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Bugs or Microorganisms?

To the Editor:
Our wastewater treatment plant staff enjoys your articles on the various 

plants in the USA. The write-up on the Florida Keys Aqueduct Authority’s Big 
Coppitt Regional Water Reclamation Facility, headlined “Bug-Driven Perfor-
mance” (TPO, January 2012) was excellent, but it grated us a little bit, like 
scratching your fingernails across a chalkboard. 

Why? Bugs! The majority of treatment at a plant like Big Coppitt is done 
by microorganisms that are not bugs, but rather bacteria. As mentioned in 
the article, indicator organisms are looked at, such as those that appear on 
the Tetra Tech chart shown in the article, but that’s just what they are — indi-
cator microorganisms. 

Our lab technician also makes adjustments based on what is seen in the 
microscope — just one of the parameters in a properly managed treatment 
plant. Tom Pfiester should change his informal title from “bug farmer” to 
“microorganism generator.” Or is that too long of a title? Just a thought!

Joe Borowitz 
Operator Trainer
Watchtower Wastewater Treatment Plant
Wallkill, N.Y.
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Following the wetlands, the water goes to a com-
mon effl uent ditch, which fl ows by gravity to the 
effl uent pump station. There, two 60 hp Flygt (Xylem) 
pumps lift it to a contact chamber, where it is treated 
with chlorine, then dechlorinated and discharged 
under an NPDES permit to Bayou Costapia, which 
fl ows into the Tchoutacabouffa River and ultimately 
to Biloxi Bay.

About 900,000 gallons a year from the aerated 
lagoons is regulated by a no-discharge permit and 
irrigates the hayfi elds. A trio of Peerless vertical tur-
bine pumps driven by GE motors moves the water to a 
spray irrigation system.

IN THE EYE OF KATRINA
The Jackson County Utility Authority took a head-on blow from Hurricane Katrina 

in 2005. “Our Pascagoula/Moss Point Treatment Plant is only 200 yards from the 
Pascagoula River and less than two miles from the Gulf of Mexico,” says Wayne Dennis, 
section manager at the West Jackson County Land Treatment Facility. “We were 
inundated by the hurricane. The storm surge severely affected nine of the authority’s 
25 pump stations; two were entirely under water. 

“The Pascagoula plant and Escatawpa plant were also severely damaged, and the 
Pascagoula plant took the brunt of the storm. We had seven feet of water in our storage 
building where we kept our portable emergency equipment — generators, pumps,
tools and other equipment. We lost all vehicles except those that were not in the 
immediate area.

“We had three feet of water in our administrative building, located at the Pascagoula 
plant, and in most other places throughout the county.” His staff members used 
personal vehicles to pull trailers with fuel totes to keep any undamaged emergency 
equipment going.

“It was a very, very trying time. Our people lost everything but still put in 12-, 14-, 
and 18-hour days for weeks on end. The heat was almost unbearable at times,” says 
Dennis.

Operator Tim Thomas’ experience was typical. “I was in town with my family,” he 
recalls, “and didn’t know how bad it was. I came down to the plant with a fl ashlight. 
It looked like a bomb had gone off. I didn’t know if I’d have a job the next day or not.”

Yet, 11 days after the hurricane, the maintenance department had all pumping 
stations in operation, and all treatment plants meeting permit limits. For months, the 
authority used bypass pumping and emergency power to maintain its wastewater 
infrastructure and keep it online.

Dennis credits his maintenance and operations staffs. “They were the ones in the 
trenches and the ones that took the bull by the horns and made it happen,” he says.

“We found that by using clover 

as a cover crop, we could increase 

the nitrogen loading to 450 pounds 

per acre. That’s a 50 percent 

increase in capacity.” 
WAYNE DENNIS

The Jackson County staff includes, from left, 
operators Richard Weathers and Rob Turnstall, 
plant supervisor Tim Thomas, lead operator 
Chuck Redmond, section manager Wayne Dennis, 
compliance offi cer Randy Coleman, and operator 
Brian Davis.

BENEFICIAL REUSE
While biosolids from the West Jackson Facility 

are removed from the lagoon bottoms only once 
every several years, it is the biosolids processing 
operation here that has drawn national attention 
and has won several distinguished awards.

Besides Dennis, the staff includes Raymond 
Ward, supervisor; James Roberts, lead operator; 
Damien Hosili, Dan Westerdahl and Jesse Spear, 
operators; Tommy Weaver, driver; Randy Coleman, 
compliance officer; and Shannon Clayton, mainte-
nance supervisor.

“Our other three treatment plants aerobically 
digest their biosolids, with a residence time of 45 days,” 
says Dennis. “Then they thicken and dewater the mate-
rial to about 15 percent solids on 2-meter Andritz belt 
presses. The cake is placed in 30-cubic-yard alumi-
num Travis dump trailers, which are pulled by one of 
two 410 hp Mack trucks to the West Jackson Facility, 
where it is stored on five concrete pads.” 

The Pascagoula plant generates about 1,125 dry 
tons of biosolids per year, the Gautier plant about 
490 dry tons, and the Escatawpa plant about 40 dry 
tons. Weaver picks up the biosolids cake and hauls it 
about 20 miles to West Jackson. The authority owns 
four Travis 30-cubic-yard dump trailers. The storage 
pads have a total capacity of 900 cubic yards, and the 
authority plans to build two more covered pads to 
increase storage capacity. 

After each load, Weaver reports the cubic yards of biosolids hauled, the 
plant it came from, and the storage pad it was placed on. He then washes 
down the rig on a truck-wash pad so that none of the material is left to drop 
on the road.

“After they’re placed on the storage pads, the biosolids are tested,” Den-
nis says. “We check the fecal coliform, pH, TKN ammonia, and metals every 
two months. Our biosolids have to meet Class B standards, which means the 
fecal coliform must be less than two million colony-forming units per gram 
of total solids before it can be spread. Each field we spread on is limited in 
how much nitrogen it can take in a year, so we have to be careful not to over-
load the field.” 

