitoring and water quality information drawn from a number of programs and 
sources, both within and outside NYS DEC.  This information has been compiled by 
NYS DEC Division of Water and merged into an inventory database of all waterbodies in 
New York State.  The database is used to record current water quality information, 
characterize known and/or suspected water quality problems and issues, and track 
progress toward their resolution.  This inventory of water quality information is the 
division’s WI/PWL.‖  The WI/PWL is used in the Division of Water’s Comprehensive 
Assessment Strategy, in other programs and in compliance with the Clean Water Act.  
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1.2.1. Soil Survey  
The City of Kingston sits atop soils that are a mix of shallow silt loams and loamy sands.   
Figure 1-3 shows the complicated mix of soils in the Kingston area.  Approximately half 
of the City has soils that are classified as soil groups A or B.  These soils have moderate 
to high infiltration rates.  The balance of the City is a mixture of soils that are classified 
as soil groups C and D, which have slow to very slow infiltration rates.  The soils 
generally impede the downward movement of water and, consequently, are subject to 
higher rates of run-off.  The better draining soils are in the high land areas while the 
poorly draining soils are along the Hudson River and along the southwest edge of the 
city.  The soils are typically shallow with lithic bedrock underlying.  The depth of the soil 
varies but typically ranges from 10 to 40 inches.   

1.2.2. Topography and Floodplain 
The majority of the City drains southeasterly to Rondout Creek, with a small portion 
draining to Esopus Creek.  The upper areas are gently sloping down to the top of a bluff, 
where the land drops quickly and significantly down to the creek, as shown in Figure 1-4.  
The steep topography protects the vast majority of the City from the flooding influence of 
the Hudson River and Rondout Creek.  The Federal Emergency Management Agency 
(FEMA) Flood Maps for the City are provided in Appendix A. 

1.3. Collection System 
The collection system for the City of Kingston is a combined sewer system that is 
regulated at four locations.  The Wilbur, Hunter, Broadway, and Hasbrouck regulators 
direct dry weather flows and those portions of the wet weather that are less than 
approximately 10.25 mgd to the WWTF through a series of siphons.  Wet weather flows 
that exceed the WWTF’s capacity are discharged to the Rondout Creek.  Figure 1-5 
shows the configuration of the regulators and the WWTF.   

The pipe network connecting the regulators to the WWTF are pressure sewers driven by 
the elevational head of the regulators.  These pipes are referred to as ―siphons‖ because of 
the pressurized nature.  Two 16-inch siphons connect the largest sewershed, Wilbur, 
directly to the WWTF.  A single 24-inch siphon serves the three remaining sewersheds, 
Hunter, Broadway, and Hasbrouck, as well as several low lying customers along Rondout 
Creek.  Three small forcemains serve other low lying customers along Rondout Creek, 
and the Hamlet of Port Ewen in the Town of Esopus, a satellite community. 

Around the combined sewer system there are areas of separate sanitary sewer.  An 
estimated 40 percent of the total sewer system is separate sanitary sewer, with much of it 
tributary to the Wilbur system.  Past projects in specific areas have redirected run-off 
from roadways to a storm sewer system, leaving private property connected to the 
combined sewer.  



MALCOLM PIRNIE, INC.CITY OF KINGSTON
CSO LONG TERM
CONTROL PLAN

ULSTER COUNTY
SOIL SURVEY

Hudson 
Riv

er

Rond
out 

Creek

W

RvA

PrC

Un

STD

BOD

Un

NBF

PrC

QU

Un

Cc

NBF

ML

RvB

RhB

BOD

STD

QU

RXF

Lm

FAE

MgB

BOD
PlB

FAE

BOD

W

CF

BOD

BnC

NBF

Un

PrC

PrC

Tg

BOD

BOD

BOD

BnC

Tg

Pa

NBF

BOD

RvB

Ce

STD

RvA

BnC

Sc

NBF

RvA

Tg

Ra

BP

RvC

BOD

PlB

STD

STD

PmF

PmF

Un

BOD

CP

BOD

CF
BnC

PlB

STD

BnC

CP

BOD

NOD

NBF

RvB

Lm

FW

NBF

AcB

Lm

BOD

NBF

BnC

RhB

BOD

BgC

Ra

Tg

RvB

QU

RvB

Cc

BnC

PmF

PrC

PrC

Ce

BnC

PlC

PrC

FAE

NBF

SmB

PrC

BgD

Ra

MgB

MgB

BnC

RvB

PlB

WsB
RvC

Cc

BOD

BnC

RhB

RvB

STD

BnC

PrC

FAE

He

QU

Mr

PrC

NBF

Wa

W
BOD

Pt

NOD

PmF

FAE

WsB

RvA

Pa

Mr

Ra

PlC

CP

HuC

Tg

HgC

BOD

Ra

HuB

WsB

Cd

NOD

PlB
FAE

PmF

PrC

PlB

HgC

Wa

BOD

MgB

BRC

MgB

MgB

BnC

BOD

PlC

FAE

STD

RvB

BgD

RvB

BOD

Tg

CF

STD

Tg

MgB

RvBSTD

BnC
NBF

Pt

BnC

RvB
RhB

MdB

LOC

PmD

MgB

BnC

W

BOD

RvA

PlC

RvB

HuC

ML

HuC

BOD

Tg

CF

Wc

W

VoA

FW

PlB

Wb

STD

ML

Ce

Lm

RhB

BOD

W

PrC

BgC
PrC

HuC

BnC

CF

HSF

MgB

Wa

BgD

CnA

RvC

ML

CF

CF

CF

MgB

Pt

CF

PmD

Cc

ARF

Tg

CF

RXF

W

Wc

RhB

Wc

W

BHE

HwD

NBF

CP

STD

HwD

Wb

SmB

GP

Tg HuB

GP

WsB

HwD

BnC

RvB

ML

GP

ML

GP

CF

W

PmD

STD

NBF

NBF

Cc

Pa

PmF

RvC

RXF

NBF

BnC

Cd

Su

BOD

BOD

AA

PmF

PmD

BnC

Cd

Sc

BOD

NBF

Sc

FAE

NBF

PmF

PrC

AA

BHE

Cc

RvB

NBF

STD

MgBWsB

BgD

BgD

MdB

PrC

Tg

STD

PmD

STD

BOD

Wc

W

W

Ra

VoA

PmD

NBF

BP

PlB

Cd

FAE

WsB

STD

BOD

FW

PrC

BnC

PlB

BOD

NBF

NBF

BgC

RXF

FAE

Pt

RvC

FAE

FW

VoA

VoA

RvB

RvB

NBF

PmD

HgD

Pt

BOD

BOD

BnC

Ra

OdB

NBF

SaC
BOD

BOD

GP

CF

PlC

PlC

MgB

BgC

SmC

W

Cc

RvB

AA

PlB

PlB

NBF

CF

NBF

BOD

Pa

FAE

Cd

MgB

BHE

W

BnC

Wb

RvB

Cd

HuC

Pa

Cc

MdB

PlB

BOD

BOD

Cc

AA

BOD

PlC

Mr

RvC

PlB

BgC

PmD

GP

MdB

STD

FAE

PmF

CFAA

Ma

SmB

BOD

STD

Wb

Ra

BnC

RvB

RXF

Cd

BgD

Lm

ML

MgB Wb

MgB

SmB

PlB

HuC

WsB

PlC

VoA

HuC

BgC

VoB

Cc

HuC

RvB

CnC

NBF

NBF

FAE

Cd

BgC

W

FAE

FAE

MgB

MgB

PmD

PlC

GP

W

MgB

NOD

FAE

BOD

GP

FAE

HuC

PmD

HuB

QU

Cc

Cc

RvB

BgC

BnC

BHE NBF

CF

PlC
Wa

RXF

PmF

PlB

BnC

PmF

Lm

FAE

BnC

Cd

STD

VSB

NBF

BOD

CnB

RvB

QU

Cd

BP

HuC

BnC

NBF

Wa

Cc

PmD

PmD

BgC

Lm

BOD

SmC

RvC

LOC

WsB

BOD

PrC

Tg

PlC

FAE

Cc

BgC

BOD

NBF

BODRhB

PmF

MgB

Cd

HuC

HgD

BOD

PlC

PlB

FAE

BOD

BOD

RvB

Ra

Lm

BgD

Wb

Pa

CgA

BgD

WsB

FAE

BnC

AA

BHE

VoB

Ra

BnC

Pa

PlC

SmC

NBF

PrC

PlB

Cc

Lm

Ra

ML

BgD

SmB

FAE

MdB

MgB

Ra

RvA

NBF

PmD

BgC

RvC

CF

ARD

BgD

RvB

STD
BOD

HwD

MdB

FAE

PmD

PlB

VSB

STD

Sc

SmB

Mr

RhB

CP

MgB

Sc

PmD

HuB

Cd

Ra

RvB

BOD

FAE

BgC

Mr

BOD
NBF

Cc

PmD

FAE

PlC

PlB

FW

LY

W

NBF

RvA

FAE

RvB
NBF

RvC

QU

PlC

W

NBF

Ra

FAE

Mr

HwD

SmB

PlB

Pt

PmD

Cd

NBF

STD

GP

QU

AA

Wc

HgD

W

STD

WsB

PlC

BOD

BOD

W

W

BgC

BgC

FAE
Pa

WsB

BP

Pt

HuC

HgA

CF

CF

NOD

RvB

W

BOD

BgD

WsB

Wa

PmDNBF

MgB

SmB

PmD

Cd

CF

CnB

NBF

WsB

RvB

NBF

W

MgB

RhA

RvC

HuC

GP

NBFWsA

BOD

WsB

OdB

PmD

HgC

Lm

BgC

BOD

RvB

WsB

AA

W

Wa

PmF

Cc

W

LY

RvB

PmF

STD

HgB

FAE

MdB

MdB

NBF

MgB

VSB

MgB

PmD

STD

PrC

RvB

Pa

Mr

QU
MdB

PmD

FAE

PlB

VSB

BnC

PmF

Tg

BnC

BnC

FAE

MgB

MgB

VoA

Pa

PlC

NBF

HuC

HuC

BgC

HuC

Ma

Un

CnB

Pa

AA

Pa

RvC

CF

NBF

W

ML

WsA

ML

SaC

W

HuB

Lm

W

MgB

ML

BnC

Pa

PmD

RvB

FAE

NBF

NBF

NBF

MgB

HuB

RvB

W W

PmD

PmD

Cd

ML

BgC

W

W

HXE

RvC

PmD

BnC

Pa

PrC

W

NBF

PmF

FAE

NBF

W

BgD

NBF

LOC

RvB

FW

Wa

SmC

W

WsB

BOD

W

Cd

AA

Pt

BOD

NBF

CF

HuB

BnC

FWFW

W

Pa

VSB

VoA

CF

Wb

BnC

Ce

Lm

VoB

RvC

Cc
Lm

RhA

BOD

LY

Pa

Pa

HwD

NBF

FW

FW

VoA

MgBPa

FW

Pa

PrC

³

OCTOBER 2010
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ID Soil Type Description Soil Group % of City of Kingston
PrC Plainfield-Rock outcrop complex, rolling (65-15) Loamy sand, unweathered bedrock A 21%
RvA Riverhead fine sandy loam, 0 to 3 percent slopes Sandy loam B 19%
STD Stockbridge-Farmington-Rock outcrop complex, hilly (30-30-20)Gravelly silt loam, unweathered bedrock C 8%
BOD Bath-Nassau-Rock outcrop complex, hilly (40-25-15) Gravelly loam, channery silt loam, unweathered bedrock C 8%
FAE Farmington-Rock outcrop complex, steep (45-30) Gravelly silt loam, unweathered bedrock C 5%
RvB Riverhead fine sandy loam, 3 to 8 percent slopes Sandy loam B 4%
ML Made land Udorthents (Profile >4 in: very gravelley sandy loam) A/D 4%
Un Unadilla silt loam Silt loam B 3%
NBF Nassau-Bath-Rock outcrop complex, very steep (35-25-20)Channery silt loam, gravelly loam, unweathered bedrock C 3%
CF Cut and fill land Udorthents (Profile >4 in: very gravelley sandy loam) A/D 3%

Ten Most Prevalent Soils in City of Kingston

BOD CF FAE ML
NBF PrC RvA RvB STD Un



MALCOLM PIRNIE, INC.CITY OF KINGSTON
CSO LONG TERM
CONTROL PLAN

TOPOGRAPHY

³

OCTOBER 2010
FIGURE 1-4





 
Section 1 

Description of Kingston System 
 

    

 

City of Kingston 
Combined Sewer Overflow Long Term Control Plan 
H:\PROJECT\5744016\DOC\LTCP\Kingston LTCP 10.22.2010.docx 

 1-9 

 

All of the City’s regulators use leaping weirs to control dry weather flows and allow 
overflows to occur during wet weather events.  The Hasbrouck sewershed is also outfitted 
with a Brown & Brown orifice regulator that restricts flow into the siphon system. 

Because of the shallow rock, the collection system was constructed with two levels.  The 
higher elevation service sewers collect and convey flows from adjacent properties and the 
roadway.  The service sewers discharge into trunk sewers that were constructed deeper 
and often in the rock.  This configuration allowed the majority of the sewer system to be 
constructed without the expense of excavating rock and yet maintain a gravity flow 
system. 

The following sections contain descriptions of the individual sewersheds and regulators.  
In describing the collection system, the following terms are used: 

Influent sewer or influent pipe:  A pipe coming into a structure, such as a manhole, 
regulator or WWTP influent pump station. 

Dry weather pipe:  In a regulator, the dry weather pipe is the path normally taken by low 
flows.   

Dry weather flow:  From a regulator, the flow coming out of a dry weather pipe.  During 
wet weather, this flow will include some rainfall-derived flows. 

Wet weather pipe:  In a regulator, the wet weather pipe is the path taken by high flows.  
May also be referred to as the overflow pipe. 

Combined sewer overflow:  Flow leaving the system and being discharged to Rondout 
Creek through a designated combined sewer overflow point. 

Regulator:  A structural device use to direct and/or divide flows within the collection 
system. 

1.3.1. Wilbur System 
The Wilbur sewershed is the largest sewershed, encompassing approximately 
2,300 acres.  The Wilbur regulator is located on Wilbur Road and is a facility that was 
constructed during the 1990s to pump flows through dedicated siphons directly to the 
WWTF.  Typically, the pumps are not used; instead, flow is pushed into the siphon by the 
elevational head.  The facility was constructed with a divided wet well, that provides 
storage, screening and grinding facilities.  The 24-inch dry weather flow pipe enters a 
screen house where a bar screen and grinder removes large debris from the flow before 
entering the wet wells. There divided wet well has a total effective capacity of 
161,500-gallons and is connected to an overflow chamber.  
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Twin 16-inch density polyethylene (HDPE) siphons run from the Wilbur regulator 
approximately 9,900 feet to the WWTF.  The elevation difference is approximately 30-
feet.  The overflow pipe is 24-inches in diameter and overflows to the Twaalfskill Creek, 
which is tributary to Rondout Creek.  Overflows pass through a second screen house for 
floatable control before being discharged.  It shows the components of the regulator and 
the relative position to the WWTF. 

1.3.2. Hunter Basin 
The Hunter regulator is located in a residential area of the City on Hunter Street east of 
Ravine Street.  The Hunter regulator receives flow from a 600-acre combined sewershed.  
Some roadway run-off has been removed from the combined sewer in this sewershed.  
The influent pipe to the Hunter regulator is very steep, having a slope of 0.05 feet per 
foot (ft/ft) or 5 percent. 

The regulator chamber consists of three influent pipes and two effluent pipes, as shown in 
the sketch in provided in Appendix B.  The 36-inch effluent pipe is the wet weather 
overflow.  The 12-inch siphon, transitions to 24-inch siphon and runs to the WWTF.  The 
overflow weir is the control point at the Hunter regulator. The weir is not level, as can 
been seen in Figure 1-6. 

 

Figure 1-6:  Hunter Overflow Weir 
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1.3.3. Broadway Basin 
The Broadway sewershed is combined and is approximately 300 acres, making it the 
smallest of the four regulator sewersheds.  The Broadway regulator is a complex 
regulator that has two chambers, as shown in Appendix B.  One chamber has an 8-inch 
influent sewer and a 12-inch siphon effluent.  The second chamber has a 30-inch influent 
pipe.  A 9-inch high weir separates the 30-inch influent flow from the 60-inch overflow 
pipe.  The two chambers are connected by a 12-inch opening in the common wall.  The 
weir and the opening direct dry weather flows from the 30-inch pipe to the dry weather 
chamber.  The 60-inch overflow pipe goes through a screen facility for floatables control 
prior to discharge to Rondout Creek.  The 12-inch siphon carrying dry weather flow 
connects to the shared 24-inch siphon that carries flows to the WWTF.  

1.3.4. Hasbrouck Basin 
The Hasbrouck regulator is located nearest to the WWTF in the apartment complex 
accessed from the East Strand.  As shown in Appendix B, this regulator has both a weir 
that controls flow into the overflow screen house, a Brown & Brown type regulator that 
limits the amount of flow to the shared 24-inch siphon and an adjustable orifice.  The 
position of the orifice was originally intended to limit flows through the regulator to 
1.1 cfs (0.7 mgd).  Flow monitoring data fluctuated but generally showed the actual 
maximum flow rate through the regulator is 2.5 mgd.   

The Hasbrouck influent sewer is 60-inches in diameter.  Compared to the other 
regulators, the Hasbrouck influent sewer has a comparatively flat grade of 0.01 ft/ft (1.0 
percent).  Flow from the influent pipe approaches an 11-inch weir, which directs low 
flows into an 18-inch sewer that connects through the Brown & Brown regulator to the 
effluent siphon.  If the depth of flow in the influent pipe exceeds the weir, the overflow 
enters the screen house where it passes through a bar screen for floatables control before 
exiting through a 60-inch pipe to Rondout Creek.  A 36-inch storm sewer also connects 
into the screen house downstream of the screen.  This pipe serves a multi-family 
residential development adjacent to the regulator.  

1.4. Wastewater Treatment Plant 
The City of Kingston’s WWTF operates under the New York State Pollution Discharge 
Elimination System (SPDES) Permit Number NY 002 9351, as regulated by the  
NYS DEC.  The plant currently treats domestic wastewater from the City and 
neighboring satellite communities.  The WWTF, as it currently exists, was upgraded in 
the early 1970s to treat sewage using a conventional activated sludge process.  During 
that time, the WWTF was designed for an average flow of 4.8 million gallons per day 
(mgd) through the aeration and secondary clarification processes.  Modifications to the 
WWTF included the addition of a fourth primary clarifier in the early 1980s and the 
construction of a third aeration tank and a fourth secondary clarifier in the early 1990s. 
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The current SPDES permit limits the average flow to 6.8 mgd on a 12-month rolling 
average.  Nominal peak flow capacity through is controlled by the settled sewage pumps, 
which have a capacity of 10.25 mgd.   

