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EXECUTIVE SUMMARY

BACKGROUND AND OBJECTIVES

Ultraviolet (UV) disinfection systems are being widely considered for'

application to treated wastewaters, for both new plants and retrofitting
existing plants in lieu of conventional chlorination facilities. The
technology is relatively new, with most systems installed over the past three
to four years. It has generally been successful, although there had been many
problems with the systems installed in the early to mid-eighties. Subsequent

"second generation" designs have resolved many of the earlier issues, resulting

technology These use modular,‘ open-cl-\a;mel configurations in place of the

fixed, closzd shell arrangements typical of the earlier designs.

The USEPA Design Manual for Municipal Wastewater Disinfection (1) was
published in 1986; the evolution to the newer open-channel configurations began
only shortly before this. Although the Manual points to the advantages of the
open-channel configuration, it does not adequately addreés their design and
operation and maintenance (0 and M) aspects, since there was little direct
experience with the systems at the time. New design, performance, operation
and maintenance information is being developed from recent full-scale
applications. These data need to be disﬁééminated to the engineering and

owner/operator communities.

This report provides an assessment of the UV process, focusing on the newer
designs that utilize open-channel, modular configurations. It is a part of the
Office of Wastewater Enforcement and Compliance’s (OWEC) program to provide
technical assistance to reviewing agencies and local govérnments in the area of
municipal wastewater treatment, by evaluating specific technologies and

reporting on their capabilities and limitatioms.

Information was compiled from the EPA, Regional and State offices,

literature, equipment manufacturers, and wastewater treatment plant personnel.
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The report presents an assessment of the status of the technology relative to
the type and size of UV facilities that are currently operating, and discusses
the trends in system design, configuration and operations. The design and
operation of selected plants are reviewed; this information and curfent
practices are then summarized to give a perspective of kéy considerations that
should be incorporated into the design of UV facilities. Finally, a review of
costs associated with the construction and operation of UV systems is

presented, based on data generated from this assessment,
FINDINGS

Thirty plants, covering a range of design flow ratings and UV open-channel

configurations .were evaluated. ~All dre operating successfully, “and “are fn TiTTC

compliance with their permits, which typically address fecal coliforms. A high
level of satisfaction with the system operation and performance was noted by
the facility operators.

All the plants accomplish nitrification, by design or by ﬁhe circumstance
of low loading. Improved disinfection performance is influenced by this higher
degree of treatment. Minimal coliform densities are observed after UV in
wastewaters with BOD/TSS levels less than 10 mg/L. Elevated effluent densities
(but still well within permit) are noted at BOD/TSS levels greater than 10

mg/L., ’

Limited redundancy and system flexibility was noted for the majority of
plants. Most plants, in particular the small systems, had single channels,
precluding shutdown of a channel for repair/maintenance. Flexibility should be
incorporated to a greater degree, including multichannel, mﬁltibanking

configurations.

System control is kept simple. Automatic flow pacing is incorporated into
the larger multichannel, multibank systems; control is flow-paced on a manual
basis at several plants. The tendency at the smaller plant (average design
flow less than 1.0 mgd) is to have 100 percent’ of the system in operation at
all times.
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A downstream mechanical level control gate is the preferred method to
maintain liquid level in the UV channel, and it is generally successful.
However, it has & specific operating range. Plaﬁts with very low flow periods
(or no flow) may best be served by using adjustable weirs/weir launders for

level control. This may be the case with small systems.

A screen/bar screen is an appropriate device to have immediately upstream.
This serves to remove debris and algal matsrfrom the wastewater and. prevent

them from catching onto the lamp modules.

Sizing of the UV system was somewhat consistent. This ranged between 0.5
and 1.5 KW (of UV output at 253.7 nm) per mgd of. peak design‘flow, with a mean
of 1 KW/mgd. This is equivalent to approximately 37 long lamps or 74 short

---lampss - - This- estimate -should be-applied.only. to. advanced .secondary. effluents,.......

and to plants with a peak to average flow ratio less than 2.5.

Lamps show an extended operating life. Operation greater than 14,000 hours
can be expected. The criterion generally followed for lamp replacement is
increasing fecal coliform density, although some plants will replace the lamps
on a routine fixed time basis (7,500 to 10,000 hours).

Insufficient experience exists to assess replacement cycles for ballast and

quartz sleeves. A 10 year cycle has been suggested.

Cleaning the quartz surfaces is a key element of UV O&M. Removal of the
modules is appropriate and is practiced by most plants, particularly those
using the horizontal lamp modules. In-place chemical recirculation is

practiced less frequently, typically with vertical lamp module systems.

Dip tanks are a convenience and assist in cleaning modules removed from the
channel. At minimum, a hanging rack should be provided to hold removed

modules.

A variety of cleaning agents are used, typically site specific or provided
by the manufacturer. Citric acid and Lime-AwayR are used most frequently.

Commercial detergents and dilute acids are also used.
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The frequency of cleaning varies widely from weekly to Yearly, with a
median of monthly. This is site specific. Fecal coliform density is typically

used as the criterion for cleaning.

>

o

The labor requirement for smaller Plants is estimated at 180 hours/year/100
lamps. Approximately one-third of this is associated with éleaning actlvities.
For larger plants (greater than 150 laﬁpé) the O&M labor is approximately 115
hours/year/100 lamp, with about one-half aﬁtributable to cleaning tasks,

The Iinstalled costs for UV systems were estimated to be $48,800/UV KW for
systems with less than 100 lamps and $39,000/UV KW for larger systems (a UV.KW
is the power output at 253.7nm). These are screening estimates only and may
vary considerably on a site by site basis. - When conéidered on the basis of

- £low for advanced sécondary plints, These costs Fange From $78,000 to- §97 600
per mgd of average design flow for larger (greater than 1.5 mgd) to smaller
plants.

Operation and maintenance costs are site specific and will vary régionally
with respect to rates. For screening purposes, annual costs (exclusive of
amortization) are estimated to be $3,300 to $3,800/UV KW/yr. This is
equivalent to $6,500 to $7,500/year/mgd of average design flow.,

CONCLUSIONS

Ultraviolet disinfection is now being widely applied to wastewaters, with
greater than 500 operating facilities, as compared to an estimated 50
facilities in 1984. Whereas closed shell and pipe systems were typical in the
early to mid-eight;es, the modular, gravity flow, open-channel systems now
comprise essentially all new installations. The configuration is found in
greater than two thirds of active Plants, as compared to less than five percent
in 1985. 1t is comprised of horizontally or vertically placed lamp modules,
placed in open, relatively narrow channels, with the lamps fully submerged in
the wastewater. Horizontal Systems represent approximately 85 percent of the
open channel facilities.
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The UV source used with eséentially all systems is the low pressure mercury
arc lamp. Alternate lamps are being actively investigated and are -in use at
several operating plants. These include medium pressure lamps and
modifications of the conventional low pressure lamps. A recent advance has
been the introduction of an efficient electronic ballast, which is lighter and

is incorporated into the modules themselves.

UV is effective and has been demonstrated to be capable of meeting existing
disinfection criteria. ~ This includes secondary fecal coliform limits (200
fecal coliforms/100 mL) and shellfish limits (14 fecal celiforms/100 mL). An
exception may be the California total coliform limit of 2.2 .per 100 nL for
discharge to shellfish waters. Filtration is generally required if UV is to

meet the lower shellfish standards.

Alternate indicators havé been.iqcorporated into EPA disinfection
guidelines and are being written into pérmits in a number of states. These are
126 E. Coli per 100 mL or 33 enterococci per 100 mL for freshwater, and 35
enterococci per 100 mL for marine waters. Recent studies have indicated that
the design sizing requirements for these indicators is similar to those for
fecal coliforms. Caution should be used, however, particularly when modifying
permits  for existing UV facilities. A plant that readily meets fecal coliform

reguirements can have difficulty meeting enterococcus limits under similar

operating conditions.

Photoreactivation is a necessary factor to consider when sizing UV systems
on the basis of total or fecal coliforms and E. Coli. An average maximum level
of repair demonstrated from several studies is a 1.5 log increase. Enterococci

do not have the ability to repair.

Hydraulic design is a key factor in the operation of UV systems. Plug flow
conditions with minimal dispersion must be maintained. This is best done by
using narrow channels relative to their length (to yield an aspect ratio
greater than 15), having‘two banks in series when using horizontal lamp systems

and a minimum of four banks in series with vertical lamp systems. Straightline




approach and exit conditions should be maintained, with adequate upstream and

downstream distances from the lamp batteries.

Headlosses are relatively low through current system configurations under

normal design velocities. Care should be taken to account for upstream devices

such as stilling plates and screens, and the downstream level control device
when estimating overall headloss. The total headloss through the UV lamp
portion of the reactor should be held to less than three inches at peak

instantaneous (hourly) flow.

Design sizing should be on the basis of peak requirements (e.g. maximum
daily, maximum 7-day, etc.) for disinfection. Hydraulie design is based on

peak hourly flow, reflecting diurnal variation. Wastewater parameters used for

design are the initial bacterial’ 'density,- the UV. transmittance -of. . the ..n-zmus

wastewzter (at 253.7 nm) and suspended solids. Design sizing should be based
on the assumption that the peak occurrences for these parameters and flow are

coincident.
RECOMMENDATIONS

There should be additional evaluation of the impact that alternate
indicators have on the design and performance of UV systems. In particular,
this should address plants that are or will be required to incorporate either

E. Coli or enterococcus into their discharge permit.

Application of open-chaﬁnel, modular, gravity flow UV systems should be
encouraged for wastewater disinfection. The design implications of recent
advances in system design, in particular the high intensity lamps, should be
assessed. This would address potential applications and include a comparison

to the conventional systems.

Continued effort should bé made to determine the impact of
photereactivation on ﬁesign and the degree to which this phenomenon affects
receiving waters. This would best be addressed in comparison to after growth
associated with chlorination/dechlorination. '

E-6




Page 1-1

SECTION 1,

.ASSESSMENTlOF THE UV DISINFECTION
PROCESS ELEMENTS ’

This section briefly describes the UV disinfection process and its
application to treated wastewaters. It then presents the equipment
configurations that have been and are being used for wastewater applications,
and addresses related process considerations and the design protocols currently

"~ in use.

1.1 UV DISINFECTION

The inactivation of microorganisms by ultraviolet radiation is a physical
process, relying on the photochemical changes brought about when far-UV
radiation is absorbed by the genetic material of the cell (deoxyribonucleic
acid, or DNA). The wavelengths for optimum effectiveness correspond, as
expected, to the maximum absorption spectrum for nucleic acids, between 250 and

265 nanometers (mm).

The inactivatisn mechanism is well understood for UV radiation. The reader
is referred to other source material for more detailed discussions of the
mechanism (1,2,3,4,5). Specifically, the most common pathway involves the
dimerization of adjacent thymine monomers on a DNA strand. If many dimers are
formed by exposure to UV radiation, cell replication becomes very difficult.
Thus, although the cell is not "killed" by exposure to UV, it is effectively
inactivated because of its inability to replicate.

.1.1.1 Source of UV Radiation

The low pressure mercury arc lamp is very efficient in generating UV light
within the optimal germicidal wavelength range. It 1is an electric discharge .
lamp that generates light by transforming electrical energy into the kinetic

energy of moving electrons; this is converted to radiation by a collision

process. Mercury vapor, kept at an optimum pressure in the presence of a rare
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gas (typically argon), is a very efficient emitter of light at 253.7 nm. The
lower the vapor pressure of mercury in an electric discharge, the greater the
intensity of the mercury resonance line at 253.7 nm. Exploiting this‘f;ct,
construction of the low-pressure mercury arc lamp yields an output that is
nearly monochromatic in its radiation -at 253.7 nm. Thirty-five to forty
percent of the input energy is converted to light, and approximately eighty-
five percent of this light is at the wavelength of 253.7 nm.

These low-pressure lamps comprise the source of UV energy in effectively

all systems installed today. The lamps are long thin tubes, 1.5 to 2.0 cm in

diameter. Standard lengths are 91.4 cm ( 36 inches) and 162.6 cm_ (64 inches),

with active mercury arc lengths of 76.2 em (30 inches) and 147.3 om (58
inches), respectively. The longer length lamps are typically used, except in

small systems. They are more cost effective than the shorter lamps; although

they have effectively twice the UV output, they are usually only 30 to 60

percent more in cost.

Some wastewater applications exist that use alternate UV sources, although
they all still rely on the basic mercury vapor electric discharge concept.
Medium to high pressure mercury lamps have significantly higher UV intensities
and have a broader spectrum of output than the low pressure units. A study by
Whitby and Engler (6) demonstrated that the germicidal effectiveness of a 2,000
watt (W) medium pressure lamp vas 14.2 times that of a 60 W conventional low
pressure lamp, based on the ability to achieve a 3-Log reduction in a primary
effluent. The single lamp experiments suggest that the total number of lamps
required for a given application can be reduced by a factor of up to 10 if
medium pressure lamps were used. This would result in petentially significant
savings in capital costs and area requirements, an important advantage for

large systems,

There are medium pressure lamp systems in the U.S. for the disinfection of
treated municipal effluénts,'including the Lewisburg (1 mgd) and Hillsboro (4
mgd) Ohio plants (7). These systems are operated under pressure, which would
be impractical on a large scale. Uncertainties remain with the use of medium
Pressure systems, reflecting the very limited direct experience with wastewater

applications. The costs of the lamps themselves are much higher than the low




' lamps. The -lamps are u- shape “vertically oriénted in the~ water, with an cpen-

&
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pressure lamps; they are also less efficient and thus require more power:. Heat
output is greater and can impose design problems relating to heat transfer.
Power supply requirements are more complex and because of their shorter length

and fractional second exposure times, hydraulic design becomes a critical issue

‘when attempting to maintain plug flow conditions.

Médifications of conventional low pressure lamps are being developed, with

.some resultant in-field applications. A facility in Cuxhaven, Germany uses a

high intensity lamp similar to . the medium pressure lamps. (8). 1Its energy

conversion is more efficient however, similar to conventional low pressure

channel layout. There is a heat dissipation contact spot with the quartz
enclosure that is used to remove the high heat load associated with these
lamps. Another alternate lamp is a conventional lamp that is flattened in
order to increase the emission from the mercury vapor, yielding higher
intensities (9). A'plant in Baldwin, Florida was installed with these lamps,

~although equipment problems have prevented an assessment of its performance.