FEEDING THE CROPS
The authority’s acreage includes 16 plots totaling 160 acres. “If the sam-

ple results are OK, we apply the biosolids to the fields using a 170 hp John 
Operator Jesse Spear incorporates biosolids using a 
15-foot John Deere disc harrow.

Plant supervisor Tim Thomas tests mixed liquor  
suspended solids.
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recommended trying lime and soda ash addition to increase the hardness of 
the water and change the pH so that the metal would precipitate. It made 
even more sense because the treatment would use existing equipment.

“We had a dual-unit lime feeding system onsite, but previous plant staff 
did not have good luck with it,” says Stone. “It scaled up after a few hours.” 
Even though the system had been given up for dead, the plant team took 
Hricko’s advice and decided to run the lime feed system around the clock. 
That avoided the plugging problems. At present, four 50-pound bags of lime 
are mixed with water and added to the plant flow on a continuous basis just 
ahead of the SBRs. 

While one unit is operating, the other is shut down for maintenance. Staff 
member Kyle Lerner cleans the system, hosing it with high-pressure water 
while taking care to wear the proper protective clothing. In addition to lime, 
the Appomattox staff adds 100 pounds soda ash at the head of the plant 
using an existing building equipped with mixing equipment and feed pumps.

The results have been, in Hricko’s word, “miraculous.” The lime and soda 
ash have increased the hardness and raised the pH of the wastewater to 
around 7.8; zinc content in the effluent is consistently in the low 30s (µg/l), 
and sometimes as low as 22 µg/l. “The result was almost instantaneous,” says 
Stone. “Zinc began to drop in a matter of days.”

It has also been cost-effective. Lime is about one-fourth the cost of mag-
nesium hydroxide, which Hricko points out would have provided the hard-
ness sought after to lessen the toxicity of metals, but would not have adjusted 
the pH enough to actually remove the metals.

The zinc issue may go away in the next year or so. The village is planning 
to abandon its existing wells and import water from Appomattox County, 
anticipating that it won’t be so corrosive and won’t deliver high zinc content 
to the treatment plant. If that turns out to be true, and the zinc removal 
orders are lifted, maybe the paperwork should be signed at a local site where 
another more famous agreement was reached — the Appomattox Court-
house.   

Aqua-Aerobic Systems, Inc.
800/940-5008
www.aqua-aerobic.com
(See ad page 13)

General Chemical
Performance Products LLC
800/585-6844
www.generalchemical.com
 
JWC Environmental 
800/331-2277
www.jwce.com

RACO Mfg. and  
Engineering Co.
800/722-6999
www.racoman.com

Trojan Technologies
888/220-6118
www.trojanuv.com

more info:

“Success doesn’t always require expensive  

engineered treatments or cutting-edge technology 

— just a true understanding of how some of the 

most basic treatment principles can work.”
JOHN HRICKO

LEFT: From left, operators Patrick 
Witcher, Jerome Houston and  
Kyle Lerner and plant supervisor 
Mitch Stone check the water level 
of the reed beds used for biosolids 
treatment. BELOW: Stone checks the 
pH in a sequencing batch reactor 
basin. The plant team aims to main-
tain a pH of 7.8-7.9 to help with the 
zinc removal.

Jerome Houston loads the lime 
feeder. Lime addition is part of the 
zinc removal system.

Kyle Lerner checks process 
microbiology.
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The 91st Avenue Wastewater Treatment Plant in Phoenix, Ariz., 
has a simple mission: meet permits; reduce chemical, energy, 
and biosolids costs; automate where practical; and innovate. 

Despite the lack of any large capital projects, the plant has achieved 
big savings, says assistant plant superintendent Jim Coughenour.

“Electricity has increased by 40 percent, chemical costs are up, 
and even the price for biosolids land applicators has increased. Still, 
our division has reduced overall cost for those three from $18.2 mil-
lion to $15.2 million in five years,” Coughenour says. “We expect to 
reduce it by another $1 million this year. We’re trying to craft the 
entire plant to optimize each step.”

The 230 mgd regional facility serves three million people in 
Phoenix, Glendale, Scottsdale, Tempe and Mesa. It uses single-stage 
nitrogen removal, single-stage anaerobic digestion, chloramination 
for disinfection, and a revamped solar drying biosolids operation. 
“We’re looking at this in a little different way,” Coughenour says.

HEADWORKS
Process enhancements begin at the headworks. Centrate ammo-

nia from the digested sludge dewatering centrifuges is nitrified to 
nitrate or nitrite at the Centrate Treatment Facility and recycled to 
the headworks. The nitrate/nitrite is used up prior to reaching the 
aeration basin, reducing soluble COD and cutting total nitrogen load-
ing on the aerators by 15 percent. It also serves as an odor control 
chemical at no cost in the headworks and primary clarifiers. That 
step alone saves the plant $40,000 a year. 

A small dose of ferric chloride in the headworks helps meet sul-
fide-related air-quality permit limits and causes small particles to 
come together and settle out in the primary clarifiers.

PRIMARY CLARIFIERS
The primary clarifiers were updated several years ago to remove 

much of the plant’s BOD load before the aeration phase to reduce 
the use of blowers. Spiral scrapers and Stamford baffles (NEFCO) were 
added, along with energy dissipating center wells. Intermittent high-
rate pumping was replaced by continuous slow-rate pumping. Density 
meters and VFDs maintain primary sludge density at about 3 percent.

“The only sludge blankets we have are in the cones, and that is 
just enough to thicken it to 3 percent,” says Coughenour. “We are 
able to stop acid hydrolysis from occurring in the clarifiers, prevent-
ing soluble COD from increasing. With centrate treatment and ferric 
chloride, we’re getting about 80 percent solids removal, almost 60 
percent COD removal and 15 percent soluble COD removal.”

In the last five years, while the amount of suspended solids and 
COD coming into the plant has increased sharply, the amount going 
into the aerators has decreased. “That efficiency has probably saved 
$600,000 a year,” he notes.

CONTROLLING DO
A sophisticated aerator 

DO control strategy relies on 
a number of blowers. “The 
most efficient are the Atlas 
Copco blowers that have 
inlet and discharge guide 
veins,” Coughenour notes. 

