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EXECUTIVE SUMMARY

From September to October 2007, Fuss & O'Neill operated a pilot ultraviolet (UV)
disinfection system.  This system was truck mounted and capable of treating up to 3 million
gallons per day of water.  The purpose of this testing was to confirm that UV disinfection
could significantly reduce bacteria loadings being discharged from the moat as well as collect
data that would be required for final design of a permanent UV disinfection system.

On-site pilot and off-site collimated beam testing results demonstrate UV disinfection as an
effective method of inactivating pathogenic bacteria. Field conditions are characterized by wide
variations in stormwater volume, UV transmittance (UVT) and bacterial loads. On-site pilot
results are in keeping with or better than the design parameters that were used to evaluate UV
disinfection in the September 2007 Final Report for the Easton Pond Dam and Moat Study.
Average on-site measurements on the Moat discharge for UVT)and Total Suspended Solids
(TSS) were both better in terms of treatment potential than what was assumed in the report
(UVT higher than 55% and TSS lower than 30 mg/L); therefore, the conceptual design appears
to have been conservative in terms of evaluating treatment potential.

While stormwater flows in the Moat are variable to the degree that no one “typical” set of
characteristics may be defined, the pilot plant achieved disinfection efficiencies below the
beach closure standard of 104 Enterococci colonies per 100 mL.  These efficiencies were
observed even in storm water flows having significant amounts of total suspended solids (TSS)
and correspondingly low UVT.  A precipitation event representative of these stormwater
characteristics occurred on October 27, 2007. Pilot plant influent water quality was measured
as: 17.6 ºC, pH 7.32 s.u., conductivity 9,000 S/cm/ºC, Salinity 4.9 ppt, UVT 65%, and TSS 11
mg/L. On October 27th, 2007, the pilot plant was operated at a load of 1,250 gallons per
minute (63% of maximum hydraulic capacity), at a UV dose of 117 mW/cm², with the
following results: Enterococci at inlet, 600 Col/100 ml, Enterococci at outlet, 1 Col/100 ml.

The only exception to the observed treatment effectiveness was an event on October 12, 2007,
when significant wave action caused a significant amount of sand and floatables (e.g. seaweed)
to enter into the pilot system.  Because of this, a full-scale system needs to be designed to
control sand and seaweed from entering the system.
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1.0 INTRODUCTION

The September 2007 Final Report for the Easton Pond Dam and Moat Study identified ultra-
violet (UV) disinfection of the moat discharge as having the best potential to improve surface
water quality specifically related to bacteria loadings at Easton Beach.  From September to
October 2007, Fuss and O’Neill operated a 3 million gallon per day (MGD) pilot ultraviolet
(UV) disinfection system to treat wet-weather discharges from the Easton Pond Moat with two
objectives. The first objective was to confirm that a UV system would actually be effective in
reducing bacteria loads to a level that would significantly improve water quality at the beach.
The second objective was to collect operational data that would be needed for final design of
the system including UV transmittance and Total Suspended Solids of the moat discharge with
related UV dose/sample response.

The September 2007 Final Report for the Easton Pond Dam and Moat Study, evaluated UV
disinfection  based on moat water quality of 30 mg/L TSS and a UV transmittance (UVT) of
55%. Those figures were largely assumptions, based on limited knowledge of typical storm
water runoff quality and only a single round of grab samples that were collected in March 2007.

The originally proposed one month study was extended from September through October due
to lack of wet weather sampling events in September.  Operation of the pilot plant allowed
Fuss and O’Neill to develop dose/response curves over a wide range of influent water quality
conditions and UV system parameters.
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2.0 DESCRIPTION OF PILOT PLANT EQUIPMENT

The pilot plant operated at the Easton Beach site consisted of three principal components: the
UV treatment system, a feed pump and associated piping. Figure 1 is a site plan that indicates
locations of the pilot plant, intake and outlet piping, and temporary electrical service.

Figure 1

2.1        UV Disinfection System

The pilot plant was mounted on a standard 48-foot flatbed trailer. Temporary fencing was
erected to protect the equipment. The operational components of the plant consisted of

stainless-steel influent and effluent tanks, a reactor
containing two UV lamp banks each containing
four medium-pressure ultraviolet lamps, an
electrical control cabinet, and supporting
mechanical and electrical apparatus. Other
equipment mounted on the trailer included a 105-
kW diesel generator, storage bins, and 12-inch
piping.

Power to the plant was provided by a standard
277/480-volt 3-phase utility service. The on-board
generator was not operated. All operations of the

Pilot

Pilot
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plant were controlled by a programmable logic controller (PLC) included in the pilot plant.
Inputs to the PLC included operator commands from the keypad and instrumentation. System
operating parameters displayed on the PLC included flow, UV dose, and UVT from sensors

incorporated in the pilot plant. Fuss & O’Neill
provided a standard data logger to record
continuous UVT values while connected to the
pilot plant’s PLC.

Discharge was pumped from the Moat into the
pilot plant through a 10-inch diameter feed pipe.
A 1½ -inch stainless steel punch plate mounted in
the inlet tank protected the lamps from large
debris.

Water flowed from the inlet screen by gravity through
the UV reactor and effluent tanks. The effluent then
passed over an internal weir and into a discharge
manifold and ultimately back to the Moat
approximately 100 feet downstream of the pilot intake
point.