A recent development has been the use of an alternate electronic ballast,
A ballast is required to counter the inherently unstable negative volt-ampere
characteristic of electric discharge arc 1lamps. In nearly all existing
installations conventional 2-lamp lead-lag type coil ballasts are used. The
electronic ballasts offer the advantage of being lighter and have the ability
to adjust the input voltage (dimming). Because of their lighter weight
(approximately one-third that of the coil ballasts), the ballasts are
incorporated into the lamp modules themselves, as opposed to the large cabinets
used for the coil ballasts. This has allowed a2 potentially significant cost
savings. There is limited in-field experience with these modules; a full-scalg
operating unit is located at. Camp Quin-Mo-Lac in Ontario for beach water
control, with approximately three months operation. A 14.6 mgd wastewater
plant was commissioned in April 1991 at St. George de Beeauce, Quebec, and

several facilities in the design/ﬁid/constfuct stage anticipate using these
modules with the electronic ballasts (10).
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- Overall, UV equipment for treated wastewater disinfection will likely
continue to be dominated by the conventi&nal low preésufe mercury arc lamps.
They are efficient, cost-effective, and are appropriate to a wide spectrum of
applications. The alternate lamps, particularly the medium pressure units,
continue to be investigated and applied on a limited basis. Their 1likely
application will be with large plants arid in cases of low-grade, high volume

waters such as combined sewer overflows (CSO) and stormwaters.

1.1.2 UV _Effectiveness

The ef:feétivenéé; ‘ of“m UVh intile ‘inacti.\‘i;t‘i;mt;"méf ;:icrc»organi

documented. Generally, UV is the most effective of the standard disinfection
processes when applied to bacteria and viruses. Effectiveness increases with
decreasing complexity of the organism and with decreasing cell wall thickness.
Thus, wviruses are particularly sensitive to UV, more sc than to chlorine or
other oxidants. On the other hand, higher organisms: are less sensitive; in -
these cases chlorine is the preferred disinfecting agent. This is demonstrated
in recent research regardiﬁg the Safe Drinking Water Act rules on drinking
water disinfection. UV has limited cysticidal ability, and is not applicable
to Giardia Lambia disinfection (11,12).

Most National Pollutant Discharge Elimination- Permits (NPDES) require
disinfection, with limits set on the basis of fecal coliform. There are
variations from state to state, relative to the requirement: for disinfection
(water use guidelines, seasonal disinfection, etc), indicatmr;, and indicator

limits. UV disinfection is capable of meeting these standards in most cases:

Secondary Treatment Maximum 30-day Fecal coliform < 200 per 100 mL
Maximum 7-day Fecal Coliform < 400 per 100 mL

Shellfish Waters Maximum 30-day fecal coliform < 14 per 100 mL

These are geometric means. In some cases total coliform limits are

incorporated into the permit, such as 70 per 100 mL for shellfish waters. The

higher limits can be met by UV with adequate clarification prior to discharge.
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Suspended 'solids concentrations that are consistently greater than 25 mg/L may
prevent the UV system from meeting the 200/400 fecal coliforms limits. Solids
tend to occlude bacteria from exposure to UV. California limits total coliform
to 2.2 per 100 mL for discharges to shellfish waters or impounded water bodies.
UV has not been demonstrated to be capablé of meeting these levels on a
consistent basis in a treated wastewater matrix. The shellfish limits (14 per
100 mL) that are_mofe typically used in various states can be met with tertiary
filtration prior to UV,

1.1.3 Alternate Indicators

TILZUD T TTA major policy change in disinfection regulation has been the suggested use
of E. Coli and/or enterococcus as disinfection indicators in lieu of total or
fecal coliforms. The prevailing fecal coliform limits have been criticized
because available epidemiological evidence does not support their usé, and
because the fecal coliform group can itself contain bacteria that are not
necessarily associated with fecal contamination. Studies have shown that E.
Coli and enterococci are better able to predict the incidence of swimming
related gastroenteritis than either total or fecal coliforms (13). The USEPA
"Ambient Water Quality Criteria for Bacteria" (14) recommends ﬁse of the E.

Coli and/or enterococcus as pathogen indicators in recreational waters.

EPA guidance states that E. Coli not exceed 126 per 100 mL (geometric mean)
in freshwater, or that enterococci not exceed 33 per 100 mL. Enterococcus
limits (35 per 100 mL) are recommended for marine waters. Several states are
mo&ing toward the use of these standards, alﬁhough all states that have
bacteriological standards continue to use fecal and/or total coliforms as

indicators. The state of New Jersey has begun to incorporate enterococci into

¥ all permits, as they are renewed. The limits are 322.5 per 100 mL on a 7-day
average (GM) basis and 60 per 100 mL as a maximum value. Note that discharges
“ to shellfish waters still require compliance with U.S. Food and Drug

Administration (FDA) fecal coliform standards.

Movement to alternate indicators has raised concern over the adequacy of UV

‘design sizing criteria relative to standard fecal coliform requirements. If UV
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facilities have been sized and installed on the basis of fecal coliform limits,
the question is weather the system would also be able to meet enterococcus
and/or E. Coli standards. Direct pilot studies have been conducted to address
this, including an EPA funded study (15) at the Rehoboth Beach Water Pollution
Control Plant (WPCP) in Delaware, and a recent pilot study (16) at the LOTT
WPCP in Olympia, Washington.

The Rehoboth Beach WPCP is an oxidation ditch facility with nitrification
and tertiary microscreens. The plant has an average design flow of 3.4 mgd;
during the 1989 study, the average flow was 1.7 mgd. Table 1‘1 presents a
summary of effluent data representing the summer period in 1989, The plant
“ TSS of 5.2 and 6.1

mg/L, respectively. The average and 95 percentile values are also reported for

produces a high quality effluent “with an average BOD5 and

total and fecal coliforms, E. coli, and enterococcus. Total coliforms were
typically 6.5 times the fecal coliforms in the treated effluent (before UV),
Enterococci and E.coli densities were significantly lower than the fecal
coliforms (at ratios of 0.04 and 0.13, respectively). These ratios increased
substantially after UV treatment, particularly for the enterococci (1.3) and E.
Coli (0.7), suggesting a lower sensitivity to UV for these groups.

Figure 1-1 presents design curves developed from the Rehoboth Beach pilot
data that reflect this lower observed UV sensitivity. The log survival ratio
(N'/No) . is shown as a function of the system loading (litere per minute/UV
Watt, Lpm/UV W). From this figure one can estimate that the maximum allowable
loading to achieve a 4-log reduction of enterococcus or E. coli would be

approximately three-quarters the maximum allowable loading for a similar

reduction in fecal coliforms. The loading for total coliforms is approximately

1.15 times that of the fecal coliforms for a 4-log reduction. This means that .
a larger size UV system would be necessary to accomplish equivalent reductions
for enterococcus and E. Coli. However, because the initial densities are
substantially lower than the fecal coliforms, the actual sizing requirements

are smaller.
At the LOTT wastewater treatment plant in Olympia, Washington, both fecal

coliforms and enterococcus were investigated as part of a pilot study for

design of the UV systen. In this case the ratio of enterococcus to fecal



- TABLE 1-1. WASTEWATER CHARACTERISTICS AT
| REHOBOTH. BEACH, DELAWARE (REFERENCE 15)

Average 95 gg;gegtile(l)
Flow 1.74 2.56
Effluent

BODs (mg/L) 5.2 21.6

TSS (mg/L) 6.1 10.2
‘yTransmittance at 253.7 mm (T)(2) ~  69.8 74.1 (10% = 68%)
%Transmittance at 253.7 nm (2 71.7 77.7 (10% = 68%)
Total Coliform (100 mL-1) 182,400 700,000

" Fecal Coliform €100 mL~1) - oo --28,200 . 200,000

Entercoccus (100 mL'l) i , 140 T R k] ’700 S e meemeny rmes mmen
E. Coli (100 mL-1) 3,600 73,200 -

t ecal Co [s)

Influeht (to UV)

Total Coliform 6.5
Enterococcus 0.04
E. Coli 0.13
Effluent (from UV)
Total Coliform 5.4
Enterococcus 1.3
0.7

E. Coli

(1)95 percent of data have a value equal to or less than this value
(2)T = total (unfiltered); F — Filtered (Filtrate)

Y
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Rehoboth Beach UV System (15)
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coliform averaged approximately 0.145, with mean values of 14000 and 96500 per
100 mL, respectively. This ratio increased to 0.95 after UV treatment, again
indicating a lower sensitivity to UV. When the design sizihg requirements to
meet the 30-day limits of 200 fecal coliforms or 35 enterococci per 100 mL were

compared, the enterococci limits were found to be the controlling factor,

although the margin was rather narrow. A total of 1,030 lamps were éstimated

for enterococci disinfection versus 943 lamps for the fecal coliforms. LOTT

will not have enterococci limits in their permit.

A third, most recent example of the enterococcus versus fgpal coliform

jssue can be found with the Northwest Bergén County Treatment Plant in

Waldwick, New Jersey (17). This is a Tetrofitted plant that was désiged to -

meet fecal coliform 1limits (200/400). < 1Its permit was recently changed to
include enterococcus at an average limit of 32.5 per 100 mL and a maximum of 60
per 100 mL. Although the facility had been consistently meeting the fecal
coliform limits, even under design flow conditions (approximately 12 to 14 mgd)
extraordinary measures were needed to assure compliance with the enterococci
limits. This included replacement of the lamps with new lamps, a task that
will be done routinely after only 7,500 operating hours. This will

substantially increase the UV system’s operating costs.

The initial work at Rehoboth Beach suggested that imposition of the
alternate indicators would not adversely affect the sizing requirements of UV

systems to meet permit limits, nor would it compromise the ability of existing

facilities to meet permit limits. It appears, however, that this may be an

unknown, and one that is largely dependent on the specific site and its
wastewater characteristics. Cauﬁion must be used when sizing for enterococcus
(and/or E. coli)'disinfection,'or when modifying the permit requirements of
plants already designed to meet fecal coliform limits. '

1.1.4 FPhotoreactivation

The damage caused by exposure to UV can, to a limited extent, be repaired,

" depending .on the environmental conditions and the specific organisms. The

phenomenon is well understood and documented by extensive research (1, 18,
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19,). Two mechanisms are identified. The most dominant is a catalyzed
enzymatic repair requiring concurrent or subsequeng exposure to light in the
visible range of 310 to 490 nm. The second is a dark repair involving cleavage
enzymes that clip out the dimerized nucleotides. Not all microbial organisms
exhibit the ability to accomplish this repair. Of the groups often addressed
by wastewater discharge permitting activities, the coliforms (total and fecal)
and the E. Coli will photorepair. Enterococcus will not. Viruses do not ha&e
this ability, except when in a host cell that can repair. ' '

Data on the photoreactivation of bacteria in treated wastewater have

generally been generated on the basis of the static bottle test. 1In this
Procedure, the UV exposed sampie is measuicd inmediately for ‘bacterial density.
and is also split in to two bottles; one is opaque to visible light, while the
second is transparent to visible light. These are then exposed to sunlight for
one to two hours and the bacterial density is measured. The increased level
measured in the "™light" bottle is attributed to the repair of UV damaged
organisms upon exposure to sunlight. Note that expésure to .interior
fluorescent or incandescent light will yield lower results than when measured
with sunlight (16).

There are seasonal influences, likely due to light intensity, temperature
and cloud cover. Maximum repair occurs during summer months. The repair
mechanism has been shown, using the bottle technique, to result in a 1 to 2.5
log increase in fecal coliform, total coliform and E. coli (1,15,16) while the
enterococci do not repair (15,16). 1t is suggested that a mean repair level of

1.5 log should be anticipated as the maximum increase after UV exposure.

One should note that these are maximum levels, estimated under optimal
conditions for pPhotoreactivation. These do not necessérily correspond to
conditions extant in the UV channel, the plant outfall and the receiving
stream, One has the discretion to consider partial photoreactivation when
determining performance requirements for design sizing. Thus if a three-log
kill is necessary for system performance, one would conservatively design by

assuming maximum photoreactivation and size for a 4.5 log reduction.
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1.2 HYDRAULIC DESIGN CONSIDERATIONS

Considerable berformance problems occurred with the older, closed shell
systems, often due to ineffective hydraulic design. The move to the open;
channel, modular system configuration has positively influenced good hydraulic
design. For UV disinfection this requires long, narrow channels'with approach
and exit conditions that are conducive to the desired plug flow, minimal

dispersion behavior.

Two banks of horizontal lamp UV modules placed in series are typical of new

. designs. The chanmnel width should be kept low, such that the aspect ratio is
" greater than 15 (ratio of the length to the hydraulic radius). ~Similar

calculations should be done in configuring the vertical lamp modules.
Retrofitting existing chlorine contact chambers often leads to excessively wide
channels; it is best to consider splitting the channel with narrow wallé along
the length.

Straightline approach and exit conditions should be maintained. Upstream,
a perforated stilling plate can be installed, 1f there is sufficient head
available, to distribute the flow/ﬁelocity evenly along the cross-sectional
plane of the channel. ‘General practice places this approximately four feet
upstream of the first lamp battery. Otherwise, the channel should have an
undisturbed straightline approach two to three lamp lengths in distance. There
should be a sufficient distance between lamp banks (two to four feet) and two
to three lamp lengths between the last bank and the downstream level control

device.

Scheible(20) reported the hydraulic analysis of a UV system in West
Virginia that demonstrated the importance of channel hydraulic design. An
open-channel, horizontal lamp unit, it was designed with over-under-over
baffles in the approach channel to break the velocity of the pumped influent.

The system was unable to meet fecal coliform limits, however. A residence time

distribution (RTD) analysis showed very high dispersion, with an E estimate to
be greater than 2,000 cm2/sec (reference the EPA Design Manual, 1). The
Morrill Dispersion Index (the ratio of tgp/tyg) ranged between 2.2 and 6.4.
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Ideally, the target for these two parameters should be an E less than 100
em2/sec and a Morrill number less than 2.0. Mixing was occurring in the
reactor, preventing effective disinfection; this was found to be caused by the
disturbed flow in the approach section of the channel. The baffles were
removed and a stilling plate was installed. A subsequent RTD analysis showed
an E less than 100 cm2/sec and a Morrill Dispersion Index 1less than 2.0,
indicating that good plug flow hydraulic behavior had been achieved.

