TEMPE TOWN LAKE DAM

CONSTRUCTION OF THE LARGEST HYDRAULIC STEEL-GATE DAM
IN THE UNITED STATES
Heather Yount, PCL Construction, Communications Coordinator

Project Background
s of May 2016, Arizona is home to the
largest hydraulically controlled steelgate dam in the country. Comprising
eight fabricated steel gates, each weighing
more than 130 tons and standing 17 feet
high, Tempe Town Lake Dam regulates water
from the Salt River, which forms Tempe Town
Lake. The dam’s eight gates are mounted
onto a 21-foot-thick concrete foundation
and supported by seven concrete piers
and two abutment walls. Hydraulic cylinders
support the gates at a 70° angle, which helps
maintain the water level of Tempe Town Lake.
The original Tempe Town Lake Dam,
constructed in 1999, was made up of three
22-foot-high concrete piers located across
the Salt River. The inflatable rubber bladders
were installed between each of the piers
and were filled at a low air pressure, typically
between 4 and 6 psi. In July 2010, one of the
four existing inflatable rubber bladders burst,
releasing more than 977 million gallons of
The dam’s eight gates are supported by seven concrete piers and two abutment walls.
water into the Salt River bed and completely
Hydraulic cylinders support the gates at a 70° angle, which helps maintain the water level
draining Tempe Town Lake. The decision was
of the lake.
made to temporarily replace all four rubber
bladders in order to bring the dam back into
a functioning state in time for Tempe’s Ironman Triathlon competition at the lake; however,
this wasn’t a permanent solution.

A

Developing a Long-term Solution
Once the Ironman Triathlon concluded, the real work began as PCL’s Water Infrastructure
Group and their design partner, Gannet Fleming, Inc., worked with the City of Tempe to
develop a long-term solution for the dam. After considering nearly 20 dam options, the
solution was narrowed to three viable alternatives: Sumitomo rubber dam, Obermeyer gate,
or a hydraulic hinged steel gate. The decision was made to replace the four rubber bladders
with hydraulically operated, hinged steel steel gates. While the steel gates improve the
durability and reliability of the dam, the implementation of a hydraulically operated system
offers a heightened level of safety and flow flexibility.
Unlike the rubber-bladder dam structure, which does not allow for incremental adjustment
of flow, hydraulically operated gates provide the City with the opportunity to lower or
raise the gates in response to water flow. Each of the eight steel gates can be opened
independently of one another to control the flow from the Salt River into Tempe Town Lake,
meaning Tempe Town Lake can transition to a river during major flow events. During normal
flow, the dam will maintain normal lake elevation. In the event of a large upstream flow, the
new gates can be lowered and raised to pass flows and reestablish the water levels at the
end of a flow event. When in their fully upright position, approximately two feet of water can
pass over the top of the gates and flow down the Salt River.
Rising Above the Challenges
The success of the new Tempe Town Lake Dam was not a foregone conclusion. In August
2014, approximately four months into constructing the new dam, record flooding hit the city
Each of the two sections that form one single steel crest gate weighs approximately 130,000 pounds and
stands 17 feet high. The installation required the use of two 50-ton chain falls to precisely level and angle
the gate to align with the 44-plus bolt holes that connect the two sections together.
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237 cubic yards of concrete were used to form
each of the seven 25-foot-high, 9-foot-wide
concrete piers. Each pier is placed in two parts
and supports the steel crest gates.