In the reactor, medium-pressure lamps generated
polychromatic light in a band centered at the 254-nm
wavelength, which is optimal for bacteriocidal effects.
The light penetrated the cell wall of microorganisms
and was absorbed by cellular components including
RNA and DNA, inactivating them.

Supporting equipment for the UV reactor
consisted of liquid-cooled electronic ballasts (one
per lamp) and hydraulically operated wiper rings
mounted on each lamp. The wiper rings
automatically cycled at operator-selected intervals.
Cleaning of the lamp envelop maximized the light
output.

Influent Tank and Punch
Plate

Effluent
Tank

Influent Tank and Punch

Effluent

UV Reactor Viewed from
Effluent Tank During Operation
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2.2         Feed Pump and Discharge Piping

Storm water runoff was fed to the pilot plant
from the Moat by an 8-inch diesel-driven,
trailer-mounted, self-priming pump. The inlet
of the pump drew water directly from the Moat
through a submerged inlet screen and a
combination of 8-inch flexible and rigid suction
pipe. 8-inch flexible pipe connected the outlet
of the pump to the inlet of the pilot plant.

Temporary discharge piping was assembled on-
site using 12-inch flanged schedule-80 PVC
pipe. The pipe discharged treated effluent from
the pilot plant at the seawall at the south east
corner of the Easton Beach parking lot.

Pilot Feed Pump Pilot Feed Pump

Pilot Discharge Manifold Piping
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3.0  PILOT STUDY METHODOLOGY

3.1 Operation

The pilot UV treatment plant was operated
under varying hydraulic loads and UV lamp
intensities during wet weather events to
determine on-site UV disinfection efficiency
under field conditions. Monitoring events took
place when runoff during storm events raised
water levels in the Moat to levels sufficient to
operate the feed pump.  Hydraulic loads and
lamp intensities were varied during the pilot
testing in order to evaluate varying conditions.
Pilot plant operation was conducted on the
following dates:

EVENT DATE
1 September 15, 2007
2 September 27-28, 2007
3 October 12, 2007
4 October 19-20, 2007
5 October 24, 2007
6 October 27, 2007
7 November 3, 2007

The following variations from the planned sampling protocol occurred:

• On October 15, 2007, plant operation was limited to the collection of two sets of
samples when rainfall stopped and water level in the Moat became insufficient to
operate the feed pump.

• On October 19, 2007 samples collected at 7:00 am and 7:15 am were excluded from
this evaluation, as lab error was apparent in Enterococci counts reported.

• On October 12, 2007, proposed sampling could not be completed due to flow of ocean
water up-gradient in Moat. Suspended sand in flow accumulated in influent tank and
caused loss of UVT readings.

3.2 Monitoring

Fuss & O'Neill collected UV system influent and effluent grab samples during monitoring
events throughout the study. Originally, we anticipated a total of eight sampling events would
occur over the one month course of the study.  Because of lack of precipitation during
September, 2007, the pilot study was continued through October and a portion of November,
2007. Our original sampling plan was amended to accommodate these conditions while
producing valid plant performance data.  A total of seven precipitation events having rainfall

Pilot Outfall
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sufficient to operate the pilot plant occurred in these months. Fuss & O’Neill was on-site on
four other occasions when predicted rainfall did not develop flow in the Moat sufficient to
operate the pilot plant.  Precipitation data for the study period is included in Appendix A.
Field notes recorded during the operation of the pilot plant are included in Appendix B.

Grab samples were analyzed by New England Testing, Inc. (NET) of North Providence,
Rhode Island, for total suspended solids (TSS) and Enterococci. NET maintains certification
under the National Environmental Laboratory Approval Program (NELAP). The
determinative method employed for Enterococci analysis was EPA 1600 and Enterolert™ . The
determinative method employed for TSS analysis was EPA 2540D. Reports of results from
NET are included in Appendix C.  On-site dose-response results are presented in the
discussion and conclusions sections of this report.

3.2.1 UV Transmittance

UV light transmittance (UVT) is a measure of how much light of a given wavelength is
absorbed by the influent, which is influenced by the type and amount of suspended matter
present.  The UV dose required is based upon UVT and contact time.  Therefore, higher solids
concentrations require a higher UV dose to achieve a given level of disinfection. A HACH
UVASsc UV absorbance/ % transmittance sensor and a SC100 controller were used to record
real-time UVT measurements of storm water flowing through the pilot plant. Data on the Hach
UV transmittance sensor is included in Appendix E.

3.3 Collimated Beam Testing

A total of seven collimated beam (CB) analyses were conducted by Trojan Technologies of
London, Ontario, Canada on split samples of the UV pilot plant influent over the course of
the study.  The purpose of the collimated beam testing was to provide detailed dose response
data during laboratory testing in order to supplement the data that was collected in the field
during the pilot testing.  Results of CB dose-response data are incorporated in the discussion
and conclusions sections of this report.  Reports of results from collimated beam testing are
included in Appendix D.

The sensitivity of specific microorganisms to UV light can be measured by the UV dose
response test. A bench-scale collimated beam apparatus used for this study is shown
schematically in Figure 2. Seven samples were collected from the moat and/or UV system
intake during five sampling events.  Two of these events occurred on July 5, 2007 and on
November 15, 2007 before and after on-site pilot operations, respectively.