Good design practice should entail multichannel configuration, enabiing the
flexibility of altering the number of channels in service as a function' of
flow. The individual channels should be operated at a rate greater than 70

percent of its design flow. The channels “should also be hydraviicsily "™

independent; this can be accomplished with equivalent stilling plates at the

head of each channel, or with overflow weirs.

Headlosses are relatively low through current system configurations. .
Design velocities are typically 1.0 to 2.0 fps and should not exceed 2.5 £fps.
Care should be taken to account for upstream devices such as stilling plates
and screens and the downstream level control device when estimating overall
headloss. The total headloss through the UV iamp portion of reactor, inclusive
of all stages, should be held to less than three inches at the peak design
(hourly) flow.

1.3 ULTRAVIOLET DISINFECTION COSTS

Cost Iinformation was assembled from several sources: manufacturer’s
equipment and major component replacement costs; bid quotes for specific
installations; and actual costs data from existing UV facilities. There were a
total of 35 plants for which cost information was available to some degree;
these do not correspond fully to the 30 plant survey presented in Section 3.
The following discussions present the capital and operational and maintenance
(0&M) cost estimates. Understand that these are meant for use in screening the
expected costs for a UV application. Site specific considerations are critical
and will affect any cost estimate for the installation and operation of a UV
disinfection system. The costs pProvided in the following discussions should be
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assumed to have a range of plus or minus 35 percent. The estimates have been
normalized to 1990. '

o

1.3.1 gapital Costs

1.3.1.1 Egquipment Costs

The installed costs of UV systems are generally dominated by the equipment

costs, These include:

"+ UV modules with lamps and quartz sleeves; S
) module support racks; ‘

. level control device;

e instrumentation and control panels;

. power supply distribution/ballasts;
. cables/cableways, and

. spare parts inventory.

There 1s an economy of scale, although this was found to be divided to two

distinct sizes: systems with less than 100 lamps and those with greater than
100 lamps. 7

The costs were normalized to the available power at 253.7 nm. Thus,
standard 58 inch arc lamps have a rated UV output of 26.7 watts at 253.7 nm; if
a particularly system has 100 lamps, its total available UV output is 2,670
watts, or 2.67 KW. Conversely, one KW at 253.7 mn is equivalent to 37 standard
long lamps (58 inch arc) or 75 short lamps (30 inch are).

‘The average equipment cost (1990) for small systems (< 100 lamps) was found
“ to be $29,700 per UV KW. These are based on 18 plants ranging in sized from 24

to 76 lamps. The costs for systems greater in size than 100 lamps tended to
have a narrow range. Those systems with 100 to 500 lamps (2.67 to 13.35 KW)
had an average equipment cost of $23,500 per KW at 253.7 nm. This decreased to
an average of $20,500 per UV KW for systems having more than 500 lamps. The
mean cost of all systems with greater than 100 lamps was $22,000 per UV KW.
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1.3.1.2 Qonstruction:Costs

Construction costs include the concrete open channel structures t0zsupport‘
the UV systems; influent and effluent channel structures, utilitiés, flow
diversion gates for each channel, grating, accessory equipment/structure, and
engineering. A building is not included inlthé installed cbsts. For small
systems (less than 100 lamps) the construction costs - averaged $29,100 per UV
KW. This decreased to approximatel& $17,000 per UV KW for plants greater than
100 lamps in size. One should again note that these costs, exclusive of the UV
equipment, are very site dependent and can véry widely due to conditions unique
to a given site;- 0vera11;~themconstruétion~costs,tendtto¢be;£quivalent;;on;:;:::
average, to 100 percent of the equipment cost for small systems and 75 percent

of the eqdipment cost for systems greater than 100 lamps.

1.3.1.3 ZTotal Installed Costs

The capital costs (1990) associated with the installation of UV systems are

summarized as follows:

System_Size Eguipment Cbnétruction Total
< 100 lamps $29,700/UV KW $29,100/UV Kw $4B,800/UV KW
> 100 lamps $22,000/UV KW $17,000/UV RW $39,000/UV KW

‘The total available UV KW provided for a given plént is dependent upon the
Plant size, wastewater quality, performance requirements and degree of
redundancy. As such, it is difficult and not wholly appropriate to relate a
general cost to the size of the treatment plant. However, to gain a
perspective, Section 3 finds that the average design size of an open-channel, -
modular UV system is approximately 1 KW at 253.7 nm/mgd peak design flow for
advanced secondary to tertiary plants having peak to average flow ratios less .
than 2.5. This is equivalent to approximately 37 lamps per mgd of peak design
flow. If we were to assume a peak to average ratio of 2.0, the number of lamps
pPer 1 mgd of average design flow is 74; or an available UV output of 2 KW per
mgd of average design flow. Given the "small" versus "large" division of 100
lamps, the small plant would ha;e a design aferage flow of less than 1.5 mgd,
with a total installed cost of $97,600 per mgd. "Larger” plants with a design




- will vary depending on specific site conditions.. . _..
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average flow greatef than 1.5 mgd would have an installed cost of approximately
$78,000/mgd. '

1.3.2 0O&M Costs

The major elements In the costs for the operation and maintenance of UV
systems are parts replacement, power and iabor. Experiences from 30 selected
plants are discussed in Section 3 for open chanﬁel, modular systems; these were
factored into the estimates of O&M costs. Again, as with the capital costs

estimates, the O&MY costs are estimated for screening purposes; actual costs

1.3.2.1 Parts Replacement

The key components that require periodic replacement are the lamps, quartz
sleeves, and ballasts. The cost of these items vary widely and from equipment
manufacturer to manufacturer, It is suggested that an owner pursue ‘lamp
manufacturers and/or bidding in quantity, particularly with larger systems.
This will be especially effective in the purchase of lamps. For purposes of
this analysis, the following unit pricing is assumed (based on the use of
standard 58 inch arc length lamps): '

Lamps $60
Quartz Sleeve $50 .
Ballast $80

The replacement cycle per lamp is presumed to be every 12,500 hours of
operation (1.4 years).. System utilization is 40 percent; this means that an
average of 40 percent of the.lamps in a system are on at a given time.
Furthermore, year-round operation is presumed. A 1life cycle of 10 years is
presumed for the quartz and ballasts. To account for miscellaneous parts
replacement/repair, an additional cost equivalent to two percent of the

equipment capital cost is assumed as an annual cost.

Normalizing this to available UV output at 253.7 nm:
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. Lamps: lamps x 0.4 X $60 = $592/UV KW/year
UV KW 1.5 years lamp
.« Ballast (at one per two lamps):

37 lamps x __$80 X 1 = $148/UV KW/year
UV KW x 2 lamps/ballast ballast 10 years

. Quartz: 37 lamps x 1 x _850 = $185/UV KW/year
UV KW 10 years  quartz

. Miscellaneous Parts/Repair: )
at 2 percent Equipment Cost/Year x $22,000/UV KW = $440/UV KW/year.

The total annual (1990) Parts replacement costs are thus estimated to be
$1,365/Uv KW/year. ‘

1.3.2.2 Power Costs

Power costs will obviously be dependent on the unit rate per KW/hr, a value
that is highly dependent on the regional location of the plant. For purposes
of this analysis, an average rate of $0.08/KWhr is used. The power draw for a
UV system using the long standard lamp is typically between 90 and 100 W/lamp.
This accounts for the full draw of the system, including instrumentation,
control, lamps and ballast losses, A value of 100 W/lamp is used for this
calculation, or 3.7 KW/KW at 254.7 nm. The annual system utilization assumed

for lamp replacement is then used to estimate the annual power costs:

3.7 Ku x 0.4 x $0,08 x 8,760 hrs = $1,040/year/UV KW
UV KW power year KW hr year '

Thus the annual power cost is estimated to be approximately $1,040/UV KW/year,

based on the operating assumptions and rates discussed earlier.

1.3.2.3 Llabor GCosts

The labor requirements will be site specific, focusing primarily on parts

replacement, general maintenance and monitoring, and cleaning. Estimates for

these labor elements are discussed in Section 3. The total O&M 1labor
requirement, exclusive of cleaning, was estimated to be 120 hrs/year/100 lamps

for smaller systems and 55 hrs/year/100 lamps for larger systems.
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Cleaning requirements are highly site specific, both in frequency and the
level of effort required. For the 30 plants (Section 3) the median frequency
and hours per cycle were 12/year and 5 hours/cycle/100 lamps; this yields a
median of 60 hrs/year/100 lamps. Adding thié to the labor estimates discussed
earlier, the total labor is 115 hrs/year/100 lamps to 180 hours/year/100 lamps
for large and small systems; respectively. When normalized to KW at 253.7 nm,
these values are 43 and 67 hours/year/KW.

A labor cost of $20/hr is assumed, encompassing direct salary, fringe
benefit costs and other related administrative costs. This too is a rate that

“will vary regionally’ and must be adjusted accordingly for specific site
estimates. Based on these rates, however, the annual labor cost for operation
and maintenance of the UV system is $860 to $1,340/UV KW, depending on system

size.

1.3.2.4 Summary of O&M Costs

‘In summary, the annual costs (exclusive of capital cost amortization) for

operation and maintenance are:

Part Replacement '$1,365/UV KW/year

Power : $1,040/UV KW/year

-Labor $860 to $1,340/UV KW/year
Total $3,265 to $3,745/UV KW/year

The reader 1is caufioned, of course, that these are based on specific
assumptions regarding rates and operating conditions. These would necéssarily
be adjusted by factors known for the site. Overall, these estimates are
sufficient for screening the annual costs associated with UV. Considering the
same assumptions used earlier in assessing capital costs (peak to average ratio
of 2.0 for an advanced secondary to tertiary facility), the annual costs
translate to $6,500 to $7,500/year/mgd of average design flow for large and

small systems, respectively.
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SECTION 2.

STATUS OF UV SYSTEMS AND EQUIPMENT CONFIGURATIONS

This section presents a brief overview of the types of UV systems that are
being used for wastewater disinfection. The distribution of systems is then
given regarding size and type, location, and the trend in the types of systems

finding favor for wastewater applicationms.

2.1 SYSTEM CONFIGURATIONS

There are several ways in which UV reactors have been configured for the
disinfection of treated wastewaters. The design intent must be to minimize the
loss of UV energy and to maintain a minimum exposure time for all elements of
the wastewater passing through the reactor. This requires close contact of the
wastewater with the UV source, and plug flow conditions within the reactor
itself.

The configuration has evolved, depending during the first generation of
systems on the closed shell, fixed lamp systems. These gave way to open-
channel units that were modular in design, with open access to the lamp
assemblies. Closed shell reactors are arranged such that the lamps (within
their individual quartz enclosures) are held in a fixed position inside the
reactor, in full contact with the wastewater. The centerline spacing is
typically 8 to 12 cm for the lamps, with the flow directed parallel to the
lamps. The reactors are typically gravity flow, with piped inlet and outlet.
Because of the higher velocities at the entrance and exit points, and the
change in direction required at each point, these units tend‘to exhibit a high
degree of dispersion, affecting disinfection performance. The closed shell
configuration also provides poor access to the lamps and quartz for maintenance
and repair. These types of units tended to dominate the market through the
mid-eighties, but very few are being currently specified.
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A "non-contact" configuration uses Teflon pipes to carry the liquid., These
are thin-walled, and transparent to the 253.7 nm wavelength. The Teflon tubes
are surrounded by unsheathed lamps. The hydraulic behavior of these units is
good, simulating pipe flow. The energy utilization tends to be low, however,
when compared to the submerged quartz systems. Experience with these units was
generally difficult, due to serious fabrication problems, difficult
maintenance, and ‘poor accessibility. These units are not specified. any longer

for wastewater applications.

The open-channel configuration relies on submerging the lamps in the

_Wastewater in. an open channel.- An earlier:design used ‘a fifed lamp" Feactor in = :

which the entire lamp baftery was installed in the channel, with the flow
perpendicular to the lamps. These too suffered problems with fabrication
difficulties, poor accessibility to the lamp battery, and poor maintenance.

These fixed open-channel systems are no longer used.

The newer "second-generation" open channel systems use modular designs in
which quartz-sheathed lamp assemblies are fabricated in multi- -lamp modules;
these are then hung in an open-channel, using as many modules as is necessary
for the specific application. Multi-channel configurations can be used, often
with two or more banks of lamps placed in series within a channel. The open-
channel modular design is best suited to UV process design and represents

state-of-the-art for UV systems.

The lamp modules are designed such that they can be placed either
horizontally or vertically into the channel. Figure 2-1 presents a schematic
of a horizontally configured module. These typically have eight lamps per
module, although smaller systems may use modules with six of four lamps.
Package plant units are typically designed with 2-lamp modules. The Neuse
River Plant in North Carolina will use 16- -lamp modules. Variations of the
module itself are provided by various manufactures, although each follows the

basic concept shown on Figure 2-1.

Vertical lamp modules typically contain 28 lamps. A schematic is provided

on Figure 2-2. The quartz sleeves are closed at the lower end and open in the
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access box at the top. The lamps can be slipped in and out of the quartz by
opening the box, and are either 36 inch or 64 inch; the majority of vertical
lamp systems used the longer lamps. The quartz are secured at the bottom by a

grid box with rubber grommets to hold the quartz sleeve in place.
2.2 UV SYSTEMS IN THE UNITED STATES

Table 2-1 presents the number of UV systems operating in the U.S. by region
and state. This list was complied from existing records and manufécturers
lists. It is not all-inclusive, althoughvit is likely within 50 to 100 plants
of the total though 1990 The ‘purpose is to show thglextent of systems and the

- trend of installation through the country There are also arn mstimated 100 to

200 facilities in the planning, design/construct phase.

The total number of plants listed is 424; the actual number of facilities
under a complete census is likely between 500 and 600 facilities. UV systems
are mnoted for 42 of the 50 states. As indicated by Table 2-1 the major
fraction of operating facilities is in the eastern portion of the country.
Regions 1 through 5 comprise approximately 70 percent of the systems. Region 3
has the most facilities, dominated by‘Maryland, Virginia and West Virginia. UV

applications are least prevalent in the western regions of the country.
2.3 TYPES OF SYSTEMS

Table 2-2 gives the distribution of the various configurations operating
within the United States. This also shows a similar analysis conducted in

1984(1). In the 6 years since, the number of operating plants has increased
ten-fold.