of Tempe, erasing two months’ worth of construction progress. PCL
worked feverishly to make up these two months of work and ultimately
completed the project on schedule, but the challenges weren’t over.
One of the team’s first priorities was to construct a scour wall
to protect the dam’s foundation from water during release. The
groundwater conditions in the drained lake and riverbed were less
than ideal, so the team decided upon a diaphragm wall construction.
This method enabled crews to build the 1,000-foot scour wall in wet
conditions, without the need for a mass excavation. Crews combated
the sheer size of the scour wall, which contributed to the more than
47,000 cubic yards of concrete used on the project, by installing the
wall in 40-foot sections.
The team dug the 40-foot-long panels, which were then filled with
bentonite to stabilize the excavation before two end-stop beams and
a reinforcing cage were installed. A high slump concrete mixture was
then pumped through two pipes to fill the panel from the ground up, a
process that displaced the bentonite into a holding pond, allowing for
it to be reused to complete the remaining sections of the wall. Once
the bentonite became too thick to pump, crews used diaphragm pumps to force the mixture through a belt-filter press, which resulted in
bentonite with a sand content of approximately 1%. A cement-bentonite cutoff wall was also installed under the foundation with a variable
depth of 30 to 70 feet. Crews tied a low-permeability curtain wall into bedrock to prevent water from creating uplift pressure on the dam. In
total, the cement-bentonite cutoff wall took more than 800 hours to install, with crews working around-the-clock for 36 days.
PCL Construction’s run-in with wet conditions did not cease with the construction of the scour wall. The top 15 feet of soil in the
riverbed was made up of layers of sand, gravel, and cobble, which allowed groundwater to flow freely throughout the site. The presence
of groundwater was a common nuisance, especially at the north side of the lake, where the existence of underground utilities made it
nearly impossible to install a dewatering system. The excavation of the dam’s foundation also presented a dewatering challenge for the
team. Once the foundation was excavated 15 feet deep, competent soil had to be completely dewatered two feet below the concrete
surface before the team could place the roller compacted concrete. The was a challenging process because the competent foundation
soils were a mixture of low permeability soils and cemented rock that had artesian water springing from fractures. The solution was a
combination of French drains, sump pits, and small pumps to control the water during concrete placement.
A Day of Celebration
Upon completion of the dam’s concrete structures and installation of the eight steel crest gates on April 12, 2016, more than 900 million
gallons of water began flowing back into the Tempe Town Lake. “PCL is happy to have a part in ensuring a safe and reliable dam for the
community and City of Tempe,” said Adam Gordon, project manager with PCL’s Water Infrastructure Group. “We hope that the residents
of Tempe continue to enjoy their lake for generations to come.”
The City of Tempe gathered to inaugurate the new dam, which is expected to last approximately 50 years, on May 14, 2016, a day
declared Tempe Town Lake Day. The free event was held at Tempe Center for the Arts to celebrate the reopening of the lake for boaters
and swimmers. The occasion featured Touch-a-Truck, which allows children and their families the opportunity to see, up close, firetrucks,
police vehicles, and construction equipment on-site.

Approximately 18,000 cubic yards of roller-compacted concrete was placed to form the 21-foot-thick foundation for the dam. During a
3-week time period, the roller compacted concrete was batched on-site and placed at night to increase workability.
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GILBERT’S APPROACH TO WATER CONSERVATION
Haley Paul, Water Conservation Specialist, Gilbert, AZ

