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NOTICE 


This report was prepared by the Village of Cooperstown in the course of performing work contracted for and 

sponsored by the New York State Energy Research and Development Authority (hereafter “NYSERDA”).  

The opinions expressed in this report do not necessarily reflect those of NYSERDA or the State of New 

York, and reference to any specific product, service, process, or method does not constitute an implied or 

expressed recommendation or endorsement of it.  Further, NYSERDA, the State of New York, and the 

contractor make no warranties or representations, expressed or implied, as to the fitness for particular purpose 

or merchantability of any product, apparatus, or service, or the usefulness, completeness, or accuracy of any 

processes, methods, or other information contained, described, disclosed, or referred to in this report.  

NYSERDA, the State of New York, and the contractor make no representation that the use of any product, 

apparatus, process, method, or other information will not infringe privately owned rights and will assume no 

liability for any loss, injury, or damage resulting from, or occurring in connection with, the use of information 

contained, described, disclosed, or referred to in this report. 



 

 

 

 

 

 

 

  

 

 

 

 
 

ABSTRACT 


The Village of Cooperstown Wastewater Treatment Facility (WWTF) is located off Linden Avenue in the 

Village of Cooperstown, Otsego County, New York.  Constructed in 1968 and modified in 1990, the 

WWTF uses a fixed film process for nutrient removal and discharges treated effluent to the headwaters of 

the Susquehanna River.  The WWTF operates under New York State Pollutant Discharge Elimination 

System (SPDES) Permit No. NY-002 3591 (included as Appendix A).  The design flow for the WWTF is 

0.52-mgd, but it currently has an interim SPDES flow limit of 0.75-mgd on a 12-month rolling average 

(12MRA) basis until further studies are done to determine the actual plant component capacities and 

potential upgrades. 

Originally, gaseous chlorine was used for seasonal disinfection (May 16 thru September 15) as required in 

the facility’s SPDES permit.  However, when the New York State Department of Environmental 

Conservation (NYSDEC) renewed the SPDES permit in 1999, the effluent residual chlorine concentration 

allowed to be discharged to the Susquehanna River was lowered.  Thus, a sodium bisulfite dechlorination 

system would be necessary to meet the new permit requirements.  This would require a new, significantly 

larger, chlorine contact tank because the existing post aeration tank and outfall pipe could no longer be 

included in the contact time calculations.  Additionally, it was determined that the existing post aeration 

structure was in desperate need of repair or replacement and was also undersized to handle future projected 

flows . 

Therefore, considering the potential capital and operating costs associated with chemical disinfection, and 

desiring to eliminate the handling and environmental risks associated with such chemicals, the Village, 

with the concurrence of the NYSDEC, decided to consider ultraviolet (UV) disinfection as an alternative to 

the gaseous chlorine disinfection method.  This report outlines the wastewater treatment plant components 

prior to UV addition its permit limits, its effluent quality, and its projected flows.  It presents the detailed 

evaluation and comparison of UV disinfection vs. chlorine disinfection, including UV testing to determine 

effectiveness, compliance with permit limits, and modifications required for both systems, which were used 

to conclude that UV would be the best choice for disinfection at the WWTF.  Final design, approvals, and 

construction components of the project are then discussed, and the report concludes with a performance 

evaluation of the newly installed UV disinfection system.  
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KEY WORDS 


UV Transmittance:  A measure of the amount of ultraviolet radiation that will pass through a given 

substance, such as wastewater, at a wavelength of 254 μm. 

UV Intensity (I): The strength of UV radiation reaching a given particle.  Directly related to the distance 

the light waves are from the source.  Used in conjunction with time (t) to determine UV Dose (D); D=I x t). 

Flocculation:  The process of forming aggregates or flocs from finely divided particles into larger particles 

that can be readily removed by settling or filtering.   

Fecal Coliform: A nonpathogenic bacteria organism known to cause a waterborne gastroenteritis disease. 

Chlorine Residual:  Measurement of the toxicity level of chlorine remaining in a wastewater effluent 

sample. 

Total Suspended Solids (TSS):  Measurement in mg/L, the amount of residue remaining on a filter paper 

after being dried at a specific temperature.  Used routinely to assess the performance of a conventional 

wastewater treatment process.    
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SUMMARY 


The Village of Cooperstown WWTF is a secondary fixed-film wastewater treatment facility that discharges 

into the headwaters of the Susquehanna River.  The 0.52-mgd facility was constructed in 1968 and 

modified in 1989.  Gaseous chlorine was the original means used to achieve disinfection of the treated 

effluent, but a SPDES permit modification was proposed by the NYS DEC in 1999 that would necessitate 

dechlorination to reduce the effluent chlorine residual to 0.37-mg/l.  The existing chlorine contact tank was 

determined to be too small if dechlorination were to be installed and would therefore need to be replaced. 

Concerned with the cost of the possible modifications associated with dechlorination and desiring to move 

away from the safety and environmental risks associated with chemical disinfection, the Village, with the 

approval and support of the NYS DEC, requested a deferment of the dechlorination requirement to 

investigate ultraviolet radiation (UV) as an alternative disinfection technology. 

The investigation included effluent testing to ascertain the effectiveness of UV disinfection on the 

wastewater effluent, field observation of some existing UV systems in upstate New York, selecting the size 

and type of UV system, and determining facility modifications that would be required to accommodate a 

UV system.  Field testing indicated that a proposed UV disinfection system could readily meet the effluent 

disinfection requirements of the modified SPDES permit and provide a good margin of safety.  Flocculant 

addition facilities were also proposed as part of the UV system to improve effluent turbidity, and thus 

disinfection, on an as-needed basis. 

Once the feasibility of UV disinfection was established, the advantages and disadvantages of chemical 

disinfection and UV disinfection were compared, and a 20-year net present worth (NPW) cost analysis was 

performed for both technologies.  Then a grant for $123,820 from the NYS Energy Research and 

Development Authority (NYSERDA) was sought and successfully obtained. Applying the NYSERDA 

grant to the UV system cost, the 2002 estimated out-of-pocket NPW cost for UV disinfection was 

determined to be $335,700, whereas the estimated NPW cost for chemical disinfection was $316,700, a 

difference of $19,000. 

Based on these findings, it was concluded that UV technology could be confidently applied at the Village of 

Cooperstown WWTF and would improve environmental and safety conditions for the operators, nearby 

residents, and the ecosystem.  Although such improvements carried a substantially higher capital cost, the 

NYSERDA grant to the Village would help offset the capital cost difference and, with the tentative 
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acceptance of UV technology by the NYSDEC in a letter dated December 23, 2002, ultraviolet disinfection 

was formally selected for the Cooperstown WWTF. 

Following this selection, preliminary design was started.  In August 2003, additional field testing was done to 

determine the effectiveness of the addition of a flocculation chemical, and another wastewater treatment facility 

was visited to obtain design data and operators input for comparison of two similarly manufactured UV 

systems.  In November 2003, final design was completed, and in September 2004 the construction of an 

open channel UV system using low pressure/high intensity horizontal lamps was substantially completed 

and tested. The new system was put into service for the 2005 disinfection season, and the old chlorination 

system was abandoned and removed.  Initial data has shown that the system performs outstandingly in 

removal of germicidal bacteria, and the plant operators are very pleased with the systems ease of 

maintenance and the move away from chemical disinfection. 
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Section 1 


PRE-UV CONDITIONS 


WWTF OVERVIEW
 

The Village of Cooperstown WWTF treats both traditional wastewater from the Village collection system 

and process wastewater from the Village of Cooperstown Water Treatment Plant (WTP).  Treated effluent 

from the WWTF is discharged to the Susquehanna River, a Class B (contact recreation/swimming) Stream.  

Dewatered solids are trucked to a landfill operated by the Montgomery Otsego Schoharie Solid Waste 

Management Authority in Montgomery County, New York. 

A location plan for the Cooperstown WWTF is presented as Figure 1-1, and an overview of the pre- UV 

WWTF layout is presented in Figure 1-2. 

Most of the unit processes at the Cooperstown WWTF were commissioned in 1968. That facility replaced 

an Imhoff Tank process that was constructed at the site during the 1930's.  The process equipment at the 

WWTF prior to the new UV disinfection system is listed below:   

Liquid Stream Processes: 

� Mechanically-cleaned bar screen and manually-cleaned bypass bar screen (2); 

� Parshall flume (2); 

� Vortex-type grit removal system (2); 

� Four (4) influent pumps, 1840-gpm peak pumping capacity (2); 

� Primary clarifier, center feed, 50-ft diameter x 7-ft deep; 

� Trickling filter w/rock media, 60-ft diameter x 5-ft deep; 

� Three (3) rotating biological contactors (RBCs) (1); 

� Two (2) final clarifiers (1), peripheral feed, 35-ft diameter x 9-ft deep; 

� Gaseous chlorination (2) and concrete chlorine contact tank; 

� 4000-gallon post aeration tank (1); 

� 1180-feet of outfall pipe. 

Solids Handling Processes: 

� (2) digester recirculation pumps, 75-gpm capacity each (2); 

� Anaerobic digester, 25,300-cf capacity w/ (2) draft tube mixers and waste gas flare; 
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� Plunger type digester/drying bed feed sludge pump, 75-gpm capacity (2); 

� (6) covered sludge drying beds totaling 7,200-sf. 

(1) Added in 1989 

(2) Housed inside control building 

ORIGINAL DISINFECTION SYSTEM 

A chlorine room within the control building housed a 400-lb/day automatic gas chlorinator, a 100-lb/day 

emergency manual chlorinator, and 1-ton chlorine gas cylinders.  A monorail system facilitated moving the 

1-ton cylinders from the delivery truck into the chlorine room.   

An automatic chlorinator used a flow signal from the Parshall flume to pace the chlorine dose.  Thus, 

chlorine dosage was paced by influent flow.  Chlorine solution was injected into the final effluent in a 

dedicated structure just downstream of the final clarifiers. The chlorinated effluent then flowed into the 

baffled concrete chlorine contact tank, passed through the concrete post aeration tank, and vitrified clay 

outfall pipe before finally discharging to the Susquehanna River, approximately 1180-feet downstream. 

According to the Operation and Maintenance Manual for the WWTF, the disinfection system provided 

17.1-minutes of contact time at a design peak hour flow of 2.3-mgd; 6.2-minutes were provided in the 

contact tank, and 10.9 minutes were provided in the outfall pipe.  The contact tank was not newly 

constructed in 1968, but it was part of the Imhoff Tank system that formerly occupied the site.  Visual 

inspection of this tank showed many small cracks and other signs of deterioration.  The plant operator  

installed a sump pump in the contact tank to remove any settled solids that may have carried over from 

the final clarifiers. 

The outfall pipe had deteriorated as well; a brick manhole located approximately 1000-feet upstream of the 

end of the pipe had partially collapsed, thus allowing much of the effluent to enter the river ahead of the 

intended discharge location. Further evidence of the outfall pipe condition appeared every spring when tree 

roots would plug the pipe, a condition that would worsen once the chlorine residual was removed from the 

effluent.  The operator estimates that five man-days per month were required to keep the outfall pipe 

marginally serviceable. 
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EXISTING ELECTRICAL SYSTEM 


Electrical power is supplied to the plant by NYSEG and consists of a 208Y/120V, 3 phase, 4-wire 

underground service. The main fusible disconnect switch is rated for 400A. Power distribution to the 

treatment equipment is provided by a motor control center.  An 85 kW diesel-fired generator and automatic 

transfer switch provide emergency power to selected treatment equipment within the plant.  Power use data 

from NYSEG indicates the maximum plant demand is approximately 50 kVA (140A). 