1.4.1. Effluent Requirements 
Effluent limitations and monitoring requirements have been established by the NYS DEC 
as part of the SPDES permit program.  A copy of the current SPDES permit is attached as 
Appendix C.  The permit was last revised in September 2005.  The final SPDES effluent 
limitations that impact the analysis of the aeration system are summarized in Table 1-1.  
The effluent limits of most significance with respect to the aeration system are the five-
day carbonaceous biochemical oxygen demand (CBOD5) and the ultimate oxygen 
demand (UOD).  The conditions of the SPDES permit do not require the WWTF to 
provide nitrification. However, the SPDES permit requires WWTF operational personnel 
to monitor the plant effluent for both Total Kjeldahl Nitrogen (TKN) and ammonia 
(as NH3).  The TKN is included in the UOD limit, which is seasonal in the summer 
months. 

 
Table 1-1:  

Kingston SPDES Permit Limits 
 

Parameter Limit Units Limit Units Notes 

Flow 6.8 mgd   12 month rolling average 

CBOD5 25 mg/l 1,400 lbs/d Monthly average 

CBOD5 
 

40 
 

mg/l 2,300 lbs/d 7 day average 

UOD(1) 
  

4,900 lbs/d Monthly average 

TSS(2) 
 

30 
 

mg/l 1,700 lbs/d Monthly average 

TSS 
 

45 
 

mg/l 2,600 lbs/d 7 day average 

Disinfection required 
  

    All year 

pH 6.0-9.0 SU   Range 

Solids, Settable 0.3 ml/l   Daily maximum 
Notes:   
 (1) UOD = 1.5 x CBOD5 + 4.5 x TKN  
 (2) TSS = Total suspended solids  

Limit is seasonal from June 1st to October 31st  

Source:  September 2005 SPDES Permit – NY 002 9351 

1.4.2. Facility Description 
The WWTF liquid stream is comprised of two mechanical bar screens, a vortex grit 
chamber, four primary clarifiers, three aeration tanks, four secondary clarifiers and 
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ultraviolet (UV) disinfection.  Refer to Figure 1-7 for a process flow schematic of the 
facility. 

The solids processing unit operations consist of gravity belt thickening, anaerobic 
digestion, belt filter press dewatering and sludge cake pelletization.  Flow enters the 
WWTF at the entrance channel that is housed in the screening building prior to the vortex 
grit chamber.  Flow enters the channel from three siphons and a forcemain prior to 
screening for large debris and rag removal.  The flow is then directed to the vortex grit 
chamber that is weir controlled.  After grit removal, flow then enters the head house 
through a 24 inch closed conduit and is screened a second time. 

The flow is then split and directed into one of the four primary clarifiers.  Primary sludge 
is pumped to a gravity thickener and primary effluent flows by gravity to the settled 
sewage pump station wet well.  The settled sewage pump station is comprised of a wet 
well and three dry pit pumps, each with a rated capacity of 6.3 mgd at 29-feet of head.  
The primary effluent is pumped to a splitter box prior to flowing by gravity to one of the 
three aeration tanks.  Each aeration tank has a capacity of 392,000-gallons and the return 
activated sludge (RAS) is returned to each aeration tank.  The facility operators currently 
operate the aeration tanks in a plug flow configuration; however, prior to wet weather 
flows they change the mode of operation to contact stabilization in an attempt to reduce 
solids washout during high flows.  Mixed liquor from the aeration tanks flows by gravity 
to a splitter box and then to one of four secondary clarifiers.  Clarified secondary effluent 
is disinfected by ultraviolet (UV) irradiation and sludge is either returned to the aeration 
tanks or wasted and pumped to the gravity belt thickener.   
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2 

2. Monitoring and Modeling of the Combined 
Sewer System 

A hydraulic model was constructed for use as a tool to characterize the performance of 
the system, which included estimating the annual volume of combined sewage discharged 
from the Kingston collection system, to understand the performance of the collection 
system under various rainfall conditions and to predict changes in system performance, 
including CSO volume, from modifications of the collection system.  This section 
presents the approach to the development of the model and the calibration and 
verification results.  

2.1. Monitoring Plan and Data Analysis 
The hydrologic elements of a hydraulic model simulate the effects of rainfall on the 
combined sewer system.  In order to properly construct the hydrologic model, 
information on the depth and velocity of flows within the collection system was collected 
during a flow monitoring period.  Complementary rainfall data was also collected.  A 
Flow Monitoring and Rain Gauging work plan was developed.  This living document was 
used and updated throughout the flow monitoring period.  The final version is provided 
as Appendix D. 

2.2. Precipitation Data 
Two rain gauges were installed at locations in downtown Kingston at Broadway and 
Abeel Streets.  Both gauges were tipping bucket gauges, programmed to measure in five-
minute intervals.  The precipitation data was used during the flow decomposition process 
to identify dry weather flow days and to initially identify potential calibration and 
validation events.   

2.3. Flow Monitor Data 
The 2009 flow monitoring effort collected depth and velocity readings at nine monitors in 
Kingston.  The distribution of the flow monitors in the Kingston collection system is 
illustrated on Figure 2-1.  Data was collected in five-minute intervals.  The flow 
monitoring data was used for direct comparison with model results during calibration and 
validation.  The flow monitoring data was also used during the model calibration process 
to guide in the development of model parameters to mimic the observed dry weather and 
wet weather events. 
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The nine flow meters were located at influent and effluent points at the four CSO 
regulators.  The Wilbur regulator had two flow meters, one on the influent 24-inch pipe 
as well as one on the overflow pipe.  The Hunter regulator also had two flow meters, with 
one on the influent 30-inch by 40-inch line and another on the overflow weir.  The 
Broadway regulator had a similar configuration.  The first flow meter was located on the 
primary 30-inch influent pipe and there was also a meter on the 60-inch overflow pipe.  
The three remaining flow meters were located on two influent lines to the Hasbrouck 
regulator, 60 and 36-inch, and on the 60-inch overflow pipe. 

The WWTF has a Parshall flume that measures influent flows.  Flows are recorded on a 
circular chart.  During the flow monitoring period, a data logger was attached to the 
Parshall flume system to record total flow rates entering the plant.   

2.4. Modeling Approach 
The hydraulic model is the primary tool used in the analysis of the combined sewer 
system and control of the CSOs.  As such, the modeling approach and the assumptions 
included there in, are important to understand.  This section contains detailing 
information on the methods used to simulate the sewer system of the Kingston CSS. 

2.4.1. Software 
The model was developed using InfoWorks CS v 9.5, and was updated to the latest 
version, InfoWorks CS v 10.5 during the course of the project. 

2.4.2. Hydraulic Model 
In the model, the Kingston sewer system was represented as a series of nodes connected 
by links.  Nodes include such elements as: 

 Manholes; 

 ―Blind‖ pipe/conduit junctions (pipe junctions where manholes do not physically 
exist in the system); 

 Non-conveyance storage elements (wet wells, etc); 

 Each upstream terminal point in the system; 

 Each outfall and discharge point where flow leaves the system; 

 Upstream and downstream of structures required to simulate pump stations, storage, 
or diversion structures; 

 Each significant change in pipe size, shape, slope or invert elevations. 

Links include: 

 Gravity sewers, siphons, and force mains; 

 Storage elements with conveyance capacity;  
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 Control structures such as weirs, pumps, orifices and gates. 

The Kingston system included a number of hydraulic structures.  Examples of structures 
include weirs, junction chambers, diversion structures, and pumping stations.  Table 2-1 
presents a summary the modeled network hydraulic characteristics. 

Table 2-1:  
Summary of Network Components 

# of 
Manholes 

# of 
Pipes 

Pipe Length 
(mi) 

Flow 
Meters 

Pump 
Stations 

Rain 
Gauges 

 
CSOs 

91 98 3.6 9 1 2 4 

2.4.3. Hydrologic Model 
The hydrologic model provides flow inputs into the hydraulic network.  The Kingston 
collection system is predominantly a combined sewer system.  During the calibration 
process, wet weather responses in all modeled sewersheds within the system were 
reviewed and the most appropriate modeling approach was selected for representing 
performance of each sewershed.  Typical urban run-off combined sewer system modeling 
approach, as described in Section 2.4.3.1, was used for most sewersheds, which exhibited 
fast response to precipitation events.  At the same time, it was observed that the Wilbur 
sewershed wet weather response more resembled inflow and infiltration (I/I) than a 
typical urban run-off response.  Some sewer separation work has occurred in pockets in 
the Wilbur sewershed.  Because of the system response characteristics, the Wilbur 
sewershed was modeled using a hybrid approach that allowed for the simulation of wet 
weather responses representative of both combined and separate sewer systems.  This 
section briefly describes the urban hydrology concepts that were applied in the model.  

2.4.3.1. Combined Sewer System Approach 
A combined sewer collection system conveys wastewater generated by residential, 
commercial and industrial users as well as stormwater generated from surface run-off.  
The relationship between run-off rates, conveyance capacities, and storage in a combined 
sewer system determines CSO frequency and volume characteristics.  In a typical CSS, 
the capacity of the combined sewers is far greater than that of the interceptor sewers or 
treatment systems.  Flow in excess of the interceptor and/or WWTF capacity is 
discharged to the receiving water with little or no treatment or storage for later treatment.  

The combined sewer system modeling approach applies urban hydrologic methods to 
sewersheds, the flows generated from which are connected to and routed through the 
hydraulic model.  The first step in the application of a hydrologic model to a combined 
sewer collection system is the delineation of the sewer watershed (sewershed) areas to be 
simulated.  In the combined sewer service area, sewersheds are typically delineated to 
each regulator in the system.  (A regulator is any device that splits the flow between the 
two systems, such as an interceptor and receiving water.)  Because many combined sewer 
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systems include regulators that intercept wastewater from sewersheds of widely varying 
sizes, larger sewersheds may be further delineated to develop smaller subbasins of 
relatively homogenous size and development conditions (land use).   

2.4.3.2. Wilbur Sewer System Approach 
The modeling approach used for the Wilbur sewersheds parallels the combined sewer 
system approach, using a predictive hydrologic approach that connects infiltration and 
inflow and routes it through the hydraulic model.   

As with the run-off approach, the first step in the application of a hydrologic model to the 
Wilbur sewer system was the delineation of the sewershed areas to be simulated.  The 
Wilbur system sewersheds were delineated based on the characteristics of the sewershed.  
In general, subbasins of relatively homogenous size and development conditions (land 
use) were used.  The larger sewersheds within the Wilbur subbasin generally followed the 
development boundaries (e.g., lot lines) and did not include open spaces.   

2.4.4. Flow Generation 
For modeling purposes, it was useful to further define the components of flow in 
wastewater collection systems.  Figure 2-2 displays a typical two-day wastewater flow 
hydrograph with the effects of the rainfall derived rainfall.  Flow is plotted against the  
Y-axis on the left side of the plot and precipitation intensity is plotted against the inverted 
Y-axis on the right side of the plot.  The wastewater flow hydrograph can be broken into 
three basic components: 

Groundwater Infiltration (GWI) enters a sewer system typically through sewer service 
connections when groundwater infiltrates at defective pipes, pipe joints, connections, or 
manhole walls.  GWI may have seasonal variations but is usually treated as constant over 
the duration of a single precipitation event.  

Base wastewater Flow (BWWF) enters the collection system through direct 
connections, and represents the sum of the domestic, commercial, and industrial waste 
flows. 

Wet Weather Flow is the portion of the sewer flow hydrograph above the normal dry 
weather flow pattern; it is the sewer flow response to rainfall or snowmelt in a sewershed.   

Each of the major components of dry weather flow was input to the model as an average 
flow, with an appropriate time varying pattern applied.  The sanitary BWWF and GWI 
for each sewershed were estimated by evaluating the flow monitoring data.  The 
monitoring period was unusually wet and the number of pure dry weather flow days was 
limited.  The dry weather flow days measured by each flow monitor were determined by 
identifying periods where flows were clearly not influenced by rainfall.  The identified 
dry weather flow days are shown in Figure 2-3. 
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2.4.4.1. Groundwater Infiltration 
During the overnight hours the sanitary flow typically drops to a nighttime minimum.  At 
this low period it was assumed that most of the flow present in the system is the result of 
GWI.  In typical residential areas, 15 percent of this low flow was defined as wastewater, 
with the balance representing groundwater infiltration.   

2.4.4.2. Base Wastewater Flows  
Subtracting each month's GWI from the total sanitary flow leaves the base wastewater 
flow BWWF hydrograph.  The BWWF hydrographs were divided into weekdays and 
weekends. The identified dry weather flow days were evaluated to develop a typical dry 
weather flow hydrograph.  Using the average BWWFs a diurnal pattern was developed 
for each monitor.   

To apply the BWWF to the model, the population in each subbasin was computed using 
the subbasin delineation and the most current U.S. Census data (2000 Census Blocks for 
Ulster County New York).  Starting with an initial assumption of 80 gallons per capita 
per day the total residential flow in each sewershed was calculated.  The sum of the 
residential, commercial, and industrial BWWFs for each sewershed was loaded into the 
model and assigned a diurnal pattern.  Figure 2-4 provides weekday and weekend diurnal 
patterns for the sewershed upstream of meter CSO 05-01. 

2.4.5. Wet Weather Flow: Combined Sewer Systems 
In a combined system, the run-off is driven by the impervious surface of the modeled 
subbasin.  Excess rainfall that neither infiltrates nor is captured by surface depressions 
travels into the combined system via gutters and stormwater inlets or directly enters a 
stream via overland flow.  Stormwater can also enter through roof drains, manhole 
covers, and other inlets.  The delineated sewersheds were characterized to develop 
surface parameters that would drive the run-off into the combined sewer systems.   

2.4.6. Wet Weather Flow: Wilbur Sewer System 
There are a number of approaches available for developing model flows that represent I/I 
in sewer systems.  For the Kingston model, the predictive hydrologic method of 
simulating I/I, included in the InfoWorks model, was used.  Hydrologic routines used 
traditional surface hydrology methods to mimic the I/I response, and provided a flexible 
model capable of representing the desired wide range of wet-weather conditions 
necessary for this system.     

2.4.7. Boundary Conditions 
Boundary Conditions explain the way the CSS is connected to adjacent systems.  
Boundary conditions are inputs or constraints and can be simple and constant or complex 
and vary over time.  The Kingston hydraulic model had two boundary conditions: 
Rondout Creek stage and operations at the WWTF. 
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2.4.7.1. Rondout Creek Stage 
Rondout Creek stage information was used to determine the outfall boundary condition.  
A comparison of the river stage data with the outfall pipe inverts determined that 
although the outfall pipes are submerged during the high tide boundary condition, the 
river stage never rises above the crest height of the overflow weirs.  The river does not 
reach a level high enough to breach the regulators and therefore has no impact on the 
operation of the regulators or the pipes upstream.  River stage data was collected at a 
permanent USGS river gauging station located upstream of the Wastewater Treatment 
Plant at Frank Koenig Boulevard and the Rondout Creek.  This gauge collects real-time 
gage height, temperature, and velocity data.   

2.4.7.2. Kingston WWTF 
Collection system flow is delivered to the Kingston WWTF via a series of parallel 
siphons.  The satellite community of Port Ewen is connected directly to the WWTF via 
force main.  The satellite community consists of separate sanitary sewers and was 
modeled according to the sanitary sewer system approach.  The boundary condition at the 
plant was established based upon a review of the existing operating profile.  The flow 
entering the WWTP was limited by a 10.3 ft elevation weir at the grit chamber.  The 
influent satellite community flow transported via separate force mains was limited to the 
capacity of the pump stations upstream.  

2.5. Model Development 
2.5.1. Hydraulic Model 
Model building is the process of developing a refined representation of the City’s 
collection system starting with the existing model.  The model was developed within 
InfoWorks CS using the hydraulic system data in the AutoCAD map, survey data, and 
other information from the City, including the 1978 Sewer System Evaluation Survey. 
Model extents were determined based upon the sewer system network available in 
AutoCAD and surveyed over a two week period by Praetorius and Conrad, P.C.  The 
survey collected manhole and pipe information such as rim elevations, pipe inverts, pipe 
dimensions, shape, and material. 

2.5.1.1. Control Structures 
With Kingston’s need to develop a long-term control plan to manage combined sewer 
overflows, consistent and accurate representation of hydraulic structures is important.  
Control structures were modeled based on a combination of record information and 
regulator site inspections performed as part of the flow monitoring.  

2.5.1.1.1. Orifices 
Orifices were used to represent gates and constrictor plates.  Table 2-2 lists the typical 
parameters populated for each orifice link.  The adjustable gate at the Hasbrouck Brown 
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& Brown regulator was modeled using the real time control option available within 
InfoWorks CS. 

Table 2-2:  
Typical Orifice Model Parameters 

Field Description Typical Value/Input 

Name Orifice ID (ORI + 3 letters of Location + .1) ORIHAS.1 

Inlet Element ID of upstream junction ORIHAS 

Outlet Element ID of downstream junction HASREG 

Type Location of orifice relative to flow SIDE or BOTTOM 

Shape Shape of orifice CIRCULAR or 

RECTANGULAR 

Crest Offset of orifice from junction invert (ft) 0.5  

Coefficient C in orifice equation 0.6 

2.5.1.1.2. Weirs 
Weirs were used to represent weir wall and diversion dams.  Elevated pipes were not 
modeled as weirs, but instead as a normal conduit with an elevated upstream invert.  
Table 2-3 lists the typical parameters populated for a weir link. 
 

Table 2-3:  
Typical Weir Model Parameters 

Field Description Typical Value/Input 

Name Weir ID WEIRHAS.1 

Inlet Element ID of upstream junction WEIRHAS 

Outlet Element ID of downstream 

junction 

HAS1 

Type Location of weir relative to flow TRANSVERSE or SIDEFLOW 

Weir Length True length of weir (ft) 4.0 

Crest  Offset of weir crest from junction 

invert (ft) 

1.5 

Coefficient C in weir equation 2.8 

Flap Gate Presence of flap gate should be 

noted 

Y/N 
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2.5.1.1.3. Pump Stations 
The Kingston collection system contains one pump station relevant to overflow 
hydraulics but it is not currently in operation.  The grinder, wet wells, and overflow 
structure at Wilbur Pump Station were incorporated into the model based on the available 
as built drawings.  The effluent siphons were modeled as pressure pipes.   In the future 
the pumps could be incorporated into the model using the Dynamic Head pump option in 
InfoWorks CS.  