L

ike many cities in the Valley, Gilbert’s water comes from the Salt
and Verde Rivers, the Colorado River, and some carefully
managed groundwater. There is also the reclaimed side of
things, where Gilbert treats and delivers all of its reclaimed water
within its service area. Reclaimed water is used directly—sold to golf
courses and HOAs for common area landscape irrigation. It is also
used indirectly—recharged into the aquifer for long term storage
credit accrual, or recharged and recovered in the same year for
delivery to Gilbert residents.
At 247,000 people, Gilbert is growing into its water portfolio.
With a projected buildout population of 330,000, we know we must
carefully manage our existing water resources to ensure we have
sufficient supplies. That is why Gilbert’s water conservation division
seeks to save, at buildout, 4,000 acre feet per year.
To accomplish such a monumental task, Gilbert approaches
water conservation with the following strategies:
1. Direct outreach and assistance to residential customers—the
largest customer class.
2. Direct outreach and assistance to
commercial and municipal customers—
a smaller customer class, but with bigger
buckets of potential water savings.
3. Ordinances that limit the amount of
water intensive landscape in new
commercial, multifamily, and single
family developments.
4. Education—we feel it is of vital
importance to educate Gilbert’s youth
and adults alike on water conservation
and provide programming accordingly.
Our bread and butter—the residential sector
Through the lens of a utility’s water conservation program, the
residential (single family homes) sector represents tens of thousands
of small buckets of water ripe with potential savings. So, they are a
customer class we spend a lot of time with. Keep in mind that this
program is also a customer service tool that allows our utility billing
department to handle bill disputes in a productive manner. After
a water efficiency checkup with a Gilbert Water Conservation
Specialist, a customer saves, on average, 69,000 gallons of water
annually. We measure this by determining a specific customer’s
water use, one year before and one year after our visit. It makes an
impact. We’ve seen that these savings persist at least three years.
We know behavior change is a hard one. But we see from our water
efficiency checkups residents do save water—and for a while. Our
residential outreach and assistance program nabs Gilbert nearly 20
million gallons (61 acre feet) in annual water savings.
Commercial customers need love too
Currently, commercial and municipal customers account for 23%
of Gilbert’s overall water use and is growing.
Building off of the success of our large landscape irrigation
assistance program—responsible for roughly 90 million gallons (276
acre-feet) of annual water savings—we revamped the commercial
outreach program, adding a recognition component. We created
Water Wise Gilbert to not only help commercial customers in Gilbert
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save water and money, but to be recognized for it as well. We work
with local businesses, restaurants, churches, and schools to help
these larger water customers use water wisely. We brag about them
on social media and celebrate their water-saving success stories.
Early case studies from the Water Wise Gilbert program
demonstrate that having an objective third party (Gilbert Water
Conservation) assess water use can reveal previously unknown
issues. Savings resultant from uncovering leaks from misaligned toilet
valves on child-sized toilets have saved one daycare center in
Gilbert over 500,000 gallons of water—and that’s just since February.
An assessment of the landscape irrigation system at a local brewery
revealed problems that the owners could bring to the attention
of the property manager. Knowledge means power, and it can
also mean water savings. Since the brewery’s water checkup in
February 2016, this Gilbert establishment has saved nearly 200,000
gallons of water, all in the landscape.
Gilbert is its own top water customer. We selected the Southeast
Regional Library, Freestone Recreation Center, Courts, and two
municipal office buildings for upgrades
to reduce indoor water use. We installed
dual-flush handles on toilets, half gallon per
flush urinal valves, high-efficiency faucet
aerators, and high-efficiency showerheads.
Furthermore, we work closely with other
Gilbert staff to ensure that our parks, streets,
and buildings meet the rigorous water
management standards we set for ourselves.
This way, when we ask our commercial and
residential customers to use water wisely, they
know their town is doing the same.
All told, the commercial and municipal
outreach and assistance program saves Gilbert nearly 96 million
gallons (295 acre-feet) of water a year, with increased savings
projected as more businesses join in.
Mandatory bucket savings
The outreach and direct assistance mentioned above offers
great customer service and can get you partly there—but in the
end these programs are driven by voluntary action by water users
who want to be more efficient.
At some point, to obtain bigger water savings, the M word—
mandatory—must come in to play. In 2000, when Gilbert
Town Council adopted ordinances limiting the water intensive
landscaping in new development, Gilbert made sure that wall-towall and wall-to-street grass was left in the past. In model homes,
for instance, no more than 20% of an individual model home lot’s
landscape area can be planted with water intensive plant material
(read: not on the ADWR low water use plant list) and water features.
The Gilbert model home ordinance deserves partial credit for
driving consumer demand for Xeric landscapes, in turn saving more
water.
Another highlight from Gilbert Water Conservation code includes
the mandate that in new residential and multifamily developments,
no more than 10% of the common area landscape can be in water
intensive plant material (if irrigated with potable water). Even with
our allowance of active recreation areas, where we allow 100 foot