Making the Best of It 
A PHOENIX WASTEWATER TREATMENT PLANT FOCUSES  
ON OPTIMIZATION TO OPERATE MORE EFFECTIVELY,  
REDUCE COSTS AND PROTECT THE ENVIRONMENT

By Doug Day

What’s Your Story?

TPO welcomes news about 
environmental improvements at 
your facility for future articles in 
the Greening the Plant column. 
Send your ideas to editor@tpomag.
com or call 877/953-3301.

GREENING
THE PLANT

The Tres Rios wetlands have become an oasis in the middle of the 
Sonoran Desert. The wetlands polish effluent from the 91st Avenue 
Wastewater Treatment Plant before it enters the Salt River.

Optimization of the clarifiers, including the addition of Stamford  
baffles (NEFCO) has helped reduce BOD load before the aeration 
phase and so reduce the use of blowers.

A Brown Bear tractor aerates biosolids at the 91st Avenue plant.  
Solar drying has cut land application costs from $5 million a year to 
$1.9 million.
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The plant also uses first-pass and fourth-pass anoxic zones in the 
aerators, allowing for proper treatment with less oxygen and less 
blower use. Oxygen is added in the center of the aerator, where 
ammonia is nitrified and BOD is oxidized, to maintain dissolved oxy-
gen at 2.0 mg/l. About 7 percent of the primary effluent is added to 
the fourth-pass anoxic zone. 

“The fourth-pass feed allows us to pass a small amount of ammo-
nia for chloramination,” he says. “Operating the fourth-pass of the 
aerator, the mixed liquor channel, and the secondary clarifier as 
anoxic, causes endogenous denitrification, lowering our total nitro-
gen and freeing up significantly more oxygen.” 

He says the plant started using the denitrification-nitrification-
denitrification strategy in the mid-1990s and has been refining it ever 
since. “We are using roughly 600 kWh per million gallons here for 
blowers, as opposed to 900 kWh at our 23rd Avenue plant,” Coughe-

nour says. Phoenix Water Services has transferred 
about 10 mgd of flow from 23rd Avenue to take 
advantage of the savings at 91st Avenue.

UNUSUAL WATER RECLAMATION 
About half of the plant’s effluent is piped 50 miles 

to the Palo Verde Nuclear Generating Station, the 
largest nuclear plant in the country and the only one 
not on a lake or river. It uses the effluent for condens-
ing steam into water in its cooling towers. At peak 
times, about 80 mgd of effluent goes to Palo Verde.

Because it doesn’t have to be chlorinated, waste-
water destined for Palo Verde is treated in an older 
part of the plant. It flows by gravity to the power 
plant. “We saved $50,000 the last two months because 
we didn’t have to pump the water, and we reduced 
our chlorine cost by $50,000,” says Coughenour.

HELP FROM WETLANDS
The plant recently finished a $34 million U.S. 

EPA-funded Tres Rios Constructed Wetlands Dem-
onstration Project on 750 acres along the Salt River. 
That cost compares to an estimated $625 million for 
a plant upgrade.

The first 500 acres are treatment cells called Flow 
Regulating Wetlands. Water leaving the cells must meet 
all discharge permit requirements. Currently receiv-
ing 45 mgd of treated secondary effluent, the wet-
lands are designed to accept up to 400 mgd. 

“91st Avenue reduces primary effluent total nitro-
gen from about 50 mg/l to about 6 mg/l,” says Coughe-
nour. “The wetlands further reduce it to 3 mg/l.”

91st Avenue uses sodium bisulfite to dechlorinate 
effluent prior to discharge, but chlorine is removed 

naturally in the wetlands. “Total chlorine residual of 2 mg/l enters the 
wetlands, and it’s all gone before it gets halfway through.” 

Chlorine analyzers are gathering data and calculating decay rates 
to determine if peak flows will still be fully dechlorinated. Coughe-
nour believes that as the wetlands mature, they will still remove all 
chlorine even if the wetlands accept 100 percent of the plant’s 
effluent. 

The last 250 acres are called the Overbank Wetlands where a city 
park will be built. “It will be a great place for people to come and 
enjoy the environment,” says Coughenour.

HANDLING BIOSOLIDS
Plant efficiencies extend to the management of biosolids. Devel-

opment has taken over much of the property where the plant’s bio-
solids were land-applied. “We decided to see if we could resurrect a 

“Electricity has increased by 40 

percent, chemical costs are up, and 

even the price for biosolids land 

applicators has increased. Still, our 

division has reduced overall cost 

for those three from $18.2 million 

to $15.2 million in five years.”
JIM COUGHENOUR
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“We had some high flows in the spring of 2011, and we’ve had I&I of 0.5 
mgd and as high as 2.0 mgd,” Segarra says. The water and sewer authority 
purchased monitoring equipment for the collection system to pinpoint the 
sources of I&I. 

By monitoring, the plant staff was able to detect high flows and divert a 
portion of the influent to an offline tank to maintain the process. “It’s impor-
tant to keep track of the weather and to prepare for it, because the last thing 
any operator wants to do is bypass; that’s our bad six-letter word!” Segarra says.

The staff prepares by communicating, planning, reviewing procedures, 
monitoring weather conditions, and making changes only when necessary. 
In some cases, they reduce solids inventory. They also watch all operational 
parameters, such as solids levels in the tanks, sand filters and headworks.

Another challenge is the occasional issue with industrial customers. 
Local industries include a paper box manufacturer, a cable communications 
company and a NASCAR racing team. 

“We have had to stay on top of some industrial effluent,” says Segarra. “In 
the past, we had a copper violation and found that an industrial plant’s solids 
were carrying copper to our plant. Once we identified the source, we worked 

with the company to correct the 
problem.”

FUTURE UPGRADES
The plant is scheduled for an 

upgrade to the 14-year-old SCADA 
system, which now allows alarm 
monitoring only. The new SCADA 
system will improve operations 
tracking and history. “As EPA rules 
become more stringent, we need 
tighter control of our operational 
parameters, and that’s where the 
SCADA comes in,” says Segarra. 