SPDES PERMIT AND REGULATORY COMPLIANCE 

The SPDES permit (Appendix A) for the Village of Cooperstown WWTF became effective on February 1, 

1999 and will remain in effect until February 1, 2009.  Table 1-1, below, provides a summary of the 

SPDES permit requirements: 

TABLE 1-1: SPDES PERMIT REQUIREMENTS 

PARAMETER EFFLUENT LIMITATION 

May 16 to October 15 October 16 to May 15 

Flow, 30 day mean 0.52-mgd 0.52-mgd 

CBOD5, 30 day mean 25 mg/l 25 mg/L and 108 lbs/day 

CBOD5, 7 day mean -- 40 mg/L and 173 lbs/day 

UOD, 30 day mean 325 lbs/day --

Suspended Solids, 30 day mean 30 mg/l and 130 lbs/day 30 mg/l and 130 lbs/day 

Suspended Solids, 7 day mean 45 mg/l and 195 lbs/day 45 mg/l and 195 lbs/day 

Coliform, Fecal, 30 day mean (1) <200 CFU/100 ml --

Coliform, Fecal, 7 day mean (1) <400 CFU/100 ml --

Chlorine Residual, daily maximum (1) 0.37 mg/l --

PH, range 6.0 to 9.0 SU 6.0 to 9.0 SU 

Settleable Solids, daily maximum 0.3 ml/l 0.3 ml/l 

Ammonia, 30-day mean 10mg/l as NH3 --

Dissolved Oxygen, daily minimum 7.0 mg/l --

Stream Flow, daily minimum 11 cfs 11 cfs 

(1) As noted previously, disinfection required only from May 16 to September 15 
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The permit includes interim and final limits for both effluent flow and chlorine residual.  The permit also 

required the Village to submit an "approvable Engineering Report" by October 1, 2000. The report was to 

recommend an approach to meet the final effluent flow and residual chlorine limits of 0.520-mgd and 0.37 

mg/l respectively and to propose a schedule for meeting those limits.  The interim flow limit of 0.750-mgd 

(12 month rolling average) and chlorine residual limit of 2.0 mg/l (daily maximum) would be effective until 

the facility was ready to meet the final permit limits. 

An Engineer’s Report entitled “Abridged Sewer System Evaluation Survey, Village of Cooperstown” 

(dated June 1998, revised July 1999) was prepared by Lamont Engineers and submitted to the NYSDEC.  

This report presented the results of system-wide internal (TV) inspection, system-wide smoke testing, and 

extensive inflow and infiltration (I/I) flow isolation work and recommended the replacement or repair of 

essentially all of the existing gravity sewer pipe in the service area.  Acting on the study recommendations, 

the Village of Cooperstown continues to pursue an aggressive I/I reduction program.  Four construction 

projects have been completed to date: the first was completed in the summer of 1999, a second was completed 

in the spring of 2001, a third was completed in the summer of 2002, and the fourth was completed in the summer  

of 2004. Cooperstown is committed to reducing  I/I flows even further through future I/I projects.   

A second Engineering Report was submitted to the NYSDEC by Lamont Engineers on September 25, 

2000.  This report proposed that sodium bisulfite be injected at the post aeration basin for dechlorination 

and further proposed that a dechlorination system would be operating by December 31, 2001.  Subsequent 

investigation revealed that if sodium bisulfite was added at the post aeration tank, the total chlorine contact 

time would be reduced to 6.2-minutes, and a new, larger tank would be required.  The total project cost of 

complying with the chlorine residual limitation was then estimated to be $206,000.  The aforementioned 

issues were discussed further at a meeting on January 24, 2002 among the Village Sewer Commission, 

NYSDEC, and Lamont Engineers.  Also discussed was the desire of the Village to consider UV disinfection 

as an alternative to chlorination/dechlorination.  In a follow-up letter to the NYSDEC dated February 5, 
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2002, the Village requested deferment of the chlorine residual limit for a period of six months to permit the 


subject UV engineering study to be completed. 

WWTF FLOWS AND EFFLUENT QUALITY 

Historical WWTF performance data from January 1997 to May 2002 was obtained and analyzed.  The high 

30-day average flow (ADF30) during this period was 0.93-mgd, occurring in April 2000.  The average day 

flow (ADF) during 2000 was 0.64-mgd.  The peak hour flow (PHF) of 1.92-mgd and the maximum day 

flow (MDF) of 1.68-mgd both occurred on April 4, 2000. A copy of the influent chart from this date is 

presented in Appendix B.   

The WWTF data presented in Appendix A shows that the effluent leaving the WWTF during this 

period was substantially better than required by the SPDES permit. Effluent BOD5 concentrations and 

mass values were generally below 10-mg/l and 50-lbs/day, respectively, with removal efficiencies above 

90-percent.   

TSS removal rates, while not as good as the BOD5 removal rates, were also good; effluent TSS 

concentrations and mass values varied from 6-mg/l to 24-mg/l and 22-lbs/day to 155-lbs/day.  Removal 

efficiencies for TSS were better than 77 %.  At this time, it is thought high effluent TSS occurs when 

the stored sludge quantity becomes excessive and causes the digester supernatant quality to degrade.  

Although sludge storage and treatment is beyond the scope of this report, the subject will be addressed in 

detail in the forthcoming Cooperstown WWTF Capacity and Condition Assessment Report. 

PROJECTED FLOW 

Over the past 100 years, the resident population of the Village of Cooperstown has fluctuated between 

2,000 and 3,000 persons, declining from a high of 2,909-persons in 1930 (Report on Sewerage and Sewage 
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Treatment, Stearns and Wheler Engineers, 1965) to 2,026-persons in 2000 (http://factfinder.census.gov, US 


Census Bureau).  This population decline, concomitant with the gradual replacement of older water fixtures 

with newer low flow units as Village homes are remodeled, has undoubtedly reduced the wastewater flow 

to the Cooperstown WWTF.  Influent flow to the WWTF is anticipated to decrease substantially in the near 

future as the aforementioned I/I abatement work continues.  At the same time, however, increases in the 

popularity of Cooperstown as a tourism destination will bring some increased wastewater flow, particularly 

during the summer months.  While the precise relationship between the possible flow increase and flow 

decrease is not clear, it is unlikely that future flows will exceed current flows. 

Since the disinfection system must be sized to accommodate at least the current peak hour flow for the 

WWTF, or 1.92-mgd, any additional treatment capacity will provide a combination of capacity for growth 

and a factor of safety.  A factor of safety of 10 percent should be applied as a minimum.  Applying 10

percent, 20-percent and 30-percent growth factors to the current flows yields the future flow projections 

that are summarized in Table 1-2 below: 

TABLE 1-2: CURRENT FLOW AND FUTURE FLOW PROJECTIONS 

ADF (2) (mgd) MDF (3) (mgd) PHF (4) (mgd) ADF30 
(5) (mgd) 

1987 Design (1) 0.52 1.90 2.30 --

Current 0.64 1.68 1.92 0.93 

+10% 0.70 1.85 2.11 1.02 

+20% 0.77 2.02 2.30 1.12 

+30% 0.83 2.18 2.50 1.21 

(1) 	 1987 WWTF design flows are projections taken from ‘Operating Manual for Water Pollution 
Control Plant’, Stearns and Wheler Engineers, 1967 

(2)	 ADF = Average Day Flow 
(3)	 MDF = Maximum Day Flow 
(4) PHF = Peak Hour Flow 
(5)	 ADF30 = High 30-day Average Day Flow 

According to the Table, the disinfection system would provide an adequate 10-percent factor of safety at a 

PHF of 2.11-mgd.  Since the existing WWTF equipment is sized for a PHF of 2.3-mgd, the new 

1 - 8 

http:http://factfinder.census.gov


 

 

disinfection system will also be sized to treat a PHF of 2.3-mgd.  As illustrated in Table 1-2, the ADF will 

be 0.77-mgd, the MDF will be 2.02-mgd, and the ADF30 will be 1.12-mgd.  This approach provides a 

conservative 20-percent growth and safety allowance for current flows.   

Future WWTF expansion and/or improvement designs will also be based on the ADF of 0.77-mgd, the 

MDF of 2.02-mgd, the ADF30 of 1.12-mgd, and the PHF of 2.3-mgd. 
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Section 2 

EVALUATION OF DISINFECTION TECHNOLOGIES 

A disinfection system must consistently meet the required treatment objectives.  Other criteria include 

operator safety, system reliability, environmental hazards, and of course cost.  The applicability of UV 

disinfection to the Village of Cooperstown effluent was a matter of prime importance to this project; if UV 

disinfection was not suitable, then a chlorination and dechlorination system would be installed.  If a UV 

system could be shown to be effective at the Cooperstown WWTF, however, the disinfection process would 

be selected, after considering the advantages, disadvantages and costs of each type of system. 

The following sections present descriptions of each of the proposed disinfection technologies and an 

assessment as to the suitability of UV disinfection for Cooperstown. 

UV DISINFECTION PROCESS DESCRIPTION 

UV disinfection is a physical process in which microorganisms are subjected to UV radiation.  In the UV 

process, it is radiation that inactivates the organisms.  The two primary factors influencing UV inactivation 

are: (1) the amount (dose) of UV radiation reaching the microorganisms; and (2) the ability of each 

microorganism to absorb the dose.  Unfortunately, it is not possible to directly measure the UV dose, 

so it must be estimated via mathematical modeling (the point source summation method) or via 

experimental results with an indicator organism (the bioassay method).  The bioassay method, in which 

known dose-response data for the indicator organism are compared with data from the WWTF effluent, 

was selected for this project because it provides a measure of actual microbial response.  

Regardless of the estimation method, UV dose is a function of the UV radiation intensity inside the UV 

system (the reactor) and the amount of time an organism spends inside the reactor.  Factors influencing 
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intensity may be broken into two categories:  properties of the UV lamps and properties of the effluent.  


These factors are first summarized below and then discussed in detail: 

UV Lamp and Reactor Properties: 

•	 Lamp type (Low pressure lamps emit more of their energy at the 254-μm wavelength.  UV is most 

effective at pathogen reduction at a wavelength of 253.7-μm); 

•	 Lamp output (Low or high intensity lamps are available); 

•	 Lamp operating hours (Lamp output decreases with age); 

•	 Reactor Hydraulics (Mixed flow is important to ensure organism exposure to UV); 

•	 Distance between lamps (Intensity decreases as distance from lamp increases); 

•	 UV absorbance of quartz sleeve (Affects intensity reaching an organism); 

•	 Lamp operating temperature (Higher lamp temps hasten scaling of quartz sleeves). 

Effluent Quality: 

•	 UV transmittance (UVT) of effluent (Affects intensity reaching an organism); 

•	 Size and UV absorbance of other particles in effluent (Affects intensity of radiation reaching an 

organism); 

•	 Fouling of UV lamp (Reduces intensity reaching an organism). 