by 100 foot turfed areas (where we know people will actually use
it), this ordinance permanently saves nearly 70 million gallons (215
acre-feet) of water a year by directly limiting the amount of water
intensive landscape area that can be installed in new residential
and multifamily development.
All told, with the model home, residential/multifamily, and
commercial water intensive landscape limitations codified in Town
ordinance, we project that since 2007, three billion gallons (9,200
acre-feet) of water have been permanently saved, and which
have been stored for the future.
Educating current and future consumers
Attributing water savings to education programs is a notoriously
difficult task. However, an innovative youth education program
called Water Scene Investigation is changing that. Thanks to
water education veterans Arizona Project WET, 6th graders in
Gilbert’s water service territory are benefitting from an efficient and
fundamental water technology—faucet aerators. Gilbert equips
each participating student with two faucet aerators, and, as part
of their homework assignment, they install the technology at home
and calculate their family’s water savings. Two years running, 1,400
students later, and roughly 6 million gallons of water saved.
Furthermore, we invest heavily in our 4th grade students. The
reason we target this grade level is because they study a unit

called Land and Water, where the water cycle and basic water
conservation information fits perfectly within existing standards. We
make it a no-brainer for teachers to invite us in to the classroom.
Rounding out the water conservation education intended
audiences are adults. Twice yearly we offer our Residential
Landscape Workshop series and teach people how to save water
(and money) outside, in their yard, where the bulk of residential
water is used.
What will the future bring?
Currently, we estimate that we save 700 acre-feet annually from
the water conservation strategies mentioned above.
The future of water conservation in Gilbert will likely look similar
to its past—for instance more direct outreach, especially to
underserved customers like schools and multifamily—but it could
also look much different. AMI/ AMR technology promises to bring
water up to speed in terms of data analytics like that of the energy
sector, equipping customers with access to real-time water use
data and allowing them to make the necessary adjustments to use
only what they need.
To meet our conservation goals we will need to employ an
“all of the above” strategy, with direct outreach and assistance,
ordinances, education, and advanced utility technologies.
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the pipeline – operator certification challenge
Ted Bailey
Baileytb@att.net

WATER TREATMENT GRADES 1 AND 2
1.
A.
B.
C.
D.

What does MRL mean to ADEQ?
Minimum Recharge Level
Maximum Recharge Level
Maximum Residual Level
Minimum Release Liquid

2.	Jar testing indicates 20 mg/L Powdered
Activated Carbon (PAC) is required
for taste and odor control. Calculate
how much PAC in pounds per hour is
needed to treat 18 million gallons
per day.
A. 100 pph
B. 125 pph
C. 720 pph
D. 904 pph
3.	Which chemical may be used to treat
algae in raw surface water?
A. NH4OH
B. Ca(OH)2
C. K2PO4
D. CuSO4
4.	Large rapid sand filtration plants have
bacteria living when they are operated
without upstream disinfection and are
called:
A. Scum mat.
B. Diatomaceous earth filters.
C. Biologically active filters.
D. Shcmutzdecke.
5.	During summer weather the water
temperature in your raw water lake
rises to 25OC. What may happen to the
water?
A. Algae bloom
B. Increase in coagulant demand
C. Lake turnover
D. Increase in disinfectant demand

WATER TREATMENT GRADES 3 AND 4
1.	What is the secondary MCL for
Manganese in water?
A. 0.05 mg/L
B. 1.0 mg/L
C. 2.0 mg/L
D. 4.0 mg/L