2.5.1.2. Sediment 
Based on available information, sediment was present to varying degrees surrounding 
diversion structures and was modeled as needed using the ―Sediment Depth‖ option 
function in InfoWorks CS.  
 
For the Wilbur system, the sediment in the wet well structure was high enough to 
effectively reduce the delivery capacity of the dual siphons.  For this system, the effect of 
the sediment was simulated by reducing the capacity of the effluent pipes to match actual 
performance. 

2.5.1.3. Manning’s Roughness Coefficients 
Roughness coefficients of conduits were adjusted during the model calibration as 
necessary to replicate observed conditions such as deteriorating pipe or channel 
conditions. 

2.5.2. Hydrologic Model 
Application of a hydrologic model to a sewer system required the delineation of the 
combined sewer areas to be simulated.  These areas became the basis for dry and wet 
weather flow generation within the model.  This section describes the model 
representation of sewersheds and their characteristics.   

2.5.2.1. Input Data Sources 
The available data for generating dry weather and wet weather flow was reviewed during 
the process of creating the flow generating portion for the model.  The data sources 
reviewed include, but were not limited to: 

 County-provided GIS data sets; 

 City-provided mapping; 

 Current flow monitoring data. 

2.5.2.2. Sewershed Delineation 
The City of Kingston service area encompasses approximately 3,900 acres.  The service 
area was divided into sewersheds based on regulators and flow monitors.  Sewersheds 
were further subdivided into 25 modeled subbasins each with an average size of 
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160 acres.  Sewersheds were delineated to each flow monitor based on the Kingston’s 
existing AutoCAD mapping, as illustrated on Figure 2-5.  These boundaries were 
necessary for the accurate review and analysis of the flow monitoring data as well as to 
assist the model calibration effort.  The flow monitoring sewersheds served as the starting 
point for the collection system model delineations. Table 2-4 summarizes the model 
subbasin characteristics. 

 
Table 2-4:  

Summary of Hydrologic Model Detail 

Hydrological Parameter Model Value 

Total Combined Sewer Area (acres) 4,134 

Number of Combined Subbasins 25 

Average Size of Combined Subbasins (acres) 165 

Range of Combined Sewer Subbasins (acres) 1 to 2,260 

2.5.2.3. Model Subbasin Delineation Approach 
The sewersheds were subdivided to create model subbasins.  Beginning in the upstream 
portion of the system to be modeled, subbasins were delineated based on the collection 
system sewer network and land use in the combined sewered areas.  An effort was made 
to create subbasins that were of relatively homogenous land use and size.  Figure 2-5 
illustrates the basins as delineated to each regulator. 

For each subbasin, a load point manhole was identified to assign the residential flows for 
modeling purposes.  Model load points were assigned to best represent the effect of flows 
entering system. 

2.5.3. Dry Weather Flow Development 
Dry weather flow includes sanitary sewer and infiltration from all sewer users 
(residential, commercial and industrial, etc.).  The dry weather flow was decomposed to 
create GWI and BWWF components.   

This process was repeated resulting in GWI and BWWF values for each monitored 
sewershed.  Flows and patterns developed at the monitoring locations were distributed to 
sewersheds upstream of the monitor.   
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2.5.4. Wet Weather Flow Development 
Although the same process for decomposing dry weather flow was used for all sewer 
basins, the method for generating wet weather flow varied greatly between the combined 
system and Wilbur basin approaches.  The urban run-off approach applied to the 
combined system relies on physical characteristics of the sewer basin to account for the 
routing of rainfall to the sewer system.   

To account for I/I in sewer basins in the Wilbur sewershed a modified hydrologic method 
(using up to three surface types) was used. Hydrologic routines use traditional surface 
hydrology methods to mimic the I/I response, and provide a flexible model capable of 
representing the desired wide range of wet-weather conditions necessary for this project.  
The hydrologic method also provides a much better platform for the long-term 
simulations as they better simulate the seasonal groundwater level variations encountered 
in most regions (hydrologic methods better account for antecedent conditions).   

Once the limits of the model were defined (via the sewershed delineation described 
above), each sewershed was assigned parameters that would allow the model to generate 
flows for input into the modeled sewer network.  The sewersheds were defined by the 
following parameters: 

 Area; 

 Width (based on overland flow length); 

 Imperviousness; 

 Ground Slope; 

 Infiltration Parameters; 

 Overland flow routing coefficients; 

 Depression storage. 

In order to build the run-off portion of the combined sewered basins, available GIS data 
was processed to determine physical parameters and soil properties for each sewershed. 

2.5.4.1. Area 
Area was directly calculated from the GIS mapping.  This parameter was not varied 
during the calibration unless model results indicated that the original area calculation was 
incorrect or that the delineation did not include areas that actually did contribute to the 
flow monitor. 

2.5.4.2. Width 
Sewershed width is a key calibration parameter, one of the few that can significantly alter 
the hydrograph shape (timing of the peak flow rates), rather than just run-off volume. 
Initial widths for each sewershed were determined using GIS mapping to develop 
overland flow lengths.  
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2.5.4.3. Imperviousness 
InfoWorks simulates wet weather from a modeled basin via impervious and pervious run-
off.  Impervious run-off represents that portion of flow generated from paved surfaces 
(e.g., parking lots, roads, driveways) and from other connected surfaces such as roof 
drains.  The percent imperviousness of a basin is a good indicator of the level of 
development of the basin.  Pervious run-off represents that portion of flow generated 
from the open surfaces in a subbasin—those surfaces where surface run-off is not 
generated until after the soil becomes saturated.  Most combined sewer systems are 
highly urbanized (i.e., highly impervious) and most storms which produce CSOs are 
small storms where the run-off contribution from pervious surfaces is very small.  
Therefore, impervious surface run-off was in most cases a large percent of both peak 
flows and total run-off volumes in the collection system.  

Total imperviousness is generally related to the area land use.  Table 2-5 presents ranges 
of total imperviousness based on historical studies performed on highly urbanized 
collection systems.  

 
Table 2-5:  

Typical Imperviousness by Land Use 
  

 

 

 

 

 

 

 

 

 

 

 

Impervious areas must be hydraulically (directly) connected to the drainage system to 
contribute run-off to the sewer system.  For example, rooftops draining onto adjacent 
pervious areas should not be included in the effective (directly connected) impervious 
area estimates.  This is particularly true for the smaller, more frequent rainfall events: 

 

 

Land use 

Total 
Imperviousness 

(%) 

Low Density Residential 20 – 35 

Medium Density Residential 30 – 50 

High Density Residential 40 – 60 

Commercial 60 – 90 

Light Industrial 40 – 70 

Heavy Industrial 60 – 90 

Institutional/Public 50 – 70 

Parks/Green Spaces 0 - 10 
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run-off from impervious surfaces not directly connected is generally low during these 
storms and lags after the peak response from the other connected impervious surfaces.   

For this model, the percent imperviousness of each sewershed was calculated using the 
National Land Cover Database.  This national database contains imperviousness values 
on a 30 meter grid or pixel throughout the United States.  Each pixel contains a number 
from 0 to 100 to represent the measured imperviousness.  Using GIS the pixel 
information was spatially applied to compute an average percent impervious value for 
each subbasin.  The NLCD database method of calculating imperviousness was 
appropriate for this model because there were large subbasins with multiple land uses. 

2.5.4.4. Ground Slope 
The sewershed slope should reflect the average along the overland flow path(s) estimated 
using GIS tools.  Elevation differences were determined from the contours of the 
subbasin.  The ground slopes were not modified during model validation.  

2.5.4.5. Infiltration 
As stated above, pervious run-off is typically an insignificant portion of the wet weather 
flow contributing to a combined sewer system, especially when the system is analyzed 
using single events.  However, when performing continuous simulations for the 
development of annual overflow statistics at the CSO locations, antecedent moisture 
conditions have a more significant impact in the performance of the sewer system.  The 
antecedent conditions are dependent upon the infiltration parameters selected.  

The Horton method of modeling infiltration was applied to simulate the pervious run-off 
from sewersheds that were slow to affect the sewer system.  Horton infiltration 
algorithms are empirically based and describe the familiar exponential decay of 
infiltration capacity evident during heavy storms.  However, the program uses the 
integrated form to avoid an unwanted reduction in infiltration capacity during periods of 
light rainfall.  In addition, a parameter to regenerate infiltration capacity is required for 
continuous simulation. Initial ranges for these parameters were: 

 Maximum Infiltration Rate: 0.001 – 1.0 (in/hr) 

 Minimum Infiltration Rate: 0.001 – 0.15 (in/hr) 

 Decay Rate of Infiltration: 0.001 - 0.00115 (1/sec) 

2.5.4.6. Overland Flow Manning’s Roughness Coefficients 
Overland flow Manning’s roughness coefficients indicate how quickly run-off can flow 
over the ground.  Typical Manning’s roughness coefficients for overland flow are shown 
in the Table 2-6.  Overland flow values applied in the Kingston model were developed 
based on a combination of land use classification, soil types, and aerial photos, and 
refined during the model calibration process.  
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Table 2-6:  
Typical Overland Flow Roughness Coefficients 

Ground Cover Typical n Typical Range 

Concrete or Asphalt 0.011 0.01-0.013 

Bare Sand 0.01 0.01-0.016 

Graveled Surface 0.02 0.012-0.03 

Grass/Sod 0.20 0.10-0.48 

2.5.4.7. Detention storage 
Detention storage represents the volume, in inches, that must be filled prior to the 
occurrence of run-off.  It represents the initial loss or "abstraction" caused by such 
phenomena as surface ponding, surface wetting, interception and evaporation.  
Depression storage may be treated as a calibration parameter, particularly to adjust run-
off volumes.  Separate depression storage values are required for pervious and 
impervious areas.  Initial values for depression storage are as follows: 

 Impervious areas: 0.005 inches to 0.06 inches 

 Pervious areas: 0.06 inches to 0.25 inches 

Initial values were adjusted as required for calibration.   

2.5.4.8. Response Type 
The response observed in the Wilbur basin was modeled using a hybrid approach that 
applies the infiltration model described to different response types that comprise a typical 
hydrograph.  A wet weather hydrograph is generally composed by multiple types of 
responses to rainfall, each representing a different mechanism that generates flow into the 
sewer system.  A fast response is one in which the time lag between the start of the 
rainfall and the response of the collection system is short, often on the order of 5 to 10 
minutes.  This type of response is common in combined sewer systems because of the 
direct connections (e.g. catch basins, roof leaders, etc.) prevalent in these systems.  
Responses can also be driven by processes more characteristic of inflow and infiltration 
(I/I) responses observed in sanitary sewer systems.  I/I responses can be characterized as 
fast (direct inflow connections), medium, or slow.  Medium responses may be associated 
with inflow points located farther away from the monitoring point or reflect a longer flow 
path into the collection system, as well as with cracks in pipes/manholes or major 
deterioration of the infrastructure.  Slow responses are often associated with infiltration 
through the ground into the collection system, and are typically more influenced by very 
wet ground conditions that happen in back to back events or after significant rainfalls.  In 
order to develop a complete wet weather hydrograph for the Wilbur basin, which is 
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primarily combined but has pockets of the system that are separate sewers, the Wilbur 
sewersheds were simulated using up to three response types. 

2.5.4.9. Model Parameter Values 
Through the calibration process, the parameters described in the previous sections were 
adjusted as described in Section 2.6.  The final parameter values for the calibrated 
Kingston model are provided in Table 2-7.  Note that the table presents the values by 
groups with common values.  For most groups, there is more than one subbasin with the 
model that contains the parameters shown. 

2.6. Model Calibration 
Model calibration consisted of adjusting sewershed and collection system attribute 
information within reasonable ranges to obtain simulated results that closely replicate 
actual field monitored flows and depths for a set of monitored storm events.  Model 
calibrations also entailed comparing simulated results with existing historical operational 
records.  This process ensured that the model was representative of the Kingston 
collection system and would: 

 Reasonably predict monitored flows and depths; and 

 Provide a tool for predicting system performance under both long-term hydrologic 
conditions and design storm events. 

The calibration process used monitored flow and rainfall data and proceeded generally as 
follows: 

 Upstream monitors were calibrated first.  These monitors represent flows from areas 
that can be uniquely defined.  Upstream monitor calibration allows for adjustment of 
attributes; and 

 Moving downstream, subbasins were calibrated to the monitored data.   

Model parameters were adjusted carefully.  If the process required that parameters be 
stretched outside of acceptable ranges the model configuration, parameters were re-
evaluated. 

2.6.1. Defining Calibration Events 
The model was calibrated to three events from the summer/fall 2009 monitoring period, 
consisting of large, medium, and small wet weather events.  In addition, all calibration 
events included a peak intensity of at least 0.25 inches/hour and two calibration events 
captured 0.8 – 1.2 inches of rain.  The third event measured 1.8 inches of rainfall.  The 
wet weather events recorded during the monitoring period are listed in Table 2-8.  The 
events on August 22, October 23, and October 27 were identified as calibration periods as 
indicated on the right column.  Following calibration, the August 28 and September 11 
events were used to validate model performance. 
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Table 2-7:  

Subbasin Model Parameters 

Subbasin Group Area 
(ac) 

% 
Run-
off 

Response Type 
Average 
Overland 

Slope 

Run-off 
Routing 
Value 

Run-off 
Method 

Initial 
Loss 

Value (ft) 

Horton 
Initial 
(in/hr) 

Horton 
Limiting 
(in/hr) 

Horton 
Decay 

(1/hour) 

Broadway 15.6 2.0% Impervious 0.1 1 Fixed 0.001 - - - 

50.0% Pervious 0.1 1 Horton 0.001 0.2 0.05 3 

Hasbrouck 702.2 7.3% Impervious 0.045 0.03 Fixed 0.008 - - - 

0.7% Pervious 0.045 0.05 Horton 0.017 1 0.01 3 

Hasbrouck East 9.4 25.0% Impervious 0.18 0.001 Fixed 0.008 - - - 

10.0% Pervious 0.18 0.05 Horton 0.017 1 0.01 3 

Hunter 45.5 1.5% Impervious 0.1485 0.001 Fixed 0.008 - - - 

5.0% Pervious 0.1485 0.05 Horton 0.008 1 0.05 3 

Port Ewen/Kingston 
Point 884.6 0.1% Pervious 0.0535 0.05 Horton 0.008 1 0.05 3 

0.1% Impervious 0.0535 0.03 Fixed 0.008 - - - 

Wilbur 2263.3 

0.5% Pervious - Fast 0.5 0.2 Horton 0.008 0.0001 0.0001 3 

1.0% 
Pervious - 
Medium 0.03 0.8 Horton 0.008 0.5 0.05 3 

1.0% Pervious - Slow 0.003 1 Horton 0.029 0.8 0.01 3 
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Table 2-8:  
Monitoring Period Events and Selected Periods for Calibration and 

Validation 

Event 
No. Date-Time Duration 

(hrs) 
Volume 

(in) 
Max 

Intensity 
(in/hr) 

Approx. 
Return 
Period 

Calibration 
or 

Validation 
 

1 8/21/2009 14:50 6.1 1.49 1.42 50-yr 
 2 8/22/2009 2:05 9.5 0.27 0.15 3-mo 
 3 8/22/2009 20:30 5.3 0.78 1.04 2-yr Calibration 

4 8/23/2009 17:50 1.0 1.54 1.54 50-yr 
 5 8/28/2009 14:50 24.0 1.56 0.33 4-mo Validation 

6 8/29/2009 23:00 0.8 0.11 0.16 2-wk 
 7 9/11/2009 11:55 28.8 0.58 0.23 1-mo Validation 

8 9/12/2009 14:50 1.3 0.11 0.13 2-wk 
 9 9/26/2009 23:05 25.2 0.86 0.12 1-mo 
 10 10/7/2009 0:10 12.6 0.36 0.15 2-wk 
 11 10/9/2009 23:05 4.6 0.27 0.19 2-wk 
 12 10/15/2009 14:15 6.8 0.23 0.08 2-wk 
 13 10/23/2009 19:30 27.0 1.78 0.25 6-mo Calibration 

14 10/27/2009 16:00 24.0 1.19 0.26 3-mo Calibration 

 

2.6.2. Calibration Process 
The calibration process has two distinct steps: dry weather and wet weather.  The dry 
weather calibration focused on the simulation of the components of wastewater flow.   
The dry weather calibration process ensured that the model adequately simulated the base 
flows as a platform for wet weather simulations.  For the Kingston modeling effort, 
monitored rainfall hyetographs developed from the observed precipitation data was 
applied to the InfoWorks CS model to generate wet weather inflows at each modeled load 
point.   

The model was calibrated to three rainfall events.  It is accepted throughout the industry 
that the antecedent conditions can play a significant role in the way a system responds to 
a rainfall event.  To account for an antecedent condition, the entire flow monitoring 
period was run as a continuous simulation with the review of the system focusing on the 
three selected calibration events.  However, the model run time for continuous 
simulations can be long.  To optimize the process, the three events were run individually, 
i.e. discretely, to allow the modeling team to quickly evaluate the wet weather parameters 
and bring peak flow statistics into range.  The continuous simulation was then used to 
calibrate for antecedent conditions, volume and refined peak. 
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2.6.2.1. Discrete Event Simulations 
A sub-set of the recorded storms was evaluated to allow the modeling team to quickly 
refine parameters that affect the prediction of peak flow rates.  Three events were 
simulated as follows: 

 Recorded flow and depth data from each monitoring site for each major rainfall event 
was converted into a file format to enable a direct comparison with the model-
simulated results; 

 Based upon the graphical comparisons of recorded and simulated data for all of the 
calibration storms, factors such as imperviousness, width, and depression storage in 
each combined sewer subbasin were adjusted; and 

 Following the adjustments to the modeled subbasins, the storms were re-simulated, 
the results compared again, and further fine tuning adjustments made to the subbasin 
hydrologic factors.  

This process was repeated until a single set of hydrologic factors was finalized for every 
subbasin upstream of a flow monitor.   

2.6.2.2. Continuous Simulations 
Once a reasonable prediction of peak flows has been developed, the modeling team 
refined the calibration using continuous simulations.  The primary purpose of continuous 
simulations was to: 

 Ensure the parameters developed using discrete events are suitable for the range of 
events that occur during the monitoring period; and 

 Refine model parameters to better account for antecedent conditions and variations 
that affect model volumetric predictions and that would ensure that CSO 
frequency/volume estimates was reasonable.  