The intensity of radiation emitted by a UV lamp module decreases as the lamp ages and as foreign material 

fouls the quartz sleeve that houses the lamp. Additionally, radiation is absorbed by the quartz sleeve, by 

other particles in the water, and by the water itself, thus further reducing the intensity of the radiation 

reaching a specific particle. Therefore, in order to estimate the applied dose, one must first measure the 

UVT of the effluent for which UV disinfection is being considered. 
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Compliance with Applicable Standards 

UV Transmittance 

The Ten States’ Standards indicate that UV disinfection should only be used on a high-quality effluent 

having TSS and BOD concentrations of not more than 30 mg/l and a UVT of at least 65-percent at a 

wavelength of 254 μm. Therefore, laboratory UVT testing was performed to investigate the compatibility 

of the Cooperstown WWTF effluent with the UV disinfection process.  Two sampling events were 

conducted, one in April 2002 and one in June 2002, to ensure that the testing would be representative of 

peak TSS values at the WWTF.  Each sampling event followed the protocol described below: 

Ten 1-liter effluent grab samples were taken from the secondary clarifier overflow box by the plant 

operator over a five-day period; five during low flow conditions and five during high flow conditions. 

The UVT testing of the samples was performed by the Village and by Trojan Technologies of 

London, Ontario, Canada. The TSS of each sample was recorded and then UVT at 254 μm was 

checked for both a raw sample portion and a filtered sample portion.  The sample results from each 

battery of tests are summarized in Table 2-1 below and presented graphically as Figure 2-1. 

TABLE 2-1: UVT TEST RESULTS 

April 2002 June 2002 

Sample Date 
and Flowrate (1) 

TSST 

(mg/l) 
UVT
RT (%) 

UVT-FT 

(%) 
UVT
RC (%) 

Sample Date 
and Flowrate (1) 

TSST 

(mg/l) 
UVT
RT (%) 

UVT
FT (%) 

UVT
RC (%) 

4/8/02, 320k 2 77 78 76 6/17/02, 400k 8 71 74 66.1 

4/8/02, 645k 3 81 82 82 6/17/02, 900k 16 71 75 66.3 

4/9/02, 352k 2 75 76 74 6/18/02, 600k 12 67 71 64.1 

4/9/02, 566k 4 78 79 79 6/18/02, 760k 21 69 75 59.2 

4/10/02, 418k 4 77 78 71 6/19/02, 370k 10 67 71 60.8 

4/10/02, 691k 2 72 73 77 6/19/02, 800k 27 66 72 57.5 

4/11/02, 402k 3 71 72 70 6/20/02, 330k 13 66 70 --

4/11/02, 600k 4 74 75 73 6/20/02, 730k 24 67 73 --

4/12/02, 416k 2 71 72 69 6/21/02, 360k 11 66 70 --

4/12/02, 640k 5 75 75 74 6/21/02, 771k 22 68 74 --

(1) Flowrates are noted in 1000's of gallons per day 
(2) “UVT-R” denotes raw effluent; “UVT-F” denotes filtered effluent 
(3) Subscript “T” denotes analysis by Trojan Technologies; subscript “C” denotes analysis by Village of Cooperstown 
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Testing by Trojan Technologies of the Cooperstown WWTF effluent showed a minimum raw UVT of 66

percent at the maximum indicated TSS of 27-mg/l thus it is within the UVT guidelines set forth in the Ten 

States' Standards.  Since the UVT for the filtered and unfiltered samples are quite similar for the April 

battery of tests, one can infer that the transmittance of the effluent is a property of the Cooperstown WWTF 

effluent and is not significantly affected by particles within the water.  In June however, the filtered UVT 

was up to 6-percent higher than that of the raw UVT; this is indicative of UV radiation being absorbed by 

large particles in the wastewater.  Furthermore, these results suggest that enhancing the secondary effluent 

quality would also improve disinfection. 

Results obtained by the Village for raw effluent were similar to Trojan Technologies’ results for the April 

sampling event but somewhat lower for the June sampling event, reaching a minimum UVT of 58-percent.  

The apparent discrepancy between the two sets of UVT results led the Village to conduct a third sampling 

event with chemical addition as described below. 

A copy of the UVT testing procedure and data is presented in Appendix C. 
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Chemical Addition and UV Transmittance
 

With the assistance of the Slack Chemical Company, the Village of Cooperstown conducted benchtop 

chemical addition testing to determine what improvement, if any, could be obtained in the effluent clarity 

from the addition of chemical coagulation and flocculation agents.  Samples of the influent to the final 

clarifiers were taken at the RBC effluent structure.  Chemical agents were added to four 1.0-liter samples as 

follows: (1) Praestol 189, a proprietary flocculant, at a concentration of 50-mg/l; (2) poly -aluminum 

chloride (PAC) at a concentration of 40-mg/l; (3) ferric chloride at a concentration of 40-mg/l; and (4) a 

control sample with no chemical added.  Each sample was agitated, settled, and visually inspected.  Of the 

four samples, the PAC and ferric chloride samples both showed a dramatic improvement in clarity, 

suggesting that chemical addition could improve the removal efficiency of the final clarifier(s). Photos of 

the stirring apparatus and each sample appear in Appendix D.   

Based on the positive visual results obtained with PAC and ferric chloride, additional testing was 

performed to quantify the potential improvement in UVT.  Ferric chloride is a hazardous chemical and as 

such would require containment facilities and special handling precautions, whereas PAC is considered to 

be non-hazardous.  Therefore, PAC was selected for use in the additional testing.  As before, a Slack 

Chemical representative prepared six samples of RBC effluent at a PAC concentration of 40-mg/l.  Six 

identical samples were collected and left untreated.  The samples were divided equally; three of each type 

were tested by the Village and three of each type by Trojan Technologies.  The results of this testing appear 

below in Table 2-2 and in Figure 2-2. 

TABLE 2-2: UVT TESTING WITH PAC ADDITION 

Sample (1) 
Untreated Treated w/ 40-mg/l PAC 

TSST 

(mg/l) 
UVT-RT 

(%) 
UVT-FT 

(%) 
UVT-RC 

(%) 
TSST 

(mg/l) 
UVT-RT 

(%) 
UVT-FT 

(%) 
UVT-RC 

(%) 

Sample 1  49 54 63 42.5 23 63 69 56.5 

Sample 2 51 52 63 42.5 19 62 69 57.8 

Sample 3 53 53 63 41.5 18 62 69 57.2 
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(1) All samples taken 8/13/02 at a flow rate of 720,000-gpd 
(2) “UVT-R” denotes raw effluent; “UVT-F” denotes filtered effluent 
(3) Subscript “T” denotes analysis by Trojan Technologies; subscript “C” denotes analysis 

by Village of Cooperstown 

It is unlikely that the sedimentation time during the jar testing precisely mimics the retention time and 

hydraulics of the secondary clarifiers, thus the exact results of full-scale PAC addition may differ from 

these bench-top results.  It is evident, however, that PAC addition at the RBC effluent box has the potential 

to dramatically reduce TSS concentration and to significantly improve UVT.  

UV Radiation Dose 

The Ten States' Standards suggest that the minimum design dose of UV radiation should be 30,000-μW 

s/cm2 to ensure adequate deactivation of microorganisms in effluent having maximum BOD and TSS 

concentrations of 30 mg/L.  Regardless of the actual design dose to be used, the dose must be calculated 

after adjustments for maximum lamp fouling and lamp output reduction after one year (8760-hours) of 

continuous operation.  The required dose is specific to each effluent and therefore must be experimentally 

determined through the bioassay method (collimated beam testing) for each proposed UV installation.  The 

test subjects the effluent to a range of UV radiation doses of known intensity in a collimated beam 

apparatus.  The fecal coliform concentration of the effluent is measured before and after each dose and 

plotted on a chart.  The resulting graph is known as the dose-response curve, which is used to size the UV 

equipment. In order to obtain dose-response data specific to the Cooperstown WWTF, samples of effluent 

were again collected and sent to Trojan Technologies for collimated beam testing.  These samples were 

used to develop a dose-response curve for the proposed Cooperstown UV installation.  The procedure and 

results for the collimated beam testing is presented in Appendix C, a summary of these results is presented 

in Table 2-3 below, and the dose response curve is illustrated in Figure 2-3: 
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TABLE 2-3: COLLIMATED BEAM TEST RESULTS 


Dose (µW s/cm2) Fecal Coliform (CFU/100-ml) 
0 110,000 

10,000 1,400 

20,000 300 

40,000 90 

60,000 57 

80,000 41 

100,000 47 

Interpolating Figure 2-3 indicates that the proposed UV design dose of 53,500 μW s/cm2 will meet the 

Cooperstown permitted maximum fecal concentration of 200-CFU/100-ml with a factor of safety of almost 

3.0. 

For full-size flow through UV systems, the time element of the dose is controlled by the flow rate through 

the reactor.  The flow rate at a wastewater treatment plant without equalization, such as the Cooperstown 

WWTF, may fluctuate substantially during the day.  Therefore, the UV reactor will deliver the design dose 

at the peak hour flow to ensure adequate inactivation through the entire flow range. 

Design Criteria 

Table 2-4, below, identifies proposed design criteria developed during this project for a UV disinfection 

system at the Village of Cooperstown WWTF. 

TABLE 2-4: PROPOSED UV DESIGN CRITERIA 

Required/Suggested Cooperstown 
UVT, minimum 65-percent 65-percent 

Mean Particle Size Distribution -- 57.8-microns 

TSS, maximum 30-mg/l 27-mg/l 

BOD, maximum 30-mg/l 11-mg/l 

Dose 30,000-μW s/cm2 53,500-μW s/cm2 

Peak Hour Flow Rate, maximum -- 2.3-mgd 
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Other UV Installations 

During this project, representatives of the Village of Cooperstown and Lamont Engineers visited four 

nearby WWTFs that use UV disinfection: 

• Grand Gorge WWTF (Trojan UV 4000 medium pressure self cleaning) 

• Pine Hill WWTF (Trojan PTP low pressure manual cleaning) 

• Village of Hobart WWTF (Atlantic Megatron low pressure automatic cleaning) 

• Lehighton, Pa. WWTF (Wedeco TAK low pressure self cleaning)  

Each of the plant operators interviewed expressed overall satisfaction with the UV systems at their facilities 

and offered suggestions for Cooperstown based on their experiences. 

Additionally, a telephone call was placed to the Ellenville WWTF to discuss their long-term experiences 

with a UV system operating on trickling filter effluent.  The Ellenville WWTF treatment train is quite 

similar to the Village of Cooperstown WWTF with one notable exception: the Ellenville WWTF has 

clarification between the trickling filter and the RBCs, where Cooperstown does not.  Overall, the Ellenville 

operator is quite pleased with the performance of the UV system, since the effluent fecal coliform 

concentration is consistently less than 5-CFU/100-ml; he does strongly recommend a self-cleaning system.  

The suggestions from the other operators, the observations made during the tours, and the specific concerns 

of the Cooperstown staff would be incorporated into the UV disinfection system as described below. 

Features of UV Disinfection System 

The proposed UV system for the Village of Cooperstown WWTF would incorporate the following features: 
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� Self-cleaning lamps.  The system includes a hydraulic and/or chemical wiping assembly that 


automatically cleans the quartz bulb housings when intensity has been reduced.  Food grade 

hydraulic oil will be specified for the hydraulic system. 