2.	Which of the following is a formula
of a chemical used in disinfection of
drinking water?
A. NaF.
B. Al2(SO4)3
C. NaOCl.
D. Ca(OH)2
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3.	What is the surface application rate
in a sedimentation basin 25 feet in
diameter and 11 feet deep with a flow
of 1390 gpm?
A. 0.5 GPMPSF
B. 1.33 GPMPSF
C. 2.8 GPMPSF
D. 4.00 GPMPSF
4.	What is the calcium hypochlorite feed
rate in mL/min if the chlorine dosage
is 2.26 mg/L, the flow is 2.4 MGD, and
there is 0.25 pound of chlorine per
gallon of calcium hypochlorite.
A. 120 mL/min
B. 480 mL/min
C. 1000 mL/min
D. 1440 mL/min
5.	Which of the following is a regulated
group of chemicals that form when
disinfecting surface water with
chlorine?
A. Carbon monoxide and carbon dioxide
B. Nitrous Oxide and Nitric acid
C.	Chloroform, Bromoform,
Dibromochloromethane, and
dichlorobromomethane
D. Ozone and Hydrogen Peroxide

WATER DISTRIBUTION GRADES 1 & 2

1.	Standpipes have a height greater than
their diameter.
A. True
B. False
2.	The higher the C factor, the smoother the
inside of pipe.
A. True
B. False
3.	How many gallons are inside a 30” pipe
that is 500 feet long?
A. 1500 gal
B. 7500 gal
C. 15000 gal
D. 18350 gal
4.	How many pounds per day of chlorine
are needed to disinfect 3475 gpm well
water flow with 1.2 mg/L chlorine
A. 50 lbs/day
B. 81 lbs/day
C. 83.4 lbs/day
D. 100 lbs/day

5.	What are the target organisms of
disinfection?
A. Coliforms
B. Giardia
C. Cryptosporidium
D. Pathogens

WATER DISTRIBUTION GRADES 3 & 4

1.	The quality of source water supplies
influences the types of treatment
needed but does not affect the
ultimate consumers.
A. True
B. False
2.	While flushing a 12” water main, a
flow meter on a hydrant reads 748
gpm. What is the velocity of the water
through the main?
A. 1.0 ft/sec
B. 1.5 ft/sec
C. 2.1 ft/sec
D. 2.5 ft/sec
3.	What will the feed rate of an
disinfecting chemical be in Gal/hr if 1.5
mg/L of a solution containing 1.25 lb/
gal is fed to 2.4 MGD?
A. It cannot be determined.
B. 1.0 gal/hr
C. 2.4 gal/hr
D. 8.34 gal/hr
4.	Alum usage followed by sedimentation
can increase virus removals up to:
A. 50%.
B. 75%.
C. 90%.
D. 99%.
5.	The profile of water flowing in an open
trench or level water would rise in a
tube attached to pipe under
pressure is:
A. Pipe slope.
B. Angle of repose.
C. Hydraulic Grade Line.
D. Friction loss.

WASTEWATER COLLECTION GRADES 1 & 2
1.	Experience has shown that the
minimum scouring velocity in a sewer
should be greater than:
A. 2 ft/sec.
B. 3 ft/sec.
C. 4 ft/sec.
D. 5 ft/sec.

2.	Atmospheric testing of a confined
space shall continue:
A.	Until hazardous atmospheric conditions
are no longer recorded.
B.	Until the confined space has been
completely ventilated.
C.	While there is no one on the surface for
rescue purposes.
D.	While the confined space is occupied.
3.	A 3-foot diameter wet well is pumped
down 5 feet in 7 minutes while the
sewer fills it at a rate of 25 GPM. What
is the GPM of the pumps emptying the
wet well?
A. 37 GPM
B. 42 GPM
C. 63 GPM
D. 175 GPM
4.	The purpose of forcing air into the
sewer system when smoke testing is to:
A.	Blow any smoke in the sewer out
before testing begins.
B. Get an air flow established.
C.	Ventilate the sewer to remove
explosive gases.
D.	Warn illegal connections that the
system will be smoke tested.
5.	Wastewater collection system repairs
are necessary to:
A. Correct damage to a sewer.
B. Cut rocks out of a sewer.
C. Hydraulically clean a sewer.
D. Remove grease buildup in a sewer.

WASTEWATER COLLECTION GRADES 3 & 4
1.	A new activated sludge plant takes 1.
A pump could overload a motor due
to:
A. Broken discharge line.
B. Excessive inflows.
C. Lack of mud and debris in wet well.
D. Plugged lines.