The primary method for assessing the reasonableness of the continuous simulations was 
graphical comparisons of simulated results and observed data.  Best-fit line slopes and 
intercepts were also evaluated to ensure the model parameter suitably predicted the 
observed responses for the range of storms.  

2.6.3. Calibration Results 
Model calibration is not typically measured as a mathematical fit between two curves.  A 
large number of reasons can be found for differences between modeled and observed data 
that cannot be allowed for in a simple mathematical test.  A graphical comparison 
between the observed and the model predicted data serves as the primary method of 
measuring the reasonableness of the calibration.  Model calibration can be considered a 
judgment based process that is successful when the end users are comfortable applying 
the model for its intended purpose.  As stated in Section 7.4.2 of the ―CSO Guidance for 
Monitoring and Modeling‖(USEPA): 
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 “…Common practice employs both judgment and graphical analysis to assess a 
model’s adequacy.”   

 

In addition, the Guidance also states: 

 

“…the [model] results are compared to the field measurements collected 
concurrently with these rainfall data.  If the results are suitably close, the model 
is considered to be validated.”  

 

There is, however, a measure of fitness that is gaining acceptance and widespread 
application that can better quantify the model calibration.  This method consists of 
applying a range of tolerances to specific parameters, and for the Kingston modeling 
effort, the model calibration goals were developed as guidance during the calibration 
process.  The criteria provide a range of acceptable performance at each of the flow 
monitors, but care must be used when applying these statistical ranges.  This presupposes 
a good degree of confidence in the comparative information, the observed flow and depth 
data, and the rainfall data.  The reason for using a minimum of three calibration events is 
partly intended to address this aspect.   

2.6.3.1. Dry Weather Calibration 
The model base flow was calibrated to a four day dry weather period in mid-September. 
Model parameters were adjusted as needed to achieve matching monitored and simulated 
flows, depths, and volumes.  The dry weather calibration was also evaluated statistically.  
The dry weather calibration was complete when the model peak flow, volumes, and 
depths were within the expected range of tolerances.  The dry weather flow was higher in 
the summer than in the fall, as the groundwater levels dropped, so it was necessary to 
vary the groundwater monthly.  The period of monitored flows in mid-September were 
selected because they had an average amount of groundwater.   

2.6.3.2. Wet Weather Calibration 
The model wet weather calibration proceeded from upstream to downstream, beginning 
with the Wilbur sewershed farthest upstream, continuing to Hunter and Broadway 
sewershed, and ending at the Hasbrouck sewershed.  Finally the unmonitored subbasins 
were adjusted in order to match the influent flow to the WWTF.  Wet weather flow plots 
comparing the meter data to the modeled results are provided in Appendix E.  The 
following sections provide an overview of the calibration. 
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2.6.3.2.1. Wilbur Sewershed Calibration 
The Wilbur regulator receives flow from the largest sewershed within the City and 
encompasses approximately 2,300 acres.  The pumps within the pump station are not in 
operation.  Instead, flow is driven through the effluent siphon purely by head.  The 
calibration of Wilbur regulator revealed that the parallel 16-inch siphons leading to the 
plant were not functioning at optimal capacity.  Field investigation found a considerable 
amount of sediment within the Wilbur Pump Station.  It is likely that some of the wet 
well debris is partially blocking a portion of the siphon between the pump station and the 
plant.  With the siphon appropriately restricted, the influent and overflow points 
calibrated reasonably, as shown in Figure 2-6 for the October 23 and October 27 events.  
The timing of the rising and falling limbs matches well, as do the magnitude of the peaks.  
The extended depth recorded on the flow meter for the October 23 event was a temporary 
condition, suspected to be caused by blinding into the Wilbur regulator.  

2.6.3.2.2. Hunter Sewershed Calibration 
The Hunter regulator is located at the upstream end of a separate 24-inch siphon located 
east of Wilbur regulator.  The Hunter regulator receives flow from a 600 acre combined 
sewershed.  The calibration of this regulator was more typical than that of Wilbur.  The 
roughness coefficient of the influent channel was adjusted to account for the irregular 
surface of the stone tunnel.  The combined sewer modeling approach fit the flow data 
well, resulting in a good calibration, as shown in Figure 2-7.  The model overflows 
matched the timing of the monitored overflow data, but were reduced in volume.   

2.6.3.3. Broadway Sewershed Calibration 
The Broadway regulator is located downstream of the Hunter regulator.  The sewershed 
is combined and approximately 300 acres, making it the smallest of the four regulator 
sewersheds.  As shown in Figure 2-8, a good calibration was achieved for the influent 
flow meter by adjusting the infiltration and subbasin parameters to match the peak flows 
and depths.  The calibration also included the overflow meter.  The model overflow 
timing and volumes matched that of the monitored data. 

2.6.3.4. Hasbrouck Sewershed Calibration 
The Hasbrouck regulator is nearest to the treatment plant.  It has a Brown & Brown type 
regulator that limits the amount of flow to the siphon during wet weather.  The regulator 
position was originally intended to limit flows through the regulator to 1.1 cfs (0.7 mgd).  
Flow monitoring data fluctuated but generally showed the actual flow through rate as 
approximately 2.5 mgd.  This limit was modeled using a real time control setting on the 
influent sluice gate and an orifice plate was modeled at the exit.  The overflow weir 
located farther upstream and the bar screen at the overflow chamber were also included in 
the model configuration.  All three of the metering sites calibrated well.  The calibration 
for the influent flow meter is provided as a sample in Figure 2-9.  There was not a meter 
on the overflow at Hasbrouck because it was inaccessible.   
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2.6.4. Model Validation 
Once the model was calibrated, the model was validated to two events not previously 
evaluated.  Two validation events were selected that could provide a range of storm 
volumes and intensities to test model performance.  The August 21 event lasted 24 hours 
and received 1.6 inches of rainfall while the smaller September 11 event was similar in 
duration and received only 0.6 inches of rainfall.  Table 2-8 provided the detailed 
statistics of the rain events. 

The model was determined to be validated based upon graphical evaluation of the timing, 
shape, and visual fit of the modeled response to the monitored response.  The plots of 
modeled versus monitored peak flows, volumes, and depths for both validation events are 
included in Appendix F. 

The validated model can now be used to estimate the annual overflow volume, to 
understand the performance of the collection system under various rainfall conditions, 
and to predict changes in system performance, including CSO volume, from modification 
of the collection system. 

2.7. Baseline Conditions 
Baseline Conditions represent the operational and configuration changes that occurred or 
after the end of the flow monitoring period (November 2009) through spring 2010 or are 
planned for the near future with a high level of certainty.  The following changes to the 
system were simulated in the Baseline model: 

 Wilbur Siphon sediment removal and capacity restoration; 

 Hunter street sediment removal; 

 Hasbrouck storm sewer separation; and 

 Addition of future flows from the Hudson Landing and Sailor’s Cove development 
projects. 

The model calibration found that the flows delivered through the Wilbur system to the 
WWTF was less than expected.  Inspection of the system found sediment build up on the 
wet wells reduced the effective capacity of the system from two 16-inch siphons to one 
16-inch siphon.  Since the identification of the condition, work has been completed to 
remove the debris and reinstate the siphon capacity.  Baseline conditions represent an 
open Wilbur system that operates at full capacity. 

The Hunter regulator was known to be prone to sediment deposition in the effluent line.  
Since the completion of the flow monitoring, the concrete slab that was located over the 
effluent pipe has been removed, allowing for better cleaning of the deposition.  Baseline 
condition represents this change in the regulator.  The change had little effect on the 
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results of the model.  The regulator did not calibrate well, understating the overflows.  It 
is likely that the real system now more closely matches the model results. 

The 36-inch storm sewer that discharges into the Hasbrouck screen house was modeled 
as a separate discharge.  This removed the storm water volume from the calculation of 
CSO volume.   

Previously identified growth and development plans were incorporated in the hydraulic 
model.  The build out of flows are long-term, with some flow likely not to be realized 
until 2020.  The following are the areas and added flows incorporated into the baseline 
condition: 

 Town of Esopus 0.276 mgd (with current forcemain) – Port Ewen; 

 Town of Ulster  0.075 mgd – Hasbrouck; 

 East Kingston 0.15 mgd – East Kingston (east of the plant); 

 Hudson Landing 0.444 mgd – East Kingston (east of the plant); 

 Sailor’s Cove 0.59 mgd– East Kingston (east of the plant); and 

 Parking Garage Development 0.059 mgd (Uptown) – Wilbur. 
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3 

3. Combined Sewer System Characterization 

The System Characterization defines the performance of the CSS during dry and wet 
weather.  The performance of the Kingston CSS is based on the data collected during the 
flow monitoring period, hydraulic modeling, and institutional knowledge held by City 
staff that manages the system.  The hydraulic modeling utilized a typical five-year period 
that had within it a typical year period to assess the performance of the CSO system 
under baseline conditions. 

3.1. Typical Year Periods 
The typical five-year period was developed to assess the performance of the collection 
system under average conditions.  A typical year period was selected from within the 
typical five-year period.  The typical period approach was utilized to best capture the 
dynamic nature of rainfall and, consequently, the response of the system to rainfall.  
While design storms have a role to play in wet weather simulations, the typical period 
with a continuous simulation was preferred to better simulate the overflow resulting from 
back to back events and varying antecedent conditions.  The use of a typical five-year 
period versus a single typical year period allows the inclusion of a larger number of 
events of varying duration and intensity.  The Technical Memorandum documenting the 
selection of the typical periods is provided in Appendix G. 

3.2. Dry Weather Flow 
The collection system effectively and efficiently transports dry weather flows to the 
WWTF for treatment.  For the purposes of defining the performance of the collection 
system, dry weather flow conditions are defined as those flows that are not influenced by 
rainfall and/or rainfall run-off. 

3.2.1. Overall 
During the flow monitoring period, the average dry weather flow to the WWTF was 
approximately 4.5 mgd.  The distribution of flows from the sewersheds is provided in 
Table 3-1.  Nearly 90 percent of the dry weather flow originates from the Wilbur and 
Hasbrouck Sewer Systems. 

Table 3-1:  Dry Weather Flow Distribution 
 Total WWTF Wilbur Hunter Broadway Hasbrouck Satellite 

Flow (mgd) 4.51 3.1 0.06 0.10 0.89 0.40 
% of Total 100.0% 68% 1% 2% 20% 9% 
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3.2.2. Wilbur Sewer System 
The Wilbur Sewer System delivers dry weather flows to the WWTF without dry weather 
overflows or other undesirable conditions.  The screen and grinder at the head of the 
regulator create backwater that affects the influent several hundred feet upstream of the 
regulator, as shown in Figure 3-1, the scattergraph of the influent.  This condition likely 
allows sediment to settle out but does not cause other problems, such as odors. 

Through the model calibration process, it was determined that the effluent capacity of the 
Wilbur regulator was diminished.  Subsequent inspection by City personnel found 
sediment build up in the wet wells that was obstructing flow into the siphons.  
Consequently, the system was functionally operating as though there were only one 
siphon barrel.  Since the situation was identified, measures have been taken to remove the 
material and reinstate the effluent capacity.  This condition did not cause dry weather 
overflows. 

3.2.3. Hunter Sewer System 
The influent flows to the Hunter regulator follow normal open-channel flow patterns with 
good velocities, as shown in Figure 3-2.  However, the configuration of the Hunter 
Regulator, with a 90-degree turn to get into the dry weather effluent pipe, means that it is 
susceptible to sedimentation.  Sedimentation in the regulator has the potential to cause 
dry weather overflows.  Consequently, City personnel actively and aggressively maintain 
this regulator.  In 2010, City personnel have removed a concrete shelf from within the 
regulator that was significantly hampering access to parts of the chamber, enabling even 
better management of the system. 

3.2.4. Broadway Sewer System 
The Broadway Sewer System conveys dry weather to the WWTF well and without any 
undesirable conditions.  As shown in Figure 3-3, the influent sewer to the Broadway 
Regulator operates under open channel conditions that match well with the Manning’s 
curve.  Under dry weather flow conditions, the collection system: 
 
 Does not experience overflows; 

 Does not experience depths of flow outside of normal ranges; 

 Exhibits normal, open-channel flow patters within the trunk sewers; and 

 Does not release problematic odors. 
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3.2.5. Hasbrouck Sewer System 
The influent system to the Hasbrouck regulator operates under normal, open channel flow 
conditions during dry weather, as shown by the scattergraph in Figure 3-4.  However, a 
detailed review of the dry weather effluent system identified an operation condition that 
resulted in dry weather overflows.  The scattergraph for the 18-inch effluent, provided in 
Figure 3-5, shows that once flows reach about 1.5 mgd, the system goes into backwater.  
This was not unexpected as the Brown & Brown regulator, by design, limits flow into the 
siphon system.  It was not expected, however, that flows would back up during dry 
weather.  As shown in Figure 3-6, the Hasbrouck effluent went into backwater on 
September 2, 2009, and generated sufficient depths as to overtop the weir. The 
activations were dynamic and transient in nature.  A detailed review of the flow 
monitoring data found: 

 Activations were not triggered by flows influent to the WWTF; 

 The Broadway Regulator, which has a lower weir crest than Hasbrouck, did not 
overflow; and 

 Time, frequency and duration of activation did not appear to have a pattern. 

Based on the available information, the overflows are suspected as being caused by a 
blinding or malfunction of the Brown & Brown regulator.  The City has investigated this 
condition and is performing weekly inspection of the regulator to minimize impacts due 
to debris causing the overflow to activate in dry weather conditions.   

3.3. Wet Weather Flows 
During wet weather events, the combined system delivers up to approximately 10.5 mgd 
to the WWTF.  The peak flow rate delivered is based on two controls: 

 Siphon capacity/head losses; and 

 Local controls. 

In many collection systems, the flow from the collection system to the WWTF is set by a 
hydraulic control at the WWTF, such as an influent gate or an effluent weir for a grit 
tank.  In the Kingston system, the primary controls of flow delivery to the WWTF are the 
friction and minor losses of the siphon.  However, this alone is not enough to maintain 
peak wet weather flows to within the WWTF capacity.  The Brown & Brown regulator at 
Hasbrouck restricts flows to the WWTF to protect the treatment processes.  

As depicted in Figure 3-7, each of the four sewersheds of the Kingston system acts as an 
independent system.  Flow into each of the regulators is determined by the individual 
characteristics of the sewershed i.e. slope, soil system, rainfall distribution.  But, as three 
of the sewer systems (Hunter, Broadway and Hasbrouck) are connected to a common 
header, they must share the header pipe capacity. 
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Figure 3-7:  Kingston Sewer Systems with Common Header 

The determination of the ―share‖ of the capacity is determined by head and, for 
Hasbrouck, the set position of the Brown & Brown regulator. 

Wilber is in a slightly different situation as it is served by two, dedicated siphons and 
does not share the discharge capacity with the rest of the system. 

3.3.1. Wilbur Sewer System 
The overflow of the Wilbur Sewer System is determined by the difference between the 
flow capacity of the effluent siphons and the influent flow rate from the gravity system.  
The wet well provides up to 161,500 gallons of storage capacity.   

The instantaneous peak measured flow into the Wilbur Regulator during the flow 
monitoring period, which included two 50-year events, was 16.6-mgd.  Most events were 
less than or equal to 5-mgd, as indicated by the iso-flow lines shown in the scattergraph 
in Figure 3-1.  For the typical five-year period, the projected peak flow rate is 9-mgd.  By 
comparison, the peak carring capacity of the 16-inch siphons is 3.5-mgd each or 7-mgd 
together. 

The CSO system is triggered when the influent flow rate exceeds the effluent flow rate 
and the storage volume is filled.  Most events are fully contained within the wet wells. 

The storage capacity available in the wet well varies based on the amount of time 
between wet weather events, also referred to as the interevent time.  Assuming a full tank 
volume of 161,500 gallons and an influent dry weather flow rate of 3.1-mgd, the wet 
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wells take approximately one hour to empty after a rain event.  In application, the influent 
flow rate remains elevated above dry weather flow for some extended period of time after 
the end of a rain event.  Modeling indicates that dewatering the wet wells generally takes 
on the order of six to eight hours to empty. 

3.3.2. Hunter Sewer System 
The overflow of the Hunter Sewer System is determined by the difference between the 
flow allocation to Hunter in the shared siphon and the influent flow rate.  The peak flow 
rate observed during the flow monitoring period was 9.5-mgd.  Because of the steep 
grade, the influent 24-inch sewer water level did not rise above quarter pipe, but did 
attain velocities of 8 fps.  These responses were, again, in response to 50-year storm 
events.  The majority of events produced peak flow rates below 1-mgd, as indicated by 
the iso-flow lines shown on the scattergraph in Figure 3-2.  For the typical period, flow 
rates are projected to peak at 1-mgd. 

3.3.3. Broadway Sewer System 
The overflow of the Broadway Sewer System is again determined by the difference 
between the flow ―allocation‖ to Broadway in the shared siphon and the influent flow 
rates.  The Broadway Regulator has two influent pipes, only one of which was monitored.  
In that pipe, the peak observed flow rate was 24-mgd.  The majority of events produced 
peak flow rates of less than 5-mgd, as shown by the iso-flow lines on the scattergraph in 
Figure 3-3.  The influent pipe operated under shallow and fast flows, the depths generally 
below six inches in the 30-inch pipe and velocities reaching 14 to 16 fps.  During the 
typical period, the peak flow rate for the Broadway system is projected to be 3-mgd. 

The overflow weir is nine inches high.  Consequently, the Broadway system overflows 
for relatively small rain events and in spite of the influent pipe being 75 percent empty. 

3.3.4. Hasbrouck Sewer System 
The Hasbrouck Sewer System has the most complex wet weather system as overflow is 
controled by three factors:  

 The difference between the shared siphon capacity allocated to Hasbrouck and the 
influent flow rate; 

 The overflow weir with a height of 18-inches; and 

 The Brown & Brown Regulator. 

During the flow monitoring period, the peak observed influent flow rate was 65-mgd.  
The majority of events produced flows less than 10-mgd, as shown in the iso-flow lines 
on the scattergraph in Figure 3-4.  The 60-inch influent pipe also is steeply sloped.  The 
flow in the pipe generally was below 12-inches, or 20 percent of the pipe diameter and 
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velocities on the order of 8 fps.  During the typical period, peak flow rates are projected 
to reach 23-mgd. 