EVENT DATE On-Site Operation
1 July 5, 2007 Prior to on-site study
2 October 27, 2007 (Intake) Concurrent with study
3 November 3, 2007 (Intake) Concurrent with study
4 November 6, 2007 (upstream of bridge) Concurrent with study
5 November 6, 2007 (Intake) Concurrent with study
6 November 15, 2007 (upstream of bridge) Following on-site study
7 November 15, 2007 (Intake) Following on-site study
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Where possible, collimated beam samples were taken during operation of the pilot plant to
provide a direct comparison of treatment efficiencies. However, these samples required
overnight shipment to Ontario, Canada, and could only be accepted by Trojan Technologies
for analysis between the days of Monday and Thursday. This limited the number of samples
suitable for analysis within the 72-hour holding time.  A fraction of each sample shipped to
Trojan Technologies was placed in the sample cell shown in Figure 2.  Microbe inactivation is
measured as a function of the UV dose received by the sample. The dose was calculated using
accurate measurements of the intensity of UV light and exposure time. The formula is:

UV Dose = Intensity x Time (IT)
In units: mWattsec/cm2 and seconds

Figure 2

Collimated beam testing apparatus1

3.4 UV Dose

The dose received by the influent was calculated using measurements of the intensity of UV
light per unit area multiplied by the exposure (or contact) time. Again, the dose was calculated
using accurate measurements of the intensity of UV light and exposure time. The formula is:

UV Dose = Intensity x Time (IT)
In units: mWattsec/cm2 and seconds

UV intensity was measured by an internal photometer in the UV reactor. Exposure, or contact,
time was derived from a flow meter in the inlet piping. These values were mathematically
integrated in the pilot plant’s PLC which displayed the UV dose values.

1 Illustration courtesy of Trojan Technologies, Inc.

UV lamp

Sample

Magnetic
stirrer
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4.0 RESULTS AND DISCUSSION

4.1 Instantaneous UVT

Instantaneous UVT readings were collected as grab samples were taken from the influent and
effluent of the reactor. These values represent a “snapshot” of the effluent characteristics as
they existed at the moment of sampling.   The maximum UVT value recorded was 79%. The
minimum UVT value recorded was 51.7%.

4.2 Dose Response

The efficiency of UV disinfection is evaluated by comparing microbial counts before and after
UV exposure. A dose-response curve is generated by plotting the number of survivors against
the applied UV dose.  Typically, microbial inactivation by UV exposure follows first-order
kinetics, exhibiting an initial steep slope due to rapid inactivation of free microbes by low UV
doses.  A deviation from the straight line is often observed when suspended solids or clumps
of microbes are present.  This plateau or tailing region is a result of non-uniform absorption of
UV light by microbes attached the particles.

All field data and laboratory data obtained during on-site piloting are summarized in Table 1.
Data presented in Table 1 was used to generate on-site pilot dose-response curves shown in
Figures 3 and 4 below.  The dose-response curves represent the performance of the reactor
operated under a range of UV doses and influent qualities.
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Table 1: Field and NET Laboratory Data
Sample

ID
Time Flow Enterococci

in
Enterococci

out
Dose (mWs/cm2) Lamp

Intensity
TSS
in

UVT

Sampling Event
September 15, 2007

03/04
05/06

2:50 am
3:07 am

1110
1950

689
794

173
210

30.5
30.5

30%
30%

2
13

56.00%
57.00%

Sampling Event
September 27, 2007

02/03
05/06
08/09

2:50 am
3:07 am
3:23 am

1100
1100
1100

189
488
548

11
7
10

30.5
126.6
180

30%
75%
100%

15
12.5
16.5

75.00%
75.00%
76.50%

Sampling Event
October 12, 2007

02/03
05/06
08/09

6:30 am
7:00 am
7:15 am

1500
1500
<500

4840
437
961

408
264
251

27
Interference from TSS
Interference from TSS2

30%
75%
100%

24
288
588

51.70%
60.80%
61.00%

Sampling Event
October 19, 2007

02/03
05/06
08/09
11/12
14/15
17/18

37:00 am
7:15 am
7:30 am
7:45 am
8:00 am
8:15 am

2000
2000
2000
2000
2000
2000

722
2420
2420
2420
2420
2420

2420
2420
2
46
387
20

180
155
124
73
32
73

100%
90%
75%
50%
30%
50%

5.5
7
3
4.5
3.5
6

59.00%
59.20%
59.00%
59.00%
58.90%
58.80

Sampling Event
October 24, 2007

02/03
05/06
08/09
11/12
14/15
17/18
20/21
23/24

2:30 pm
2:45 pm
3:00 pm
3:15 pm
3:30 pm
4:00 pm
4:15
4:30 pm

2000
2000
2000
2000
2000
2000
2000
2000

114
436
172
114
73
50
58
104

1
1
1
3
1
1
5
9

265
265
187
187
106.7
106.7
46.9
46.9

100%
100%
75%
75%
50%
50%
30%
30%

11.5
10
12
18
20.5
13
14
17.5

73.00%
79.00%
72.40%
72.30%
71.90%
71.40%
71.00%
70.50%

Sampling Event
October 27, 2007

01/02
04/05
07/08
10/11
13/14

3:45 pm
4:15 pm
4:45 pm
5:15 pm
5:45 pm

2000
1750
1500
1250
1000

400
300
400
600
520

1
10
5
1
4

117
117
117
117
117

60%
60%
60%
60%
60%

8.5
10.5
7.5
11
9.5

66.50%
66.00
65.70
65.30
64.70%

Sampling Event
November 3, 2007

02/03
05/06
08/09

9:41 am
10:00 am
10:15 am

2200
1500
1100

630
300
630

1
1
1

265
265
265

100%
100%
100%

9
8
6

71.40%
72.40%
73.60%

2 On October 12, 2007 tidal surges pushed debris and sand upstream, which was pumped through the pilot plant.
Turbidity associated with that tidal surge interfered with pilot plant instruments, and the UV dose delivered was not
reported.  However, the pilot plant continued to disinfect water passing through the system.
3 On October 19, 2007 samples collected at 7:00 am and 7:15 am were excluded from this evaluation, as Enterococci
counts reported in pilot discharge were equal to or higher than those reported in the influent.  Lab error or sample
mislabeling is expected.