� Low pressure, high intensity lamps.  Low-pressure lamps operate at a lower temperature, which 

reduces scale build-up on the quartz housings.  Low-pressure systems can also restart immediately 

after a power loss, whereas medium pressure systems must cool for up to 20-minutes prior to 

restarting. Furthermore, high intensity lamps produce a higher radiation output with a smaller 

lamp surface area, thus reducing the footprint of the system. 

� Open channel installation.  Installing the UV reactor in an open concrete channel permits easier 

access for inspection and maintenance. 

� Variable power output.  Lamp power is varied automatically in response to wastewater flow 


changes as measured through the existing WWTF influent flow meter. 


� Stand-by lamp modules.  Modern UV systems have additional lamp modules built-in as stand-by 

units. If a lamp or ballast fails on the duty module, the system will automatically switchover to 

the redundant module(s). 

� Automatic system alarm tied into the plants automatic dialer. 

� Connection to emergency generator for continuous operation upon power outages. 

The system would be enclosed in a pre-engineered wood building with lighting and potable water.  The design 

layout is shown in Figure 2-4. 

Manufacturer’s data and cost information for the proposed UV disinfection system is presented in 

Appendix E. 
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Electrical Improvements 

The existing electrical service has the capacity to serve the new UV system equipment, which will add 

approximately 14 kVA (40A) of load to the service.  However, the existing electrical distribution 

equipment lacks circuit breaker space for providing circuits to the new equipment.  To accommodate the 

new equipment, a new panelboard will be installed and will be provided with spare circuit breaker space to 

accommodate future upgrades.  The existing emergency generator has sufficient capacity to provide 

emergency power to the new UV system equipment. 

CHLORINATION/DECHLORINATION PROCESS DESCRIPTION 

Chlorination is a chemical process in which microorganisms are subjected to an oxidizing compound. The 

oxidizer alters the genetic material (DNA) comprised in the microorganisms such that they can no longer 

reproduce.  This alteration process, also known as inactivation, depends upon three fundamental criteria: 

(1) the strength of the oxidizer to which the microorganisms are exposed; (2) the duration of exposure; and 

(3) the sensitivity of the organism.  There are varieties of chemical oxidizers that are used for disinfection 

purposes. Historically, gaseous chlorine has been widely used due primarily to its low cost and ease of 

handling. Recent years have brought a heightened awareness of the risks associated with gaseous chlorine, 

most notably the safety hazards to plant staff and surrounding homes in the event of a chlorine leak.  As 

communities such as Cooperstown move to eliminate these hazards, alternative disinfectants such as liquid 

sodium hypochlorite are gaining popularity because although they are still considered hazardous chemicals, 

the risk is more readily contained within the WWTF. For this reason a 12.5-percent solution of sodium 

hypochlorite will be considered during the chlorination evaluation for the Village of Cooperstown WWTF. 

When an oxidizer such as sodium hypochlorite (NaOCl) is mixed with WWTF effluent, it disassociates into 

free available chlorine and initiates several chemical reactions.  Most of the free chlorine is used up during 

the biochemical inactivation of the microorganisms.  Some chlorine reacts with organic carbon and 
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ammonia-nitrogen in the effluent forming trihalomethanes (THMs) and chloramines, respectively.  THMs 

are a harmful byproduct of chlorination, whereas chloramines are a weak but stable disinfectant.  The 

remaining chlorine, termed residual chlorine, exits the WWTP with the effluent and adds a toxin to the 

receiving waterbody.   

Many WWTFs, including the Cooperstown WWTF, are now subject to effluent chlorine limits to protect 

the receiving waterbody.  Therefore, all discussion of chlorination in this report will also include chemical 

dechlorination.  Sulfite salts solutions such as sodium bisulfite or sodium metabisulfite, which react quickly 

with chlorine compounds, are typically used to effect the dechlorination.  Excess sulfites consume 

dissolved oxygen (DO) from the effluent, possibly requiring additional DO to be added. 

Compliance with Applicable Standards 

The Recommended Standards for Wastewater Facilities ("Ten States' Standards") offer considerable 

guidance for the design of chlorination and dechlorination systems at WWTFs. A baseline chlorine dose 

of 10-mg/l is suggested for trickling filter effluent, and this dose must be maintained for at least 15 minutes 

during peak hour flow.  Furthermore, dechlorination with sodium bisulfite (as previously proposed) 

requires a theoretical dose of 1.46-mg/l plus an additional 10-percent to neutralize 1.0-mg/l of chlorine. 

The dechlorination reaction takes place almost immediately, but 30 seconds of contact time is required at 

peak hour flow. 

As noted in the chlorination/dechlorination Engineering Report (Lamont Engineers, September 2000) the 

Cooperstown WWTF has maintained a chlorine residual of between 0.5-mg/l and 2.0-mg/l with an average 

chlorine dose of 4.2-mg/l and a maximum chlorine dose of just 4.6-mg/l.  Therefore, the proposed sodium 

hypochlorite feed system will be sized to provide 4.6-mg/l of available chlorine at the peak hour flow of 

2.3-mgd. 
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The residual chlorine in the effluent has not exceeded 1.9-mg/l but could reach as high as 2.0-mg/l.  With a 

chlorine residual limit of 0.37-mg/l, the dechlorination equipment must be able to remove at least 1.6-mg/l 

of residual chlorine (2.0-mg/l – 0.4-mg/l) to ensure adequate dechlorination under all conditions.  To be 

cautious, however, the proposed sodium bisulfite feed system will be sized to remove up to 2.0 mg/l of 

residual chlorine, i.e., to provide 3.2-mg/l (2.0-mg/l x 1.46 x 1.1) at the peak hour flow of 2.3-mgd. 

Design Criteria 

Table 2-5 below identifies the proposed design criteria developed during this project for a 

chlorination/dechlorination disinfection system at the Village of Cooperstown WWTF. 

TABLE 2-5: PROPOSED CHLOR/DECHLOR DESIGN CRITERIA 

Required/Suggested Cooperstown 
Chlorine dose 10-mg/l 4.6-mg/l 

Sodium bisulfite dose 110% x 1.46mg/l per mg/l Cl2 3.1-mg/l 

Chlorine contact time (@ PHF) 15-minutes 15.5-minutes 

Dechlor contact time (@ PHF) 30-seconds 45-seconds 

Peak hour flow rate -- 2.3-mgd 

Features of Chlorination/Dechlorination System 

Sodium hypochlorite and sodium bisulfite containers would be located in the existing chlorine room in 

separate containment vessels.  Deliveries would be made through the existing double doors of the chlorine 

room.  Chemical usage at the projected ADF of 0.8-mgd is estimated to be as follows: 

• 12.5% NaOCl: 0.8-mgd x 4.2-mg/l x 8.34 / (10-lbs/gal x 0.125) = 23-gpd 

• 38% NaHSO3: 0.8-mgd x 3.2-mg/l x 8.34 / (11.34-lbs/gal x 0.38) = 5-gpd 
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Allowing for a 30-day storage of each chemical would require a 750-gallon nominal sodium hypochlorite 

capacity and space for three 55-gallon drums of sodium bisulfite.  New chemical storage tankage would be 

located in the existing chlorine room.  Separate chemical containment would be provided. 

Two flow-paced chemical dosing pumps would be provided for each chemical, one as a duty unit and one 

as a redundant unit.  These pumps would also be located in the chlorine room.  The sodium hypochlorite 

pumps would be rated at 3.0-gph and the sodium bisulfite pumps would be rated at 0.6-gph. Each pump 

would have a 30:1 turndown ratio to accommodate low effluent flows and would be fitted with 

appropriate pressure reducing, backpressure, and priming valves. The pumps would draw suction directly 

from the chemical storage containers; no day tanks would be provided.  When a tank is empty, the operator 

would transfer the pump suction to the next tank.  The pump outputs would be flow paced based on the 

analog 4-20-mA signal from the influent Parshall flume and the comparative signals of a new Stranco 

disinfection controller. 

The current chlorine injection location would remain, but a new 25,000-gallon nominal capacity concrete 

chlorine contact tank would be constructed at the current location of the existing garage, which must be 

relocated. The contact tank would have integral baffles, an effluent weir, and two in-floor sumps to 

facilitate draining and cleaning.  Sodium bisulfite would be injected at the effluent weir to ensure thorough 

mixing.  A 400-gallon bisulfite contact tank would be constructed at the outlet of the chlorine contact tank.   

Dechlorinated effluent would flow out of the bisulfite contact tank, through approximately 30-feet of PVC 

piping and into the existing post aeration tank where the DO levels would be increased to at least 7.0-mg/L.  

The existing 18-inch gravity outfall pipe would conduct the final effluent out of the WWTF and into the 

Susquehanna River at the existing outfall location.  The bulk of the existing outfall pipe would be retained 

and repaired or replaced during a future WWTF upgrade project.  The combined volumes of the bisulfite 

tank, the post aeration tank, and the effluent piping would provide over 45 seconds of contact time at the 

PHF of 2.3-mgd. 
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A site plan depicting the proposed chlorination/dechlorination disinfection system appears as Figure 2-5.   

Manufacturer’s information on the Stranco controller, typical chemical metering pumps, and chemical 

storage tanks appears in Appendix F. 
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Electrical Improvements 

The existing electrical service has the capacity to serve the new chlorination/dechlorination equipment, 

which will add an almost negligible load to the service.  However, the existing electrical distribution 

equipment lacks circuit breaker space for providing circuits to the new equipment.  To accommodate the 

new equipment, a new panelboard would be installed and would be provided with spare circuit breaker 

space to accommodate future upgrades.  The existing emergency generator has sufficient capacity to 

provide emergency power to the new chlorination/dechlorination system equipment. 
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Section 3 

COMPARISON OF DISINFECTION TECHNOLOGIES 

ADVANTAGES AND DISADVANTAGES COMPARISON 

The advantages and disadvantages of chlorination/dechlorination and UV radiation, excluding capital and 

O&M costs, are summarized in Table 3-1 below.  

TABLE 3-1: ADVANTAGES AND DISADVANTAGES COMPARISON 

CHLORINATION/DECHLORINATION 
Advantages Disadvantages 

Lower power usage than UV Safety hazard for staff and residents 

Process is simpler in design than UV systems Environmental risk in case of spill/leak 

More historical WWTF installations than UV Chemical overdosing is possible 

Direct measurement of residual is possible UFC (1) requires gas scrubbing/containment 

Clarity of the effluent not as vital to effectiveness Does not inactivate cryptosporidium 

NaOCl decomposes over time 

Chemical handling is required 

 Forms hazardous byproducts (THMs) 

UV RADIATION 
Advantages Disadvantages 

Inactivates cryptosporidium Slightly Higher power requirements 

Negligible chemicals required Not possible to measure UV dose directly 

Non-toxic to receiving stream System troubleshooting more complex 

Cannot be overdosed Does not inactivate protozoan cysts 

Reduced effectiveness in turbid water 

(1) UFC = Uniform Fire Code
 

NET PRESENT WORTH COST COMPARISON  (2002)
 

A 2002 net present worth comparison is presented in Table 3-2 below. 