The 36-inch storm sewer that connects into the Hasbrouck screen house activates only 
during wet weather.  Flows in the pipe did not rise above 1-mgd and operated under 
backwater conditions during several events, as shown in Figure 3-8.  It is suspected that 
the relative small storm flows are not competitive with the combined sewer overflows, 
which range up to 7.5-mgd during normal wet conditions and significantly higher under 
severe wet conditions. 

3.3.5. WWTF Influent Flows 
Peak wet weather flows during the flow monitoring period exceeded 10-mgd on four 
occasions, with 10.8-mgd being the largest peak recorded.  The recorded values were 
consistent with the reported peak flows of the WWTF.  The hydrograph for the WWTF 
flows is shown on Figure 3-9.   

3.4. Combined Sewer System Performance 
The performance of the baseline combined sewer system was assessed using a five-year 
typical period of rainfall, with a typical year period identified within.  As shown in  
Table 3-2, the CSO system discharges 131 MG of combined sewage to the Rondout 
Creek during the typical five-year period and 29 MG during the typical year period.   
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Table 3-2:  
Baseline Condition Typical Period Overflow Performance Statistics 

Typical Year Period 

CSO No. 
Total 

Overflow 
Volume (MG) 

Total 
Overflow 
Duration 
(hours) 

Overflow 
Peak Flow 

(MGD) 

Number of 
Activations1 

Hasbrouck 26.93 423 22.46 59 

Broadway 0.21 13 1.35 9 

Hunter 0.12 23 0.61 12 

Wilbur 1.81 18 7.41 5 

Total 29.07 - - - 

Typical 5-Year Period 

CSO No. 
Total 

Overflow 
Volume (MG) 

Total 
Overflow 
Duration 
(hours) 

Overflow 
Peak Flow 

(MGD) 

Number of 
Activations1 

Hasbrouck 121.10 1889 27.93 296 

Broadway 0.95 76 2.57 38 

Hunter 0.52 108 1.03 50 

Wilbur 8.81 60 8.72 21 

Total 131.38 - - - 

1) 12 hour interevent time, 0.01 cfs threshold 

 
The volume treated during the typical year period is approximately 1,779 MG, based on 
the typical year simulation.  The volume treated during wet weather events is estimated at 
221 MG.  Wet weather was defined as periods with flow exceeding the average annual 
dry weather flow to the WWTF by five percent or more.  Consequently, the system is 
operating at a typical year capture rate of 221 MG / (221 MG + 29 MG) or 88.4 percent. 

Hasbrouck is the most frequently activated overflow and generates the largest overflow 
volume.  During the typical five-year and one-year periods, overflow from Hasbrouck 
represents 92 percent of the total system discharge.  Broadway and Hunter activate 9 and 
12 times per year, respectively and both produce small overflow volumes.  Wilbur 
activates with the same order of magnitude, five times per year but produces 1.81 MG.   

The 36-inch storm sewer that connects into the Hasbrouck screen house activates 103 
times in a typical year, discharging 3.7 MG.  The storm water currently discharges into 
Rondout Creek through the CSO outfall pipe.  The storm volume and peak flow rate 
discharged are small compared to the Hasbrouck CSO components but the storm system 
activates more frequently and for a longer duration than the CSO components. 
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3.5. Rondout Creek Water Quality 
The City of Kingston, in response to NYS DEC permit conditions, collected samples and 
observations at several sites on Rondout Creek.  Six sites were sampled in 2006 and five 
sites were sampled in 2007 at locations shown in Figure 3-10.  The Sampling included 
measurements of Dissolved Oxygen, Fecal Coliform, TSS (2007 only) and visual 
observation of floatables in the creek.  In 2006, samples were collected on six different 
dates four of which were associated with rain events.  Data on specific timing of 
occurrence of CSOs concurrent with the sample collection is not available.  In 2007 
samples were collected on 15 different days, three of which were noted as days where 
rain occurred concurrently with sampling.  Samples were collected between August 15 
and October 30.   

3.6. Dissolved Oxygen Measured 
The DO readings do not indicate any samples that show a violation of New York State 
Water quality criteria.  Readings were above six milligram per liter (mg/l) in most 
samples and only one sample (collected upstream of possible CSO) was measured below 
five mg/l.  Figure 3-11 and Figure 3-12 illustrates the 2006 and 2007 DO data, 
respectively, plotted against rainfall. 

3.7. Fecal Coliform Sampling 
Fecal coliform samples were collected at the same dates and times as the DO 
measurements.  During some of the sampling events fecal coliform was measured at 
concentrations that could indicate a potential violation of water quality standards.  The 
2006 fecal coliform data is shown plotted against rainfall in Figure 3-13 and the 2007 
data is shown on Figure 3-14.  Since no information was provided on the occurrence of 
CSO during these sampling events it is difficult to make observations about any possible 
relationship of high fecal bacteria readings and combined sewer system overflows.   

As plotted against rainfall, some of the samples, such as those in June of 2006 and a few 
samples in 2007 seem to indicate a wet weather response in fecal coliform 
concentrations.  Figure 3-15 shows the 2007 fecal sampling results plotted against USGS 
river flow data.  This graph suggests that the late October elevated fecal coliform 
concentrations may be due to a combination of upstream influence and local rainfall as in 
the previous figure.  The 2007 data has several samples where the most downstream site 
shows the highest fecal bacteria concentrations, however the pattern is neither consistent 
nor statistically verifiable.   
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In 2007 sufficient samples were collected to evaluate whether five samples taken in a 30 
day period exceed the geometric mean standard set by NYS DEC. Most of the individual 
samples from 2007 are below the geometric mean standard and the geometric means of 
all months sampled, as listed in Table 3-3, are less than the 200 cfu/100ml standard in 
each of the three months sampled.  The monthly maximums and geomeans are shown 
graphically on Figure 3-15: 2007 Fecal Coliform vs. River Flow. 

Based on the available 2007 data, it appears that the CSOs do not preclude the Creek 
from meeting WQS. 

Table 3-3:  
Geometric Mean of 2007 Fecal Coliform Samples 

 
Site 1 Site 2 Site 3 Site 4 Site 5 

August  71 77 149 150 184 
September 1 28 61 64 51 64 
October  22 46 73 23 75 
1 Only four samples were collected in September 2007. 

3.8. TSS Sampling 
TSS were sampled concurrently with DO and fecal coliform in 2007.  Figure 3-17 
illustrates the measured TSS in relation to rainfall as in the earlier figures.  There does 
not appear to be an apparent relationship between suspended solids and rainfall.  A 
second plot of TSS against river flow shown on Figure 3-18 indicates that the elevated 
readings of TSS observed in late October 2007 seem to be related to the preceding high 
flow period rather than to a specific local rain event.  

3.9. Floatables 
Observations for floatables were made by City of Kingston Staff during the 2006 
sampling.  The reported data indicate no observations of floatables during the entire 
sampling period.  The Wilbur, Broadway, and Hasbrouck outfalls are fitted with screens 
to catch floatables and material half inch and larger. 

3.10. QA/QC 
The absence of field data sheets makes assessment of field QA/QC difficult.  It is not 
clear from reviewing the available data what the specific relationship between rainfall, 
CSO and sample collection was.  The data seems to be internally consistent and 
comparison of field duplicates for fecal coliforms as shown in Figure 3-19 shows 
reasonable correspondence from collocated samples.  Future sampling programs should 
develop a higher level of field documentation and include a more detailed effort to relate 
sampling events to wet (or dry) weather and overflow events.   
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4 

4. Development and Evaluation of Alternatives 

The goal of this CSO LTCP is to evaluate whether the City of Kingston’s combined 
sewer system meets the requirements of the USEPA CSO Control Policy and if additional 
CSO control measures are necessary, to develop and evaluate CSO control alternatives to 
achieve the compliance with the policy.  Being a small community, as defined by USEPA 
CSO policy, the City has selected a presumptive compliance approach.  Two most 
commonly used presumptive approach criteria from USEPA CSO Control Policy are 85 
percent capture of wet weather flows or four to six overflows per year without impacting 
WQS.  As demonstrated in Section 3, the City’s CSS already meets the 85 percent 
capture presumptive criterion; however the number of annual activations is currently 
greater than four to six overflows per year.  This is not uncommon, since CSO LTCP 
efforts for many communities have shown that the four to six overflows per year is a 
more stringent criterion than the 85 percent capture.   

The water quality evaluation results presented in Section 3 appear to show that water 
quality samples from Rondout Creek met NYS DEC WQS with the current operation of 
the CSOs.  Further receiving stream water quality sampling and evaluations may be 
necessary to determine the extent of additional system improvements.  Therefore, the 
evaluations presented in this section of the report provide a range of CSO control 
alternatives from no action to the improvements required to reduce the annual number of 
CSO activations to four to six overflows per year.  The latter will serve as a ―benchmark‖ 
for the extent of the City’s system improvements that may become necessary to meet the 
receiving steam water quality standards. 

In developing alternatives to meet this goal, several objectives were identified as critical: 

 Technically feasible facilities; 

 Operationally sound system; 

 Value-added benefits; and 

 Highest cost or effectiveness. 

Any solutions considered must pass a basic requirement of being technically feasible, that 
is capable of being constructed and operated given limitation of land availability, flow 
rates, hydraulic heads, and other construction and operation parameters.  To be 
successful, the solution must be operationally compatible with the size of the City of 
Kingston and the operational staff levels and skill sets.   
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The solution should provide value added benefits for residents and staff that advance the 
City of Kingston as a desirable location for families and businesses.  Finally, the solution 
should recognize and respect the investment made by residents through rates by 
providing the highest levels of benefits for the cost. 

4.1. Consideration of Sensitive Areas 
Kingston Point Park, as shown in Figure 4-1, is located on the Hudson River, on the 
eastern shore north of the confluence of the Hudson River and Rondout Creek.  The 
configuration of the breakwaters controlling the discharge of the Rondout into the 
Hudson and forming the park cove protects the park from the influence of the CSOs.  
During low tides, water from the Rondout Creek entering the Hudson River flows to the 
south, away from the beach.  During high tides, waters in the Hudson River create a 
backwater condition on the flow coming from Rondout Creek.  At these times, the beach 
is insulated from the Creek by the shape of the land.  Consequently, for both sections of 
the park, areas with primary contact recreation are protected from receiving the direct 
flow of Rondout Creek by the shape of the land and/or the configuration of the 
breakwalls. 

Kingston’s neighbor across the Rondout Creek and satellite customer community, Town 
of Esopus, draws drinking water from the Hudson River approximately three miles south 
of the confluence of the Rondout Creek and the Hudson River.  The Village of 
Rhinebeck, Dutchess County Water and Wastewater Authority Hyde Park System, Town 
of Lloyd, and the City of Poughkeepsie also draw water from the Hudson River.  It is the 
primary source of water for the Village of Rhinebeck, Town of Esopus, and the City of 
Poughkeepsie, while the Town of Lloyd has upland reservoirs and wells as primary 
sources of water.  Figure 4-2 shows the relative location of the drinking water intakes to 
the City of Kingston.   

Based on a review of each entity’s Annual Drinking Water Quality Report for 2009, total 
coliform, as a surrogate to fecal coliform, is not currently impacting the raw water quality 
for each water supply.  All total coliform sampling results reviewed are below the NYS 
DOH MCL of 5 percent positive. The Village of Rhinebeck, with the closet raw water 
intake reported that there were no positive samples for microbiological contaminants for 
2009. 

Therefore, it appears that the City’s CSOs do not directly impact any of the sensitive 
areas discussed herein based on the data presented. 

4.2. Nine Minimum Controls 
The City actively implements the Nine Minimum Controls.  The goal in implementing 
the goals is to capture and direct the maximum volume of wastewater to the treatment  
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plant by maximizing the flow through the WWTF.  There is a continuous effort to reduce 
the storm water contributions of the I/I during periods of wet weather.  The City submits 
annual reports on the CSO Best Management Practices (BMPs).  The most recent report 
is provided in Appendix H. 

4.3. CSO Control Goals and Water Quality Standards 
As previously stated, the City’s CSS already meets the presumptive approach criterion of 
85 percent capture.  However, the ultimate goal of the CSO LTCP is to enable Rondout 
Creek to meet water quality standards.  Since the number of annual activations is 
currently 58 (greater than four to six overflows per year), additional improvements to the 
collection system may be necessary to meet this goal.   

Three levels of improvements and associated levels of CSO control have been evaluated 
for the City of Kingston CSS as applicable to each CSO location: 

 No Action; 

 Regulator Optimization/Real-time control operation; and 

 Additional system improvements as necessary to reduce number of CSO activations 
to four to six events per year.    

The evaluations are discussed separately for two groups of CSOs: 

 Wilbur, Hunter and Broadway; and 

 Hasbrouck. 

The analysis of the water quality sampling data showed the parameter of concern is 
bacteria but that it appears the CSOs did not cause a violation of the bacteria WQS.  
Moving forward from that observation, it is projected that one to two discharges from the 
Kingston CSOs within a 30-day period will not preclude meeting water quality standards. 

CSO control goals focus on the Hasbrouck regulator as discharges from the Hasbrouck 
system are the primary source of the overflow volume (92 percent) and have a high 
frequency of activation.  With total discharge volumes of 2.1 MG combined, the 
infrequent activations from the Wilbur, Hunter, and Broadway overflows do not appear 
likely to exceed the fecal coliform standard.  
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A review of the discharges during the typical year, baseline conditions, from the 
Hasbrouck CSO, the most frequently activating CSO in the Kingston system, was 
performed to determine the control level needed to reduce activation to about two in a 
30-day period.  The summer months of June, July, and August has the highest density of 
large rain events.  Controlling overflows to 1.30 MG will reduce the June activations to 
one event, July activation to three, and eliminate August activations.  All activations 
remaining above the control level are substantially reduced from baseline conditions.  
With background fecal concentrations and Rondout Creek volumes as recorded during 
the 2007 sampling, the 30-day geomean standard is expected to not be exceeded.  
Considering the top events during the typical year under baseline conditions, as shown in 
Table 4-1, controlling Hasbrouck to the 1.30 MG of the August 11 event reduces the 
overflow activations to five in a typical year. 

Table 4-1:  
Hasbrouck Typical Year Top Ten Events 

Event 
Ranking Date 

CSO Discharge Volume 
(MG) 

Systemwide Hasbrouck 

1st 19-Oct 3.05 2.36 

2nd 9-Jun 2.68 2.04 

3rd 10-Jul 2.35 1.91 

4th 27-Jul 1.75 1.51 

5th 5-Jul 1.56 1.50 

6th 11-Aug 1.30 1.30 

7th 1-May 1.29 1.28 

8th 30-Mar 1.11 1.11 

9th 13-Jun 0.96 0.96 

10th 5-May 0.90 0.90 

4.4. Initial Screening of CSO Technologies 
A wide range of technologies exists for CSO control, including the following main 
groups: 

 Source controls; 

 Green solutions; 

 Sewer system optimization; 

 Sewer separation;  

 Storage;  

 Primary treatment; and  

 Disinfection. 
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While each CSO control group may include a number of various CSO control 
technologies, many of these technologies are project or condition-specific and may not be 
applicable or feasible for the City.  A two-step CSO control technologies screening 
process was used for this project to streamline the selection of potentially feasible 
technologies for further evaluations.  During the first step, a preliminary list of CSO 
control technologies were screened based on knowledge of the Kingston collection and 
treatment systems, Rondout Creek water quality objectives, and nationwide experience 
on similar projects.  This initial list of the potentially applicable technologies is 
summarized in Table 4-2. 

During the second step, the list of screened technologies was applied to the specific 
performance and site conditions of the four CSO regulators and developed into 
alternatives.  This section includes a brief summary of the preliminary CSO control 
technologies considered in this project, including identification of the advantages and 
disadvantages of each.  The rationale for including or excluding the alternatives from 
further evaluations is also presented and a description and evaluation of the system-
specific CSO control alternatives is presented in Sections 4.5 and 4.6. 

4.4.1. Source Controls 
Source controls are methods of reducing overflow volume, floatables, BOD, suspended 
solids, and other parameters by controlling wet weather flows and loadings at their 
source.  Source control methods include:  

 Public education programs:  This measure involves the implementation of programs 
to educate the public on initiatives such as litter control (with information regarding 
associated fines and penalties), illegal disposal, and the link between litter and CSO 
impacts.  Public notification typically includes postings in public places, radio and 
television advertisements, and letter notification to residents and commercial entities. 

 Street sweeping:  This measure involves cleaning of street litter by mechanical or 
manual street cleaning.  The USEPA recommends that street cleaning be done as 
often as once or twice per week and after each storm.  However, street sweeping 
performed at such a high frequency may not be feasible due to O&M costs incurred 
and logistical difficulties in large urban areas. 

 Catch basin cleaning:  This measure typically involves cleaning of catch basins by 
maintenance crews using a vacuum truck.  

 Industrial pretreatment:  This measure involves reducing potential contaminants in 
CSO discharges by controlling industrial discharges to the sewer system. 