``F:\P2006\0901\U10\Pilot Study Report\UV Pilot Report_final122807.doc

11

Figure 3 plots Enterococci concentration in the pilot plant effluent versus UV dose applied and
summarizes this effect for all sampling events.  Each sampling event is represented by a
separate dose-response curve in Figure 3.  Figure 3 also displays the design dose used during
conceptual sizing of a full-scale UV disinfection system, and this piloting was conducted to
determine veracity of that design.

On-Site Dose Response Curves
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Conceptual full-scale system dose 40 mWs/cm2 to provide
<104 Enterococci  / 100 mL

Figure 4 represents a compilation of on-site dose-response data.  All Enterococci counts obtained
throughout the study were averaged at each discrete UV dose.  The dose-response curve is a
best-fit of that averaged data.  It can be observed that a dose on the order of 31
mWatt•sec/cm² consistently reduced Enterococci levels to below the 104 col./100ml. beach
closure standard, which is represented by the red vertical line in Figure 4.  Figure 4 also displays
the design dose used during conceptual sizing of a full-scale UV disinfection system, and this
piloting was conducted to determine veracity of that design.

Figure 3
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Compiled On-Site Dose Response

1

10

100

1000

10000

0 27 30.5 32 46.9 72 73 106.7 117 124 126.6 180 187 265

Dose, mWs/cm2

En
te

ro
co

cc
i, 

co
l/1

00
m

L

Average Results (All On-site Data) Beach Closure Standard Power (Average Results (All On-site Data))

Dose required to provide <104 Enterococci / 100mL in On-Site Pilot

Conceptual full-scale system dose 40 mWs/cm2 to provide
<104 Enterococci  / 100mL

4.3 Collimated Beam Results

During selected rain events, grab samples for collimated beam testing were taken both
upstream of the Memorial Boulevard bridge and from the inlet of the pilot plant. Figure 5
represents the dose response curves generated by plotting the number of surviving Enterococci
before and after UV exposure against the UV dose.

Collimated beam Dose-Response results show that a dose of 7 mWs/cm2 reduced Enterococci
levels to below the 104 col./100ml. beach closure standard in samples collected.  The variation
from on-site results is attributed to: interferences with UV light by debris pumped through the
pilot plant out of the moat, lamp cleanliness or lack thereof in the pilot, and ideal laboratory
conditions for CB tests (UV cell cleanliness and UV transmittance). Another factor is the
unknown effect of sample aging and agitation during transport.  Accordingly, while collimated
beam testing provides useful benchmark data to evaluate pilot plant performance, it does not
replace pilot plant operation as a means of acquiring full-scale plant design data.

 Figure 4
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4.4 Continuous UVT

Figures 6 through 8 provide plots of continuous UVT values for water pumped from the Moat
through the pilot plant during several rain events. The figures demonstrate how the water
quality in the Moat changes during the course of a rain event, and demonstrate the fact that
each rain event has its own characteristics.  The UVT values measured ranged from 57 to 77%
as compared to 55% that was assumed during the conceptual design.

Collimated Beam Results
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Online UVT - October 27, 2007 (3:45 - 5:07 pm)
Newport, RI Pilot Study
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Online UVT - November 3, 2007 (7:22 am - 10:23 am)
Newport, RI Pilot Study
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Figure 7



``F:\P2006\0901\U10\Pilot Study Report\UV Pilot Report_final122807.doc

15

Online UVT - November 6, 2007 (10:38 am - 2:22 pm)
Newport, RI Pilot Study
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5.0     CONCLUSIONS

5.1 Effectiveness of Pilot Testing

Operations of the pilot plant combined with collimated beam testing demonstrate UV
treatment as an effective method of disinfecting water discharging from the Moat.  Under the
observed water quality conditions and hydraulic loadings, the pilot plant was capable of
delivering effluent meeting the beach closure standard of 104 col./100ml at a dose of 31 mW-
sec/cm2, with the exception of the October 12, 2007 event in which turbidity and TSS
interfered with pilot plant instruments.  At higher doses, the system provided virtually
complete inactivation of Enterococci. The UV dose received by the influent equals the intensity
of UV light per unit area multiplied by the exposure time. The effect of varying hydraulic load
(which translates directly into influent contact time with the UV source) is captured in the
equation. Therefore, data from the pilot plant is directly scalable to a full-scale plant.

Pilot plant and collimated beam test results established the range of UV doses required for
effective inactivation of Enterococci in the Moat discharge.  The quality of the discharge from the
moat is highly variable, as demonstrated by the wide range of UVT and Enterococci values
observed. Therefore, the delivered UV dose will need to vary in response to changing UVT
values upon full-scale implementation.