2002 Capital and O&M cost estimates for the UV Disinfection System and the Chlorination/Dechlorination 

System are included in Appendix G. 
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TABLE 3-2: NET PRESENT WORTH COST COMPARISON (2002) 


Item Estimated Capital 
Cost (1) 

Yearly Operating and 
Maintenance Cost 

Net Present 
Worth (2) 

UV Disinfection $221,000 $10,000 $335,700 

Chlorination/Dechlorination 
Disinfection 

$202,000 $10,000 $316,700 

(1) Capital costs are Village “out-of-pocket” costs after grant funds are applied 
(2) Net Present Worth calculated based on 20 years, 6% interest, (P/A = 11.47) 

UV SYSTEMS ENERGY USE COMPARISON 

UV disinfection systems are split into two categories, low pressure and medium pressure lamp.  Low 

pressure lamps are further subdivided into conventional mercury and amalgam lamps.  Amalgam lamps are 

also referred to as low pressure, high intensity lamps. A comparison of these three types of lamps is shown 

in Table 3-3. As medium pressure lamps are very high power consumers and require a large foot print for 

installation, they were not selected for Cooperstown. Systems using low pressure conventional lamps do 

not have power turn down capability or automatic cleaning systems, and they are sensitive to temperature 

changes. 

TABLE 3-3: UV LAMP COMPARISON 

 Conventional Low 
Pressure Lamps 

Amalgam Low Pressure 
Lamps 

Medium 
Pressure 
Lamps 

UV emission spectrum Narrow band Narrow band Broad band 

UV-C wavelength 254nm 254nm 200nm – 
280 nm 

Percent of electrical power input 
converted into UV-C light 

40% 30% 15% 

UV lamp power 0.5 W/cm 2 W/cm 100 W/cm 

UV-C radiation flux 0.2 W/cm 0.6 W/cm 15 W/cm 

UV lamp surface temperature 40°C 100°C 600-900°C 

Influence of ambient temperature Large Lower Negligible 

Electrical input power range 5 – 50 W 50 – 300 W 1 – 30 KW 
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A comparison of power cost for a low pressure conventional system to a low pressure amalgam (high 


intensity) system with variable output ballast and automatic cleaning feature, as installed in Cooperstown, 

based on average day flow and peak hour flow is summarized below. 

Low Pressure Conventional @ Average Day Flow of 1.1 MGD requires a 2.8 kW power draw 

Low Pressure Conventional @ Peak Hour Flow of 2.3 MGD requires a 5.95 kW power draw 

Low Pressure Amalgam @ Average Day Flow of 1.1 MGD requires a 3.6 kW power draw 

Low Pressure Amalgam @ Peak Hour Flow of 2.3 MGD requires a 8.0 kW power draw 

For the conventional system without the turn down capability, the power draw has to be designed to 

maintain a minimum power draw of 5.95kw for all flow ranges in order to provide adequate disinfection for 

peak flows.  For the Amalgam system with variable power ballast, the system can be designed to 

accommodate incremental power draws based on 3.6 kW average and vary incrementally to accommodate 

higher flows. Therefore, based on Cooperstown’s seasonal disinfection operating period from May 16 through 

October 15, which yields approximately 3,600 hours, and using a cost of $0.08/kW results in a power cost 

comparison for these systems as follows: 

Low Pressure Conventional (LPC) 3,600 hrs. x 5.95 kW x $0.08/kW= $1,714 per year 

Low Pressure High Iintensity (LPHI) 3,600 hrs. x 3.6 kW x $0.08/kW=   $1,038 per year 

Total Savings for LPHI vs LPC = $676/year. 

This cost will also increase due to longer bulb life and less labor for cleaning maintenance associated with 

the LPHI system. 

The preliminary UV system design was developed using information on the UV3000+ disinfection system 

manufactured by Trojan Technologies Inc.  Similar variable power, self-cleaning systems are commercially 

available from other sources such as the TEK system manufactured by PCI Wedeco.  Final selection of a 

supplier would be made based on the established qualifications of that supplier and on the bid price of the 

equipment. 
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Section 4 


FINAL DESIGN AND CONSTRUCTION
 

Based on the positive results of the UV transmittance testing and the demonstrated ability of chemical 

addition to improve the UV transmittance of the Cooperstown WWTF effluent, UV disinfection was 

determined to be a viable alternative to chlorination with dechlorination for this facility, but the safety and 

environmental benefits of the UV system come with a higher price tag than the more traditional 

chlorination system. 

With UV being formally approved for this installation by the NYSDEC, the Village decided that UV 

technology will best meet its needs and visions of the future.   Available funding, which the Village 

received through a NYSERDA grant program, played a key role the decision-making process because the 

NYSERDA grant reduced the capital cost difference between UV and chlorination. 

Once UV was selected as the disinfection method, the following actions were taken: 

•	 Conduct a full-scale test of PAC injection to verify its effect on UV transmittance and to 

determine an optimal dosage.  Coordinate this test with the ongoing phosphorus sampling 

•	 Prepare Village Pre-Purchase Bidding Documents for the UV equipment, and contact additional 

system manufacturers for competitive bidding 

•	 Prepare final design documents (drawings and specifications) for approval and competitive 

bidding of the construction and installation of the proposed UV facilities 

•	 Bid, award, and construct the new UV disinfection system facilities 

These tasks are described in further detail as follows: 
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In August 2003, full-scale testing using PAC was performed.  Samples were collected and sent to Trojan Technologies, 

Wedeco, and the Village test labs for UVT evaluation.  Two samples were taken on each day throughout the week of 

August 21-24, 2003 to represent low flow and high flow conditions.  The results of these tests are shown below in Table 4

1 and are tabulated in Figure 4-1.  Trojan and the Village compared untreated (un-filtered) samples to treated (filtered) 

samples, but Wedeco only tested treated samples.  TSS testing was also obtained, and the average results are shown.  A few 

observations in this data are: 

•	 Higher flows did not have any significant effect on UVT 

•	 UVT was effective on all TSS conditions 

•	 The Village results don’t show PAC having any significant effect on UVT, although their unfiltered data 

was obtained a week later due to a sampling error during the week of 8/21. 

Based on this testing, it was concluded that a PAC chemical addition system should still be included in the final 

design of the UV facilities.  However, simple, manually operated pumps, tubing, appropriate valving, and small 

drums of stored chemical would be incorporated into the project to save cost. 

Also, in August, a UV system in Lehighton, PA., by Wedeco and similar to the Trojan design, was toured for a 

comparison to the Trojan UV system and for additional operators' comments.  At this point it was determined that 

in order for the project to advance at a more rapid pace, and for a better design-base, an equipment pre-purchase 

bid for the UV equipment would be procured by the Village.  In September 2003, two bids were received. 

Wedeco’s bid was $94,600, Trojan’s was $79,400, and Trojan was awarded the contract. 

Design proceeded based on the Trojan UV system with final design being completed in November 2003.  In 

January 2004, design approval was obtained from the NYSDEC.  The construction project was then bid and 

awarded in February 2004, and in April 2004 a notice to proceed was issued.  The construction project consisted of 

a 1,250 square foot pre-engineered building with cast-in-place concrete channel for the UV equipment. Bypass 

valves and piping was included to allow the new facility to be bypassed during the non-disinfection season and for 
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maintenance of the UV equipment. Also included in the project were a chemical injection system, a post aeration 

tank and blowers, four new raw sewage pumps, and a new plant outfall.  The total project construction cost, 

including the pre-purchased UV equipment, was $565,845. Figure 4-2 shows the new building exterior, Figure 4

3 shows the new UV equipment and the open channel arrangement, and Figure 4-4 shows the actual UV 

equipment components and arrangement. The UV equipment was tested and started up in early October 2004, 

and the new facility was fully completed by the end of that month.  The system went fully on line in May 2005.  

Several articles on the Cooperstown UV system have been published, and power point presentations have been 

made.  An open house and ribbon-cutting ceremony was held on October 19, 2005.  In attendance were 

representatives from NYSERDA, NYSDEC, Otsego County, The Village, it’s operators and consultants, Senator 

James Seward and several other wastewater plant operators from surrounding communities.  Some of the 

highlights of this event are displayed in Figure 4-5. 
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Village of Cooperstown WWTF 

Figure 4-2 New UV and Blower Building 

Figure 4-3 New Trojan UV 3000 Plus System 
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Figure 4-5 Open House Event October 19, 2005 
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Section 5 

PERFORMANCE EVALUATION 

The new UV disinfection system successfully completed its first year of operation in 2005.  A tabulation of the 


2005 wastewater data is shown on Table 5-1.  This data shows the system is working extremely well for removal of 


fecal coliform and is well below the permitted limit of 200 MPN/100-mL with an average removal efficiency of 99.8%.  


The system is capable of maintaining the designed UVT or around 65% with a setting of approximately 58%, 


which is 64% of full power (only one bank running), and without the addition of a chemical floculation agent.  This 


is also, in part, due to the very good secondary effluent TSS of 7.2 mg/L average. TSS removal, again very high, 


in lbs/day has been calculated and is shown in the bottom row of the table.  The data also confirms that the 


calculated design UV dose of 53.5 mW-s/cm2 is appropriate for this system. 


For Cooperstown, the UV system dose algorithm is based on the following design parameters. 

Flow = Design Peak – 2.3 MGD 

UVT = 65% 

Effluent TSS = 30 mg/l 

Required Dose = 66,123 uwsec/cm2 (includes adjustment for end of lamp life and fowling) 


The system paces the delivered dose based on flow.  The other parameters are fixed in the algorithm.  Therefore, 

regardless of the actual water quality, the UV system is paced using the fixed basis of design values.  While this 

may not totally optimize the energy input to the system, it is a reasonable common design approach for this sized 

facility. Larger systems sometimes pace UV dose via flow and UVT that requires an expensive UVT monitor, 

which was not felt to be cost effective for this size facility.  Some systems allow for manual adjustment by 

inputting TSS values, but this creates some risk.  If the actual TSS level rises above the manual set point, 

disinfection may be compromised.  The same applies for manually inputting UVT values.  This manual approach 

requires a much higher level of surveillance, and thus, higher labor cost. 

As actual average daily flows at Cooperstown are often below the minimum turndown capability of the UV 

lamps, this system will not operate any lower than its minimum input power allowed when flows are below this 

average.  This could be interpreted as “overdisinfecting” and may seem electrically inefficient. However, it is 
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a common design for smaller facilities such as Cooperstown with a high peak flow as compared to those facilities with  

average flow. The inclusion of end of lamp life and lamp fouling adjustments also adds conservatism to the delivered 

dose. In summary, in the context of this facility, the UV system has been optimized for a balance of capital and operating 

cost.  

Using some of the data from Table 5-1, Trojan Technologies was asked to give an evaluation of the UV systems’ 

power input as it relates to mass of solids treated.  That is (electrical energy input) per (mass of solids treated) = 

kW/[effluent flow) x (TSS removed)].  Figure 5-1 shows this comparison.  This graph indicates as TSS removal 

increases, power per pound of TSS removed decreases. Therefore, based on the amount of TSS removed for this 

facility it can be derived that the UV system is operating in the low end of the kW required per pound of TSS 

removed, thus making it very energy efficient in relation to TSS removed and again showing how important the 

TSS at the UV influent is to the energy performance of the system.  In addition, a review of the past and current 

monthly electrical bills indicates that only approximately 1,400 additional kwh were directly attributed to the 2005 

UV disinfection season (four months = 350kwh/month). 