The primary advantage of the use of source controls is low capital cost. 
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Table 4-2:    Preliminary Screening of CSO Technologies 

CSO Control Technology 

Effectiveness 
 

Comments 
CSO Volume Pollutant 

Reduction 

Source Control 

Public Education  None  Low  Cannot reduce the volume, frequency, or duration 
of CSO occurrences 

Street Sweeping  None  Low  
Effective at floatables removal; cost-intensive 
O&M; ineffective at reducing CSO volume, 
bacteria, and fine particulate pollution 

Catch Basin Cleaning  None  Very Low  Labor intensive 

Industrial Pretreatment  Very Low  Low  The City has an NYS DEC approved program in 
place 

Green Solutions 

 Rain Barrels  Low Low 

Good for residential areas, minimal capture of total 
run-off volume, low-cost, requires emptying barrels 
after storm and interaction with home and 
business owners  

 Infiltration Trenches/ 
 Catch Basins Medium Medium 

Site-specific, relatively low-cost, good for 
residential areas, widespread participation 
required to be effective 

 Rooftop Greening  Medium Low 

Site-specific, cost-intensive, non-intrusive 
construction, other benefits to city, requires 
widespread application to be effective, used for 
larger buildings with flat roofs 

 Permeable Pavements  Medium Medium Site-specific, cost-intensive, increased O&M costs  

Sewer System Optimization 

 Optimize Existing 
 System Medium Medium Optimization has already been considered for 

NMC activities 

 Real Time Control  Medium Medium 
Highly automated system, increased O&M, 
increased potential for backups, applicable to 
larger interceptors with available storage capacity 

Sewer Separation 

Complete Separation  High Medium 
Disruptive to affected areas, cost-intensive, 
potential for increased stormwater pollutant loads, 
requires homeowner participation 

Partial Separation  Medium Medium 

Disruptive to affected areas, cost-intensive, 
potential for increased stormwater pollutant loads. 
The City is identifying inflow sources and will 
further investigate the potential for removal  

Rain Leader Disconnection  Low Low 
Relatively low-cost, requires home and business 
owner participation, potential for increased 
stormwater pollutant loads 
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Storage 
   

Tanks  High  High  
Requires large space, disruptive to area, cost-
intensive, may require cover and odor control 
depending on location  

Storage Pipelines/Conduits  High  High  
Disruptive to affected areas, potentially expensive 
in congested urban areas, aesthetically 
acceptable, provides storage and conveyance 

Vertical Shafts High  High  
Less disruptive than tanks or conduits, capital-
intensive, provides storage in smaller area, pump 
station required to lift stored flow out of shaft 

Tunnels  High  High  
Least disruptive storage technology, capital-
intensive, provides storage and conveyance, pump 
station required to lift stored flow out of tunnel 

Primary Treatment    

Retention/Treatment Low  Medium  Reduced tank size compared to storage.  Allows 
permitted discharge of flows  

Vortex Separator (includes 
Swirl Concentrators)  None  Low  

Inconsistent pollutant removal performance.  
Depending on available head, may require sewer 
flows to be pumped, increased O&M costs  

Chemically Enhanced Primary 
Treatment None  Medium  

Reduced tank size requirements and increased 
solids removal efficiency, requires chemical 
addition, requires chemical storage and high O&M 
costs 

High Rate Physical/Chemical 
Treatment None  Medium  Deep sidewall tanks likely to require rock 

excavation, adding to high unit costs  

Expansion of WWTP processes  High  High  WWTF is land locked with limited opportunities to 
expand peak treatment capacity  

Disinfection    

Chlorination/dechlorination Low High 

Requires a minimum of 5 minutes contact time, 
chemical storage and high O&M costs, limited 
space at WWTP and CSO location, possibility to 
be combined with primary sedimentation and/or 
vortex facilities 

Ultraviolet None High 
Typically more expensive than 
chlorination/dechlorination, requires higher level of 
solids removal and startup time 
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The primary disadvantage of source controls is their inability to address the CSO impacts, 
if they exist, on water quality standards for DO, TSS, and fecal coliform.  An additional 
disadvantage includes increased O&M costs required for cleaning streets and inlets. 

Due to the nature of these kinds of controls, numerical estimation of their effects on 
conveyance system and receiving water body responses is not feasible.  Therefore, they 
were not considered in the development of CSO control alternatives for the City.  Source 
controls are considered additive and complimentary to the City’s CSO control 
alternatives. 

4.4.2. Green Solutions 
―Green solutions‖ is a broad term covering a range of techniques offering the potential to 
reduce peak storm overflow rates.  The goal of green solutions is to develop techniques 
that store, infiltrate, evaporate, and detain run-off.  Green solutions have the potential to 
reduce both the volume of stormwater generated by a site and the peak overflow rate. 

Common green solutions techniques are described below: 

 Rain barrels:  Barrels placed at the end of roof downspouts to capture and hold run-
off from roofs.  The water in the barrel must be manually emptied onto the ground, or 
it can be put to beneficial use to water vegetation.  The barrel top typically has a 
protective screen to inhibit mosquitoes. 

 Infiltration trenches:  Excavated trenches backfilled with stone to create subsurface 
basins that provides storage for water and allow infiltration. 

 Rooftop greening:  The practice of constructing pre-cultivated vegetation mats on 
rooftops to capture rainfall, thereby reducing run-off and CSO. 

 Permeable pavement:  A type of surface material that reduces run-off to the combined 
sewer drainage system by allowing precipitation to infiltrate through the paving 
material and into the earth.  

 Rain Gardens: A specialized garden that features native plantings to capture water so 
it has a chance to slowly filter into the ground rather than run-off to the combined 
sewer drainage system. 

Green solutions must be applied over a large area in order to achieve any significant 
reduction in run-off volume and/or flow rate to the combined sewer system.  In urban 
areas, it is not cost-effective to demolish existing infrastructure for the purpose of green 
solutions applications alone.  It is generally accepted that green solutions become cost-
effective when redevelopment is under construction simultaneously within an urban area.  
This is because the streets and sidewalks have already been dug up, allowing substantial 
construction cost savings.  In the case of rooftop greening and rain barrels, significant 
participation and cooperation of business and private property owners is required.  
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Furthermore, rooftop greening may require an evaluation and possibly revisions to the 
Building Code, which can be a lengthy process. 

4.4.3. Sewer System Optimization 
This CSO control involves making the best use of existing system facilities to reduce 
overflows.  This may be accomplished by modifying the regulators to mitigate the 
conditions that trigger overflow events or adding real-time controls that change the 
operating conditions of the system in response for flows. 

4.4.3.1. Regulator Modifications 
Reduction in volume and frequency of overflows at regulators can be accomplished by 
modification of the existing hydraulic control features of the regulator – i.e., raising the 
elevation of weirs, modifications to orifice area, etc.  These types of modifications are 
regulator-specific and feasible only if existing excess interceptor capacity is available and 
the resulting hydraulic gradient upstream of the regulator can be reestablished at a safe 
elevation to prevent flooding of basements or increase of other overflows.  This type of 
conveyance system control can be advantageous for regulators with high frequencies but 
low discharge volumes. 

4.4.3.2. Real-Time Control 
Real-time control is any response, manual or automatic, to changes in the sewer system 
condition.  An example is the measurement of sewer levels or flow in ―real time‖ at key 
points in the system in order to operate control components (such as adjustable weirs, 
gates or inflatable dams) to maximize use of the existing sewer system and reduce 
overflows.  This kind of real-time control adjusts the regulator controls in response to 
system conditions. 

The primary advantage of regulator modifications is their low cost.  The primary 
disadvantages are that regulator modifications by themselves typically are insufficient for 
complete CSO control, result in increased O&M needs, and create the potential for 
significant surcharging. 

4.4.4. Sewer Separation 
Sewer separation involves the installation of additional sewers, typically to convey 
stormwater alongside the existing combined sewer system.  Typically, the existing sewers 
are left in place to convey sanitary sewage to the WWTF, since sanitary laterals are 
already connected and the existing sewer goes directly to the wastewater plant; however, 
constructing new sanitary sewers and retaining the existing combined sewers for 
stormwater drainage can be also considered.  Separation can be an effective method of 
removing stormwater flows from the sanitary sewer systems and reducing CSO volume.  
There are two degrees of sewer separation: complete separation and partial separation.  
Partial separation is typically limited to stormwater inflow removal. 
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4.4.4.1. Complete Separation 
Complete separation involves the separation of the combined sewer area tributary to any 
overflow point or regulator.  The removal of stormwater leaves the existing system with 
enough capacity to carry sanitary flow and reduces overflows.  Complete separation 
requires the installation of new storm sewers in combined sewer areas and the removal of 
any roof leader, foundation drain, and sump pump connections to the present combined 
system.  Even after all direct inflow sources from private properties are disconnected, 
leaky service laterals may still contribute significant wet weather flows to the sewer 
system.   

4.4.4.2. Partial Separation (Stormwater Inflow Removal in Existing Rights of 
Way) 

Stormwater inflow removal is accomplished by installing new storm sewers in local, 
discrete areas within combined sewer subbasins to reduce direct stormwater input to the 
existing combined sewer system.  Inflow removal is considered viable and potentially 
cost-effective in areas where gravity discharge of collected stormwater could be 
accomplished through relatively short outfalls to the receiving water or to a storm sewer 
with excess capacity.  

4.4.4.3. Roof Leader (Gutters and Downspouts) and Sump Pump Disconnection 
Roof leaders and sump pumps are disconnected from the combined sewer system with 
stormwater redirected to a dry well, lawn, or storm sewer.  

4.4.5. Storage 
Satellite storage facilities are tanks located within the collection system that are sized to 
provide the storage volume associated with the selected level of control.  After wet 
weather flows subside, the basin and settled solids are dewatered back to the collection 
system.  It is assumed that dewatering would be accomplished with pumps capable of 
dewatering the basin within 24 hours in order to avoid septicity and to increase the 
likelihood that storage will be available when needed.   

Examples of storage control facilities include: 

 Storage tanks:  Closed or open concrete tanks that may include odor control and grit 
removal systems. 

 Storage pipelines/conduits:  These structures require a small construction right of 
way; however, a relatively large-diameter pipeline or conduit typically is needed to 
provide the required storage volume. 

 Vertical shafts:  Closed or open concrete shafts that may include odor control and grit 
removal systems.  The vertical shafts have an advantage of requiring less surface area 
to store large volumes of flow. 
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 Tunnels:  Storage is provided by the mining of storage tunnels below grade, and if 
possible, in bedrock.  Tunnels have an advantage of causing minimal surface 
disruption.  The storage tunnel stores flow, then conveys it to a dewatering station.   

The primary advantage of storage is that captured flows are returned to the collection 
system for full treatment at the WWTF. 

As with conveyance system controls, the primary disadvantage of this technology is its 
high capital cost.  Additional disadvantages include increased O&M costs for pumping, 
the need for adequate construction sites and the potential for disruption of adjoining sites 
or neighbors during construction, and operation. 

Given the shallow rock, significant grade change in the area of the regulators and 
relatively small volumes to be controlled, vertical shafts, tunnels and pipeline storage are 
not appropriate storage technologies for the Kingston system.  Traditional storage tanks 
remain a viable control technology. 

4.4.6. Treatment  
Treatment is another method of reducing untreated CSO overflow volume and frequency.  
Treatment typically involves some form of solids (and associated BOD) removal and/or 
disinfection. 

Examples of treatment control methods include primary sedimentation, vortex separators, 
high rate physical/chemical treatment, and chemically enhanced primary treatment.  
These methods are described below. 

4.4.6.1. Retention/Treatment 
The objective of retention/treatment is gravitational settling of suspended particles in a 
smaller volume tank combined with disinfection for the legal discharge of treated flows.  
This is the simplest method for treating and discharging combined sewer overflows. 

4.4.6.2. Chemically Enhanced Primary Treatment (CEPT) 
Chemically enhanced primary treatment involves adding chemicals (polymers and 
coagulants) to primary sedimentation basins to cause the suspended particles to clump 
together through coagulation and flocculation.  The floc particles settle faster, enhancing 
treatment efficiency.  As a result, primary treatment can be accomplished at higher 
surface overflow rates and in smaller tanks as compared to the conventional primary 
clarification process. 

The advantage of this technology is a smaller footprint and typically better performance 
than a primary sedimentation facility.  The primary disadvantage of this technology is the 
increased O&M costs for chemical handling and disinfection facilities as well as 
chemical costs. 
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4.4.6.3. High-Rate Physical/Chemical Treatment (HRT) 
High-rate physical/chemical treatment is a traditional gravity settling process enhanced 
with flocculation and settling aids to increase loading rates and improve performance.  
The pretreatment requirement for HRT is fine screening and sometimes grit removal.  
The first stage of HRT is coagulant addition, where ferric chloride, alum, or a similar 
coagulant is added and rapidly mixed into solution.  The coagulation stage is followed by 
a flocculation stage where polymer is added and mixed to form floc particles that will 
settle in the following stage.  Also in this stage, recycled sludge or micro sand from the 
settling stage is added back in to improve the flocculation process.  Finally, the 
wastewater enters the gravity settling stage that is enhanced by lamella tubes or plates.  
Disinfection, which is not part of the HRT process, typically is completed after treatment 
to the HRT effluent.  Sludge is collected at the bottom of the clarifier and either pumped 
back to the flocculation stage or wasted periodically when sludge blanket depths become 
too high. 

The primary advantages of the HRT processes are that they typically have the smallest 
footprint and best performance as compared to most if not all other primary treatment 
technologies.  The main disadvantages of this technology are high capital and O&M costs 
as well as startup time requirements and with the Kingston topography, the likely 
requirement of bedrock removal. 

4.4.7. Disinfection  
The major objective of disinfection is to control the discharge of pathogenic 
microorganisms in receiving waters.  The disinfection methods commonly considered for 
CSO discharges are chlorination and UV . 

Each disinfection method has advantages and disadvantages with regard to chemical 
toxicity, stability, interaction with extraneous material, penetration, availability, and cost. 

4.4.7.1. Chlorination 
Chlorination can be accomplished by adding chlorine gas, sodium hypochlorite, 
chloramines, or chlorine dioxide to wastewater and providing sufficient contact time for 
required pathogen destruction.  The most commonly used chlorination agents are chlorine 
gas and sodium hypochlorite. 

Chlorine gas historically has been the most common chlorination reagent; however, over 
the past decade many utilities have switched from chlorine gas to sodium hypochlorite 
liquid (hypochlorite) because of the greater inherent risk of chlorine gas to personnel 
health and safety as compared to hypochlorite.  While substantially safer than chlorine 
gas, hypochlorite can still present a moderate safety concern to personnel working in the 
area.  Sodium hypochlorite can also be corrosive, necessitating additional maintenance of 
associated chemical feed equipment and piping.   
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One of the disadvantages of using hypochlorite as opposed to chlorine gas is that the 
hypochlorite solution degrades over time.  However, the strength of the solution can be 
monitored in order to accurately calculate the required dose when the system needs to be 
operated.  The rate of degradation increases with solution strength and varies with 
temperature.   

Chlorination can be implemented with moderate capital cost; however, space 
requirements for chlorine contact tanks may be considerable.  Traditional disinfection 
with any form of chlorine typically requires a five-minute contact time.  Contact tanks 
with adequate baffling and volume to prevent short circuiting and the recommended 
detention time are required.  

To reduce the space and cost requirements for chlorine contact facilities, high-rate 
disinfection is commonly used for CSO treatment.  High-rate disinfection is defined as 
the application of a higher-than-normal concentration of disinfectant in combination with 
high-rate mixing to achieve the desired level of bacterial kill over a shorter contact time.  
Typical chlorine doses range from 4 mg/L to maximum doses of 25 to 30 mg/L, and 
sufficient contact time.  High-rate disinfection has been used successfully on a number of 
wet weather disinfection applications to provide a minimum of 5 minutes of contact time 
instead of the standard 15 minutes.   

For discharge to surface waters, dechlorination following chlorination may be required to 
remove any remaining chlorine residual prior to discharge to minimize any adverse effect 
to receiving waters.  Liquid sodium bisulfite is the most commonly used dechlorination 
agent applied in conjunction with sodium hypochlorite.  The contact time for sodium 
bisulfite is much less than for chlorine; the goal is to provide only enough time for 
complete mixing of the bisulfite solution into the chlorinated wastewater flow. 

4.4.8. UV Disinfection 
UV disinfection is gaining popularity in the disinfection of wastewater and CSO 
discharges.  Despite its higher capital and O&M costs (due to higher power 
consumption), the main advantage of UV is the much smaller footprint required as 
opposed to other disinfection methods.  While the chlorine-based compounds and ozone 
require contact tanks large enough to provide required minimum contact times, UV 
disinfection does not have a required contact time, and therefore the UV units may be 
installed in existing channels.  Because chemicals are not used, UV disinfection ensures 
that no chemical residuals are discharged in the effluent. 

The primary disadvantages of UV systems are high capital cost and startup time 
requirements.  Additionally, the effectiveness of UV disinfection is sensitive to effluent 
quality.  Higher TSS concentrations can interfere with UV’s ability to disinfect, requiring 
much higher doses and providing much lower efficiency.  UV systems also require a 
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reliable backup power source to ensure the continuance of disinfection during power 
outages.   

4.5. CSO Control Alternatives: Wilbur, Hunter and Broadway 
Because the number of CSO activations at the Wilbur, Hunter, and Broadway regulators 
is already at or close to single-digit events, per the evaluations for these locations were 
focused on relatively low cost improvements to optimize the system performance and 
further reduce a number of overflows.  Therefore, only two levels of improvements were 
evaluated for these locations - No Action and Regulator Optimization.  

4.5.1. No Action 
No Action indicates that no new work is required.  It leaves the system as-is.  There is no 
capital cost incurred for no action.  Operation and maintenance costs remain the same as 
existing O&M costs.  No action is a viable alternative, as the Wilbur, Hunter, and 
Broadway overflows low discharge frequency and low discharge volumes are unlikely to 
cause a WQS violation in Rondout Creek. 

4.5.2. Regulator Optimization 
Regulator optimization is the raising of the weirs to maximize flow to the WWTF and 
minimize overflow without adverse side effects such as surcharging or basement 
flooding.  The location of these three regulators on steep inclines means water levels can 
be raised without endanger connections. 

Optimizing regulators directs more flow to the WWTF.  Hydraulic modeling shows that 
by optimizing flow at the regulators, the wet weather capacity of the WWTF will be 
exceeded during peak events.  The projected peak flow rate of 15.6 mgd exceeds the 
current capacity of 10.25 mgd.  Upgrades to the WWTF to remove hydraulic limitations 
and/or an excess peak flow storage facility would be required.  The cost for removing the 
hydraulic limitations to increase capacity to 13.6 mgd was estimated at $5.9M (2008 
dollars).  The WWTF is land locked.  Expansion beyond the 13.6 mgd is not technically 
feasible, as the City would require an investment up to $65M to convert the existing 
WWTF to a wet weather pump station and equalization facility and construct a larger 
WWTF in another location.  

As shown in Table 4-3, Broadway is fully contained under a typical year and Hunter is 
reduced to two overflows.  The net decrease in overflow volume is only 0.21 MG.  This 
reduction is too small to affect the annual percent capture of the system and is not likely 
to measurably improve water quality in Rondout Creek. 

As the ―No Action‖ alternative is viable given the low frequency and discharges and that 
the costs associated with optimizing the regulators far outway benefits, no action is 
selected as the approach for the Wilbur, Hunter and Broadway regulators. 
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Table 4-3:  
Wilbur, Hunter, Broadway Optimized vs Baseline Conditions 

 

Regulator 
Overflow 

Volume (MG) 

Overflow 
Duration 
(hours) 

Overflow 
Peak Flow 

(MGD) 
Number of 
Activations 

 
Optimized Conditions 

Broadway 0 0 0 0 

Hunter 0.01 6 0.2 2 

Wilbur 1.8 18 7.4 5 

 
Baseline Conditions 

Broadway 0.21 13 1.3 9 

Hunter 0.12 23 0.6 12 

Wilbur 1.81 18 7.4 5 
 

4.6. CSO Control Alternatives: Hasbrouck  
Removal, storage and treatment alternatives were considered to reduce the frequency and 
volume activations to meet WQS.  Costs were developed using: 

1. Bid tabulations from past Kingston projects 

2. Cost curves developed for CSO LTCP work in other upstate New York communities 

4.6.1. No Action 
No Action indicates that no new work is required.  It leaves the system as-is.  There is no 
capital cost incurred for no action.  Operation and maintenance costs remain the same as 
existing O&M costs.  No action may not be a viable alternative, with 58 activations at the 
Hasbrouck overflow.  The WWTF are not maximized before and after peak events and, 
with the high frequency of discharge, the WQS for fecal coliform may be challenging to 
meet.   