The project is scheduled to start in 2012.
 Another planned upgrade is to radio telemetry, Ethernet and fiber optic 

communications, and data transfer systems that will tie into the wastewater 
plant, the remote wastewater pump stations, and water treatment plant.  
Says Segarra, “At one test location, the water and sewer authority has 
improved security by installing live streaming monitors directly to the police 
department.”

The water and sewer authority has approved a solar power project, to 
start in 2012, that will reduce the plant’s power use by about 30 percent. Dur-
ing optimal days, the plant will be 100 percent solar powered. “We’re trying 
to stabilize our costs over time, and the solar project will help us achieve 
that,” says Hurley. “We may look at wind power down the road, but that’s on 
hold right now.”  

The Newtown team includes, from 
left, area manager Jason O’Brien, 
operation and maintenance tech-
nician Thomas Maugeri, admin-
istrative assistant Lynda Briere 
San Souci, project manager Julio 
Segarra, operation and maintenance 
technician Mark Byrns, and director 
of public works Fred Hurley Jr.

Mark Byrns hoses down the Ashbrook belt press.

ABB Inc.
800/752-0696
www.abb.us/drives

Ashbrook Simon-Hartley
800/547-7273
www.as-h.com
(See ad page 41)

Ironbrook Partners
905/478-1022
www.ironbrookpartners.com

Lakeside Equipment 
Corporation
630/837-5640
www.lakeside-equipment.com

more info:
Ovivo
801/931-3000
www.ovivowater.com
(See ad page 2)

Royce Technologies – 
a Xylem Brand
979/690-5556
www.roycetechnologies.com

United Water
201/767-9300
www.unitedwater.com

“In Connecticut, we have a nitrogen credit  

program. Before the upgrade, the water and 

sewer authority had to pay $6,000 in credits for 

not meeting the permit limit. Since the upgrade, 

they have received a check every year for $800.”
JULIO SEGARRA
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sewer authority had to pay $6,000 in credits for 

not meeting the permit limit. Since the upgrade, 

they have received a check every year for $800.”
JULIO SEGARRA
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Ultraviolet (UV) light is used to disinfect many types of water, 
including low-quality water like primary treated wastewa-
ter and combined sewer overflows (CSOs). CSO treatment is 

becoming a regulatory requirement in many regions. 
Chlorine is traditionally used to disinfect CSOs because of its low 

cost, but due to the adverse environmental impacts of chlorination 
byproducts, chlorine residual limits are becoming stricter. UV light is 
a proven alternative. It is a cost-effective technology for disinfecting 
low-quality wastewater as long as the system is properly designed.

Because stormwater treatment involves high flows with high sus-
pended solids content, variable temperature, and disinfectant-resis-
tant pathogens, the disinfection system must have rapid oxidation 
and powerful pathogen-killing capability. In these applications, chlo-
rine systems can require long contact times and thus large equip-
ment footprints and high construction costs. 

As in all disinfection technologies, UV disinfection design is a 
function of the water quality being treated. Because UV disinfection 
is a physical (not chemical) treatment, the relationships between dis-
infection and water quality are more easily defined and quantified. 
Once the relevant water-quality parameters are defined for a storm-
water event, it is possible to design a UV reactor to cost-effectively 
meet the disinfection requirements for future events.

PROPER DESIGN
The objective in UV disinfection is to transfer UV energy into the 

water. Low-quality wastewater has low 
UV transmittance, and so the reactor 
design challenge is greater. The key to 
proper UV reactor design is to opti-
mize the effective water layer between 
the UV lamps for the transmittance of 
the water.

In low-transmittance water, the effec-
tive water layers need to be shorter. 
This can be accomplished with more 
powerful lamps, narrower spacing, or 
hydraulic devices that induce stream-
lines and direct flow toward the lamps. 

Each option must be evaluated 
against its trade-offs. For instance, higher-
power lamps can use more energy but 

allow wider lamp spacing, leading to a lower-headloss reactor design. 
Alternately, with lower-powered lamps, the required narrow lamp 
spacing and hydraulic devices can increase headloss.

Higher headloss can result in water level increases in an open-
channel UV reactor, leading to a large water layer above the lamps 
(short-circuiting), or leaving a large section of downstream lamps 
exposed to air. These zones with large water layers or exposed lamps 
provide little or no disinfection, and reactors with these hydraulic 
flaws will fail when challenged in full-scale operation.

Any fraction of the flow that receives less than optimal UV doses 
will limit reactor performance. These issues can be overcome by 
using sophisticated computational fluid dynamics (CFD) modeling 
with accurate irradiation models to design UV reactors for stormwa-
ter applications. 

CSO CHALLENGES
Low-quality wastewater is typically high in suspended solids, and 

those particles can harbor microorganisms that resist disinfectants. 
UV dose-response curves are generated in a laboratory using cali-

TECH TALK

Disinfecting  
CSO Water
UV TECHNOLOGY SHOWS PROMISE FOR KILLING PATHOGENS 
IN THE HIGH-VOLUME, LOW-QUALITY STREAMS  
TYPICAL OF STORMWATER TREATMENT APPLICATIONS

By Jennifer Muller and Wayne Lem
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Among facilities using UV is the Cog Moors Wastewater Treatment 
Works near Cardiff in the southwestern United Kingdom.

Figure 1. Collimated beam UV dose-response curves compare results 
with low-quality (CSO) and high-quality (secondary) wastewater. The 
data shows between-process differences, within-process variability, 
and the impact of difficult-to-disinfect solids. 

FIGURE 2. Vortex mixers mounted on 
quartz sleeves housing medium-pressure 
UV lamps provide additional mixing and 
direct the low-UV-transmittance water 
toward the high-intensity light source. 

brated collimated beam devices to quantify the relationship between 
applied UV dose and microorganism survival. 

UV dose-response curves for microorganisms in low-quality 
wastewater typically have two slopes, characterizing easy-to-disin-
fect free-floating microorganisms and the more challenging particle-
associated microorganisms (Figure 1). 