Figure 5-1 Village of Cooperstown 

Power (kW) per Pound TSS Removed 
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Table 5-2 includes UV operating data for the 2006 disinfection season.  This data indicates excellent F. coliform 

removal and also shows a good linear correlation between UV dose and influent flow as designed.  It can be noted 

that very low effluent TSS results in high UV transmittance measurements.  The table also concludes why the system 

is designed for peak flows as shown by the results obtained on 8/3/06. 
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The systems automatic cleaning system has operated well, and off-season system decommissioning has been 

performed with no problems encountered.  The PAC addition system has yet to be used but is ready in case 

high TSS are encountered.  Overall, the system has been easy to operate and environmentally safe.  Based on the 

research, findings, and conclusions of this report, along with the successful implementation of the design and 

construction of the project, the Village of Cooperstown and its plant operators will continue to see many more 

successful disinfection seasons with only periodic bulb replacement, channel cleaning, minor component 

maintenance required, and no more handling of hazardous chemicals. 
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For Cooperstown WWTF 
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APPENDIX B 

Influent Flow Chart 
For Cooperstown WWTF 

Dated April 4, 2000 
And WWTF Data from 

January 1997 to May 2002 

 Lamont Engineers  B-1





VI
LL

A
G

E 
O

F 
C

O
O

PE
R

ST
O

W
N

 W
A

ST
EW

A
TE

R
 T

R
EA

TM
EN

T 
FA

C
IL

IT
Y 

D
A

TA
 1

99
7 

TO
 2

00
2 

P
E

R
IO

D
 

A
D

F 3
0 

(M
G

D
) 

M
D

F 
(M

G
D

) 
M

IN
 T

E
M

P
 -

R
A

W
, (

o C
) 

M
A

X
 T

E
M

P
 -

E
FF

L,
 (o C

) 
IN

FL
U

E
N

T 
B

O
D

5 (
m

g/
l) 

IN
FL

U
E

N
T 

B
O

D
5 (

#/
da

y)
 

E
FF

LU
E

N
T 

B
O

D
5 (

m
g/

l) 
E

FF
LU

E
N

T 
B

O
D

5 (
#/

da
y)

 
B

O
D

5 

R
E

M
O

V
A

L 
(%

) 
IN

FL
U

E
N

T 
TS

S
 (m

g/
l) 

IN
FL

U
E

N
T 

TS
S

 (#
/d

ay
) 

E
FF

LU
E

N
T 

TS
S

 (m
g/

l) 
E

FF
LU

E
N

T 
TS

S
 (#

/d
ay

) 
TS

S
 

R
E

M
O

V
A

L 
(%

) 
E

FF
LU

E
N

T 
D

O
 M

IN
. 

E
FF

LU
E

N
T 

N
H

3 (
m

g/
l) 

E
FF

U
E

N
T 

TK
N

 (m
g/

l) 
E

FF
LU

E
N

T 
U

O
D

 (m
g/

l) 

Ja
n-

97
 

0.
63

 
0.

81
 

7.
0 

8.
0 

99
.0

0 
52

0.
00

 
8.

00
 

42
.0

0 
91

.9
%

 
98

.0
0 

-
-

-
-

Fe
b-

97
 

0.
63

 
1.

10
 

5.
0 

7.
0 

12
3.

00
 

64
8.

00
 

7.
00

 
37

.0
0 

94
.3

%
 

92
.0

0 
48

5.
00

 
8.

00
 

42
.0

0 
91

.3
%

 
M

ar
-9

7 
0.

71
 

0.
94

 
6.

0 
6.

0 
87

.0
0 

51
6.

00
 

6.
00

 
36

.0
0 

93
.0

%
 

63
.0

0 
37

3.
00

 
-

36
.0

0 
90

.3
%

 
A

pr
-9

7 
0.

81
 

1.
12

 
6.

0 
9.

0 
92

.0
0 

61
8.

00
 

6.
00

 
40

.0
0 

93
.5

%
 

68
.0

0 
45

7.
00

 
-

47
.0

0 
89

.7
%

 
M

ay
-9

7 
0.

69
 

0.
84

 
9.

0 
13

.0
 

10
6.

00
 

61
4.

00
 

7.
00

 
41

.0
0 

93
.3

%
 

85
.0

0 
49

2.
00

 
-

75
.0

0 
84

.8
%

 
Ju

n-
97

 
0.

62
 

0.
66

 
12

.0
 

19
.0

 
14

9.
00

 
76

6.
00

 
8.

00
 

41
.0

0 
94

.6
%

 
11

9.
00

 
61

2.
00

 
8.

00
 

93
.0

0 
84

.8
%

 
Ju

l-9
7 

0.
58

 
0.

63
 

16
.0

 
21

.0
 

15
9.

00
 

76
9.

00
 

5.
00

 
24

.0
0 

96
.9

%
 

12
6.

00
 

60
9.

00
 

-
53

.0
0 

91
.3

%
 

A
ug

-9
7 

0.
57

 
0.

63
 

19
.0

 
22

.0
 

17
4.

00
 

83
3.

00
 

4.
00

 
19

.0
0 

97
.7

%
 

12
1.

00
 

57
9.

00
 

-
48

.0
0 

91
.7

%
 

S
ep

-9
7 

0.
50

 
0.

60
 

18
.0

 
21

.0
 

17
6.

00
 

72
9.

00
 

3.
00

 
12

.0
0 

98
.4

%
 

12
0.

00
 

49
7.

00
 

-
-

-
O

ct
-9

7 
0.

44
 

0.
49

 
16

.0
 

19
.0

 
18

8.
00

 
69

3.
00

 
6.

00
 

22
.0

0 
96

.8
%

 
12

9.
00

 
47

6.
00

 
6.

00
 

22
.0

0 
95

.4
%

 
N

ov
-9

7 
0.

43
 

0.
53

 
12

.0
 

15
.0

 
14

2.
00

 
51

5.
00

 
7.

00
 

25
.0

0 
95

.1
%

 
11

0.
00

 
39

9.
00

 
14

.0
0 

51
.0

0 
87

.2
%

 
D

ec
-9

7 
0.

46
 

0.
54

 
8.

0 
10

.0
 

15
1.

00
 

57
3.

00
 

11
.0

0 
42

.0
0 

92
.7

%
 

71
.0

0 
27

0.
00

 
16

.0
0 

61
.0

0 
77

.4
%

 
A

ve
ra

ge
 

0.
59

 
-

11
.2

 
14

.2
 

13
7.

00
 

65
0.

00
 

7.
00

 
32

.0
0 

94
.9

%
 

10
0.

00
 

47
7.

00
 

10
.0

0 
53

.0
0 

88
.4

%
 

M
ax

im
um

 
0.

81
 

1.
12

 
19

.0
 

22
.0

 
18

8.
00

 
83

3.
00

 
11

.0
0 

42
.0

0 
98

.4
%

 
12

9.
00

 
61

2.
00

 
16

.0
0 

93
.0

0 
95

.4
%

 
M

in
im

um
 

0.
43

 
-

5.
0 

6.
0 

87
.0

0 
51

5.
00

 
3.

00
 

12
.0

0 
91

.9
%

 
63

.0
0 

27
0.

00
 

6.
00

 
22

.0
0 

77
.4

%
 

Pe
rm

it 
Li

m
it 

0.
65

 
30

.0
0 

16
3.

00
 

30
.0

0 
16

3.
00

 
65

.0
%

 
Ja

n-
98

 
0.

65
 

1.
07

 
7.

0 
9.

0 
81

.0
0 

47
3.

00
 

8.
00

 
43

.0
0 

90
.9

%
 

66
.0

0 
35

6.
00

 
10

.0
0 

54
.0

0 
84

.8
%

 
Fe

b-
98

 
0.

52
 

0.
69

 
7.

0 
9.

0 
10

3.
00

 
44

5.
00

 
6.

00
 

26
.0

0 
94

.2
%

 
92

.0
0 

39
8.

00
 

-
30

.0
0 

92
.5

%
 

M
ar

-9
8 

0.
77

 
1.

17
 

7.
0 

10
.0

 
95

.0
0 

60
8.

00
 

6.
00

 
38

.0
0 

93
.8

%
 

68
.0

0 
43

5.
00

 
-

45
.0

0 
89

.7
%

 
A

pr
-9

8 
0.

74
 

1.
31

 
8.

0 
12

.0
 

12
2.

00
 

75
5.

00
 

5.
00

 
31

.0
0 

95
.9

%
 

87
.0

0 
53

8.
00

 
-

56
.0

0 
89

.6
%

 
M

ay
-9

8 
0.

68
 

0.
80

 
12

.0
 

17
.0

 
12

5.
00

 
70

7.
00

 
9.

00
 

51
.0

0 
92

.8
%

 
10

3.
00

 
58

2.
00

 
-

96
.0

0 
83

.5
%

 
Ju

n-
98

 
0.

78
 

1.
08

 
10

.0
 

19
.0

 
16

7.
00

 
10

79
.0

0 
6.

00
 

39
.0

0 
96

.4
%

 
13

7.
00

 
88

6.
00

 
24

.0
0 

15
5.

00
 

82
.5

%
 

Ju
l-9

8 
0.

70
 

0.
90

 
18

.0
 

21
.0

 
13

1.
00

 
81

1.
82

 
6.

40
 

40
.3

9 
95

.0
%

 
96

.0
0 

59
3.

19
 

8.
50

 
53

.5
4 

91
.0

%
 

A
ug

-9
8 

0.
65

 
0.

77
 

19
.0

 
22

.0
 

15
6.

00
 

83
6.

72
 

3.
00

 
15

.8
4 

98
.1

%
 

10
5.

00
 

55
1.

65
 

-
26

.2
4 

95
.2

%
 

S
ep

-9
8 

0.
55

 
0.

65
 

19
.0

 
21

.0
 

13
4.

00
 

61
6.

61
 

3.
00

 
13

.5
9 

97
.8

%
 

10
5.

00
 

48
2.

51
 

7.
00

 
29

.8
8 

93
.8

%
 

O
ct

-9
8 

0.
52

 
0.

60
 

16
.0

 
19

.0
 

16
1.

19
 

70
2.

97
 

6.
52

 
-

-
11

2.
13

 
48

9.
03

 
12

.1
1 

52
.8

1 
89

.2
%

 
N

ov
-9

8 
0.

44
 

0.
50

 
12

.0
 

18
.0

 
15

8.
00

 
61

6.
09

 
7.

49
 

29
.2

1 
95

.3
%

 
95

.0
3 

37
0.

57
 

13
.0

0 
-

-
D

ec
-9

8 
0.

42
 

0.
51

 
10

.0
 

15
.0

 
15

0.
00

 
51

9.
50

 
8.

50
 

29
.5

0 
94

.3
%

 
13

1.
69

 
45

6.
00

 
17

.0
0 

59
.0

0 
87

.1
%

 
A

ve
ra

ge
 

0.
62

 
-

12
.1

 
16

.0
 

13
2.

00
 

68
1.

00
 

6.
00

 
32

.0
0 

94
.9

%
 

10
0.

00
 

51
1.

00
 

13
.0

0 
60

.0
0 

89
.0

%
 

M
ax

im
um

 
0.

78
 

1.
31

 
19

.0
 

22
.0

 
16

7.
00

 
10

79
.0

0 
9.

00
 

51
.0

0 
98

.1
%

 
13

7.
00

 
88

6.
00

 
24

.0
0 

15
5.