Figure 8
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5.2 Other Operational Observations

Tidal action was expected to affect flow in the
moat.  Tidal action did not adversely affect UV
disinfection; however, large debris and floatables
caused blockages on the inlet screen, pump
internals, and UV reactor screen throughout the
study.  The material was identified as natural
material (sea grasses, seaweed) animal material
(bivalves, a rat) and manmade material (textiles,
plastics, shoes). These materials either flowed
down the Moat from up-gradient areas or were
pushed up the Moat from the Bay by tide and
wind conditions.  A screening device will be

required to minimize the quantity of floatables that enter into the full-scale system.

 Also, when high or storm tidal conditions reverse flow in the moat, sand and debris flow from
the shore up-gradient in the moat.  During one of the sampling events, significant quantities of
sand were drawn into the pilot plant.  The sand had a direct impact on sample TSS and caused
interference with on-line instruments.  An important aspect of final design of the full-scale
system will be minimization of intake of sand and debris.  One option could be to locate the
inlet to the full-scale UV system as far upstream as possible in the moat.  We have depicted
relocation of the conceptual intake structure for the full-scale system in Figure 9.  Relocation of
the intake may also minimize impact from sea grasses and sea weed from entering into the
system.

Debris Removed from inlet screen
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Figure 9

5.2 Comparison with Conceptual Design Assumptions

Data from this study confirms conceptual design for a full scale system was adequate and may
have been somewhat conservative.  The original conceptual design was based on an UVT of
55% and Total Suspended Solids (TSS) concentration of 30 mg/l.  It was also based on a dose
of 40mWs/cm2 to reduce bacteria levels to beach closure standard (104 cfu/100 ml.  Measured
UVT was consistently above 55% with the exception of samples collected during an event on
October 12, 2007.  TSS concentrations were also typically below 30 mg/l with the exception of
the October 12, 2007 event.  Calculated dose response curves were also better (smaller dose)
than what was assumed for the conceptual design.

The October 12th event had significant wave action that caused a significant amount of sand to
be pushed up into the moat that resulted in sand being pumped into the pilot system. As stated
above, final design of the full-scale UV disinfection system will need to address the issue of
sand entering the system during storms with significant wave action.

At this stage in the project, the construction costs of $3.8 million (2007 dollars) and operation
and maintenance costs of $267,000 per year (2007 dollars) appear to still be valid considering
the remaining design issues that need to be addressed.
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5.3 Remaining Design Issues

While pilot testing has confirmed that UV treatment is practical, several design issues still need
to be resolved as summarized below:

• What system layout will minimize the impacts of this system on moat hydraulics?  We
need to design this system to minimize any impacts on flooding in the moat.  This is
now the most critical design issue that needs to be addressed and a detailed hydraulic
study of the moat with the proposed UV system is now recommended.

• What is the pretreatment that will be required to keep floatables and sand out of the
system, especially during storms with significant wave action?  This is particularly
important to minimize system maintenance.

• What are the subsurface conditions on this site and how will they impact structural
design and dewatering during construction?

• What level of dilution is available at the beach and how does that impact costs if the
City takes advantage of that?

• What improvements will be required to deliver adequate power to this site?

• Will Middletown and RIDOT participate in the implementation of this system?

• What will be the final system configuration and appropriate factor of safety/design
storm for this system?

Once these questions are addressed, opinions-of-cost for construction and operation and
maintenance of the system can be better defined.

6.0 RECOMMENDED NEXT STEPS

If the City decides to continue with the development of the UV system, we recommend that
the City proceeds with preliminary design of the system to answer the critical design questions
identified above and better define actual project costs.  The City has a $60,000 grant (which will
require a $60,000 match from the City) currently available from the State of Rhode Island.
Preliminary design should be eligible for this funding.  The following outlines preliminary
design tasks in order of priority.

1. Detailed survey and wetlands flagging of the project area as required for future
permitting, hydraulic analysis and design.

2. Hydraulic analysis of the moat and UV system to determine layout of system and
impacts on moat flooding.
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3. Process preliminary design which will include analysis of pretreatment requirements for
sand and floatables as well as sizing evaluation and selection of design criteria based on
cost benefit analysis.

4. Beach dilution study to better understand available dilution at beach and could also
impact ultimate sizing and costs of the UV system if beach dilution is accounted for.

5. Geotechnical evaluation of the site and preliminary structural design based on that
evaluation.

6. Electrical/controls preliminary design.

These tasks should also include outreach to the Town of Middletown and RIDOT to
determine their future level of participation in this project.
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Appendix A

Rainfall data July 2007 to November 2007

Note: dates of sampling events are highlighted.