A typical disinfection objective for low-quality wastewater ranges 
from one to three log reductions of the target or indicator organism. 
In response, design UV doses to meet these requirements do not 
need to be excessively high because the limits are typically reached 
by disinfecting the free-floating microbes.

UV disinfection technology testing is typically done at flow rates 
lower than those common in CSO applications. Where sampling data 
is limited, a UV system can be designed using information from a UV 
dose-response database. Trojan Technologies, for example, has an 
in-house microbiology laboratory that has analyzed more than 
25,000 data points related to wastewater UV dose-responses and has 
a database that covers more than 20 years. It allows prediction of 
design UV doses for different indicator organism concentrations and 
associated statistical limitations. 

For stormwater high in suspended solids, the effectiveness of any 
UV design dose depends on the disinfectability of the water and on 
the properties of the solids. The relationships between TSS and UV 
transmittance can be derived from the database and used for disin-
fection system sizing.

As one example from the database, typical water quality during a 
stormwater event can be 200 mg/l TSS at first flush and 90 mg/l TSS 
during the extended storm. UV transmittance varies from less than 20 
percent at first flush to greater than 65 percent near the end of the storm.

This data, combined with water-quality data from sampling, pro-
vides a high level of confidence that the UV system design will con-
sistently and cost-effectively meet the discharge requirements.

ESSENTIAL FEATURES
Long experience shows that key design features will realize cost-

effective UV disinfection for challenging waters. The features 
described below provide an example of a UV that has been tested, 
installed and now operates successfully in a number of low-UV-trans-
mittance applications. The design effectively incorporates the fea-
tures that overcome the challenges related to disinfecting low-quality 
wastewater.

UV energy source
Effluent flows by gravity through a fully submerged, tubular reac-

tor, where it is exposed to high concentrations of UV light generated 
by medium-pressure (MP) high-intensity lamps. Contoured reactor 
walls tightly control the water layer around the lamps for consistent 
disinfection regardless of flow rate or water level. 

UV modules house the lamps, quartz sleeves and cleaning system 
and pivot into the reactor opening at the upstream and downstream 
ends. Lamps are placed in a staggered array, spaced evenly, and opti-
mized to balance the trade-offs between headloss generated and 
mixing induced. Vortex mixers optimize performance at lower UV 
transmittance values (Figure 2). The mixers are mounted on the 
quartz sleeves and increase flow turbulence and mixing around the 
lamps (Figures 3 and 4).

Monitoring
An effective system must respond to varying water quality during 

a storm to ensure full treatment and optimize power and lamp use. 
Key monitoring equipment includes UV intensity sensors to measure 
lamp output, flowmeters, and online UV transmission monitoring to 
track water quality (Figure 5). As operating conditions and water 
quality fluctuate, the UV system controller automatically and contin-
uously calculates the power settings required to achieve the neces-
sary UV lamp output and ensure adequate disinfection.

The objective in UV disinfection is to transfer UV energy 

into the water. Low-quality wastewater has low UV 

transmittance, and so the reactor design challenge  

is greater. The key to proper UV reactor design is  

to optimize the effective water layer between the  

UV lamps for the transmittance of the water.
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FIGURE 3. Dye tests illustrate potential paths of short-circuiting where 
water does not reach the UV lamps, resulting in poor performance and 
potential reactor failure.

FIGURE 4. Vortex mixers add turbulence, ensuring that particles and 
microorganisms reach the UV lamps.

FIGURE 5. A typical monitoring scheme for UV disinfection includes UV intensity  
sensors, an online UV transmittance device, PLC controller, and variable-output power 
supplies to vary light intensity in varying operating conditions.

(continued)
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Ultraviolet (UV) light is used to disinfect many types of water, 
including low-quality water like primary treated wastewa-
ter and combined sewer overflows (CSOs). CSO treatment is 

becoming a regulatory requirement in many regions. 
Chlorine is traditionally used to disinfect CSOs because of its low 

cost, but due to the adverse environmental impacts of chlorination 
byproducts, chlorine residual limits are becoming stricter. UV light is 
a proven alternative. It is a cost-effective technology for disinfecting 
low-quality wastewater as long as the system is properly designed.

Because stormwater treatment involves high flows with high sus-
pended solids content, variable temperature, and disinfectant-resis-
tant pathogens, the disinfection system must have rapid oxidation 
and powerful pathogen-killing capability. In these applications, chlo-
rine systems can require long contact times and thus large equip-
ment footprints and high construction costs. 

As in all disinfection technologies, UV disinfection design is a 
function of the water quality being treated. Because UV disinfection 
is a physical (not chemical) treatment, the relationships between dis-
infection and water quality are more easily defined and quantified. 
Once the relevant water-quality parameters are defined for a storm-
water event, it is possible to design a UV reactor to cost-effectively 
meet the disinfection requirements for future events.

PROPER DESIGN
The objective in UV disinfection is to transfer UV energy into the 

water. Low-quality wastewater has low 
UV transmittance, and so the reactor 
design challenge is greater. The key to 
proper UV reactor design is to opti-
mize the effective water layer between 
the UV lamps for the transmittance of 
the water.

In low-transmittance water, the effec-
tive water layers need to be shorter. 
This can be accomplished with more 
powerful lamps, narrower spacing, or 
hydraulic devices that induce stream-
lines and direct flow toward the lamps. 

Each option must be evaluated 
against its trade-offs. For instance, higher-
power lamps can use more energy but 

allow wider lamp spacing, leading to a lower-headloss reactor design. 
Alternately, with lower-powered lamps, the required narrow lamp 
spacing and hydraulic devices can increase headloss.

Higher headloss can result in water level increases in an open-
channel UV reactor, leading to a large water layer above the lamps 
(short-circuiting), or leaving a large section of downstream lamps 
exposed to air. These zones with large water layers or exposed lamps 
provide little or no disinfection, and reactors with these hydraulic 
flaws will fail when challenged in full-scale operation.

Any fraction of the flow that receives less than optimal UV doses 
will limit reactor performance. These issues can be overcome by 
using sophisticated computational fluid dynamics (CFD) modeling 
with accurate irradiation models to design UV reactors for stormwa-
ter applications. 