00
 

95
.2

%
 

M
in

im
um

 
0.

42
 

-
7.

0 
9.

0 
81

.0
0 

44
5.

00
 

3.
00

 
13

.5
9 

90
.9

%
 

66
.0

0 
35

6.
00

 
7.

00
 

26
.2

4 
82

.5
%

 
Pe

rm
it 

Li
m

it 
0.

65
 

30
.0

0 
16

3.
00

 
30

.0
0 

16
3.

00
 

65
.0

%
 

Ja
n-

99
 

0.
54

 
1.

31
 

8.
0 

9.
0 

11
6.

42
 

49
0.

47
 

8.
14

 
34

.3
0 

93
.0

%
 

89
.3

2 
37

6.
12

 
12

.8
0 

54
.1

7 
85

.6
%

 
Fe

b-
99

 
0.

58
 

0.
79

 
8.

0 
9.

0 
12

1.
40

 
57

0.
25

 
5.

51
 

25
.9

2 
95

.5
%

 
95

.5
9 

44
8.

99
 

8.
00

 
37

.5
7 

91
.6

%
 

M
ar

-9
9 

0.
62

 
0.

77
 

7.
0 

9.
0 

12
2.

64
 

-
7.

00
 

36
.3

8 
-

95
.9

7 
49

8.
84

 
-

-
-

A
pr

-9
9 

0.
65

 
0.

80
 

8.
0 

12
.0

 
12

3.
64

 
-

-
-

-
-

-
-

-
-

M
ay

-9
9 

0.
57

 
0.

69
 

12
.0

 
17

.0
 

15
8.

49
 

80
0.

56
 

3.
61

 
18

.2
4 

97
.7

%
 

13
6.

76
 

69
1.

02
 

-
-

-
Ju

n-
99

 
0.

55
 

0.
68

 
14

.0
 

21
.0

 
17

5.
45

 
80

7.
29

 
6.

00
 

27
.6

2 
96

.6
%

 
12

3.
50

 
56

8.
25

 
13

.5
0 

62
.1

4 
89

.1
%

 
Ju

l-9
9 

0.
62

 
0.

71
 

17
.0

 
23

.0
 

14
5.

73
 

-
5.

51
 

-
-

12
2.

38
 

-
-

-
-

A
ug

-9
9 

0.
59

 
0.

69
 

19
.0

 
22

.0
 

21
9.

89
 

12
12

.6
1 

4.
95

 
24

.4
1 

98
.0

%
 

16
0.

82
 

87
9.

56
 

6.
98

 
38

.2
0 

95
.7

%
 

S
ep

-9
9 

0.
53

 
0.

66
 

19
.0

 
23

.0
 

26
6.

79
 

11
65

.3
9 

4.
00

 
-

-
13

7.
50

 
60

0.
64

 
7.

50
 

-
-

O
ct

-9
9 

0.
48

 
0.

57
 

15
.0

 
18

.0
 

18
4.

59
 

79
9.

62
 

7.
48

 
31

.6
2 

96
.0

%
 

10
6.

01
 

44
7.

74
 

14
.3

0 
61

.2
5 

86
.3

%
 

N
ov

-9
9 

0.
41

 
0.

55
 

12
.0

 
17

.0
 

16
3.

72
 

53
9.

69
 

4.
65

 
-

-
12

1.
00

 
39

8.
86

 
9.

50
 

32
.3

4 
91

.9
%

 
D

ec
-9

9 
0.

43
 

0.
47

 
9.

0 
13

.0
 

11
8.

45
 

46
5.

66
 

7.
05

 
27

.7
4 

94
.0

%
 

83
.5

9 
32

8.
63

 
10

.9
7 

43
.1

3 
86

.9
%

 
A

ve
ra

ge
 

0.
55

 
-

12
.3

 
16

.1
 

16
0.

00
 

76
1.

00
 

6.
00

 
28

.0
0 

95
.8

%
 

11
6.

00
 

52
4.

00
 

10
.0

0 
47

.0
0 

89
.6

%
 

M
ax

im
um

 
0.

65
 

1.
31

 
19

.0
 

23
.0

 
26

6.
79

 
12

12
.6

1 
8.

14
 

36
.3

8 
98

.0
%

 
16

0.
82

 
87

9.
56

 
14

.3
0 

62
.1

4 
95

.7
%

 
M

in
im

um
 

0.
41

 
-

7.
0 

9.
0 

11
6.

42
 

46
5.

66
 

3.
61

 
18

.2
4 

93
.0

%
 

83
.5

9 
32

8.
63

 
6.

98
 

32
.3

4 
85

.6
%

 
Pe

rm
it 

Li
m

it 
0.

65
 

30
.0

0 
16

3.
00

 
30

.0
0 

16
3.

00
 

65
.0

%
 

R
:/2

00
20

24
/E

X
C

E
L/

W
W

TP
 D

at
a1

 
2/

22
/2

00
7 

5:
11

 P
M

 
P

ag
e 

1 
of

 2
 

La
m

on
t E

ng
in

ee
rs

 



VI
LL

A
G

E 
O

F 
C

O
O

PE
R

ST
O

W
N

 W
A

ST
EW

A
TE

R
 T

R
EA

TM
EN

T 
FA

C
IL

IT
Y 

D
A

TA
 1

99
7 

TO
 2

00
2 

P
E

R
IO

D
 

A
D

F 3
0 

(M
G

D
) 

M
D

F 
(M

G
D

) 
M

IN
 T

E
M

P
 -

R
A

W
, (

o C
) 

M
A

X
 T

E
M

P
 -

E
FF

L,
 (o C

) 
IN

FL
U

E
N

T 
B

O
D

5 (
m

g/
l) 

IN
FL

U
E

N
T 

B
O

D
5 (

#/
da

y)
 

E
FF

LU
E

N
T 

B
O

D
5 (

m
g/

l) 
E

FF
LU

E
N

T 
B

O
D

5 (
#/

da
y)

 
B

O
D

5 

R
E

M
O

V
A

L 
(%

) 
IN

FL
U

E
N

T 
TS

S
 (m

g/
l) 

IN
FL

U
E

N
T 

TS
S

 (#
/d

ay
) 

E
FF

LU
E

N
T 

TS
S

 (m
g/

l) 
E

FF
LU

E
N

T 
TS

S
 (#

/d
ay

) 
TS

S
 

R
E

M
O

V
A

L 
(%

) 
E

FF
LU

E
N

T 
D

O
 M

IN
. 

E
FF

LU
E

N
T 

N
H

3 (
m

g/
l) 

E
FF

U
E

N
T 

TK
N

 (m
g/

l) 
E

FF
LU

E
N

T 
U

O
D

 (m
g/

l) 

Ja
n-

00
 

0.
52

 
0.

70
 

8.
0 

11
.0

 
13

1.
09

 
64

9.
79

 
8.

83
 

43
.7

8 
93

.3
%

 
86

.2
4 

-
-

54
.5

2 
-

Fe
b-

00
 

0.
63

 
1.

54
 

6.
0 

9.
0 

11
9.

00
 

46
3.

34
 

6.
99

 
27

.2
4 

94
.1

%
 

11
9.

02
 

46
3.

41
 

6.
90

 
27

.2
4 

94
.1

%
 

M
ar

-0
0 

0.
83

 
1.

13
 

7.
0 

9.
0 

85
.5

0 
56

1.
91

 
4.

00
 

26
.2

8 
95

.3
%

 
69

.7
3 

45
8.

24
 

-
33

.2
6 

92
.7

%
 

A
pr

-0
0 

0.
93

 
1.

68
 

8.
0 

11
.0

 
57

.1
9 

42
6.

12
 

3.
00

 
22

.3
5 

94
.8

%
 

57
.5

9 
42

9.
09

 
-

40
.7

2 
90

.5
%

 
M

ay
-0

0 
0.

89
 

1.
26

 
11

.0
 

15
.0

 
84

.6
2 

69
3.

16
 

6.
81

 
55

.8
4 

91
.9

%
 

65
.2

7 
53

4.
69

 
11

.7
0 

95
.3

2 
82

.2
%

 
Ju

n-
00

 
0.

79
 

0.
86

 
14

.0
 

18
.0

 
10

7.
43

 
77

1.
55

 
6.

01
 

43
.1

9 
94

.4
%

 
10

2.
05

 
73

2.
90

 
-

86
.1

3 
88

.2
%

 
Ju

l-0
0 

0.
64

 
0.

78
 

17
.0

 
21

.0
 

13
9.

18
 

70
5.

41
 

3.
00

 
15

.2
0 

97
.8

%
 

16
5.

74
 

84
0.

04
 

12
.5

0 
63

.7
2 

92
.4

%
 

A
ug

-0
0 

0.
62

 
0.

77
 

17
.0

 
22

.0
 

15
8.

27
 

86
7.

37
 

5.
03

 
-

-
13

6.
05

 
74

5.
61

 
-

65
.8

1 
91

.2
%

 
S

ep
-0

0 
0.

52
 

0.
61

 
16

.0
 

20
.0

 
20

9.
64

 
-

5.
03

 
-

-
15

1.
03

 
-

-
-

-
O

ct
-0

0 
0.

48
 

0.
58

 
14

.0
 

17
.0

 
19

0.
69

 
77

1.
16

 
6.

48
 

26
.2

3 
96

.6
%

 
13

6.
58

 
55

2.
37

 
-

-
-

N
ov

-0
0 

0.
39

 
0.

45
 

10
.0

 
13

.0
 

17
1.

00
 

55
4.

84
 

8.
49

 
-

-
12

8.
53

 
-

-
47

.0
4 

-
D

ec
-0

0 
0.

43
 

0.
77

 
6.

0 
9.

0 
18

4.
46

 
57

0.
29

 
7.

00
 

21
.6

4 
96

.2
%

 
11

6.
83

 
36

1.
20

 
-

-
-

A
ve

ra
ge

 
0.

64
 

-
11

.2
 

14
.6

 
13

7.
00

 
64

0.
00

 
6.

00
 

31
.0

0 
94

.9
%

 
11

1.
00

 
56

9.
00

 
10

.0
0 

57
.0

0 
90

.2
%

 
M

ax
im

um
 

0.
93

 
1.

68
 

17
.0

 
22

.0
 

20
9.

64
 

86
7.

37
 

8.
83

 
55

.8
4 

97
.8

%
 

16
5.

74
 

84
0.

04
 

12
.5

0 
95

.3
2 

94
.1

%
 

M
in

im
um

 
0.

39
 

-
6.

0 
9.

0 
57

.1
9 

42
6.

12
 

3.
00

 
15

.2
0 

91
.9

%
 

57
.5

9 
36

1.
20

 
6.

90
 

27
.2

4 
82

.2
%

 
Pe

rm
it 

Li
m

it 
0.

65
 

30
.0

0 
16

3.
00

 
30

.0
0 

16
3.

00
 

65
.0

%
 

Ja
n-

01
 

0.
43

 
0.

53
 

6.
0 

8.
0 

15
1.

63
 

56
5.

46
 

6.
05

 
-

-
10

1.
89

 
37

9.
98

 
-

26
.5

0 
93

.0
%

 
Fe

b-
01

 
0.

49
 

0.
68

 
5.

0 
7.

0 
12

8.
59

 
58

3.
27

 
6.