In 1984, a survey identified 53 operating plants. Most were small; 80
percent had design flows less than 1 mgd. Nearly a third were the non-contact
teflon units and half were closed shell reactors. The remainder were open-

channel designs, but only one of these used a modular approach.







TABLE 2-1. UV SYSTEMS IN THE UNITED STATES

4]

Region 1: 23 facilities b ) ants

Connecticut
Massachusetts
Maine

New Hampshire
Vermont

NP wn

Region 2: 38 facilities

New Jersey 12
New York : 26

.Region 3: 98 facilities . . . .. .. . . ...

Deiaware : 4

Maryland : 30
Pennsylvania 4 13
Virginia , 21
West Virginia : 30

Region 4: 44 facilities

Alabama 11
Florida 1
Georgia 3
Kentucky 6
Mississippi 5
North Carolina 12
South Carolina 3
Tennessee 3
Region S5: 86 facilities
Illinois 2
Indiana 15
Michigan 22
Minnesota 6
Ohio ‘ 20
¥ Wisconsin - 19
Region 6: 50 facilities
Arkansas 19
Louisiana , 10
Oklahoma . 9

Texas 2




TABLE 2-1. UV SYSTEMS IN THE UNITED STATES )
(Continued) -
Number of Operating Plants |

Reglon 7: 44 facilities '
Iowa ' 9
Kansas 4
Missouri 29
Nebraska 2
Region 8: 25 facilities
Colorado , 7
Montana , )
Utah - T e s P e e iﬁfmu-m m e e eiins
Wyoming | & ST e e |
Reglion 9: 7 facilities.
Arizona ' 5
California ‘ 2
Region 10: 9 facilities
Alaska 1
Idaho : 8
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TABLE 2-2. STATUS OF UV APPLICATIONS
TO WASTEWATER

Other ’ 8% 2%

In 1990, with a ten-fold increase in plants, there were more larger plahﬁs.
Approximately half have design flows greater than 1 mgd, with several greater
than 20 mgd. No new Teflon systems are being installed; these xepresent only
approximately seven percent of the operating plants. Closed-shells systems are
being installed at a low rate, with very few being considered for new
ﬁpplications. Approximately, 25 percent of operating systems are closed shell
configurations. A émall number of plants (two percent) comprise other designs,
including the older fixed open-channel units and the new medium pressure (four

systems) or alternate lamp systems.

The field is now dominated by the modular open-channei designs, comprising
approximstely two-thirds - of operating systems. Nearly all new installations

use these configurations. Approximately 85 percent of these systems utilize

the horizontal lamp modules.

Year o _los 1990

Number of Plants 50 to 60 500 to 600
Flows < 1.0 mgd 80% ‘ o 50%
"1-20 mgd 20% 47%
>20 - - 3%
Closed Shell 492 ' ~t 25%

e e - o TeElOR eI T :352 LonorethoTTo I "7.'.1 o TT I nIT I

Or»2n Channel ‘ 8% _ 66%
Horizontal (100%) (85%)
Vertical C - (15%)
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SECTION 3.

EVALUATION OF SELECTED OPERATING UV DISINFECTION FACILITIES
) A total of 30 plants were selected for a detailed assessment of their
design, operation and maintenance. Only those with open-cﬁannel configurations
were chosen, in keeping with the focus of this evaluation. A random selection
was made, constrained by the desire to have plants of varying size, alternate
system designs, and representation by several manufacturers. The information

_was_ compiled through the summer. of 1990 on. the basis of . supplier data-and-————.... ...

" direct contact with the plant owner, operator, and/or engineer The thirty
plants are identified by their location:

Alabama Athens

Ozark
Waldron
Colorado Gunnison
Delaware Bridgewater
Indiana East Chicago
Kansas Olathe
Kentucky Cave City
Maryland ) Edgewater
Jessup
Clearsprings
Louisiana Abbeville
Olla
New Hampshire Hanover
New Jersey New Providence
Oklahoma Okmulgee
Dewey
Owasso
Pennsylvania Highspire

Willow Grove
Warminster
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Tennessee Collierville

Virginia Accomac
Stoney Creek

West Virginia Petersburg

White Sulphur Springs
Williamson

3.1 DESIGN AND PERFORMANCE OF THE SELECTED PLANTS

The following discussions present an overview of the selected plants with
respect to thelr size, the type of treatment processes they use, and a

description of the-type ‘and .size.of. the UV’ systems. .The actual perfbrmance.of
the plants relative to their permit requirements is then presented.

3.1.1 esc tion of the Selected Plants with en-Channel UV Systems

Table 3-1 lists the selected plants, the facility contact, a summary of the
treatment plant unit operations, and the type of UV disinfection system used by
the facility. The flow rating is shown on the basis of peak design, average
design and current average flow. Note that UV systems are generally designed
on the basis of peak flow. The average design flow ranges from 0.2 mgd
(Clearsprings) to 15.0 mgd (East Chicago). The ratio of the peak design to
average design flow rate is typically between 1.5 and 3.0. The highest ratio
is at dlathe (4.0). Two plants (Dakota City and Jessup) have flow
equalization. The lower ratios are generally associated with the smaller

plants,

Eleven of the selected plants have desig: average flows of 1.0 mgd or less.

For convenience, these are separated to Group A:

Waldron Leadwood o7
Bridgeville Olla

Dakota City Dewey

Cave City ' Stoney Creek

Edgewater : Petersburg

Clearsprings
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All of these accomplish nitfification a minimum, with tertiary filtration
at three of the plants (Waldronm, Bridgevillg, and Clearsprings). Except fof
two of these smaller plants, they use oxidation ditch/extended aeration
activated slﬁdge treatment technologies. The two are the Edgewater plant
(wetlands) and Olla (aquaculture pond for water hyacinths). Except for the
Edgewater and Clearspring plants all practice some form of screening and grit

removal upstream of the biological system. Note that the Edgewater plant has
UV disinfection at an intermediate point and at the final effluent in the

constructed wetlands system.

The UV systems for these s

ants were s

or the Cave bity pl#ﬁt. Ioﬁif ABé”GQs a

the most recent startup in 1
retrofit (Clearsprings). Two of the Plants (Dakota City and Stoney Crezk) use
the vertical lamp configuration, one of which (Dakota City) is equipped with a
mechanical wiper. The others use the horizontal lamp placement configuration.
The Waldron plant has had problems with flooding due to high I/I input, well
above the design peak flow. Three of the plants are well under design capacity
at this point: Bridgeville (25 pPercent), Edgewater (16 percent), and Leadwood
(30 percent). Four are at approximately one-half their design capacity: Cave
City, Clearsprings, Dewey and Stoney Creek. The remainder (Waldron, Dakota
City, Olla and Petersburg) are at or near capacity.

Eleven of the selected Plants have design average flows between 1 and 3.0
mgd (these are shown as Group B on Table 6-1): '

Ozark Owasso

Jessup Highspire

Lebanon ' Accomac

Abbeville White Sulphur Springs
Hanover Williamson

New Providence

The facilities were constructed 1987 through 1989. Two were retrofits
(Lebanon and New Providence). The New Providence plant was originally equipped
with an Arlat system; this was replaced with equipment by Fisher and Porter in
1990. The plants all provide for nitrification; two are two-stage trickling
filter plants (Ozark and New Providence) and the rest are oxidation ditch

in 1987 or later, with




P

v

-~ design.
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and/or extended aeration configurations'of the activated sludge process. Two

of these have tertiary filtration (Jessup and Lebanon).

Three of the UV systems use the vertical lamp configuration (Ozark, Owasso
and Highspire). The Ozark units have hydraulic probleﬁs, with flooding
occurring at flows greater than 3.5 mgd, which is still well below the peak
design flow of 5.25 mgd. The Lebanon plant had serious startup problems
relatiﬂg to electrical and hydraulic design; the units were subsequently
rebuilt in late 1989. Except for the New Providence plant (25 percenﬁ) these

plants are at or above 50 percent of their average design flow capacity. Due

to high I/I conditions, the Abbeville plant experiences flow greater than

The remaining eight plants (Group C) have design flows greater than 3.0
mgd, with the largest being East Chicago (15 mgd) :

Athens Okmulgee
Gunnison Willow Grove
East Chicago Warminster
Olathe Collierville

The plants all have nitrification capabilities using extended aeration

activated sludge systems, except Athens, Olathe and Okmulgee which have two

stage fixed-film or fixed-film/activated sludge configurations. Five of ‘the
eight UV systems are retrofitted into the old chlorine contact chambers. Three
(Athens, Gunnison and Okmulgee) are new systems. All were iInstalled 1987
through 1989; three are vertical lamp units (Gunnison, Okmulgee and
Collierville). . Note that in Gumnison a third channel had to be added when the
two existing channels were unable to meet effiuent limits. There was a
problem with the level control gats at Olathe during startup; this was
corrected by édjustment of the weights on the mechanical gate. Two of these
plants are well below their design capacity: Gunnison and Olathe (approximately
25 percent), while three (East Chicago, Willow Grove, and Athens) are greater

than 90 percent of their design capacity. The remaining 3 are near the 50
percent capacity point.
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Overall, of the 30 plants seleéted for evaluation, all are designed to
treat to nitrification levels at a minimum, and several have tertiary
filtration. These conditions suggest that, in general, the facilities using UV
have advanced secondary or tertiary processes, yielding effluents that are'
especially conducive to the application of UV. Eight of the plants usé the
vertical lamp configuration,vsomewhat higher in proportion to the horizontal
configuration than is appareﬁt in the overall census. Eight of the 30 are
facilities that have retrofitted their UV systems into existing chlorine
contact chambers, a procedure that is becoming popular with larger facilities,

and plants that are being upgraded.

e e s e,y s 9

Generally, the plants vary in their cépacity relative to design. About a
third each are at aprroximately 25 percent, 50 percent, or 100 pércent of their
design capacity.

3.1.2 escription of the UV S stems at the Selected Plants

Table 3-2 is a summary of the UV installations at each of the selected
pPlants. This is divided into the same groupings as shown on Table 3-1. The
descriptors include the type of configuration, the number of channels and banks
of lamps (that are placed in series in a given channel), the design flow per
channel and the level of redundancy. ' The next three columns give the number
of modules and lamps per channel, the size lamps that are used, and the total
size of the system with respect to the number of lamps and the equivalent UV
output at 253.7 nm. The lamps are 1.47m (58 inch) or 0.76m (30 inch) in size.
Several ratios are then given to compare aﬁd assess the sizing characteristics
of each plant. These include the ratios of flow per lamp and the flew per
killowatt (kW) in units of gpm and Lpm per kW, based on the peak design flow.

All of the smaller plants (Group A) are designed with one channel. Of the
two vertical lamp systems, the Dakota City plant has one bank of modules and
the Stoney Creek is divided into four banks in series.j Three of the plants
with horizontal configurations have only ‘one bank of lamps (Clearsprings,
Leadwood, and Dewey), effectively precluding standby and flexibility for
shutdowns and repair. The remaining six smaller plants have two banks in
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series, three of which (Waldron, 0lla, and Petersburg) are sized such that ﬁ
single bank will disinfect at peak flow (100 percent redundancy). Having at
least two banks allows for shutdown/repair of one bank, while still maintaining
disinfection capabilities. Channel repairs are not possible without bypassing,

\

-

given only one channel; disinfectiqngwould not be possible under these

bypassing circumstances.

The design loadings vary from 0.38 mgd per kW (Bridgeville) to 5.0 mgd perl

kW (Leadwood). The higher value appears to be an aberration; the loading
values typically fall between 0.4 and 1.7. The average was 1.27 mgd per kW, or

0.91 mgd per kW without ‘the 'Leadwood ‘plant; - This /is also egquivalent-to 1:1--

kW/mgd. The last column lists the loading in terms of the rated flow per unit
UV watt; this averaged (without the Leadwood plant) approximately 2.4 Lpm per
UV Watt. Note that the power ratings are based on rated nominal Uv (at 253.7
um) output for low pressure mercury arc lamps; this is 26.7 watts per 1.47 m
lamp and 13.5 watts per 0.75 m lamp.

Several plants in this group experienced minor electrical problems,
primarily during startup, which were eventually corrected. The Bridgeville
operators complained of high costs associated with the lamps and quartz
replacements. This is a systeém installed by Arlat that requires shipment of
the modules back to the factory for replacement of the parts, effectively at a
rate of approximately $200 per lamp. This is excessive, and is not comparable
to any of the other manufacturers. The Cave City plant has a backup
chlorination unit in the case of UV failure; they have not had to use it to
date. Note that there were éome difficulties with the quartz/lamp seals to the
module frames, resulting in leakage and kickout of the -respective - breaker,
This has been corrected by the manufacturer.

The moderate sized plants in Group B also are primarily limited to a single
channel to handle peak flow. Three of the 11 have 2 or more channels (Ozark,
New Providence, and Owasso). Only Jessup has redundancy, whereby one of the
two banks is capable of handling the peak condition. Each plant except for
Accomac and Williamson has two or more banks within a channel that are operated

according to flow. The Accomac plant has equalization and is equipped with a
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backup chlorination unit. The Williamson plant has a unit that allows for
variable water levels in the channel; with increasing flow (and 1level),
additional rows of lamps are activated. This unit had serious hydraulic
problems of mixing and shortcircuiting caused by improperly designed upstream
baffles. These were replaced by an upstreamlstilling plate that corrected the
problem and allowed the plant to be in coﬁpliance. The Lebanon plant had to be

rebuilt due to electrical problems and excessive lamp failures. The channel

was also modified to correct upstream flooding problems. Brought back on-line

in late 1989, it has since been operating successfully.

The system sizing for these plants _appears to be nmfe consistent than

- observed f for the smaller‘plants The range is between ‘0. 7 ‘and 1 65 mgd per kv,
with an average of 1.0 mgd/kW. This is equivalent to a loading of 2.6 Lpm/W.