CSO CHALLENGES
Low-quality wastewater is typically high in suspended solids, and 

those particles can harbor microorganisms that resist disinfectants. 
UV dose-response curves are generated in a laboratory using cali-
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Among facilities using UV is the Cog Moors Wastewater Treatment 
Works near Cardiff in the southwestern United Kingdom.

Figure 1. Collimated beam UV dose-response curves compare results 
with low-quality (CSO) and high-quality (secondary) wastewater. The 
data shows between-process differences, within-process variability, 
and the impact of difficult-to-disinfect solids. 

FIGURE 2. Vortex mixers mounted on 
quartz sleeves housing medium-pressure 
UV lamps provide additional mixing and 
direct the low-UV-transmittance water 
toward the high-intensity light source. 

brated collimated beam devices to quantify the relationship between 
applied UV dose and microorganism survival. 

UV dose-response curves for microorganisms in low-quality 
wastewater typically have two slopes, characterizing easy-to-disin-
fect free-floating microorganisms and the more challenging particle-
associated microorganisms (Figure 1). 

A typical disinfection objective for low-quality wastewater ranges 
from one to three log reductions of the target or indicator organism. 
In response, design UV doses to meet these requirements do not 
need to be excessively high because the limits are typically reached 
by disinfecting the free-floating microbes.

UV disinfection technology testing is typically done at flow rates 
lower than those common in CSO applications. Where sampling data 
is limited, a UV system can be designed using information from a UV 
dose-response database. Trojan Technologies, for example, has an 
in-house microbiology laboratory that has analyzed more than 
25,000 data points related to wastewater UV dose-responses and has 
a database that covers more than 20 years. It allows prediction of 
design UV doses for different indicator organism concentrations and 
associated statistical limitations. 

For stormwater high in suspended solids, the effectiveness of any 
UV design dose depends on the disinfectability of the water and on 
the properties of the solids. The relationships between TSS and UV 
transmittance can be derived from the database and used for disin-
fection system sizing.

As one example from the database, typical water quality during a 
stormwater event can be 200 mg/l TSS at first flush and 90 mg/l TSS 
during the extended storm. UV transmittance varies from less than 20 
percent at first flush to greater than 65 percent near the end of the storm.

This data, combined with water-quality data from sampling, pro-
vides a high level of confidence that the UV system design will con-
sistently and cost-effectively meet the discharge requirements.

ESSENTIAL FEATURES
Long experience shows that key design features will realize cost-

effective UV disinfection for challenging waters. The features 
described below provide an example of a UV that has been tested, 
installed and now operates successfully in a number of low-UV-trans-
mittance applications. The design effectively incorporates the fea-
tures that overcome the challenges related to disinfecting low-quality 
wastewater.

UV energy source
Effluent flows by gravity through a fully submerged, tubular reac-

tor, where it is exposed to high concentrations of UV light generated 
by medium-pressure (MP) high-intensity lamps. Contoured reactor 
walls tightly control the water layer around the lamps for consistent 
disinfection regardless of flow rate or water level. 

UV modules house the lamps, quartz sleeves and cleaning system 
and pivot into the reactor opening at the upstream and downstream 
ends. Lamps are placed in a staggered array, spaced evenly, and opti-
mized to balance the trade-offs between headloss generated and 
mixing induced. Vortex mixers optimize performance at lower UV 
transmittance values (Figure 2). The mixers are mounted on the 
quartz sleeves and increase flow turbulence and mixing around the 
lamps (Figures 3 and 4).

Monitoring
An effective system must respond to varying water quality during 

a storm to ensure full treatment and optimize power and lamp use. 
Key monitoring equipment includes UV intensity sensors to measure 
lamp output, flowmeters, and online UV transmission monitoring to 
track water quality (Figure 5). As operating conditions and water 
quality fluctuate, the UV system controller automatically and contin-
uously calculates the power settings required to achieve the neces-
sary UV lamp output and ensure adequate disinfection.

The objective in UV disinfection is to transfer UV energy 

into the water. Low-quality wastewater has low UV 

transmittance, and so the reactor design challenge  

is greater. The key to proper UV reactor design is  

to optimize the effective water layer between the  

UV lamps for the transmittance of the water.
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FIGURE 3. Dye tests illustrate potential paths of short-circuiting where 
water does not reach the UV lamps, resulting in poor performance and 
potential reactor failure.

FIGURE 4. Vortex mixers add turbulence, ensuring that particles and 
microorganisms reach the UV lamps.

FIGURE 5. A typical monitoring scheme for UV disinfection includes UV intensity  
sensors, an online UV transmittance device, PLC controller, and variable-output power 
supplies to vary light intensity in varying operating conditions.

(continued)
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which means the lowest-flow seven consecutive days in a 10-year 
period — we would be over our limit by about one-third of a degree. 
We’re not a massive thermal load, but we are in fact a load, and the 
goal is to mitigate all loads if possible. Being over is being over.

As the population increases over time, our thermal impact will 
increase, and that is factored into our load compliance schedule.

: Do you have salmon spawning in the river at those times 
of year?

Baker: Yes, that time of year is during the spawning season for 
the salmon, and is the driving concern.

: What is the timetable for complying with this permit 
provision?

Baker: We have a 10-year compliance schedule in our new per-
mit to get to a minimum of 177 million kilocalories per day (or ther-
mal credits), with an end goal of about 300 million thermal credits 
over 20 years.

: What options were explored before you chose the shad-
ing program?

Baker: We looked at a cooling tower, but the trouble was that 
during the time of year in question, there isn’t enough differential 
between the air temperature and the water temperature to get any 
kind of cooling that way. Then we thought about mechanical chillers, 
which would definitely work, but when we costed that out, it was in 
the neighborhood of $15 million. 

Then there are some old lagoons next door to us that belong to 
our sister organization, Rogue Valley Sewer Services. The thought 
was that we could excavate those out. The engineering work showed 
they would need to be dug from their current depth of about 12 feet 
to about 30 feet. Then we could send a certain amount of effluent 
over there, allow it to cool, and discharge it from the bottom — 
essentially taking advantage of geothermal cooling. However, that 
again would cost some $15 million, not counting upkeep on the 
transfer and discharge pumping systems we would have needed. 