4.6.2. Regulator Modifications 
Modification to the Hasbrouck regulator will upgrade the structural, mechanical and 
instrumentation and control to eliminate the need for daily maintenance to protect against 
dry weather overflows.  This concept will also allow flows from the Hasbrouck 
sewershed to be directed to the WWTF when there is available capacity instead of 
statically limiting the flow at the regulator.  A detailed review of the regulator will need 
to be performed to determine the final configuration.  The review will consider, at a 
minimum: 
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 Replacement of the Brown & Brown regulator with a SCADA controlled pinch valve 
or knife gate which will continue to protect the WWTF from high flows and also 
maximize the conveyance of flows before and after peak conditions.   

 Replacement of the ½‖ mechanical bar screen 

 Raising the weir in the screen house 

 Refurbishing/replacement of the overflow flow monitoring system 

 Relocation of 36-inch stormsewer connection to downstream of the regulator beyond 
the monitoring point. 

A total of $750,000 is budgeted for the Hasbrouck Regulator Modifications capital 
improvements.  Engineering at 15 percent of construction is budgeted at $115,000. 

Regulator modification will have a significant effect on the performance of Hasbrouck 
during dry weather and small wet weather events.  Table 4-4 shows the modeled 
predicted results of added real time control to Hasbrouck that sets the orifice size based 
on WWTF capacity.  In addition to the 28 percent reduction in annual CSO volume and 
24 percent reduction in activations, the percent capture of the system increases from 88 
percent to 92 percent.  Despite all the benefits, regulator modifications may or may not be 
sufficient for meeting (or not precluding the attainment) the water quality standards in the 
receiving stream. Post-construction monitoring would be required to verify the system 
performance and associated water quality benefits. Additional CSO control alternatives 
for further reducing CSOs at Hasbrouck are further evaluated below should additional 
improvements become necessary as a result of the PCM.  Modifications will not continue 
to limit discharges from Hasbrouck to the WWTF to stay within peak flow rates. 

A review of the model-predicted discharges from the Hasbrouck CSO was performed to 
determine the flows and volumes that need to be handled to reduce activation to about 
4-6 events per year.  

Table 4-4:  
Hasbrouck Performance: RTC v Baseline 

 

Total 
Overflow 
Volume 

(MG) 

Overflow 
Duration 
(hours) 

Peak 
Flow 

(MGD) 
Number of 
Activations 

Percent 
Capture 

(%) 

Real Time Control 18.7 213 21.9 45 91 

Baseline 26.9 423 22.5 59 89 

 

4.6.3. Separation: Partial Separation 
Partial Separation is the removal of surface run-off from the combined sewer system.  
Catch basins and inlets are routed to a new, dedicated storm water pipe.  Foundation 
drains and other storm water features outside of the public roadway remain as currently 



 
Section 4 

Development and Evaluation of Alternatives 
 

    

 

City of Kingston 
Combined Sewer Overflow Long Term Control Plan 
H:\PROJECT\5744016\DOC\LTCP\Kingston LTCP 10.22.2010.docx 

 4-19 

 

connected.  The estimated cost to partially separate an urban combined sewer system is 
$50,000 per acre.  This assumes the separation work occurs in the soft ground, above the 
bedrock.  At this rate, the 702 acre Hasbrouck Sewershed would cost an estimated 
$35.1M. 

4.6.4. Separation: Green Infrastructure 
Separation with Green Infrastructure means using engineered systems that mimic nature 
to filter, detain and potentially remove overland run-off from the combined sewer system.  
Green Infrastructure uses a network of small facilities to locally manage the run-off. 

With the shallow rock elevations, it is reasonable that infiltration of the storm water into 
the ground is not going to be feasible broadly through the Hasbrouck sewershed.  As a 
result, most green infrastructure facilities will require an underdrain with a connection to 
either a dedicated storm water pipe or back into the combined sewer.  A connection to a 
storm water pipe effectively separates the surface system from the combined sewer where 
a connection back to the combined sewer will delay the arrival of the flows, providing 
some benefit to the CSOs. 

Green Infrastructure can play a positive role in reducing peak flow rates into the 
Hasbrouck system, but is not likely to control enough run-off to reduce Hasbrouck 
overflows to the 4 to 6 events per year used as a target for these evaluations..  Pilot 
testing of green infrastructure facilities, including pre-and post construction monitoring, 
would be needed to determine flow reduction from individual facility.  It is expected that 
the net effect at the regulator will be nominal during the large control events. 

4.6.5. Storage: Tank 
Three locations were identified as potential sites for a storage tank.  Site 1 is a tennis 
court upstream of the regulator, which is owned by the City.  Sites 2 and 3 are 
downstream of the regulator on Abeel and are private property.  At all sites, the tank 
would required screening, cleaning and pump back facilities.  To provide the requisite 1.3 
MG of storage, an AWWA D110 Type III Pre-stressed Concrete Tank with the 
dimensions of 146-ft in diameter and 10-ft side wall depth would be needed. 
Costs for the storage tank were estimated using tank pricing provided by Natgun and 
other local projects.  The construction cost is estimated at $3.5M and includes the tank, 
flushing system, pump station and piping.  Property acquisition costs are not included.  
Refer to Figure 4-3 for a conceptual Schematic of the improvements. 
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4.6.6. Treatment: Disinfection 
Disinfection directly addresses the primary concern regarding overflows: bacteria.  
Disinfection assumes the construction of a sodium hypochlorite / sodium bisulfite 
chlorination/dechlorination system and a contact tank to provide 15 minute contact time 
at the design flow through rate.  A dewatering pump is also included to return capture 
flows to the WWTP.  The estimated capital cost of constructing a disinfection facility is 
$4.5M for five overflows in a typical year.  Annual operation and maintenance costs are 
estimated at $40,000 and include the cost of chemicals, electricity, and cleaning the 
facility after each event. 

Costs for a disinfection system were developed from cost curves developed for upstate 
New York.  The costs do not include that of a screen as the Hasbrouck overflow has an 
existing mechanical bar screen.  Costs do not include land acquisition, engineering or 
other non-construction costs. 

4.6.7. Treatment: Retention/Treatment Basin. 
Retention/Treatment Basin uses a tank to provide for the settling of solids.  Tank sizes 
were developed based on 30-minute holding times for the design flow through rate.  
Retention/Treatment Basin units include the replacement of the existing screen with 
mechanical fine screens ahead of the tank and a dewatering pump station.  The estimated 
cost of construction is $9.3M for five overflows in a typical year.  Annual operation and 
maintenance costs are estimated at $27,400 and include the cost of electricity, chemicals, 
and cleaning the tank after each event. 

Costs for a retention/treatment basin were developed from cost curves developed for 
upstate New York.  Costs do not include land acquisition, engineering or other non-
construction costs. 

4.6.8. Treatment: High Rate Treatment  
High Rate Treatment is the use of a deep tank with the addition of chemical additives to 
effectively achieve equivalent primary treatment within a shortened period of time.  HRT 
units include mechanical fine screens, one or more treatment units, and a dewatering 
pump station.  A small equalization tank is commonly used to accommodate the facility 
start up time and to attenuate sharp peaks.  The estimated cost of construction is $9.7M 
for five overflows in a typical year.  Annual operation and maintenance costs are 
estimated at $28,000 and include the cost of electricity, chemicals, and cleaning the tank 
after each event. 
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5 

5. CSO Long-Term Control Plan 

The goal of this CSO LTCP was to evaluate whether the City of Kingston’s combined 
sewer system meets the requirements of the USEPA CSO Control Policy and if additional 
CSO control measures are necessary, to develop and evaluate CSO control alternatives to 
achieve the compliance with the policy. Being a small community, as defined by USEPA 
CSO policy, the City has selected a presumptive compliance approach.   

As demonstrated in Section 3, the City’s CSS already meets the 85 percent capture 
presumptive criterion and the water quality sampling data appears to show the CSOs do 
not preclude Rondout Creek from attaining WQS; however the number of annual 
activations is currently greater than four to six overflows per year.  Since the results 
presented in Section 3 of this report are not entirely conclusive, it is unclear at present 
time whether or not the remaining CSO discharges meet or do not preclude the attainment 
of the WQ standards.    

Consequently, the recommended CSO LTCP utilizes a staged approach that include post-
construction monitoring after modifying the CSS to determine the effect of the CSOs on 
attainment of WQS and reassess the size and type of additional CSO control required. 

5.1. Recommended CSO LTCP 
The recommended CSO LTCP implements a staged approach that focuses on improving 
the performance of the Hasbrouck system.  The stages of the CSO LTCP are depicted in 
the flow chart of Figure 5-1.  The initial stage upgrades the regulator to eliminate the 
need for daily maintenance in the prevention of dry weather overflows, provide direct 
measurement of CSO discharges and modulate the dry weather discharge to maximize 
flow to the WWTF. 

The second stage performs post construction monitoring on the regulator system and 
updates the calibration of the hydraulic model to re-characterize the activation of the 
Hasbrouck CSO.  Water quality sampling will be performed to capture sufficient water 
quality data to determine compliance with water quality standards. 

If the second stage water quality sampling shows that Rondout Creek is meeting WQS or 
that the CSOs are not precluding compliance with water quality standards, no additional 
capital work will be undertaken by the City. 

If the monitoring shows that CSO activations remain likely to cause a WQS exceedence, 
additional CSO control measures (third stage) will be implemented.  Based on the costs 
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presented in Section 4, the additional CSO control alternatives are expected to be tank 
storage.  The final size of the tank will be determined based on the updated hydraulic 
model of the Hasbrouck system and the water quality sampling data.  The update of the 
hydraulic model should also include the updating and refinement of capital costs.  If 
markets or technologies change, such that treatment or separation become more cost-
effective than storage, the City may elect to implement the most cost-effective solution.   

Once the tank or other CSO Control Measure is operational, the water quality sampling 
program (fourth stage) will be initiated to confirm compliance with WQS in Rondout 
Creek. 

Although it is not anticipated, in the event the post construction water quality sampling 
shows that the CSOs are clearly the cause of WQS violations, the City will undertake 
additional study to determine appropriate steps to further reduce impacts (fifth stage). 

Figure 5-1:  Kingston CSO LTCP 
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Table 5-1: 
CSO LTCP Costs by Stage 

Stage  Description 
Construction 
Cost Design Cost 

Sampling / 
Monitoring / 
Analysis Cost 

 
 
Total 

1 
Hasbrouck Regulator 
Upgrade  $  750,000  $115,000   $  865,000 

2 
Hasbrouck Flow Monitoring 
and Model Re-calibration      $50,000  $  50,000 

2 
Post Construction Water 
Quality Sampling 

  
$75,000 $  75,000 

3 Hasbrouck Storage Tank  $ 3,500,000   $525,000      $4,025,000 

4 
Post Construction 
Monitoring      $  75,000  $  75,000 

5 Re-assessment      $  50,000  $  50,000 

Totals    $  4,250,000   $  640,000   $  250,000  $5,140,000 
 
The costs for the stages of the CSO LTCP are provided in Table 5-1.  All costs are in 
2010 dollars.  The total cost for the program will be determined by the results of the post 
construction monitoring.  Sampling and monitoring costs are included for flow 
monitoring, water quality sampling, and data analysis.  The City may elect to self 
perform these tasks and save the expenses. 

At the low end, the LTCP will cost $0.99M for: 

 Hasbrouck Regulator Upgrade; 

 Post Construction Flow Monitoring and Model Re-Calibration; and  

 Post Construction Water Quality Sampling. 

 
At the high end, the LTCP will cost $5.14M for: 

 Hasbrouck Regulator Upgrade; 

 Post Construction Flow Monitoring and Model Re-Calibration; 

 Post Construction Water Quality Sampling; 

 Hasbrouck Storage Tank; 

 Post Construction Monitoring; and 

 Re-assessment. 
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5.2. Affordability Analysis 
The City’s CSO LTCP is an element of the City’s SPDES permit requirements.  As part 
of the LTCP, a financial capability assessment was completed to determine the financial 
impact of the capital projects that may need to be implemented in accordance with the  
US EPA document ―CSO Guidance for Financial Capability Assessment and Schedule 
Development‖ (US EPA, 1997).  The US EPA recognizes that the implementation and 
scheduling of a LTCP directly impacts a community’s ability to afford the proposed 
remediation activities.  The financial capability assessment measures the impact that the 
LTCP will have on both the current and future financial capability of the community.   

5.2.1. Financial Capability Assessment Methodology 
Affordability has many dimensions and requires multiple perspectives to adequately 
arrive at a reasonably acceptable definition of an affordable solution from the 
community’s perspective.  Therefore, this analysis explores the financial capability of the 
community to fund the LTCP based on two perspectives: 

1. The method outlined in the 1997 US EPA guidelines, which outlines a two-phase 
process for assessing the ability to fund a CSO LTCP.  Phase I of the analysis 
assesses residential customer affordability as measured by the cost as a percentage of 
median household income (MHI).  If the costs are at or above one percent of the 
median household income, a Phase II analysis is completed.  The Phase II analysis 
assesses community financial capacity (i.e., financial strength and financing capacity) 
to afford the program.  (For this study, a Phase II analysis was not completed, since 
the projected residential costs were below one percent of the median household 
income).  

2. An additional method that evaluates the financial capability and the need for sewer 
rate increases through time on a year-by-year basis.  This analysis considers and 
incorporates the conceptual construction schedule for anticipated future capital 
projects and associated O&M impacts, and estimates the proposed year-by-year rate 
increases and residential indicator for each community, and the resulting potential 
―rate shock‖ that may occur as result of the need for significant rate increases. 

5.3. Calculation of the Residential Indicator 
The US EPA financial capability assessment guideline outlines a two-phase process for 
assessing the ability to fund a CSO LTCP.  Phase I of the analysis assesses residential 
customer affordability as measured by the cost as a percentage of MHI.  The Residential 
Indicator is calculated by first determining the total cost of wastewater treatment 
(including wastewater treatment, collection and LTCP-related costs).  A portion of the 
total cost is then allocated to residential customers based on the percentage of total flow 
generated from these customers.  Finally, the total residential cost is allocated amongst 
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the total number of households in the community to determine the wastewater treatment 
and LTCP cost per household.  Once the cost per household is determined, the 
Residential Indicator is calculated by dividing the cost per household by the MHI of the 
community, and is compared to the US EPA criteria for classifying the financial impact 
as ―low,‖ ―mid-range,‖ or ―high.‖  Table 5-2 shows the US EPA’s criteria for classifying 
the financial impact based on the calculated Residential Indicator. 

Table 5-2: 
US EPA Residential Indicator Financial Impacts 

Financial 

Impact 

Residential Indicator 

(Cost as a % of MHI) 

Low Less than 1% of MHI 
Mid-Range 1% – 2% of MHI 

High Greater than 2% of MHI 
 

5.3.1. Identification of Wastewater Treatment Costs 
The existing and projected costs for wastewater treatment operations were used to 
determine the Residential Indicator, and were estimated as described below.  Appendix I 
presents supporting US EPA guidance worksheets and documentation of the financial 
capability assessment for the City. 

5.3.1.1. Current Wastewater Treatment Costs 
The US EPA defines current wastewater treatment costs as the current annual operation 
and maintenance (O&M) expenses (excluding depreciation) plus current annual debt 
service payments (principal and interest).  These costs are intended to represent the cash 
expenditures of current wastewater treatment operations.   

Table 5-3: 
Actual FY 2009 O&M Expenses 

 

Description Amount

Administration 586,551$         

Sanitary Sewers 794,661           

Pumping Stations 288,239           

Wastewater Treatment 1,566,383       

Other Miscellaneous 7,033                

Total 3,242,866$     
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Capital Expenses 
Capital expenses, including debt service and capital outlay, are considered in the 
assessment since they represents a cash cost associated with the wastewater system.  A 
summary of the anticipated debt service and capital outlay in FY2010 for the City is 
presented in Table 5-4.      

Table 5-4: 
Projected FY2010 Capital Expenses 

 

5.3.1.2. Projected Wastewater Treatment and LTCP Costs 
Estimates of projected wastewater treatment costs are made up of annual debt service 
payments (principal and interest) associated with future wastewater treatment, collection, 
and LTCP projects, and incremental O&M expenses associated with implementing the 
projected treatment and control projects.  

Projected Capital Costs of Wastewater Treatment and Collection Projects  
Estimates of future wastewater treatment and collection system capital costs were made 
based on capital improvement plan information provided by the City. The City provided 
future capital plans for the 2011 fiscal year.  The City plans to implement a LTCP- 
related project for the 2011 fiscal year, which could have an ultimate total estimated cost 
of approximately $5,140,000 if all phases are required to be constructed.  Therefore, the 
City’s projected capital need was estimated to be $5,140,000 for this assessment. 

5.3.2. Annual Residential Cost Per Household 
The current and projected wastewater treatment costs for the City were then proportioned 
to the City’s residential customers based on flow and number of residential accounts, to 
estimate the residential share of the costs.  The cost per household was then determined 
by dividing the residential cost by the number of residential customers.  The total 
estimated cost per household calculated for this assessment is summarized in Table 5-5.   

 

 

 

Description Amount

Sewer Bond Debt Service 732,910$         

Sewer Lease Payments 270,597           

Total 1,003,507$     
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Table 5-5: 
Annual Residential Cost per Household 

 

5.3.3. Median Household Income 
Multiple statistical sources were evaluated for MHI data within the Kingston region.  
Data were reviewed from the U.S. Census Bureau 2000 census and the U.S. Census 
Bureau American Community Survey (ACS).  However, the U.S. Census Bureau 2006-
2008 American Community Survey 3-Year Estimates information, adjusted to 2010, was 
utilized because it was the most recent data available from the U.S. Census Bureau.  The 
2008 MHI value of $45,066 was adjusted to the 2010 value of $47,600 by applying an 
annual inflation factor of 2.8 percent to the ACS census information.  