The third grouping, comprising plants with design average flows of greater
than 3.0 mgd, have systems with one to three channels. Three of the plants
have only one chamnel. These are Athens, Willow Grove and Warminster; Athens
is designed to have one of its two lamp banks fully redundant un&er peak
loading. Note that Willow Grove and Warminster are both retrofits. The
remaining plants have two channels, except for Gunnison, which has three. The
horizontal lamp units all have two banks in series in each channel; the
vertical lamp units vary from two to four banks in series. Problems were noted
at two of the plants (Okmulgee and Warminster) relating to electrical and
hydraulic difficulties; these were corrected.

The size of the systems range between O.S‘and 1.68 mgd/kW, except for
Olathe which is designed at a loading of 3.25 mgd/kw. Similar to the Leadwood
plant in Group A, the Olathe plant is an outlier. Both plants have high beak
to average flow ratios (4.0 and 3. O for Olathe and.Leadwood respectively),
which likely means that the systems were designed for a value less than peak
(e.g. 7-day average) for disinfection purposes. Without Olathe, the average
design loading is 1.0 mgd/kW. This is equivalent to 2.6 Lpm/W.

Overall, the selected plants show a certain consistency in their

configurations. One to three channels are used, with a single channel in the
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smaller plants and the multiple channels found with the larger plants. Most of
the larger systems have some flexibility in operating banks of lamps within the
channel, although this is not always the case. Redundancy to any degree.is not
typical; only 5 of the 30 plants have redundant systems, and 4 of these are

with the smaller plants. Flexibility appears to be 1limited, with little

ability to isolate a portion of the system for repair or replacement. Bypasses
were mnot evident with most plants, suggesting a difficulty with
repairing/shutting down channels when only one channel exists.

Sizing of the units appears to be relatively consistent, falling between

0.5 and 1.7 mgd/kv, with an _average. essentially. equivalent to.1. 0.mgd/ku. . ..This_. __
is demonstrated in Figure 3-1, which presents the peak design flow of the plant-v

as a function of the total UV power (kW at 253.7 nm) of the UV'system. There
is some scatter, particularly with the outliers discussed earlier (Leadwood and
Olathe), but the slope of the relationship closely approximates 1.0. Thus, a
rough sizing estimate can be made for a given plant by assuming 1 kW of UV
output for each mgd of peak design flow. This would be for advanced secondary
plants, and peak to average flow ratios less than 2.5. The 1.0 kW is the
nominal UV output, equivalent to approximately 37 long lamps (1.47 m or 58 inch
arc length) or 74 short lamps (0.75 m or 30 inch arc length). Such an
approximation should only be used in screening type assessments and should not
serve as a final design sizing parameter. Note also that redundancy or standby
capabilities would be added to this estimate.

3.1.3 Summary of Performance and Permit Requirements_at the Selected Plants

Table 3-3 preseats permit and effluent data for each of the selected
pPlants. The UV system is first reiterated in terms of type, size, and year of
startup. The permit requirements are then summarized with respect to the BOD,
ISS, nitrogen, and bacterial limits. The current quality of the effluents is
then summarized, addressing these four parameters. Note that these data
reflect the six months prior to the summer of 1990. If appropriate, the permit
description includes seasonal requirements, particularly with respect to

nitrogen control and disinfection.
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Figure 3-1
UV System Sizing for Selected Plants as a
Function of Peak Design Flow
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The permit requirements vary widely, ranging from secondary levels of BOD
and TSS (i.e. 30/30) to advanced secondary with ammonia removal or some form of
nitrogen control, particularly on a seasonal basis. Eighteeﬁ of the plants
have requirements greater than secondary levels; almost all the plants
accomplish some degree of nitrification because they are low—loadedAsystems
(extended aeration, oxidation ditches, two-stage biosystems, etc.). This 1is
evident from the consistently low levels of BOD and TSS (énd nitrogen in cases

where it is measured) in the treated effluents.

All except two plants have fecal coliforms as"the primary indicator.
Waldron has no limit, while the Hanover permit is written on the basis of total

‘coliforms. The Hanover plant has a not-to-exceed total coliform 1imit of
240/100mL, which is restrictive and somewhat analogous to the shellfish limit
of 14 fecal coliforms per 100 mL. The effluent has been close to this limit,
varying between 200 and 220/100mL. The plant is at approximately 60 percent
capacity and keeps both banks of lamps on in its single channel. It is not
clear that the facility will be able to stay in compliance as it approaches
design conditions.

The Lebanon plant must comply with a 30-day maximum average of 400 fecal
.coliforms/loo ml and a single point maximuﬁ of 1000 FC/100mL. The facility is
meeting its requirements, and is currently at effectively full capacity.
Recall from Tables 3-1 and 3-2 that this was a retrofit that had to be rebuilt
in late 1989. Two plants, Edgewater and Olla, have low fecal coliform limits
of 14 and 25 FG/100 mL (30-d maximum average), respectively. Each is producing
a high quality gffluent with fecal coliforms less than 2/100 mL.

The large majority of plants are required to meef standard secondary limits
of 200/400 on a 30-d/7-d basis. All are meeting their permit requirements,
although a number of plants tend to have significant effluent densities. The
Dakota City plant measures fecal coliform densities only slightly less than
permit, ranging between 160 and 180 FC/100 mL. It is at approximately 85
percent capacity and may require enhancement of its UV system. The New
Providence plant is at only 25 percent capacity, but is measuring higher and
varisble levels in its effluent. Similarly, Dewey, Stoney Creek, Highspire,
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and Williamson are measuring elevated levels .(but within limits) in the
disinfected effluent. '

Several plants have high permitted fecal coliforms levels. These are
Athens, Gunnison and Ozark; the 30-d limit for the Gunnison plant is 6,000
FC/100 mlL, while it is 1000 FC/100 mL for the other two plants. In each case,
the UV systems are in compliance. At Ozark, only seasonal nitrification is
required. Fecal Coliforms are typically less than 100/109m1 when the plant is
nitrifying, but rise to 700 to 800 FC/100mL when the plant. is not nitrifying.
This is due to the increased quality of the nitrified effluent, reflected by
higher UV transmittances and lower initial coliform densities. /

e R AR b LTI T T

3.1.4 Design Sizing and Performance Summary for the Selected Plants

Table 3-4 is Presented as a summary of the design sizing and performance
record for each of the selected pPlants. This information is drawn from Tables
3-1, 3-2 and 3-3, and presents the size of the treatment'facility, the
configuration of the UV system, its size, and the quality of the effluent
relative to BOD, TSS, nitrogen and coliforms. Each of the plants is generating
a quality effluent and is in compliance with its permit. Those that are
accomplishing a high degree of ni';;rificat;ion are also discharging minimal
levels of coliform. In cases where the BOD and TSS levels. tend to be at levels
greater than 10 mg/L, the effluent coliform levels also tend to be ‘more
pPronounced, with measureable densities between 10 and 200 FC/100 mlL.

UV disinfection efficiency is very dependent upon the quality of the
effluent generated by the upstream processes. As higher levels of treatment
are accomplished, the UV process is more efficient, resulting in the need for
less hardware, or Providing for a greater factor of safety. Thus
nitrification, denitrification, filtration and other tertiary processes that
are added to éonvention'al secondary treatment operations are pParticularly
conducive to assuring the success of the UV process, The Impact on water
quality is generally represented.by lower coliform densities, increased
sensitivity of the bacteria to UV, and increased UV transmissibility at 253.7mm

by the wastewater. an interesting observation made from this assessment was
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the lack of any data regarding the incoming coliform densities and the
transmissibility of the effluent. The plants did not measure these parameters,
even in cases where there may have been difficulties and the data could be used
for troubleshooting.

3.2 EVALUATION OF THE OPERATION AND MAINTENANCE OF UV SYSTEMS

The review of the selected pPlants entailed an assessment of the O and M
pPractices associated with the disinfection system. This was based on
discussions with the Plant operators and focused primarily on the routine

maintenance tasks of parts replacement and system cleaning.

..Some discussion . __ .

also addressed bny’éifficﬁiﬁiéé‘;;cdﬁhféred &ith fhé system, the methods used
for system control, upstream screening devices, and routine safety practices.
The first part of the following section will focus on operations; cleaning

practices will be addressed separately.
3.2.1 a d ractices Selecte ants

Table 3-5 presents a4’ summary of information relating to O and M of the
selected UV systems, exclusive of cleaning activities. First the type of unit
and its size are reiterated, including the startup year, for each of the thirty
Plants. This 1s the same information from Tables 3-1 and 3-2. The next series
of columps Presents the rate of réplacement for the lampé, quartz and bgllasts,
the estimated labor associated with this task, and the criteria used to
initiate iamp replacement. The replacement cycle could be estimated fairly
well for the lamps. It is based on the operators criteria for replacement and
accounts for seasonal/year-round use of the System, and the probable system
utilization rate. Thus if the system is operated on the basis of flow, the
utilization would be approximately 50 percent; this would increase up to 75 to
100 percent if the system was operated manually and was Basically kept in full

operation as a matter of convenience or to assure compliance.

As shown on Table 3-5, the 1lamp replacement rate varies from 25 to 50
percent per year. Exceptions are the Williamson and Dakota City plants. These
replace the full inventory of lamps after 7,500 hours operation, which is the
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operating life generally stated by the lamp manufacturers. This is equivalent
to a rate of greater than 100 percent per year if year-round disinfection is
practiced. Olathe and Owasso replaced their lamps after 10,000 hours of
operation in order to improve performance. Ozark has a fixed 10,000 “hour
replacement cycle. 1In general, however, one can expect to get gi‘eater than
12,000 hours of operation from the conventional low pressure lamps, when used
in the submerged, open-channel configuration. Gunnison has g:reater than 10,000
hours; Clearsprings, Dewey and Hanover each have greater than 14,000 hours
operation; and Highspire replaced their lami)s after 17,000 hours operation, at
which point the coliform levels had begun to increase.

Three of the plants have units ‘supplied by Arlat. - The:
level of effort to replace the lamps, using clips and heat-shrink seals; in
some cases it requires that the modules be returned to the factory for
replacement. This has been found to cause excessive costs, as cited by the
operators at Bridgeville, Abbeville, and Williamson. A fourth plant (New
Providence) had originally‘been‘using Arlat equipment; this was replaced with a
Fisher and Porter system in 1990.

The cfiterion for failure is generally lamp failure and or increasing
coliform densities (except at those plants with fixed operating cycles, as
discussed earlier). Generally, its appears that the latter condition would be
the final trigger. The high operating 1life cycles that are being obtsined
suggest that the lamps will not fail (i.e. electrode failure, shutoff); rather,
their output will deteriorate to such a degree that there is insufficient
germicidal energy for effective disinfection. The lamps are replaced at this
point to restore the system efficiency. For design purposes, a reasonable
estimate of operating life would be 14,000 hours; thus the replacement rate in
a system with year-round disinfection, and an average 50 percent utilization,

would be approximately 30 percent per year:
((8,760 hours/year)/(14,000 hours/lamp)) x 50 percent =~ 31.2 percent

With the smaller Systems, and to a lesser extent the. larger plants, it
appears that the tendency is to operate the full system (75 to 100 percent
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utilization) at all times instead of controlling it on the basis of flow. This
would increase the replacement rate for the above example to 50 to 60 percent
per year. If disinfection is required on a seasonal basis the replacement rate

is reduced to 25 to 30 percent per year.

Regarding the quartz sleeves and the ballasts, it is not possible to make a
direct assessment of their expected life cycle. The experience Qith full scale
systems, particularly with respect to the open channel submerged units, is
limited, covering a period of approximately five years. This is not sufficient

to evaluate in-field experience for long-term replacement rates of the quartz

been due to breakage and electrical wiring failures, reasons that do not speak

to the degradation or failure of the components themselves.

The quartz will degrade due to solarization of the quartz structure,
resulting in a cloudiness of the quartz and a loss of tfansmissibility.
Abrasion of the surface due to long-term exposure to the wastewater is also a
contributing factor té their deterioration. There is no current feedback on
replacement of the quartz for these reasons. At this point, an estimate that
may be appropriate is a replacement rate of 10 years, to account for minimal

breakage and for deterioration of the quartz.

Similarly, there is little experience with ballast failures and replacement
rates. Earlier failures have been attributed fo improper electrical design
and the lack of proper ventilation in the ballast cabinets. These difficulties
appear to have been corrected, although there are still reports of electrical
problems with a few installations upon startup. This was the case with the
Lebaﬁon, Abbeville, Hanover, Williamson, and Athens systems. Ballasts are
expected to have long lives, particularly based on the experiences with those
found in normal fluorescent lighting fixtures. For purposes of life cycle

assessments with UV disinfection systems, a 10 year replacement period is

suggested.

The effort required for replacement of these key components (largely the

lamps . themselves) 1is relatively low. The estimates shown on Table 3-5 are

“and ballasts. ~Many of ‘the replacedments currently reported by ~operators have i
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based on discussions with the Plant operators and their estimate of time
req&ﬁrements over specific calender periods for changing lamps, with some
allowance for occasional replacement of ballasts and quartz sleeves. This is
also shown on Figure‘3-2, which presents the hours spent pér year égainst the
number of lamps that would be replaced pér year. The mean is 0.4 hours per
lamp, or 24 minutes Per year. There is éignificant Gariability, with the rate
ranging from approximately 10 minutes to 50 minutes per lamp.  Note that this
is total labor, even if two people are engaged in the activity (which tends to
be typical),

This analysis can be used in

areful to acknowledge how the system will

~costs for UV systems. “One should be o
likely be operated in terms of utilization; recall that the tendency is to have
much of the system on at a given time, regardless of the flow. Also account
for the year-round versus seasonal disinfection requirements. Note also that
these charges could be incurred in discrete intervals, rather than be spread
out somewhat evenly over a périod of time. This results from the likelihood
that the operators will replace all the lamps at once, triggered by the overall

operating time and a decrease in disinfection efficiency, as discussed earlier.