: How did the idea of shading the river come up?
Baker: Temperature trading was actually the option favored by 

the DEQ. We’re partnering with a group called The Freshwater Trust 
to implement the program. They’ve been around for about 30 years 
doing environmental projects. When all is said and done, the cost of 
the temperature trading program is about $8 million.

: How will this project actually work?
Baker: It’s a 20-year program. We have a 10-year contract with 

The Freshwater Trust with a 10-year 
renewal. They will go out and deter-
mine the areas on the Rogue River 
and its tributaries where geographi-
cally it would be worthwhile to add 
shading. Then they have to negoti-
ate with the landowners to get ease-
ments. There will be payments to the landowners for the use of the 
land. Then they will have to clear off whatever brush is there and 
plant native tree species that over time will grow tall enough to offer 
enough shading to provide mitigation credits.

The choice of trees will be a mix of cottonwood, alder, willow  
and maple. The varieties planted will be dictated by site-specific 
conditions.

: How is it possible to measure the impact of this shading 
on river temperature?

Baker: There is a computer program called Shade-A-Lator where 

you plug in various data and it will give back the amount of heat miti-
gation you can generate from a given tree planting program.

: Do you have a feel for the scope of the planting program 
that will be required to reach the goal?

Baker: It’s estimated we will have to add shading to about 25 to 
30 miles of river. It’s a pretty daunting task. All the field work will be 
done by The Freshwater Trust, since we don’t have the staff or exper-
tise in-house to undertake a proj-
ect like that. The area where we 
can operate starts at River Mile 62, 
which is 62 miles upstream from 
where the Rogue discharges to the 
ocean, and extends about 100 
miles upstream from that point to 
our location. 

In addition, we can do work on 
about 300 miles of tributaries to 
the Rogue, although these offer a much lower kilocalorie yield.  
We’re going to look at the highest-yield areas first and try to work on 
those that give us the most kilocalories of mitigation per individual 
project.

: How soon will work begin?
Baker: We’ve got approval from our city council and we have a 

contract signed with The Freshwater Trust. So now that we have our 
new NPDES permit, which was issued in mid-December, we’ll be able 
to get started.

: How will this effort be paid for?
Baker: We’ll pay as we go. We have worked very diligently to 

avoid incurring debt, so our projects are solely based on the resources 
we have. Our rates are among the lowest in the state. We’re pretty 
frugal, and with a conservative financial approach we have been able 
to maintain a surplus of project money. So we’re able to do this with-
out having to go out for bonds or loans.

: Is there any precedent for this type of project in Oregon?
Baker: Clean Water Services, which takes care of Washington 

County, one of the state’s most populous areas, has done a program 
similar to this to meet their temperature requirements. We are the 
first agency in the state to do this with a partner and only the second 
agency (after Clean Water Services) to have a trading program. It’s a 
big trial for us and a big trial for The Freshwater Trust, which was the 
only organization that responded when we issued our request for 
proposals.

We have had a pretty good level of support and interest from the 
community at large. The program is looked on very favorably, in part 
because I think it does make sense, the landowners will receive 
improvements to their property with the clearing of invasive brush 
and the planting of native trees, plus a certain level of financial  
support for participating. So we feel we have a pretty good chance of 
getting this done.   

“It’s estimated we will have 

to add shading to about 25 to 

30 miles of river. It’s a pretty 

daunting task.”
DENNIS BAKER

“The program is looked on very favorably, in part because I think it does 

make sense. So we feel we have a pretty good chance of getting this done.”
DENNIS BAKER
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people/awards
The Town of Provincetown (Mass.) received the 2011 Wastewater 

Utility Award from the New England Water Environment Association.
John Gibson, the City of Raleigh wastewater facility manager at the 

Smith Creek Wastewater Treatment Plant, was named the 2011 North Caro-
lina recipient of the Water Environment Federation’s William D. Hatfield Award.

Advanced Waste Services of West Allis, Wis., received the Fleet Safety 
Award (driving between 4 million and 9 million miles with zero DOT-report-
able accidents) and the Gold Safety Award (highest point total score in the 
heavy-duty specialty category) from its insurer, Raffles Insurance Ltd.

The Brush Creek Wastewater Treatment Plant, Cranberry, Pa., 
received the 2011 Facilities Safety Award from the Western Pennsylvania 
Water Pollution Control Association.

Jim Mahony, area manager Mid-Central for HOBAS Pipe USA, was 
inducted into the Select Society of Sanitary Sludge Shovelers by the Nebraska 
Water Environment Association.

TPO welcomes your contribution to this listing. To recognize members 
of your team, please send notices of new hires, promotions, service mile-
stones, certifications or achievements to editor@tpomag.com.

education
Canada

The Maritime Provinces Water and Wastewater Association will hold its 
annual seminar, “The Earth Is Our Island: How We Protect It,” in Charlotte-
town, Prince Edward Island, April 22-25. Visit www.mpwwa.ca.

Michigan
The Michigan Water Environment Association has these courses:
•	 March	22	–	Lagoon	Seminar,	East	Lansing
•	 May	8	–	Lab	Practices	Seminar,	East	Lansing

Visit www.mi-wea.org.

Ohio
The Ohio Water Environment Association has these courses:
•	 March	1	–	Government	Affairs	Workshop,	Lewis	Center
•	 April	5	–	Watershed	Workshop,	Columbus
•	 May	10	–	Collection	Systems	Workshop,	Lewis	Center
Visit www.ohiowea.org.

South Dakota
The South Dakota Water and Wastewater Association will hold a Waste-

water Operators Seminar May 1-2 in Sioux Falls. Visit www.sdwwa.org.

Texas
The Texas Water Utilities Association has these courses:
•	 March	13	–	Wastewater	Collection,	Carrollton
•	 March	19	–	Management,	Texarkana
•	 March	20	–	Safety,	New	Braunfels
•	 March	27	–	Safety,	Longview

Visit www.twua.org.