2.	Machinery should be locked out and
properly tagged to:
A.	Explain how machinery works to new
employees.
B.	Identify the machinery and enter
information into a database.
C.	Indicate the employee working on the
equipment.
D. Prevent accidents.

3.	A 30-inch diameter sewer 500 feet long
flows half full with a velocity of 2.15 feet
per second. What is the flow in GPM?
A. 105.25
B. 1300.0
C. 2370
D. 2845.8
4.	Exfiltration can be a serious problem in
areas where exfiltration flow can:
A. Cause flooding of surface waters.
B.	Contaminate groundwater used for
public drinking water supplies.
C. Flood homes.
D. All the above.
5.	Sewers and wet wells may have
insufficient oxygen, a condition called:
A. Anoxic.
B. Flooded.
C. Aseptic.
D. Septic.

WASTEWATER TREATMENT GRADES 1 & 2
1.	Wastewater solids are commonly
classified as:
A. Inorganic and dissolved.
B. Inorganic and organic.
C. Organic and dissolved.
D. Floatable and settleable.

2.	While pumping thick sludge from a
clarifier, be sure to mix with enough
water to ensure rapid withdrawal rates
and smooth flow.
A. True
B. False

5.	How much chlorine gas in lbs/
day is required to disinfect 28 MGD
wastewater effluent, and 12 mg/L are
added to a demand of 9.5 mg/L to
produce a residual of 2.5 mg/L?
A. 583 lbs/day
B. 1334 lbs/day
C. 2218 lbs/day
D. 2800 lbs/day

WASTEWATER TREATMENT GRADES 3 & 4

1.	The best control method for activated
sludge is:
A. Food/microorganism ratio.
B. Dissolved Solids control.
C. Detention time control.
D. BOD measurement and control.
2.	The main purpose of a confined space
entry permit is to:
A. Comply with laws.
B.	Ensure the use of safety precautions
and safe work practices.
C.	Inform emergency responders of
hazardous work being done.
D.	Limit employer’s liability for injuries that
may occur and reduce insurance
rates.
3.	What is the organic load to a
sedimentation basin if the flow is 2.5
MGD, the diameter of the basin is 75
feet, it is 14 feet deep and the BOD of
the influent is 225 mg/L?
A. 0.39 gpmpsf
B. 6.00 hours
C. 4700 lbs/day
D. 0.22 MG

3.	Calculate how many pounds of BOD
are removed daily by a sedimentation
basin with an inlet BOD of 250 mg/L,
a flow of 8 MGD and an efficiency of
85%:
A. 925 lbs.
B. 10,666 lbs.
C. 14,178 lbs.
D. 16,680 lbs.

4.	What is the feed rate in lbs/hr of lime
for a anaerobic digestion enrichment
system dosing 25 mg/L to a flow of 18.5
MGD?
A. 46 lb/hr
B. 160 lb/hr
C. 1093 lb/hr
D. 3857 lb/hr

4.	Estimate the application rate to a
clarifier in GPMPSF that handles 12.2
MGD. The diameter of the clarifier is 120
feet and the depth is 12.25 feet.
A. 0.25 GPMPSF
B. 0.50 GPMPSF
C. 0.75 GPMPSF
D. 1.00 GPMPSF

5.	You have 5 sand drying beds 100 ft
long and 20 ft wide. If you apply 15 lbs/
yr/sq ft, how many pounds of sludge
can you apply per year?
A. 100,000 lbs
B. 150,000 lbs
C. 200,000 lbs
D. 250,000 lbs

SEE ANSWERS ON PAGE 80
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EMERGING CONTAMINANTS – WHAT YOU NEED TO KNOW
Troy Walker, Eileen McCarthy Feldman, PE, PMP and Bill Becker, PhD, PE – Hazen and Sawyer

Perfluorinated Compounds – PFOA and PFOS
What are they?
n May, the EPA issued new guidelines for perfluorinated
compounds (PFCs) in drinking water. These PFCs included
in the guidelines are
perfluorooctanoic acid or
PFOA (also known as C8,
PFOA is a processing aid in
the manufacture of TeflonTM)
and perfluorooctane sulfonate
Figure 1 - Perfluorooctanoic acid
or PFOS (commonly found
(PFOA)
in fabric protectants). These
are contaminants of concern at low levels for pregnant or
breastfeeding women because they bioaccumulate and can be
passed on to the baby.