A second labor factor is Presented on Table 3-5. This is an estimate of
the time required, on a yearly basis, for activit;es‘other than replacement of
the lamps/quartz/ballasts and cleaning. These would include system monitoring
and sampling, area maintenance, component repair/replacement, etc. This tends
to be a factor of two to six times the amount of time estimated for the
replacement of key components. When added to the parts replacement activities,
the total time required outside of routine cleaning needs (discussed in a later
section) is estimated. These data are shown on Table 3-5 and plotted on Figure
3-3, which presents the total hours per year as a function of the system size.
There is some scatter, particularly with the smaller plants. For the 14 plants
with less than 150 lamps, the mean labor requirement was 120 hours pexr 100
lamps. The equivalent mean for plants with more than 150 lamps was 55
hours/100 lamps,
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The next series of columns on Table 3-5 addresses upstream protection for
the lamps,'levél control devices, and the method used for system control.
Upstream devices such as screens are used to protect the lamp battery from
debris that may reach the UV system and cause damage to the quartz/lémp
assemblies; Other problems occur from algae sloughing off the clarifiers and
leaves falling into the channels; these catch on.the lamp modules and
accumﬁlate, creating additional head loss problems and maintenance tasks. From
Table 3-5, three of the plants are noted to have filters (Clearsprings, Jessup
and Lebanon); these are installed for tertiary solids removal and will also
effectively remove unwanted material from the flow-stream. The plants report

no difficulties with debris in the UV channel._

One plant (Accomac) has a grating placed upstream of the UV units. This is
effective in removing debris, but the operators do note that algal mats are
still able to péss through and cause problems with the UV units. Seven plants
have either bar or mesh screens, ranging in size from one-quarter inch to 2
inch openings (Cave City, Gunnison, Stoney Creek, Ozark, Owasso, Highspire, and
Okmulgee). These all report no problems with debris or sloughed material
fouling the UV modules. Okmulgee reports that the screen is very effective in
removing algal mats from the wastestream. All of these devices are cleaned

manually.

Of the remaining 19 of the 30 selected plants, 12 report that they have no
problems relating to debris or sloughed material. The other seven state that
they'do, however. The Waldron plant has experienced breakage of the quartz
from debris entering the unit during periods of bypass. At both 0lla and New
Providence, leaves tend to enter the channel and accumulate on the modules.
Olla is installing a screen. Abbeville receives excess debris during high flow
periods; this problem is also reported by the Williamson plant. Both the
Athens and Willow Grove facilities complain of algae sloughing from clarifier

and channel walls and accumulating on the lead module frames.

Overall it appears that the installation of an upstream screening device is

an option that most plants do not choose. From this assessment, however, it

also appears that it is most appropriate to have one in place. These can be
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simple, large-mesh (0.5 inch) screens (stainless steel), that can be slipped in .
and out of the channel manually for cleaning on a frequent basis. This will
save considerable labor if the alternate is to clean the debris attached to the
individual modules. An alternate device that may be more convénient to the
operator would be a bar screen that can‘be raked (a moving mesh or bar screen
that is self-cleaning would not be cost-effective); this would still have to bq
removed periodically for a thorough cleaning. Note that it is important to
remember that these devices, particularly as they abcumulate material, will
impose a headloss; this must be accounted for when considering the hydraulic
design of the facility.

A critical operating requirement is that the water level in the channel
must be kept fairly constant. If it fluctuates widely (greater than plus or
minus one inch from the control level), several problems can occur. In
horizontal systems the top row of lamps can either be exposed or the dépth of
wéter above this row can become so great that disinfedting effectiveness of the
unit is compromised. 1In vertical units this same problem occurs, except that
the top portion of each lamp is affected. 1In the Arlat systems, the water
level was allowed to vary, using a fixed dowstrszam weir; in this case a level
sensor would turn on successive horizontal rows of lamps‘(Bridgeville,
Abbeville and Williamson). In this way the exposed lamps would not be
operating. Adjustable weirs have also been used, with motorized actuators that
réspond to level sensors. These are used at Cave City. Manually adjustable
welrs are used at Ozark, Highspire, Accomac, Owasso, Gunnison, and
Collierville.

The remaining plants all use a mechanical level control gate to maintain
the desired level. These rely on field setting and adjustment of the counter-
weights to assure the Proper level control over a range of flow rates. They
have generally been very successful and comprise the dominant method for level
control in open-channel systems. Problems are noted, however, at low flows and
at plants that have no flow at times. The gates will oscillate and cause wide
fluctuations in level. They are not designed to be watertight and will allow

the channel to drain during periods of very low or no flow.
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The method of level control should be carefully considered in the design of
a facility. The mechanical gates would be the preferred device in most caées,

particularly larger systems in which multiple channels are used and the channel

~ velocities can be maintained within a reasonable operating range. If there are

low flow periods (6r no flow), fixed weirs may be more appropriate. Sufficient
weir length must be provided, however, to avoid excessive level fluctuation.
This can be accomplished by using serpentine weirs and weir launders. An

alternative is to use a motorized adjustable weir slaved to a level sensor.

System control has generally been kept simple with the newer open channel

UV units. This has been_limited to pacing the operation of multiple channels
" and banks to the flow rate. This is typical of the larger plants. “In this

evaluation, 11 of the plants practice automatic flow pacing (blla, Ozark,
Abbeville, New Providence, Owasso, Highspire, Willigmson, East Chicago, Olathe,
Warminster and Collierville). Except for Olla, all have design average flows
greater than 1.0 mgd. The Okmulgee plant has automatic flow pacing

capabilities, but prefers to keep the system on manual control.

Of the 19 plants that are controlled on a manual basis, only 11 of these
attempt to vary the number of lamps in operation as a function of the flow to
thellamps. Thus, as an example, Willow Grove will operate with one bank on
(there is only one channel), and bring the second bank into service when the
flow exceeds 7 mgd. The remaining 8 plants simply operate with 100 percent of
the lamps on at all times (Dakota City, Edgewater, Clearsprings, Leadwood,
Dewey, Petersburg, Hanover and Whit; Sulfur Springs).

The manner in which the UV system is controlled should be a function of the
type and size of plant. Above all, it should be kept simple; the objective is

to conserve the operating life of the lamps (and the associated power

utilization). This becomes increasingly important with the larger plants
(greater than 150 to 200 lamp systéms), and more practical. With the small
‘plants, it may be best to have the full system in operation, exclusive of the
redundant units incorporated into the design. Manual control and flexibility
should be available as the system increases in size, enabling the operator to

bring portions of the system (i.e. channels and banks) into and out of
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operation as a function of flow and performance. Automating this activity -

becomesﬁadvantageous as the system becomes larger, using multiple channels,

Safety is important in the operation of UV systems, centering primarily oﬁ
protection from exposure fo uv radiation. This affects the eyes with a
temporary condition known as conjunctivitus, or "welder’s flash", that can last
for several days, causing a painful burning sensation. Bare skin will also be
burned upon exposure to UV at these wavelengths. Exposure risk is generally
minimal, as long as the operating lamps are submerged and the lamp batteries
are shielded. The danger arises 1f the lamps are operated in air; this should
never‘be’necessary1except“under extraordinaryfctrcumstahcesrLisystémsTshOuIdTBélfﬁii#
equipped with safety interlocks that shut off operating modules if they are
removed from the channel. Electrical hazards are minimized by the inclusion of
ground fault interruption circuitry with each operating module. This feature
is typically standard with current systems and should be a requirement with all
specified systems. .

The precautions against exposure to UV radiation are straightforward. uv
blocking glasses, with side shields, should be worn at all times in the general
area. One plant reported that the shields were ineffective and switched to
goggles for full protection. Exposure of skin should be minimized, using long
sleeved shirts and buttoned necks, as examples. Signs should also be .posted

the use of glasses, at a minimum. Of the selecﬁed plants, most all required
and actively used eéye protection, generally preferring goggles. One plant
imposed stricter rules after an eye injury had occurred. Sigﬁs are also posted
in several of the Plants. Specific training is not typical, except that which
is given by the equipment manufacturer during startup, and this does not always
occur. At best, safety issues and training relating to the UV system should be
be incorporated into the plant’s normal safety program.

3.2.2 Summary of UV Cleaning Practices at Selected Plants

Maintaining the quﬁrtz surfaces is a critical element in the successful

operation and performance of the UV process. This is a simple task, entailing
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routine cleahing of the quartz sleeves with a standard agent. It is one that
has at times been overlooked, however, resulting in apparent failure of the UV
process because the quartz surfaces have become fouled and have lost their
transmissibility. The fouling is most often due to the deposition of
inorganics such as calcium or magnesium carbonates and iron. Greases or
biological films can also adhere to the surface. The key task is to anticipate

this and to have a fixed protocol for maintenance of the quartz surfaces.

The key elements of cleaning open-channel systems entail isolation of the
modules (either in or out of the channel), selection of a cleaning agent,

development of a method the time required to accomplish the task, and the

” criteria” that trigger “the need fofléleaning These factors were reviewed- “for—————— "
each of the selected plants and are summarized on Table 3-6. The assessment
showed considerable variability among the plants, making each case somewhat
unique. Essentially all are successful, using methods that are relatively

simple, easily applied, and which fit specifically to the conditions of the

facility. This is a marked improvement from the earlier system configurations
using closed shell, fixed in-channel, and teflon pipe designs (20). These
systems suffered serious problems relating to the ability to keep the quartz or

.teflon surfaces clean and the access to the quartz for such maintenance tasks.

In-place cleaning is practiced at four of the selected plants: Dakota
City, Ozark, Okmulgee, and Collierville.  This involves isolating the UV system
within the channel by upstream and downstream slide gates, and recirculating a
cleaning solution within the UV system. Agitation is generally provided
through air diffusers (perforated pipes) at the bottom of the channel. The
spent cleaning solution is typically discharged back to the head end of the
plant or to a tank for reuse. The in-place method is not common to the open-
channel designs, except those that use the vertical lamp modules. Each of the
four plants in this assessment are vertical lamp systems; note that the Dakota

City plant also has a mechanical wiper.

Each of the four plants uses a citric acid solution as the cleaning agent.
At Ozark, the in-place cleaning is conducted approximately once every two to
three weeks (equivalent to about 21 cycles per year) by recirculating the
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solution for approximately four hours in each channel. The modules are removed
once per year to manually clean the individual quartz sleeves. The facility
has reported difficulties with grease deposits on the quartz, suggesting that
“the citric acid may not be the most appropriate cleaner, or that an additional
detergent type cleaner should be used periodically. The frequency of cleaning
is dictated by rises in effluent coliform densities. This is the only plant,
of the thirty, that reported problems with the quartz, indicating that the
sleeves showed evidence of etching and frosting (solarization) after only two
years use. This is unusual, and there was no immediate explanation as to the
cause of this early quarti deterioration. The operators also complained of
T T’inadequate workspace; no area was ‘_”'p‘fdﬁdé’d’ bétween the ‘two channels , making it T T

difficult to access the modules.

A similar procedure is used at Okmulgee and Colliervile. At Okmulgee the"
cleaning is done on a routine weekly basis (at 50 1lbs citrie acid use per
cycle), while the recirulation is conducted once pef.six months at
Collierville. As mentioned earlier, the Dakota City system is fitted with a
mechanical wiper. = This is not a- commonly used device, particularly with the
open-channel systems. The plant is satisfied with the unit, and has not had to
conduct an in-place recirculation cleaning in the first eight months of
operation. The operators anticipate removing the modules and cleaning them ‘

manually on a yearly basis.

Two plants use dip tanks: East Chicago and Highspire. These are also
vertical lamp module systems, in which the modules are removed from the channel
and placed in a tank containing a recirculating cleaning solution. In both

cases, citric acid is used as the cleaning agent. The modules are allowed to

s soak for a period of time, then rinsed and placed back in the channel. At
' Highspire this is done approximately once per month, generally on the basis of
a rising effluent coliform densities. Note that the plant adds an iron salt for

phosphorous removal, which may add to the fouling effects on the quartz. This
is also the case at East Chicago, which anticipates a frequency of once per
year based on limited experience (it started in 1989), using the water quality

meter to determiné when cleaning is neéessary. The plant finds the procedure

to be efficient and effective; two people are used, handling five modules at a
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time. The modules are lighter than earlier designs (15 pounds versus 40

pounds) “and access 1s good.

Note that the use of dip tanks is gaining favor and is generally supplied -
with most new systems, including those using horizontal lamp configurations.
These can be in a fixed location or rolled on wheels to each bank of modules.
An example is shown on Figure 3-4 which is a sketch of a typical unit used for-
horizontal lamp modules. Modules are removed indivi&ually from the channel and
Placed in the recirculating bath. It is then hung on the rack above the tank
to drain, where it can be ‘physically wiped and/or rinsed with clean water. 1In

certain cases, . a cage .system is being,Qeyiséd xoﬁgpable,x;moyalfpfjpﬁgkingwr_w_ﬁm

l lambsmffékvgﬂéméﬁﬁﬁﬁéf (;igwa‘ﬁbving overhead hoisé) and placement in a large
dip tank. This is especially useful at larger plants. At pPresent this is
pPlanned for the Nuese River plant in Raleigh-Durham, North Carolina, and the
LOTT plant in Olympia, Washington (10).

The remaining 24 selected plants rely on removal of the modules from the
channel and manually cleaning them. Five of thése Plants have a rack to hang
the modules on while the operator cleans it: Waldron, Bridgeville, Edgewater,‘
Lebanon, and Abbeville. The others lay the modules on the floor, rest it
against the wall, or have a second person hold it. Three of these plants have
vertical lamp modules (Stoney Creek, Owasso, and Gunnison) which requires two
people to lift the modules from the channel. At Stoney Creek, the iron content
of the wastewater is relatively high, requiring monthly cleaning. The
frequency is set by observation of rising coliform levels. This'ﬁarticular
Plant uses muriatic acid to remove the irons stains that deposit on the quartz
surfaces; the material is appiied to the quartz and then rinsed off with a
water hose. At Owasso a commercial product “"Lime-Away" is used. The modules
are removed from the channel at g rate of once per month (based on coliform
densities), the quartz are wiped with the lime-away, and the module is then
rinsed with clean water, This is reported to be’very effective. The Gunnison
Plant uses citric acid approximately twice per year, based on intensity .
readings, The citric acid solution is applied to the quartz and then rinsed

with clean water.
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Waldron uses a commercial tile and bowl cleaner, cleaning on a routine
twice per month frequency. They also hose down the channels each time the
modules are cleaned. The modules are hung on a rack, rinsed, sponged down with
the cleaner and then rinsed again. Similarly, Bridgeville and Edgewater use a
rack to hang the modules, apply the cléaner and then rinse with clean water.
Bridgeville does this once every three weeks (based on coliform increase),
while Edgewater has a frequency of once a month (coliform kill efficiency).
Bridgeville uses a dilute hydrochloric acid and Edgewater uses Lime-Away. Cave
City also uses a hydrochloric acid descaler (once/month) but finds it difficult
to clean the quartz surfaces. They will be getting a dip tank to improve this
operation. =~ . .. . . L ot b '

Clearsprings and Leadwood use Lime-Away on a frequency‘of bnce/month and
once per six weeks, respectively. They also report that the channels are hosed
down daily; at Leadwood debris tends to "catch on the lamps, which is removed
(hosed downed) daily. Both plants would like to have hanging racks to make the
cleaning process more convenient. The Olla plant uses a dishwashing detergent
about once every two weeks on a routine basis, spraying the quartz with the
soap solution, wiping them with a towel, and then rinsing them with water. At

Dewey, Lime-Away is used about once every two months, based on coliform levels.