Virginia
The Virginia Water Environment Association has an Industrial Waste and 

Pretreatment Seminar March 5-6 in Charlottesville. Visit www.vwea.org.

Wisconsin
The Wisconsin Wastewater Operators Association is offering the following:
•	 March	21	–	Spring	Biosolids	Symposium,	Stevens	Point
•	 April	2	–	Young	Professional	Leadership	Academy,	Madison
Visit www.wwoa.org.

The Wisconsin Department of Natural Resources is offering the follow-
ing courses:

•	 March	6-7	–	Ponds	and	Lagoons,	Introduction	and	Advanced,	Manitowoc
•	 March	13-14	–	Disinfection,	Introduction	and	Advanced,	Green	Bay
•	 March	 19-23	 –	 General	 Wastewater	 Treatment,	 Introduction	 and	

Advanced, Chippewa Falls
•	 March	26-27	–	Mechanical	Sludge	Handling,	Introduction	and	Advanced,	

Oconomowoc
•	 April	11	–	Wastewater	Math,	Chippewa	Falls
•	 April	16-17	–	Activated	Sludge-Introduction,	Madison
•	 April	18-19	–	Activated	Sludge-Advanced,	Madison
•	 April	23-24	–	Phosphorus	Removal,	Introduction	and	Advanced,	Madison
•	 April	25-26	–	Lab-Advanced,	Madison
Visit www.dnr.state.wi.us.

The University of Wisconsin Department of Engineering-Professional Devel-
opment is offering the following courses:

•	 March	26-27	–	Upgrading	Your	Sanitary	Sewer	Maintenance	Program,	
Madison

•	 March	28-30	–	Wastewater	Pumping	Systems	and	Lift	Stations,	Madison
•	 April	24-26	–	Nutrient	Removal	Engineering:	Phosphorus	and	Nitrogen	

in Wastewater Treatment
Visit www.epdweb.engr.wisc.edu.   

worth noting

TPO invites your national, state, or local association to post notices and news  
items in the Worth Noting column. Send contributions to editor@tpomag.com.

CALENDAR OF EVENTS
March 11-13
South Carolina Environmental 
Conference, Myrtle Beach Conven-
tion Center, Myrtle Beach. Call 803/ 
358-0658 or visit www.sc-ec.org.

March 13-14
Georgia Association of Water 
Professionals Industrial Conference 
& Expo, Callaway Gardens 
Convention Center, Pine Mountain. 
Visit www.gawp.org.

March 19-22
Illinois Water Environment 
Association and the Illinois Section 
of the American Water Works 
Association Joint Annual Confer-
ence, Crowne Plaza Hotel, Spring-
field. Visit www.iweasite.org.

March 24-28
Missouri Water Environment 
Association Annual Conference, 
Osage Beach. Visit www.mwea.org.

March 25-28
Water Environment Federation 
Residuals and Biosolids 2012: 
Advancing Residuals Management: 
Technologies and Applications, 
Raleigh Convention Center, 
Raleigh, N.C. Visit www.wef.org.

April 10-13
The Water Environment Associa-
tion of Texas-Texas Water 2012, San 
Antonio. Visit www.weat.org.

April 15-17
North Carolina-American Water 
Works Association Annual Confer-
ence, Wilmington. Call 919/784-
9030 or visit www.ncsafewater.org.

April 15-18
Alabama Water Environment 
Association Annual Conference. 
Call 205/349-0067 or visit www.
awea-al.com.

April 15-18
Water Environment Federation 
Odors and Air Pollutants 2012, 
Kentucky International Convention 
Center, Louisville, Ky. Call 703/684-
2441 or visit www.wef.org.

April 16-19
Illinois Association of Water 
Pollution Control Operators Annual 
Conference, Crowne Plaza Conven-
tion Center, Springfield. Call 815/ 
303-3745 or visit www.iawpco.org.

April 17-18
Georgia Association of Water 
Professionals Spring Conference 
and Expo, Columbus. Visit www.
gawp.org.

April 17-20
California Water Environment 
Association Annual Conference, 
Sacramento Convention Center. 
Visit www.cwea.org.

April 17-20
Water Environment Association of 
Utah Annual Conference, Dixie 
Center, St. George. Visit www.
weau.org.

April 21-25
British Columbia Water & Waste 
Association Annual Conference, 
Penticton Trade and Convention 
Centre, Penticton. Call 604/433-
4389 or visit www.bcwwa.org.

April 22-24
Water Environment Association of 
Ontario Technical Symposium and 
Exhibition, The Ottawa Convention 
Centre. Call 416/410-6933 or visit 
www.weao.org.

April 24-25
Nevada Water Environment 
Association Annual Conference, 
John Ascuaga’s Nugget, Sparks. 
Visit www.nvwea.org.

April 29-May 2
Arkansas Water Works & Water 
Environment Association Annual 
Conference, location to be 
announced. Visit www.awwwea.org.

May 1-3
Montana Water Environment 
Association and Montana Section 
of the American Water Works 
Association Joint Conference, 
Holiday Inn Grand, Billings. Call 
406/546-5496 or visit www.
montana-awwa.org.

May 7-10
Alaska Water Wastewater Manage-
ment Association Annual Confer-
ence, Westmark Hotel & Convention 
Center, Fairbanks. Call 800/544-
0970 or visit www.awwma.org.

May 13-18
New Jersey Water Environment 
Association Annual Conference, 
Bally’s Atlantic City, Atlantic City. 
Call 201/296-0021 or visit www.
njwea.org.

May 20-23
West Virginia Water Environment 
Association Annual Conference, 
Grand Pointe Conference and 
Reception Center, Parkersburg. 
Visit www.wv-wea.org.

Get your subscription at wsomag.com — 
free to qualified professionals.

See Both Sides
Now there’s a magazine for the drinking water 
side of the house. Water System Operator™ 
(WSO) — with the same emphasis on the  
people who make it all work. It’s designed  
to help water operators:

 • Share best practices

 • Learn new technologies and methods

 • Receive recognition

 • Advance in the profession

 • Celebrate successes
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