I

What are the new guidelines?
While there is no federal
drinking water MCL for
PFOA and PFOS, the new
EPA guideline is 0.07 μg/L for
PFOA, 0.07 μg/L for PFOS,
and 0.07 μg/L for PFOA and
Figure 2 - Perfluorooctane sulfonate
PFOS combined. The EPA
(PFOS)
had previously instituted a
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Provisional Health Advisory level of 0.4 μg/L for PFOA and 0.2 μg/L
for PFOS for short-term exposure in humans.
How can I treat for PFOA and PFOS?
Although the removal of PFCs from source waters depends
on concentration, raw water quality and other variables, several
treatment processes have proven to remove up to 90% or greater
of PFCs in finished water. Granular activated carbon (GAC) and
high pressure membrane filtration can remove over 90% of PFCs
from source water. Some powdered activated carbons (PAC) have
been shown to remove PFCs though the efficacy is typically limited
by contact time and dose. Anion exchange has been successful
at removing between 10% to over 90% of PFCs from drinking water,
depending on the specific compound, the type of ion exchange
resin, and other water quality parameters. The success of advanced
oxidation for removing PFCs is generally limited due to their
resistance to oxidation.
What are the implications to my water system?
PFOS and PFOA were monitored as part of the Unregulated
Contaminant Monitoring Rule 3 (UCMR3). If your water system had
elevated PFOA and PFOS concentrations, the following steps are
recommended:
• Monitoring plans should be put in place if PFOS or PFOA
detection has occurred in past sampling.

• Elevated levels of PFCs should be reported to NJDEP to
determine the course of action.
• Outreach should be conducted to inform public of monitoring
and any potential concerns for target populations.
• Bench-scale testing (jar testing and GAC column studies)
along with pilot-scale GAC studies are suggested for
evaluation at site specific locations.
If PAC is of interest, AWWA has a series of worksheets and
protocols to guide the evaluation of PAC for water treatment. The
spreadsheets were developed to manage cyanotoxins in water but
the protocols and data management will be similar for PFCs. The
information is free to AWWA members and is available at: http://
www.awwa.org/resources-tools/water-knowledge/cyanotoxins.aspx.
1,4-Dioxane
What is it?
1,4-dioxane is a solvent and stabilizer that is used in many industrial
applications and can be found in some cosmetics and personal
care products. Because of
its historical and current uses,
1,4-dioxane has been detected
in groundwater and surface
water. It was monitored as part
of UCMR3.
What is the latest information
Figure 3 - 1,4-dioxane
from EPA?
The UCMR3 April 2016
Data Summary provided a “draft reference concentration”
for all compounds monitored as part of UCMR3. The reference
concentrations are based on publically-available health