Petersburg uses a dilute phospﬁoric acid solution. This 1is done
approximately one every six months, generally based on effluent coliform
densities. This is set at a limit of 60 fecal coliforms per 100 mL. At
Jessup, a dilute acid is also used. One  person holds the modules while a
second cleans and rinses it. This is done approximately once per month, based

on effluent coliform density and intensity readings.

At Hanover, the modules are tipped up, wiped and brushed with lime- -away and
then returned. This wastewater is high in iron and manganese; such that the
modules require cleaning one per week. Twice each year the modules are removed
completely for a more rigorous cleaning. The Accomac plant uses both dilute
sulfuric acid and Windex to clean the quartz. This is done more frequently in
the summer because of algal growth through the plant, requiring a cleaning

approximately once per month. The frequency decreases to once per month‘during
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the winter. At New Providence, a scouring pad (Brillo) is used with detergent
.to clean the quartz surfaces. The frequency is variable, ranging from once per

week to once per five weeks.

A 6 percent phosphoric acid solution is used approximately once per 6
months, based on coliform densities  (when fecal coliforms exceed 40 per 100
mL) ., This frequency is once per three weeks at Williamson, which uses a mild
acid solution. Athens uses Lime-Away, cleaning at a frequency of three times
per year. This is based on coliform density. There is difficulty in accessing

the modules from these deep channels.  Two operators are needed; one holds the

_module, while the second cleans it. The operators stated a need for a hanging.

“rack.

- —.

Olathe, Willow Grove, and Warminster all use Lime-Away, at a frequency
based on intensity meter readings. This is once per six weeks, three months,
and six months respectively. Each removes the modules, applies the Lime-Away

with a soft cloth, and then rinses with clean water.

3.2.2.1 Frequency and Labor Requirements for Cleaning

The frequency of cleaninglis highly variable, ranging fivw once per week to
' once per year. Table 3-6 presents the estimated time spentvper year for
cleaning the quartz, based on input from the operators. It is not appropriate
to simply include this in the O&M labor requirement summarized on Figure 3-3.
Rather, the time required per 100 lamps is normalized to the cycles per year,
which is shown on Table 3-6. ‘

There is no.clear trend in this value relative to plant-type or size. The
labor requirement ranges from 0.7 to 26 hours/cycle/100 lahps. Eighty percent
. (24 of the 30 plants) are less than or equal to 8.3 hours/cycle/100 lamps, with
a meaﬁ value of 4.3 hours/cycle/100 lamps. The remaining 6 plants range
between 10.4 and 26 hours/cycle/100 lamps, with an average of 17.4 hours/cycle

per 100 lémps. The overall 30 plant mean is 6.9 hours/cycle/100 lamps.
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Overall, a value to 5 to 10 hours/cycle/100 lamps would appear to be
appropriate for use in screening a facility labor requirement for cleaning.
Actual yearly requirements will then depend on the frequency. Of the 30
plants, the median frequency was approximately one pPer month or 12 times per
year. Using a median estimate of 5 hours/cycle/100 hours and 12 cycles per
year, the yearly requirement would be 60 hours /100 lamps. When compared to
the labor requirements on Figure 3-3, this is twice ﬁhat of the large plants
and equivalent to that of the smaller plants. Thus, the cleaning activities
can comprise one-third to one-half the total labor requiremen; for (0&M).

3.2:2.2

The cleaning practices, as presented inlyhe preceding discussions is highly
variable. The principle points are summarized on Table 3-7, addressing the
equipment and methods used for cleaning; the cleaning agents; the criteria used

for cleaning; and the resultant frequency and labor use.

The dominant practice is to remove the modules from the channel, with or
without provision of a rack to hang the module. .In~p1ace recirculation or dip
tanks are more typically used for the'vertical lamp module systeis. The
standard practice for manually cleaning the units is to simply apply the

cleaner onto the quartz and then rinse the module with clean water.

Citric acid and Lime-Away are typically used as cleaning agents, although
several others are used including detergents and ‘'other dilute acids. There is
no strict criterion that sets the type of cleaner; the maﬁufacturér will
generally recommend one or more. It bécomes a matter of trial and error
specific to the plant sife. This is alse the case with frequency; as noted,
this varies widely and depends on the specific site requirements.

The criterion for cleaning is typically based on fecal coliform densities.
This was the case for two-thirds of the selected plants. The remaining third
was split between using the intensity meter reading, or simply setting a
proscribed frequency.




TABLE 3-7. SUMMARY OF CLEANING PRACTICES FOR THE
30 SELECTED PLANTS

14

. A. Equipment Use for Cleaning Number of Plants _Comments
| (1) in-place Recirculation : 4 All vertical lamp
’ modules; Remove
once/year
(2) Mechanical Wiper ‘ 1 One of four "in-
' : place" units
(3) Dip Tanks ‘ 7 2
(4) Remove modules onto a rack 5%
(5) Remove modules 19%* No special
equipment to hold
O = < - | T+ 108 -

*Method is to rinse, apply cleaning agent, rinse, and return to channel.

B. Cleaning Apents

(1) Citric Acid _ 9 Two dip tanks,
' four in-place,
three external

modules

(2) Lime-Away 10 Commercial product

(3) Dilute HCI Acid 4

(4) Detergent | : 3 ' dishwashing
detergent; Windex;
a plant also uses
Brillo pads.

{5) Phosphoric Acid 2

(6) Sulfuric Acid 1

(7 Tile/ﬁowl Cleaner . 1 " Commercial product




TABLE 3-7. SUMMARY OF CLEANING PRACTICES FOR THE

'30 SELECTED PLANTS

(Continued)
C.Frequency (cycles) Number of Plants ents
(1) Weekly (52/year) 2
(2) Monthly to biweekly
(12 to 26/year) 14
(3) Six weeks to yearly
(1 to 9/year) 14
D. ibo e le/per 100 lamps
(1) 1 to 10 24 - mean, 4.3 hours/
co - Lo v oeyele/100 damps
(2) greater than 10 6 mean, 17.4 hours/
cycle/100 lamps
E. Criteria for Cleaning
(1) Fecal coliform 20
(2) Intensity meter 5

(3) Routine
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In summary, the following observations are made:

. removal of the modules is appropriate and probably best for most
plants. Cages are suggested for larger plants for removing bundles of

lamp modules,

. moving hoists/cranes will facilitate removal of the module bundles or

vertical lamp modules,

. dip tanks provide a convenience and assist in cleaning modules removed

" “from theé channel, . : Sttt

. in-place recirculation is effective, particularly for vertical lamp
modules. Agitation should be provided during the recirculation cycle.
Plant should still plan to remove the modules once per year for a

rigorous cleaning.

. the cleaning agent(s) that suits the facility is dependent upon the
nature of‘fouling. A trial and error series of test should be

conducted, ﬁsing readily available, off-the-shelf commercial products,

. frequency of cleaning will be dependent on the specific site

requirements,

. small-scale piloting would be very effective in establishing the

cleaning agents and frequency most suitable to a specific plant, and

. monitoring fecal coliforms is an effective tool for determining the

need for cleaning lamps. Note that this is also used for triggering

lamp replacement.
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Blytheville, Arkansas
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- system is composed of- three-aeration. basins,ueaoh of which has. two passes,m,w;

SITE VISIT
NORTHWEST BERGEN COUNTY WASTEWATER TREATMENT PLANT
March 2, 1990

The Town of Waldwick, New Jersey. is approximately 20 miles due north of
Newark, New Jersey. Mr. Dave Alvarez, the operations supervisor who has been
at the plant for nine years, conducted the plant tour. It is a secondary
treatment facility which employs the activated sludge process. Preliminary
treatment is‘accomplished through screening and comminution. Primary settling
is provided by three primary settling tanks; a primary sludge degritter removes
inert material prior to on-site incineration. O0il and grease skimmed from the

-~

surface of the primary clarifiers are also incinerated. The activated sludge

[ — e a1 i ® [

generating in the step aeration mode Secondary clarification is provided
prior to disinfection and final discharge.

Disinfection is accomplished by ultraviolet radiation. The UV disinfection
system is a retrofit, w;th the UV equipment installed in an existing chlorine
contact chamber. As shown on Figure A-1, the rear half of the chlorine contact
chamber was utilized for the equipment'inStéllation. The front half provided a
long straight approach channel to the UV system., The chlorine contact chamber
walls were widened in order to decrease the channel width to the proper size
for accommodating the UV equipment. A structure was also built over the last

half of the chlorine contact chambers which fully encloses the UV equipment.

The decision to replace chlorination with ultraviolet disinfection was the
result of a study which investigated several disinfection alternatives,
including hydrogen peroxide, ozonation, chlorination and ultraviolet radiation.
Thé study was conducted due to growing ooncerns‘over safety issues involved
with continued use of chlorine for disihfection and the fact that
dechlorination would soon be required. The Rehoboth Beach, Warminster and
Willow Grove wastewater treatment plants were three of four treatment plants
using ultraviolet radiation that were visited as part of the disinfection
study. Ultimately UV disinfection was chosen on the basis of safety, cost and

maintenance.




The disinfection unit consists of two disinfection channels, with one being
totally redundaﬁt. It is an open channel design with lﬁmps arranged horizontal
and parallel to the direction of flow. The equipment was supplied by Trojan
Technologies, Inc., London, Ontario, Canada. Each channel hag two.banks of
lamps in series and is rated for 12 mgd with both banks in operation, Each
bank contains 240 lamps (58 inch arc length) in 30 modules of 8 lamps/module.

The UV system has a flow monitoring device which cdntrols the operation of
the system. The second bank of lamps is brought into service when the flow
reaches 6 mgd. Once the second bank is brought into service it remains on for
a minimum of two hours regardless of flow. A skimmer is provided in front of
the UV inlet to prevent floating debris from fouling the lamps. A 1level
control gate is provided on the effluent end

of the disinfection channel to

maintain>adequate 1iquid lével in thé channei.

The control systems are housed in upright steel cabinets. One cabinet is
provided for each bank of lamps. The system controls include: a lamp status
display; and elapsed time indicator; and an intensity monitor. The lamp status
display consists of & Pattern of indicator lights arranged identical to the
lamp arrangement in the channel. A 1lit lamp indicates that either power to the
lamp has been interrupted or the lamp has burned out. The elapsed time
indicator is used to record operating time and schedule maintenancg,xone
indicator is provided for each bank of lamps. The intensity monitor displays
the quantity of ultraviolet energy being delivered by the system in’microwatts

Pexr square centimeter.

The lamps are cleaned on a monthly basis.. A cleaning station is located in
one corner of the UV building. It consists of a bermed area to contain
possible spills and utilizes a stainless steel bath into which a module is
placed for cleaning. A phosphoric acid solution 1s used for lémp cleaning.
The tank is also aerated to provide agitation of the cleaning solution for
Improved cleaning. After cleaning, the lamps are thoroﬁghly rinsed and then
dried prior to being returned to service. Visual inspection and recording of
the systems operational parameters (elapsed time, lamp status and intensity) is
performed three times per day.




The plant design flow is 12 mgd; it currently averages around 10 mgd. The
plant’s fecal coliform limit is 200 organiaﬁs/loo mL as a 30-day average and
400 organisms/100 mL as a 7-day average. Coliform sampling is performed four
days a week. The samples are gemerally taken during periods when the UV is
under its heaviest load. UV transmittance is run along with the coliform -
testing. The operator reported that since the UV equipment has been installed
there have been no counts over 400 organisms/100 mL and only a few occasions
where the count exceeded 200 organisms/100 mL. He also added that the system

has gene over its design flow several times without problems.

Plant personnel are very pleased with the system, and felt that they made
the right choice by moving to UV. To this point the following benefits were

. .reported:. 1ess 1ntensive maintenance -no chemical costs, less safety training~;;~m;7:1;w

is required and it is less of a liability from a safety standpoint than
chlorine disinfection. It was noted that a screen would be a benefit, placed

upstream of the first bank of lamps. Debris tends to accumulate on the lead

end of the modules.
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UV Wastewater Disinfection
Process Flow Diagram
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Since only a few seconds of ultravioiet exposure are required to treat sffiuent, there is
no need for large contact tanks. it Is possible (o retrofit most UV systems within
existing chiorine contact tanks, like this one at Northwest Bergen County’s wastewater

Figure A-1 Layout of Retrofit at NW Bergen Plant
(Reference 21)
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SITE VISIT .
BLYTHEVILLE WASTEWATER TREATMENT PLANT TRIP REPORT
November 16, 1989

A visit was made to the Blytheville Sewer District which owns and operatés
three wastewater treatment plants: the Blytheville North WWTP, South WWTP and
the West WWTP. Blytheville, Arkansas is located in Mississippi County and is
55 miles due north of Memphis, Tennessee. The wastewater flow to the plants is

primarily domestic; all three plants process trains are essentially identical.

They are extended aeration activated sludge plants. Preliminary treatment

utilizes an Aquaguard Traveling Screen screenings are shredded by grinder pumps

“prior to disposal. ~The Biolac-R “extended” aeration "activatéd “sludge systeii

manufactured by the Parkson Corporation, Fort Lauderdale, Florida is used for
secondary treatment.

The North plant is the smallest of the three and is designed for a flow of
0.8 mgd and a BOD loading of 1,134 1lbs/day. The South and West plants ﬁandle
1.40 mgd and 1.50 mgd average flow, and BOD.loadings of 3,562 1lbs/day and 3,253
lbs/day, respectively. All three plants have the same discharge limits. The
BOD and TSS 1limits are 30 mg/l as a 30-day average and 45 mg/L as a 7 day
average. Coliform limits are seasonal; between October and April the limits
are 1,000 fecal coliform per 100mL as a 30-day geometric mean, and 2,000 fecal
coliforms per 100 mL as a 7-day geometric mean. Between May and September the
limits are 200 fecal coliforms/100 mL as a 30-day geometric mean and 400 as a

7-day geometric mean.