Newport, RI Actual Conditions for July 2007
Actuals (° ) Normals (° ) Records (° ) Precip Amounts Degree Days

Date
High Low Avg High Low Avg Dpt High/Year Low/Year Precip Snow Ground Heating Cooling

1 75 59 67 81 62 71 -4  97 / 1964 48 / 1988 0.15 - - 0 2

2 76 54 65 81 62 72 -7  98 / 1941 51 / 1988* 0 - - 0 0

3 79 54 66 81 62 72 -6  98 / 2002 50 / 1957 0 - - 0 1

4 77 57 67 82 63 72 -5  101 / 1949 51 / 1986* 0.19 - - 0 2

5 81 64 72 82 63 72 0 98 / 1999* 49 / 1979 0.59 - - 0 7

6 85 66 76 82 63 72 4  97 / 1999* 50 / 1979 0.07 - - 0 11

7 84 63 74 82 63 72 2  97 / 1993* 49 / 1965 0 - - 0 9

8 91 65 78 82 63 73 5 99 / 1981 54 / 1969 0 - - 0 13

9 81 66 74 82 64 73 1 99 / 1981 51 / 1909 0 - - 0 9

10 86 66 76 83 64 73 3  100 / 1993 52 / 1953 0 - - 0 11

11 81 72 76 83 64 73 3  97 / 1988* 53 / 1996* 0 - - 0 11

12 84 65 74 83 64 73 1 96 / 1948 52 / 1945 0 - - 0 9

13 87 59 73 83 64 73 0  94 / 1994* 52 / 1933 0 - - 0 8

14 86 63 74 83 64 73 1  98 / 1995* 53 / 1999* 0 - - 0 9

15 88 67 78 83 64 74 4 99 / 1995 54 / 1926 0.23 - - 0 13

16 85 67 76 83 64 74 2 97 / 1983 52 / 1954 0.01 - - 0 11

17 86 63 74 83 64 74 0  97 / 1999* 49 / 1954 0 - - 0 9

18 73 65 69 83 65 74 -5  98 / 1999* 53 / 1956 0.72 - - 0 4

19 83 69 76 83 65 74 2  100 / 1977 55 / 1956 0.29 - - 0 11

20 84 65 74 83 65 74 0  101 / 1991 54 / 1939 0 - - 0 9

21 81 62 72 83 65 74 -2  102 / 1991 51 / 1966 0 - - 0 7

22 82 64 73 83 65 74 -1  101 / 1926 54 / 1937 0 - - 0 8

23 71 63 67 83 65 74 -7  99 / 1952 54 / 1976 0.13 - - 0 2

24 84 64 74 83 65 74 0 94 / 1933 52 / 1923 0 - - 0 9

25 87 65 76 83 65 74 2 96 / 2001 53 / 1953 0 - - 0 11

26 85 62 74 83 65 74 0 96 / 2005 51 / 1976 0 - - 0 9

27 87 70 78 83 65 74 4 97 / 1940 53 / 2001 0 - - 0 13

28 86 73 80 83 65 74 6 98 / 1949 53 / 1977 0.07 - - 0 15

29 85 72 78 83 65 74 4 97 / 1949 53 / 1916 0 - - 0 13

30 84 69 76 83 65 74 2  100 / 1949 53 / 1968 1.51 - - 0 11

31 87 69 78 83 65 74 4  100 / 1917 51 / 1956 0 - - 0 13
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Newport, RI Actual Conditions for August 2007
Actuals (° ) Normals (° ) Records (° ) Precip Amounts Degree Days

Date
High Low Avg High Low Avg Dpt High/Year Low/Year Precip Snow Ground Heating Cooling