13
 

27
.8

2 
95

.2
%

 
10

9.
26

 
49

5.
61

 
6.

00
 

-
-

M
ar

-0
1 

0.
48

 
0.

63
 

5.
0 

7.
0 

14
7.

07
 

56
5.

78
 

5.
00

 
19

.2
3 

96
.6

%
 

10
9.

36
 

42
0.

69
 

6.
00

 
23

.0
8 

94
.5

%
 

A
pr

-0
1 

0.
82

 
1.

45
 

5.
0 

9.
0 

10
8.

52
 

57
7.

44
 

5.
52

 
29

.3
8 

94
.9

%
 

10
5.

04
 

55
8.

94
 

-
56

.4
9 

89
.9

%
 

M
ay

-0
1 

0.
56

 
0.

64
 

9.
0 

14
.0

 
13

3.
03

 
59

7.
74

 
4.

50
 

20
.2

2 
96

.6
%

 
11

8.
02

 
53

0.
31

 
-

38
.1

8 
92

.8
%

 
Ju

n-
01

 
0.

58
 

0.
62

 
13

.0
 

18
.0

 
13

0.
29

 
62

1.
91

 
5.

51
 

26
.3

1 
95

.8
%

 
10

6.
91

 
51

0.
32

 
-

-
-

Ju
l-0

1 
0.

52
 

0.
59

 
15

.0
 

20
.0

 
18

7.
89

 
84

8.
23

 
3.

53
 

15
.9

3 
98

.1
%

 
19

2.
19

 
86

7.
66

 
10

.9
3 

49
.3

8 
94

.3
%

 
A

ug
-0

1 
0.

50
 

0.
71

 
17

.0
 

22
.0

 
-

10
63

.8
0 

4.
96

 
42

.5
7 

96
.0

%
 

18
6.

05
 

79
7.

74
 

6.
96

 
29

.8
6 

96
.3

%
 

S
ep

-0
1 

0.
42

 
0.

48
 

17
.0

 
21

.0
 

21
6.

95
 

79
4.

97
 

5.
43

 
19

.9
0 

97
.5

%
 

18
3.

29
 

67
1.

62
 

-
34

.9
1 

94
.8

%
 

O
ct

-0
1 

0.
37

 
0.

44
 

15
.0

 
19

.0
 

19
6.

52
 

63
8.

46
 

8.
49

 
27

.6
0 

95
.7

%
 

12
7.

49
 

41
4.

21
 

12
.4

9 
40

.5
9 

90
.2

%
 

N
ov

-0
1 

0.
33

 
0.

38
 

12
.0

 
16

.0
 

19
6.

06
 

56
1.

43
 

7.
00

 
20

.0
4 

96
.4

%
 

18
3.

98
 

52
6.

84
 

-
41

.5
2 

92
.1

%
 

D
ec

-0
1 

0.
32

 
0.

43
 

9.
0 

13
.0

 
10

4.
84

 
25

8.
38

 
6.

47
 

15
.9

4 
93

.8
%

 
15

8.
01

 
38

9.
41

 
-

25
.9

6 
93

.3
%

 
A

ve
ra

ge
 

0.
49

 
-

10
.7

 
14

.5
 

15
5.

00
 

64
0.

00
 

6.
00

 
24

.0
0 

96
.1

%
 

14
0.

00
 

54
7.

00
 

8.
00

 
37

.0
0 

93
.1

%
 

M
ax

im
um

 
0.

82
 

1.
45

 
17

.0
 

22
.0

 
21

6.
95

 
10

63
.8

0 
8.

49
 

42
.5

7 
98

.1
%

 
19

2.
19

 
86

7.
66

 
12

.4
9 

56
.4

9 
96

.3
%

 
M

in
im

um
 

0.
32

 
-

5.
0 

7.
0 

10
4.

84
 

25
8.

38
 

3.
53

 
15

.9
3 

93
.8

%
 

10
1.

89
 

37
9.

98
 

6.
00

 
23

.0
8 

89
.9

%
 

Pe
rm

it 
Li

m
it 

0.
65

 
30

.0
0 

16
3.

00
 

30
.0

0 
16

3.
00

 
65

.0
%

 
Ja

n-
02

 
0.

36
 

0.
50

 
7.

0 
9.

0 
18

5.
20

 
59

2.
58

 
9.

51
 

30
.4

3 
94

.9
%

 
12

2.
05

 
39

0.
55

 
10

.0
0 

32
.0

0 
91

.8
%

 
-

-
-

-
Fe

b-
02

 
0.

49
 

0.
63

 
6.

0 
8.

0 
13

3.
20

 
53

8.
68

 
5.

92
 

23
.9

6 
95

.6
%

 
11

4.
95

 
46

4.
87

 
8.

90
 

34
.2

2 
92

.6
%

 
-

-
-

-
M

ar
-0

2 
0.

50
 

0.
91

 
7.

00
 

8.
00

 
15

5.
54

 
60

5.
89

 
5.

00
 

19
.4

7 
96

.8
%

 
13

2.
81

 
51

7.
35

 
6.

49
 

25
.2

6 
95

.1
%

 
-

-
-

-
A

pr
-0

2 
0.

53
 

0.
61

 
7.

00
 

13
.0

 
95

.9
0 

45
4.

03
 

6.
08

 
28

.8
0 

93
.7

%
 

83
.1

2 
39

3.
54

 
7.

08
 

33
.5

4 
91

.5
%

 
-

-
-

-
M

ay
-0

2 
0.

64
 

0.
94

 
10

.0
 

15
.0

 
14

5.
00

 
70

3.
00

 
6.

00
 

27
.0

0 
96

.2
%

 
12

0.
00

 
58

6.
00

 
13

.0
0 

73
.0

0 
87

.5
%

 
7.

9 
1.

96
 

7.
62

 
12

9 
Ju

n-
02

 
0.

62
 

0.
89

 
13

.0
 

19
.0

 
14

8.
00

 
81

5.
00

 
10

.0
0 

52
.0

0 
93

.6
%

 
15

7.
00

 
86

4.
00

 
29

.0
0 

15
8.

00
 

81
.7

%
 

7.
7 

5.
25

 
7.

58
 

23
0 

Ju
l-0

2 
0.

54
 

0.
63

 
17

.0
 

22
.0

 
13

8.
00

 
62

3.
00

 
11

.0
0 

52
.0

0 
91

.7
%

 
19

2.
00

 
86

8.
00

 
15

.0
0 

67
.0

0 
92

.3
%

 
7.

1 
2.

95
 

5.
2 

18
3 

A
ug

-0
2 

0.
48

 
0.

56
 

19
.0

 
22

.0
 

16
9.

00
 

67
5.

00
 

4.
00

 
16

.0
0 

97
.6

%
 

15
7.

00
 

62
4.

00
 

11
.0

0 
44

.0
0 

92
.9

%
 

7.
1 

4.
24

 
8.

15
 

15
2 

S
ep

-0
2 

0.
43

 
0.

61
 

18
.0

 
21

.0
 

20
4.

00
 

71
4.

00
 

6.
00

 
21

.0
0 

97
.1

%
 

16
0.

00
 

55
8.

00
 

10
.0

0 
35

.0
0 

93
.7

%
 

7.
1 

1.
13

 
4.

7 
10

1 
O

ct
-0

2 
0.

48
 

0.
69

 
14

.0
 

20
.0

 
10

8.
00

 
50

4.
00

 
8.

00
 

38
.0

0 
92

.5
%

 
17

7.
00

 
82

1.
00

 
20

.0
0 

92
.0

0 
88

.8
%

 
7 

1.
67

 
5.

08
 

11
7 

N
ov

-0
2 

0.
53

 
0.

70
 

11
.0

 
14

.0
 

13
8.

00
 

59
1.

00
 

6.
00

 
26

.0
0 

95
.6

%
 

11
9.

00
 

51
2.

00
 

14
.0

0 
58

.0
0 

88
.7

%
 

-
-

-
-

D
ec

-0
2 

0.
52

 
0.

74
 

8.
0 

10
.0

 
12

4.
00

 
53

5.
00

 
9.

00
 

37
.0

0 
93

.1
%

 
11

2.
00

 
48

3.
00

 
14

.0
0 

55
.0

0 
88

.6
%

 
-

-
-

-
A

ve
ra

ge
 

0.
51

 
-

11
.4

 
15

.1
 

14
5.

00
 

61
3.

00
 

7.
00

 
31

.0
0 

94
.8

%
 

13
7.

00
 

59
0.

00
 

13
.0

0 
59

.0
0 

90
.4

%
 

M
ax

im
um

 
0.

64
 

0.
94

 
19

.0
 

22
.0

 
20

4.
00

 
81

5.
00

 
11

.0
0 

52
.0

0 
97

.6
%

 
19

2.
00

 
86

8.
00

 
29

.0
0 

15
8.

00
 

95
.1

%
 

M
in

im
um

 
0.

36
 

-
6.

0 
8.

0 
95

.9
0 

45
4.

03
 

4.
00

 
16

.0
0 

91
.7

%
 

83
.1

2 
39

0.
55

 
6.

49
 

25
.2

6 
81

.7
%

 
Pe

rm
it 

Li
m

it 
0.

65
 

30
.0

0 
16

3.
00

 
30

.0
0 

16
3.

00
 

65
.0

%
 

R
:/2

00
20

24
/E

X
C

E
L/

W
W

TP
 D

at
a1

 
2/

22
/2

00
7 

5:
11

 P
M

 
P

ag
e 

2 
of

 2
 

La
m

on
t E

ng
in

ee
rs

 



 

APPENDIX C 

UV Transmittance Testing  
& Collimated Beam Testing 

Procedures 
Results of April 2002 Event 
Results of June 2002 Event 

Results of August 2002 Event 

C-1 Lamont Engineers 





















 

APPENDIX D 

Chemical Addition Testing Photos  
Stirring Apparatus 

Sample 1: Control Sample 
Sample 2: Praestol 189 

Sample 3: Poly-Aluminum Chloride 
Sample 4: Ferric Chloride 

D-1 Lamont Engineers 



 

 

 

 

 
 

Stirring Apparatus 
Samples, left to right:  Control sample, Praestol, PAC and Ferric chloride 

Control Sample – No Chemical 

R:\2002\2002024\Engr\Appendix  Lamont Engineers 




 

 
 

 
 

Praestol 189
 

PAC
 

R:\2002\2002024\Engr\Appendix  Lamont Engineers 




 

 
 

Ferric Chloride 

R:\2002\2002024\Engr\Appendix  Lamont Engineers 




 

APPENDIX E 

UV Manufacturer’s Literature 
& Cost Data 

 Lamont Engineers  E-1























 

APPENDIX F 

Manufacturer’s Literature for 
Dosing Pumps, Dosing Controller 

& Chemical Storage Tanks 

 Lamont Engineers  F-2





















 

APPENDIX G 

2002 Capital and O&M Cost Estimates 
For UV Disinfection 

And Chlorination/Dechlorination 

G-1 Lamont Engineers 
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For information on other 

NYSERDA reports, contact: 

New York State Energy Research 


and Development Authority
 

17 Columbia Circle
 

Albany, New York 12203-6399
 

toll free: 1 (866) NYSERDA
 

local: (518) 862-1090
 

fax: (518) 862-1091
 

info@nyserda.org 

www.nyserda.org 

http:www.nyserda.org
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