 

 

 

Description Amount

Current Annual Costs

Operation & Maintenance Expense 3,242,866$  

Capital Expenditures 1,003,507     

Total Current Annual Costs 4,246,373$  

Amortized LTCP Capital Costs1 463,847        

Total Annual Cost 4,710,220$  

Residential Cost Share2 2,494,969$  

Residential Accounts 6,816

Residential Cost per Household $366.05

1
Included $5,140,000 in Phase I  and Phase II  LTCP costs , amortized 

over 20 years  at an interest rate of 5.0 percent. Future costs  exclude 

any system rehabi l i tation/replacement expenditures  that may be 

required to mainta in or improve the condition of the system.

2
Tota l  costs  apportioned to ins ide-ci ty res identia l  customers  based 

on estimates  of res identia l  flow as  a  percentage of the tota l  system 

flow.
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The average Consumer Price Index (CPI) during the past ten years (1999 through 2008) 
for the Northeast Urban region was used as the annual inflation factor.1 The ten-year 
average CPI for this region was calculated and found to be 2.8 percent.  The following 
equation was used to inflate the MHI data and corresponding statistics to 2010 dollars. 

20082010
20082010 CPI)(1 *MHI  MHI  

The 2010 MHI value was estimated to be $47,600 as shown in Table 1-5.    

5.3.3.1. Residential Indicator 
The Residential Indicator was calculated for the City by dividing the cost per household 
by the MHI.  The results of this calculation are shown in Table 5-6.       

 
Table 5-6: 

Residential Cost and % of MHI (the Residential Indicator) 

 
The Residential Indicator was estimated to be approximately 0.77 percent.  This result 
was compared to EPA financial impact ranges documented in the EPA guidance 
document to assess the financial impact that may be placed on the City’s residential 
customers.  The comparison indicates that the financial impact of current and projected 
wastewater collection and treatment costs, including planned LTCP costs is in the ―Low‖ 
range, as shown below: 

Financial Impact 
Residential Indicator (Cost per household as 
% of MHI) 

Low Less than 1.0 Percent of MHI 

Mid-Range 1.0 – 2.0 Percent of MHI 

High Greater than 2.0 Percent of MHI 

                                                 

1 US Department of Labor, Bureau of Labor Statistics (ftp://ftp.bls.gov/pub/special.requests/cpi/cpiai.txt 

Description

Residential 

Cost per Yr

Estimated 

2010 MHI

Cost as % 

of MHI

EPA Impact 

Range

City of Kingston $366 $47,600 0.77% Low Range
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5.4. Potential Annual Financial Impact Analysis 
This section provides an alternative assessment using additional information relevant to 
assessing financial capability in addition to the US EPA Financial Capability Assessment 
method. The method used in this section examines the annual wastewater rate increases 
that would be required to pay for the capital program, as well as the cost of wastewater 
services as a percentage of MHI. In this analysis, annual rate increase needs were 
estimated based on the City’s estimated annual revenue requirements.  The total annual 
wastewater cost per customer was then divided by the estimated MHI to project the 
change in the Residential Indicator over time.  

The same financial capability threshold of wastewater utility costs equal to 2.0 percent of 
the median household income of the service area was employed (based on the 2.0 percent 
guideline set by the US EPA in 1997 for the purpose of assessing the financial capability 
of the proposed wastewater treatment and LTCP.  However, it is important to note that 
using a community-wide financial capability threshold does not imply that all customers 
within each community will be able to ―afford‖ wastewater utility service if the costs (or 
rates) are below the 2.0 percent threshold. Rather, the threshold is used as a means to 
assess the community’s ability to afford the programs as a whole. 

The EPA guidance document correlates the financial impact range with the general time 
period allowed for scheduling the implementation of CSO controls. In general, a City 
scoring in the ―Low Burden‖ category would be expected to implement CSO control 
projects based on a normal engineering and construction schedule.  

5.4.1. Rate Impacts and Affordability 
Historical sewer fund revenues and expenses were reviewed along with the wastewater 
treatment and proposed LTCP cost information to develop a long-term cash flow and rate 
revenue requirements forecast. These revenue requirements were then used to estimate 
future sewer rates for residential customers.  The annual financial impact analysis was 
based on the following assumptions: 

 Operating expenses were projected to increase by approximately 3.0 to 4.0 percent 
per year, including escalation of labor costs at 2.5 percent per year, fringe benefits at 
4.0 percent per year, energy costs at 4.0 percent per year, and other costs at a general 
inflation rate of 2.8 percent per year. 

 The rate of future customer growth was estimated to increase by approximately 0.06 
percent each year over the forecast period. 

 The projected capital projects were assumed to be funded with General Obligation 
bonds.  General Obligation bond financing assumptions consisted of a repayment 
period of 20 years and an interest rate of 5.0 percent.  It was also assumed that a debt 
issuance cost of 1.5% of the revenue bond issuance amount would be incurred.  A 
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debt service coverage requirement of 1.0 was assumed for General Obligation bond 
debt. 

 The MHI for the City was assumed to increase at a rate of approximately 2.8 percent, 
based on historical trends in the consumer price index.  To the extent that the MHI for 
the City increases more slowly, the residential cost as a percentage of MHI will be 
higher. 

The projected annual residential costs over the 10-year forecast period was estimated 
based on the assumptions described above, and the results are shown in Table 1-6 and 
Figure 1-1.  The results indicate that relatively moderate rate increases (in the range of 0 
percent to 4 percent per year) would be needed to generate sufficient revenues to cover 
operation and maintenance costs, pay the existing and projected debt service obligations, 
and pay for the debt service associated with the LTCP.  

The projected annual residential cost as a percentage of MHI over the forecast period is 
shown in Figure 1-2. The analysis results indicate that the residential cost as a percentage 
of MHI will likely remain below the high burdened financial capability threshold of 2.0 
percent if the City were to implement a LTCP project with costs equal to $5,140,000 in 
the 2011 fiscal year.  The results indicate that the City would not likely experience a high 
financial burden (as defined by the US EPA guidance document) as a result of 
implementing the LTCP project in the 2011 fiscal year.  

Table 5-7: 
Anticipated Rate Impact on Residential Customers 

 

Year
Projected Rate 

Increase Rate per ccf Annual Cost
2010 na $4.67 $448.32
2011 4.00% $4.86 $466.25
2012 4.00% $5.05 $484.90
2013 4.00% $5.25 $504.30
2014 4.00% $5.46 $524.47
2015 0.71% $5.50 $528.20
2016 0.90% $5.55 $532.93
2017 1.95% $5.66 $543.32
2018 1.54% $5.75 $551.67
2019 2.01% $5.86 $562.78
2020 2.04% $5.98 $574.29

Assuming an average of 8 ccf used per month, per residence

City of Kingston, NY
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Therefore, in order for the City to pay for LTCP project, the following would be 
necessary: 

 The City would either need to issue debt to pay for the LTCP (assumed approach), or 
utilize existing cash reserves to fund the LTCP project.     

 The City as a whole would need to accept a few years of moderate wastewater rate 
increases, which will increase the annual sewer cost to customers.  

However, it is important to note that additional capital expenditures will likely be 
required over the forecast period to rehabilitate or replace aging infrastructure, and these 
costs have not be included in the analysis.  When these costs are incurred, they will 
increase the annual customer cost and in turn, increase the cost as a percentage of MHI. 

 
Figure 5-2:  Projected Annual Residential Sewer Cost 
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Figure 5-3:  Projected Cost as a Percent of MHI 

 

5.5. Implementation Schedule 
The implementation schedule begins in 2011 with the design and bid of the Hasbrouck 
Regulator Upgrades.  The construction of the Hasbrouck Regulator follows in 2012 with 
post-construction flow monitoring and water quality sampling following.  As shown in 
Figure 5-4, schedule is complete at the end of 2014 if water quality conditions are met as 
outlined in Section 5.1.  If water quality conditions are not met, a longer schedule, shown 
in Figure 5-5, is implemented that allows for the construction of storage, post 
construction monitoring and reassessment, if required. 
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Figure 5-4:  Kingston CSO LTCP - Short Schedule 

  



 
Section 5 

CSO Long-Term Control Plan 
 

    

 

City of Kingston 
Combined Sewer Overflow Long Term Control Plan 
 

 5-14 

 

Figure 5-5:  Kingston CSO LTCP - Long Schedule 
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5.6. Post Construction Monitoring 
Post Construction Monitoring as described in this section is the method used to assess 
whether the steps taken to control discharges from the Combined Sewer System comply 
with the USEPA CSO Policy and, further, whether in complying with the Policy the 
Rondout Creek meets or is not precluded from meeting Water Quality Standards.  This 
Post Construction Monitoring plan utilizes and updates the Sampling and Monitoring 
Plan approved by NYS DEC in 2007 and used by the City of Kingston to collect the 
sampling data that is the basis for this CSO LTCP. 

5.6.1. Receiving Water Monitoring Plan 

5.6.1.1. Intent 
The intent of the receiving water sampling effort will be to characterize the existing water 
quality during both dry and wet weather events, to assess the background pollution levels, 
to assess if Rondout Creek meets WQS and to assess whether the Kingston CSOs 
preclude meeting those standards. 

5.6.1.2. Methodology and Scope 
A minimum of five sampling events will be conducted per month at the five sampling 
points located upstream and downstream from the four CSO discharge sites and the 
WWTF. The sampling events will be conducted weekly, with one additional sampling 
event to be conducted within two to four hours of a precipitation event commencing that 
would most likely result in an overflow.  The four monthly samples will be taken once a 
week during dry weather no earlier than 72 hours after rainfall events. During excessively 
wet months, the remaining three samples can be taken at least 24 hours after rainfall 
events. To take advantage of the existing 30-day geomean based water quality standards 
for fecal coliform concentration in the receiving stream, the City reserves the right to 
increase the sampling frequency and/or develop a simplified one-dimensional water 
quality model to approximate a geomean from 30 daily samples.   

Grab samples collected will be collected at the water surface and will be analyzed for: 

 Total suspended solids; 

 Settleable solids; 

 Fecal coliform; 

 Dissolved oxygen (DO); and 

 Floatables. 

Sampling events will no earlier than April 1 and will conclude no later than October 31.  
The sampling locations in the Rondout Creek are shown on Figure 5-6 and are to be 
consistent with the locations used in 2007. 
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5.6.2. Quality Assurance/Quality Control Plan 
The water quality sampling QA/QC Plan will be ascertained through the following 
actions: 

 All sampling personnel shall be familiar with the goals and objectives of this 
sampling program, sampling locations, equipment, and protocol; 

 All sampling holding times shall be in full compliance with the requirements set forth 
in applicable EPA-approved methods published in ―Standard Methods for the 
Examination of Water and Wastewater‖; 

 Chains of custody reports shall be completed for all samples and field blanks; 

 All analytical work, with the exception of the field measured parameters (Dissolved 
Oxygen and floatables) shall be performed by a contract laboratory having a New 
York State Environmental Laboratory Accreditation Program (ELAP) certification (in 
accordance with the National Environmental Laboratory Accreditation Conference 
(NELAC) Institute); 

 The contract laboratory shall provide a copy of its approved standard operating 
procedures and protocols for analytical work and QA/QC procedures for each 
parameter or parameter group in full compliance with applicable EPA-approved 
methods published in ―Standard Methods for the Examination of Water and 
Wastewater‖; and 

 All equipment to be used for the field measurements shall be in good working order 
and properly calibrated as per manufacturer’s recommendations. 

5.6.2.1. Field Work  
The field work QA/QC program will be comprised of the following components: 

 Equipment blanks; 

 Duplicate samples; and 

 Laboratory blanks. 

5.6.2.1.1. Equipment Blanks 
Equipment blanks (rinsate blanks) are defined as samples that are generated by rinsing 
representative sampling equipment with laboratory analyte-free water and then analyzing 
the rinsate in a similar fashion as regular samples.  Equipment blanks are used to assess 
the cleanliness of equipment used for sampling and the adherence to equipment cleaning 
practices.  Equipment blanks will be collected from sampling equipment immediately 
before initiation of each sampling event (dry or wet weather).  Each sampling crew that 
mobilizes to perform sampling for a given event will collect equipment blanks from one 
sampling jar and from one grab sampling device.  Each crew will use laboratory analyte-
free water to prepare equipment blanks by rinsing one sampling jar, and one grab 
sampling device, individually with enough volume to take samples of each of the 
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parameters of concern included in this project.  Thus, each sampling crew will have 
two sets of equipment blank samples:  one representative of a sampling jar and the other 
representative of a grab sampling device.  All equipment blanks will be acquired from 
sampling equipment before sampling crews depart to perform sampling. 

5.6.2.1.2. Duplicate Samples 
Duplicates samples are defined as a second, or duplicate, set of samples that are 
obtained from the study matrix which are prepared and analyzed alongside regular 
samples.  Duplicate samples are used to assess the precision of the entire sampling 
activity.  Collecting duplicate samples translates to the collection and additional large 
grab sample from a given location.  For the additional sampling event, the sampling event 
leader will designate one of the sampling crews to obtain an additional sample volume 
from their sampling location.  The designated crew will collect a duplicate sample.  

5.6.2.1.3. Laboratory Blanks 
Laboratory blanks are defined as samples of laboratory analyte-free water that are put 
through similar preparatory and analytical procedures as regular samples.  Laboratory 
blanks are used to assess the accuracy of laboratory analytical procedures.  Laboratory 
blanks will be prepared by contract laboratory personnel in accordance with established 
QA/QC procedures.  Guidelines for laboratory blank preparation and analytical results 
reporting by contract laboratory will be determined based on correspondence and contract 
development between the sampling contractor and the contract laboratory.  A copy of the 
contract should be submitted to Malcolm Pirnie for review prior to program initiation.   

5.6.2.1.4. Field Documentation During Sampling 
Sampling personnel will complete a sample log sheet for each sampling location during 
the additional sampling event.  The log will include documentation of the following 
during sampling at each location: 

 Time of sampling; 

 Date of sampling; 

 Weather conditions; 

 Storm discharge flow/hydraulic conditions (standing water/moving flow, etc.); 

 Dissolved Oxygen; and 

 Physical Observations: 

- Presence of grease; 
- Presence of floatables; 
- Presence of atypical smells; and 
- Color. 
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Any other comments regarding additional observations deemed relevant should be 
recorded.  The log will be completed by the sampler and given to the sampling leader 
upon completion of the sampling event.   

Each container for grab sampling of the receiving water will be labeled on its cover with 
the name of the sample location.   

5.7. Combined Sewer System Monitoring 
It is the intent of the City of Kingston to replace metering equipment in the overflow 
chambers located at two of the existing CSOs, place an insert area-velocity meter 
downstream of the diversion chamber at Hunter Street, and place a level transducer in the 
equalization tank of the Wilber Avenue.  These meters will allow the City to collect a 
minimum of one year of data pertaining to the frequency, duration, and volume of 
overflows throughout the City.  

5.7.1. Methodology 
One of the conditions to be met for compliance with the Ninth Minimum Control is the 
monitoring of the frequency of the overflow events at each CSO, where feasible. For the 
purposes of this post-construction monitoring, the City will install automatic metering 
equipment and data loggers at any regulator that does not have flow monitors installed 
and in working order to accurately assess the frequency, duration, and volume of the 
overflow discharges as discussed herein. 

5.7.2. Rainfall Data 
The rainfall gauge at the WWTF will be inspected every day to see if any measurable 
rainfall has occurred in the last 24 hours. If so, the rainfall amount, date, and approximate 
duration will be recorded. During periods of dry weather, outfalls will be inspected at 
least once per week. 

5.7.3. Rondout Creek Stage, Flow and Volume 
Rondout Creek stage, flow and volume will be acquired from the USGS for use in the 
data analysis. 

5.7.4. Water Quality Evaluations 
The data will be reviewed for trends during dry and wet weather conditions.  Figures 
and tables will be developed to illustrate the changes in water quality parameters tested 
during the monitoring period.  Dry weather and wet weather baseline conditions will also 
be summarized for use in preliminarily evaluating water quality in comparison to the 
receiving stream water quality standards. 

Estimated pollutant loadings from each CSO will be developed by utilizing the flow 
frequency, duration and volume data developed through the CSS monitoring discussed 
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in Section 4.  Typical pollutant values for CSOs presented in the Report to Congress, 
Impacts and Control of CSOs and SSOs, dated August 2004, will be utilized for the 
estimation of the pollutant loadings to the receiving stream. 

Further evaluations will be performed to estimate whether the CSO discharges from the 
City result in exceeding or preclude from the attainment of the receiving stream water 
quality standards.   

The extent of the water quality evaluations necessary for assessing the impact from 
the City’s CSOs on the Rondout Creek will be determined upon collecting and evaluating 
the CSO discharge flow data and the receiving stream water quality data.  As stated 
before, to take full advantage of the existing water quality standards, the City may decide 
to increase a number of samples during a 30-day period or to develop a one-dimensional 
water quality model to further support the water quality evaluations.   
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6 

6. Public Participation 

Throughout the development of this Long-Term Control Plant, input has been provided 
from a focused team of stakeholders that have worked to see that the recommendation put 
forward in this CSO LTCP are consistent with the priorities, resources and physical 
layout of the City of Kingston.  The stakeholder team consisted of: 

 James Sottile, Mayor 

 Charles Landi, Alderman 

 John Tuey, Comptroller 

 Ralph Swenson, PE, City Engineer 

 Alan Adin, Engineering Technician 

 Michael Schupp, Superintendant of Public Works 

 Allen Winchell, Waste Treatment Plant 

 Ed Herwig, Wastewater Treatment Plan 

 Robert Cacchio, CAMO Pollution Control 

Workshop sessions were held with the stakeholder team at key points throughout the 
CSO LTCP process including: 

 Completion of flow monitoring: initial dissemination of performance results; 

 System Characterization: key triggers to CSO activations; and 

 Alternatives Development: CSO technology and feasibility. 

Key exchanges from the workshop sessions included: 

 Preference for simple, storage systems over complex treatment facilities; 

 Requirement to protect adjacent customers from high water levels; 

 Emphasis on access for maintenance; 

 Preference for the investigation and possible use of green infrastructure; 

 Requirement to keep expenditures reasonable until economy recovers; and 

 Priority to continue to serve satellite and growth customers as a revenue base. 

With the drafting of the LTCP, workshops are planned for a broader stakeholder base to 
explore the details of the projects presented in this plan.  A November 2010 stakeholder 
workshop will focus on Rondout Water Quality Standards and the LTCP as planned in 
phase. 
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A second series of stakeholder workshops will be hosted after the implementation of the 
regulator modifications and post construction monitoring.  The workshops will focus on 
the results of the sampling and, if additional controls are requirement, the technology and 
locations of facilities. 
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