1 89 68 78 83 65 74 4 97 / 2006 53 / 1953 0 - - 0 13

2 93 67 80 83 65 74 6 104 / 1975 54 / 1985* 0 - - 0 15

3 93 71 82 83 65 74 8 98 / 2006 51 / 1953 0 - - 0 17

4 92 73 82 83 65 74 8 98 / 1944 52 / 1959 0 - - 0 17

5 84 67 76 83 64 74 2 100 / 1944 51 / 1972 0 - - 0 11

6 82 66 74 83 64 73 1 96 / 1918 50 / 1934 0.02 - - 0 9

7 86 71 78 82 64 73 5 95 / 2001* 52 / 1994* 0 - - 0 13

8 91 72 82 82 64 73 9 95 / 1909 51 / 1957 0.05 - - 0 17

9 80 66 73 82 64 73 0  100 / 2001* 51 / 1964 0 - - 0 8

10 67 54 60 82 64 73 -13 100 / 1949 47 / 1964 0.85 - - 5 0

11 83 54 68 82 64 73 -5  100 / 1944 50 / 1974 0 - - 0 3

12 87 64 76 82 64 73 3 101 / 1944 50 / 1968 0 - - 0 11

13 87 67 77 82 64 73 4 100 / 2005 50 / 1957 0.07 - - 0 12

14 81 57 69 81 64 73 -4 98 / 2002 47 / 1964 0 - - 0 4

15 83 58 70 81 63 72 -2 97 / 1947 51 / 1909 0 - - 0 5

16 85 67 76 81 63 72 4 97 / 1944 49 / 1964 0 - - 0 11

17 80 64 72 81 63 72 0 97 / 1944 50 / 1981* 0.03 - - 0 7

18 76 57 66 81 63 72 -6  92 / 1987* 50 / 1923 0.05 - - 0 1

19 75 51 63 81 63 72 -9 94 / 2002 48 / 1918 0 - - 2 0

20 75 56 66 80 62 71 -5 97 / 1937 47 / 1981 0.01 - - 0 1

21 69 56 62 80 62 71 -9 95 / 1937 49 / 1981* 0 - - 3 0

22 75 59 67 80 62 71 -4 97 / 1976 46 / 1969 0 - - 0 2

23 76 63 70 80 62 71 -1 91 / 1947 45 / 1957 0 - - 0 5

24 88 67 78 80 61 71 7 94 / 1947 46 / 1957 0 - - 0 13

25 92 70 81 79 61 70 11 96 / 1948 44 / 1940 0 - - 0 16

26 87 70 78 79 61 70 8 102 / 1948 41 / 1981 0 - - 0 13

27 84 65 74 79 61 70 4 101 / 1948 49 / 1954 0 - - 0 9

28 85 61 73 79 61 70 3 100 / 1948 47 / 1968 0 - - 0 8

29 83 58 70 78 60 69 1 95 / 1948 44 / 1986 0 - - 0 5

30 85 60 72 78 60 69 3 95 / 1953 45 / 1965 0 - - 0 7

31 86 61 74 78 60 69 5 96 / 1953 40 / 1965 0 - - 0 9
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Newport, RI Actual Conditions for September 2007
Actuals (° ) Normals (° ) Records (° ) Precip Amounts Degree Days

Date
High Low Avg High Low Avg Dpt High/Year Low/Year Precip Snow Ground Heating Cooling

1 81 62 72 78 59 69 3 93 / 1969 43 / 1975 0 - - 0 7

2 77 55 66 77 59 68 -2  99 / 1953 47 / 1991* 0 - - 0 1

3 84 58 71 77 59 68 3 95 / 1929 45 / 1967 0 - - 0 6

4 85 61 73 77 59 68 5 92 / 1937 47 / 1976 0 - - 0 8

5 80 52 66 77 58 67 -1  92 / 1983 45 / 1906 0 - - 0 1

6 74 56 65 76 58 67 -2  95 / 1983 45 / 1909 0 - - 0 0

7 89 65 77 76 58 67 10  96 / 1983* 43 / 1984* 0 - - 0 12

8 92 69 80 76 57 67 13  96 / 1945 46 / 1952 0 - - 0 15

9 80 62 71 76 57 66 5 91 / 1971 42 / 1980 0 - - 0 6

10 72 61 66 75 57 66 0 94 / 1983 41 / 1917 0.34 - - 0 1

11 74 63 68 75 56 66 2  100 / 1983 38 / 1917 1.77 - - 0 3

12 76 56 66 75 56 65 1 91 / 2005 42 / 1917 0 - - 0 1

13 74 52 63 74 56 65 -2  91 / 1957 44 / 1970 0 - - 2 0

14 74 53 64 74 55 65 -1  90 / 1931 38 / 1911 0 - - 1 0

15 68 53 60 74 55 64 -4 90 / 1915 38 / 1975 0.38 - - 5 0

16 67 48 58 73 54 64 -6  92 / 1941 41 / 1964 0 - - 7 0

17 68 47 58 73 54 64 -6  90 / 1941 37 / 1960 0 - - 7 0

18 70 45 58 73 54 63 -5  89 / 1906 39 / 1990* 0 - - 7 0

19 69 48 58 72 53 63 -5  92 / 1906 37 / 1956 0 - - 7 0

20 81 57 69 72 53 63 6 93 / 1983 38 / 1979 0 - - 0 4

21 80 58 69 72 53 62 7 89 / 1914 35 / 1956 0 - - 0 4

22 79 62 70 71 52 62 8 93 / 1980 34 / 1962 0 - - 0 5

23 80 62 71 71 52 61 10  92 / 1970 38 / 1974 0 - - 0 6

24 81 53 67 71 51 61 6 87 / 1959 34 / 1974 0 - - 0 2

25 86 57 72 70 51 61 11  89 / 1920 36 / 1950 0 - - 0 7

26 89 67 78 70 51 60 18  89 / 2007 37 / 1967 0 - - 0 13

27 81 65 73 70 50 60 13 86 / 1998 35 / 1980 0.06 - - 0 8

28 80 61 70 69 50 60 10  84 / 1943 33 / 1980 0 - - 0 5

29 76 54 65 69 49 59 6 88 / 1952 33 / 1914 0 - - 0 0

30 70 51 60 69 49 59 1 85 / 1986 35 / 1951 0 - - 5 0
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Newport, RI Actual Conditions for October 2007
Actuals (° ) Normals (° ) Records (° ) Precip Amounts Degree Days

Date
High Low Avg High Low Avg Dpt High/Year Low/Year Precip Snow Ground Heating Cooling