All three plants went on-line in April, 1989. Each plant is operating at
approximately half its design flow, with average effluent BODs under 15 mg/L,

and average TSS levels less than 20 mg/L. There have been coliform excursions,.
with 7-day averages =zceeding 1,000 fecal coliforms/100 mL. Plant personnel

reported no major problems with the disinfection systems.




The disinfection system in each plant consists of one channel. The
equipment was furnished by Ultraviolet Purification Systems (UVPS) Bedford:
Hills, New Ybrk (now Katadyn Ultraviolet Systems) The North plant utilizes 64
lamps (58 inch arc length). The South and West plants each use 96 lamps (58
inch arc length). Each system is eight lamps deep and arranged in 4 banks.,
Bank 1 consists of the bottom 5 horizontal levels of lamps, which remain on
continuously. Banks 2 through 4 represent lamp levels 6, 7 and 8 respectively.
These banks come on individually as the liquid level in the channel increases.

The . system controls are housed in a steel cabinet adjacent to the
disinfection channels. The system controls include: a lamp status display;
elapsed time indicators; an analog 1nteneity monitor and hand switches for
manual control of-power to each rack -of lamps: ---The- lamp status display.is-a...
clearly labeled pattern of indicator lights which matches the pattern of lamps
in the disinfection channel. The indicator lights remain 1it when power {is
being delivered to the lamp and the lamp is on. The indicator light goes out
when power to a lamp is interrupted or a lamp has burned out. Elapsed time
Indicators are provided to record operating time and schedule maintenance for
each bank .of lamps. The analog intensity monitor relates the intensity of the
radiation to existing wastewater conditions. It is calibrated to read 100
percent with a new lamp and clean effluent. Beneath the intensity monitor are
3 indicator lights; the red light indicates system failure; the yellow light
indicates low intensity and the green light indicates safe operation. Still
‘further below the indicator lights, there are intensity test buttons. They
test the analog reading 0, 50 and 100 percent intensity. '

Log books are kept at all plants; all maintenance performed and any
observations made from visual inspections.are recorded. Visual inspections of
the UV disinfection system are made at least daily. The lamps are cleaned
weekly using a soft brush and a pProduct called Simple GreenTM This product is
sold in auto parts stores as a general purpose detergent and degreaser. The
district had recently acquired a lamp rack tester which checks on the lamp
status display.




The system should have multiple channelsg As it stands now, there is no
backup system to put on-line during lamp';ieaning or repair and maintenance
tasks, The cause of the high effluent colifdrm counts had not been identified.
Upstream protection of the disinfection system in the form of screens may also

be appropriate.







. SITE VISIT
WALIKTLL WASTEWATER TREATMENT PLANT
March 1, 1990

The Town of Wallkill, New York is approximately 50 miles northwest of New
York City. Preliminary treatment is accomplished by comminution followed by
automatic bar screening (by-pass to manual screening as a backup) and grit
removal using a cyclone degritter. Primary settling tanks are not provided.
Effluent from the cyclone degritter is biologically treated in oxidation
ditches which operate .in the extended aeration mode of the activated sludge
process. Stationary surface impellar type mechanical aerators are employed for
aeration requirements. Secondary settling 1is achieved in two secondary

- rclarifiers. 'Secondary;effluent,fIOWSgtorthreé;UV disinfection units prior-to..———v--

final discharge to a nearby river.

The plant is designed for a peak flow of 10 mgd and a daily average flow of .

4.0 mgd. Space is provided in all structures for additional equipment needed
for expansion to 6.0 mgd. There were two permits written, both of which meet
or exceed standard secondary treatment limitations. The plant was designed for
nitrification and is limited to 8.1 and 5.0 mg/L of NH3-N in the effluent for
winter and summer seasons, respectively. The disinfection season runs from May
15 through October 15, limiting fecal coliform discharge to 200 organisms/100
mL as a daily average, with a maximum daily of 400 organisms/100 mL.

The plant went on-line November 16, 1989. Since startup, the average plant
flow has been 2.2 mgd with a peak flow of 3.6 to 3.7 mgd. The planf has
performed well in general, achieving average removals of 90 percent and 96 to
97 percent for BOD and TSS, respectively. It had experienced some problems
with nitrification. The operator due to the record cold weather throughout the

. month of December 1989, '

The UV disinfection system consists of three channels in parallel. The
equipment was furnished by Arlat Technology, Bramalea, Ontario, Canada. Arlat
Technology has since sold the rights of their UV disinfection Business to

1




Fisher and Porter, Inc. Arlat, hbwever, is responsible for the performance of ,
the equipment and any warranty claims (should they be made) at this facility.
Each unit contains 208 lamps (58 inch arc length) and is rated for 6.0 mgd.
_The system is an open channel design with a horizontal lamp arrangement. slide>
gates located at the head of each channel are provided for flow control to the
individual disinfection units. The flow Passes through the channel parallel to
the lamps. A 1level control éate is ﬁrovided at the effluent end of each
channel. A liquid level sensing device is also Provided. This device controls
operation of the lamps in rows five through eight based on height of flow in
the channel (rows 1 through 4 are on continuously). '

The lamps and quartz are completely sealed on either end, held in Place by

plastic  snap grip tube c¢lamps which aFﬁ'?fYEFQdeR;tPE:EFﬁﬁlziﬁﬂRxfﬁskﬁrt::x

Removal of éwi;;;w¥;éﬂ auéoﬁétically shﬁféhdown the power to that rack. Wiring
from individual lamps is bundled together with plastic ties. Lamp wires are
then connected to the main power 1line through plastic twist connect fittings
which are spaced across the top bar of the lamp rack éssembly. The main power
line from each rack then runs to the main power supply and control panels. The
Power supply and control Panels are contained in stainless steel housings which

are set at grade level above the units.

Two free standing control panels are supplied for each channel. - Each
control panel consists of 2 sections: (1) a lower section containing line
voltage power supply components; and, (2) an uppér section containing low
voltage and monitoring equipment. Power supply eduipment‘locatéd in the lower
section consist of ballasts and breakers. One instant start, high power factor
type ballast with auto-reset thermal protection is provided per pair of lamps.
Lamps are protected by single-lamp breakers which arevcpmpleménted by ground
fault circuit interruptors. Upper ssction monitoring equipment include: LED
display for monitoring lamp operation; a UV intensity monitor; and & ¢lock for
recording the hours of operation;

The lamps will be manually cleaned as needed, A steel cleaning rack is
located at the edge of the channel. The lamps will be cleaned with a soft
brush and a cleaning solution Provided with the equipment, Cleaning frequency
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has not yet been established since the disinfection sysfem had not been put on-
line as yet. o '

UV was not originélly chosen to accoﬁplish disinfection. The original
designs called for chlorination. Before formal review of the designs by the
governing agency, the municipality was told the plans would not be reViewedlif
chlorination was specified. At that point UV was incorporated into the
facility plan.

~

The UV system as previously mentioned has not yet been started up. The

plant plans to start up the system one month prior to the beginning of the
disinfection season which begins May 15, 1990. This is being done to assure

the system is fully operational prior to May 15. Performance testing of the

syséeﬁ by the contractor is scheduled for -the beginning "of  April. ‘The system 77T T .

will be tested for one month. A follow up call toAthe plant revealed that the
testing had begun during the first week ef April. The tests were being
conducted on one channel with full plant flow (~2 to 2 1/2) with influent and
effluent samples being taken twice daily.

Plant personnel were geﬁerally displeased with the UV system. The chief
operator felt that the use of UV disinfection was forced upon him and he thinks
the system will be difficult to maintain. He envisioned maintenance personnel
involved in lamp cleaning on a daily basis. He also commented that the UV
system was one of the most expensive pileces of equipment on the site
($400,000). His perception of lamp cleaning was greatly influenced by a nearby
plant that was experiencing problems with their UV system.

General comments regarding the design and operation of the system are as

‘follows:

1. The system should be enclosed. An enclosure would provide

protection against adverse weather conditions.

2. There should be upstream protection of the UV system in the form

of screens.




The design and construction materials used for the lamp rack are

poor,

Plastic material used for electrical connections and lamp holders
is not well suited for its intended purposes. Lamp replacement
would be more difficult than the manufacturer’s literature would
lead one to believe. F ‘

Baffles are not provided prior to the UV lamps. Considering the
nature of the influent structure, high turbulence may result.

Performance testing as it was briefly described, may not be

representative of the performance specifications. At 90 percent _

BOD removal and 96 ‘to -97 percent TSS removal, the plant is most
likely achieving farAbetter than a 30/30 effluent which the UV
performance is written on. The flow of 2 to 2 1/2 is also only 30
to 40 percent of its rated flow. ' ‘




SITE VISIT
PIGGOTT WASTEWATER TREATMENT PLANT (WWTP)
November 15, 1989

A visit was made to the Piggott WWTP, Piggott, Arkansas on November 15,
1989. The plant was designed by Hildsoh*Engineering which is located in the
Memphis, Tennessee area. Piggott, Arkansas is approximately 85 miles north of
Memphis, Tennessee. The plant waste flow 1s characterized as 100 domestic.
Although the sewer district has separate sanitary and storm sewers, the plant
recelves significant peak flows during storm periods due to
inflow/infiltration. The plant is located adjaceﬂt to a lagoon which was
previously used as the sewer district’s treatment facility. A section of this

“lagoon is uséd for storage during high flows. =~~~ T .0 L i e

The facility is an extended aeration activated sludge plant. Preliminary
treatment consists solely of screening by an Aqua-GuardM Traveling Screen.
After screening, the influent flow is measured by a parshall flume prior to
biological treatment. Biological treatment is accomplished by the Biolac-R
Extended Aeration System manufactured by the Parkson Corporation,lFort
Lauderdale, Florida. '

The plant is designed for an average daily flow of 0.6, a loading of 1,000
ibs/day for BOD and TSS and an ammonia loading 75 1lbs/day. A review of the
plant’s discharge monitoring report reveals a discharge limit of 30 mg/L as a
daily average and 45 mg/L as a daily maximum for both BOD and TSS. Ammonia is
limited to 4 mg/L and 6 mg/L May through October and 7 mg/L and 11 mg/L
November through April for daily average and daily maximum limits,
respectively. Seasonal limits are also written for fecal coliforms; 200 FC/L
and 400 FC/L from April through September for daily average and maximum daily,
respectively. October through March the daily average is 1,000 FC/L while the
daily maximum is limited to 2,000 FC/L.

The plant went on-line in April 1989. Since startup the plant flow has

averaged approximately 3.0 mgd. A review of recent plant data (June through
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October) operating shows some Problems. Although the plant met its effluent
BOD limit throughout this period (averaging 21 mg/L), the effluent TSS levels
are consiétently above permitted levels. The average effluent TSS was 35 mg/L.
The plang superintendent believes the plant effluent will improve once it gets
up to its operating MLSS.

The "disinfection system:performance has beeﬂ poor. Monthly daily maximum
effluent fecal coliform counts are all abovq 10,000/100 ml. while the daily
averages for these months ranged from about 4,000 to 18,000/100 mL. This is
attributed to the high effluent suspended solids, and té the inability to
maintain a full complement of bulbs in operation. Although the system appeared
to be fully operational at the time of the visit, the 1low intensity warning
light was 1it. The plant superintendent reported that the problems with the

e e e e et T

‘system have ﬁevmr'beéhwéatisfaéforiij:iéébi;;d}5

The UV disinfection system consists of one channel, without a backup. The
equipment (Model 70UV2000)‘was furnished by Fisher and Porter Company,
Warminster, Pennsylvania. The unit contains €4 lamps (58 inch arc length) and
is rated for 0.6 mgd. The system is a horizonfal, opeﬁ channel design. The
lamps are arranged parallel to the direction of flow. They are laid out in
eight modules across, and eight lamps deep. The system is equipped with an
automatic control device which controls the number of lamp levels in service at

any one time.

The disinfection units system controls are housed in a stainless steel
control cabinet. System control included: a lamp status display{ cabinet
temperature display elapsed time meters; and a UV intensity monitor. The lamp
status display system consists of a series of indicator lights arranged in a
Pattern identical to that of the UV lamps in the channel, A dim light
indicates that the lamp is powered and turned on; a bright light indicates the
lamp has burned out and must be replace and an unlit light indicates that the
lamp is not powered and is off (this means either the main power is off or the
ballast is not functioning properly). An elapsed time meter is provided for
each controlled level of UV lamps. It is mounted on the face of the equipment

cabinet and is used to record and schedule maintenance ag well as lamp
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replacement. This is an important fea%ufe since different controlled levels
receive varied use. The cabinet témpera%ﬁre monitor displays the operating
temperature and will actuate a comhon user-accessible alarm contact when the
temperature within the cabinet exceeds a user-adjustable setting. Maintenance
of adequate cabinet temperature is essential to prevent electrical component
damage due to overheating. A UV intensity monitor is located on the ‘cabinet
face, it consists of a digital meter which indicates the intensity of the
radiation being emitted by the lamps. The intensity probe can be positioned in
various locations. The intensity monitor output is a measure of the lamps
output given the wastewater clarity at that time. A loss of intensity at
similar wastewater conditions indicates that the lamp should be checke& and/or

cleaned.

The flow to the disinfection unit is discharged over the effluent weir of
the polishing basin. The liquid drops 8 to 12 inches into a long straighé
channel which directs the flow past the uv lamps. The long straight trough
allows for little turbulence and therefore the dispersion factor should be low.

The lamps are cleaned weekly with water and a soft brush. An operations
manual provided by Fisher and Porter recommends a cleaning solution of citric
acid or a mild detergent and water. The manual also recommends treating the

lamps, after they have been cleaned, and dried, with a protective coating of an

anti-fouling solution.

The system should have multiple channels. The system as it stands now has
no backup system to put on-line during lamp cleaning or repair and maintenance
tasks. The electrical problems responsible for preventing the system from
being fully operational on a full-time basis need to be corrected. There

should also be an upstream protection of the UV system in the form of screens.
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