1 66 47 56 68 48 58 -2  88 / 1950 35 / 1974 0 - - 9 0

2 73 47 60 68 48 58 2 87 / 1927 36 / 1992* 0 - - 5 0

3 72 64 68 68 48 58 10  83 / 1919 35 / 1908 0 - - 0 3

4 82 64 73 67 47 57 16  85 / 1959 32 / 1945 0 - - 0 8

5 83 61 72 67 47 57 15  87 / 1922 31 / 1965 0 - - 0 7

6 84 63 74 66 46 56 18  88 / 1946 29 / 1984* 0 - - 0 9

7 73 53 63 66 46 56 7 86 / 1963 30 / 1984 0 - - 2 0

8 75 53 64 66 46 56 8 82 / 1931 27 / 1954 0.01 - - 1 0

9 65 54 60 65 45 55 5 84 / 1943 30 / 1953 0.24 - - 5 0

10 60 55 58 65 45 55 3 90 / 1949 26 / 1980 0.12 - - 7 0

11 63 58 60 65 44 55 5 84 / 1949 27 / 1956 0.16 - - 5 0

12 63 42 52 64 44 54 -2 87 / 1928 27 / 1956 0.01 - - 13 0

13 62 38 50 64 44 54 -4  85 / 1954 22 / 1981 0 - - 15 0

14 63 43 53 64 43 53 0  81 / 1990* 28 / 1953 0 - - 12 0

15 65 39 52 63 43 53 -1  82 / 1975 30 / 1981 0 - - 13 0

16 66 45 56 63 43 53 3 83 / 1963 28 / 1978 0 - - 9 0

17 70 40 55 63 42 52 3 88 / 1947 30 / 1978 0 - - 10 0

18 77 62 70 62 42 52 18  85 / 1908 28 / 1978 0 - - 0 5

19 71 64 68 62 42 52 16 81 / 1945 24 / 1974 0.72 - - 0 3

20 73 53 63 61 42 52 11  80 / 1947 23 / 1970 0.13 - - 2 0

21 75 51 63 61 41 51 12  81 / 1920 23 / 1972 0 - - 2 0

22 81 53 67 61 41 51 16  86 / 1979 27 / 1974 0 - - 0 2

23 77 62 70 60 41 51 19  85 / 1947 24 / 1969 0 - - 0 5

24 72 54 63 60 41 50 13 74 / 1963 21 / 1969 0.03 - - 2 0

25 57 42 50 60 40 50 0  75 / 1998* 27 / 2003 0.07 - - 15 0

26 62 41 52 59 40 50 2 78 / 1963 27 / 1976 0.03 - - 13 0

27 71 54 62 59 40 49 13 82 / 1947 20 / 1976 0.29 - - 3 0

28 59 41 50 59 40 49 1 80 / 1919 24 / 1976 0 - - 15 0

29 52 34 43 58 39 49 -6  78 / 1984 26 / 1980 0 - - 22 0

30 63 36 50 58 39 49 1 79 / 1946 24 / 1980 0 - - 15 0

31 66 39 52 58 39 48 4 83 / 1946 24 / 1966 0 - - 13 0
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Newport, RI Actual Conditions for November 2007
Actuals (° ) Normals (° ) Records (° ) Precip Amounts Degree Days

Date
High Low Avg High Low Avg Dpt High/Year Low/Year Precip Snow Ground Heating Cooling

1 69 47 58 57 39 48 10  78 / 1974 26 / 1925 0 - - 7 0

2 54 41 48 57 39 48 0 82 / 1950 21 / 1976 0 - - 17 0

3 49 44 46 57 38 48 -2 78 / 1990 23 / 1980 0.74 - - 19 0

4 58 40 49 56 38 47 2 77 / 1987 26 / 1912 0 - - 16 0

5 56 36 46 56 38 47 -1  75 / 1994 22 / 1908 0 - - 19 0

6 57 37 47 56 38 47 0  72 / 1994* 25 / 1951 0.65 - - 18 0

7 51 35 43 55 38 47 -4  74 / 1938 26 / 1931 0 - - 22 0

8 46 27 36 55 37 46 -10 73 / 1945 22 / 1931 0 - - 29 0

9 48 33 40 55 37 46 -6  74 / 1945 18 / 1976 0 - - 25 0

10 43 32 38 54 37 46 -8  73 / 1999 22 / 1995* 0 - - 27 0

11 46 27 36 54 37 45 -9  68 / 1966 16 / 1956 0 - - 29 0

12 48 26 37 54 36 45 -8  75 / 1909 21 / 1926 0.03 - - 28 0

13 60 36 48 53 36 45 3 70 / 1964 20 / 2001 0.22 - - 17 0

14 59 32 46 53 36 44 2 75 / 1993 16 / 1905 0 - - 19 0

15 65 43 54 53 35 44 10  78 / 1993 18 / 1905 0.39 - - 11 0

16 49 33 41 52 35 44 -3  72 / 1990 14 / 1933 0.08 - - 24 0

17 44 31 38 52 35 43 -5  73 / 1928 14 / 1924 0 - - 27 0

18 46 32 39 52 35 43 -4  73 / 1953 15 / 1936 0 - - 26 0

19 44 33 38 51 34 43 -5  72 / 1941 14 / 1936 0 - - 27 0

20 44 26 35 51 34 43 -8  72 / 1991* 17 / 1986 0.09 - - 30 0

21 52 35 44 51 34 42 2 71 / 1931 16 / 1987 0 - - 21 0

22 67 42 54 50 33 42 12  70 / 1931 16 / 1987* 0.02 - - 11 0

23 41 28 34 50 33 41 -7  72 / 1979 14 / 1972 0 - - 31 0

24 36 21 28 49 33 41 -13 73 / 1979 6 / 1989 0 - - 37 0

25 51 26 38 49 32 41 -3  71 / 1979 12 / 1938 0 - - 27 0

26 M M M 49 32 40 M  67 / 2001 10 / 1938 0.34 - M M M

27 M M M 48 32 40 M  66 / 1946 9 / 1932 M M M M M

28 M M M 48 31 40 M  72 / 1990 13 / 1904 M M M M M

29 M M M 48 31 39 M  64 / 1990* 12 / 1904 M M M M M

30 M M M 47 31 39 M  68 / 1933 13 / 1929 M M M M M
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APPENDIX B

FIELD NOTES
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APPENDIX C

NET LAB RESULTS
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APPENDIX D

COLLIMATED BEAM RESULTS
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APPENDIX E

UV TRANSMITTANCE SENSOR DATA




