information found various EPA resources. Note, the draft reference
concentration does not represent an “action level” nor EPA intent
to establish a future drinking water regulation.
In the latest EPA publication1, more information was provided
for the draft reference concentration for 1,4-dioxane. In the April
2016 publication, the draft reference concentration for 1,4-dioxane
is 0.35 μg/L to 35 μg/L (0.35 μg/L is associated with a 1-in-a-million
cancer risk and 35 μg/L is associated with a 1-in-10,000 cancer risk).
In previous EPA documentation (2012 Edition of the Health Advisories
Table) the only reference concentration listed was 35 μg/L.
How can I treat for 1,4-dioxane?
Advanced oxidation has been proven to remove 1,4-dioxane,
with UV/AOP being the typical treatment of choice though ozone/
peroxide can provide removal as well. Reverse osmosis and GAC
provide only limited removal due to the highly water soluble nature
of 1,4-dioxane and its relatively small molecular size.
Troy Walker works out of Hazen and Sawyer’s Tempe, AZ office
and is the Firm’s Western Regional Water Practice Lead. Eileen
McCarthy Feldman, PE, PMP, is Chair of the AWWANJ Research
and Technology Transfer Committee and a Senior Associate at
Hazen and Sawyer working on drinking water treatment, supply and
regulatory compliance. Bill Becker, PhD, PE, is Corporate Drinking
Water Practice Leader at Hazen and Sawyer and an Adjunct
Professor at Columbia University in the Department of Earth and
Environmental Engineering.
1
The Third Unregulated Contaminant Monitoring Rule (UCMR 3):
Data Summary, April 2016. Rep. no. EPA 815-S-16-002. United States
Environmental Protection Agency Office of Water, Apr. 2016. Web. 2
June 2016.
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RECLAIMING RESOURCES:
REDUCING WATER CONSUMPTION THROUGH REUSE
ALTHOUGH WATER REUSE CAN BE ENERGY-INTENSIVE, ITS USE IS INCREASING
ACROSS NUMEROUS INDUSTRIES
Al Goodman

C

ommuities and industries around the world are turning to
water reuse. The drivers are varied: the need to augment
strained water supplies, reduce nutrients in treated effluent,
maintain ecological balance, use the most energy-efficient water
sources, and reduce cost of purchased and treated water. The
major driver is water scarcity in arid and semi-arid regions, though
some regions of the world that are not considered to be waterscarce are implementing water reuse.
Ecological drivers are becoming more important in evaluating
reuse as part of a response to rigorous and costly requirements to
reduce or remove nutrients (mainly nitrogen and phosphorus) from
discharges to surface waters. Though water reuse can be energy-

intensive, depending on the level of treatment required, only a full
life-cycle analysis can reveal whether overall resource costs are
greater than or less than alternative water supplies.
Municipalities are implementing various types of urban water
reuse and turning to industry and agriculture as potential customers
of reclaimed water. Categories of water reuse applications are
presented in the table. This article focuses on considerations
relevant for municipal and industrial reuse. For more information on
the full range of categories of reuse, refer to the U.S. Environmental
Protection Agency’s Guidelines for Water Reuse (2012; http://nepis.
epa.gov/Adobe/PDF/P100FS7K.pdf).

Table. Categories of water reuse applications
(adapted from the U.S. Environmental Protection Agency Guidelines for Water Reuse, 2012)
Category of reuse

Description

Industrial 		Industrial applications and facilities (including food production and high-tech industries),
power production, and extraction of fossil fuels
Urban 		

Nonpotable applications in municipal settings

Agricultural 		Irrigation of food crops that may or may not be intended for human consumption
Environmental 		Creating, enhancing, sustaining, or augmenting waterbodies, including wetlands, aquatic
habitats, or stream flow
Groundwater recharge —
Recharge of aquifers that are not used as a potable water source
Nonpotable 		

Potable

Indirect potable
		
Augmentation of a drinking water source (surface or groundwater) with reclaimed water,
reuse (IPR)
followed by an environmental buffer that precedes normal drinking water treatment

Direct potable
		
The introduction of reclaimed water (with or without retention in an engineered storage buffer)
reuse (DPR)
directly into a water treatment plant, either co-located or remote from the advanced wastewater
treatment system
There is great potential to expand water reuse in the United
States and globally over the coming decades. Because the
United States currently reclaims only about 7% to 8% of municipal
wastewater, there is tremendous potential to expand reclaimed
water use, particularly where demand is geographically close to
the generation of municipal wastewater, such as in some types of
power generation, industrial, and urban uses. In addition, there are
significant efforts in the industry to evaluate onsite water reuse for
various production processes.
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Reclaimed water usage in various industries
Water can be reused in several ways for numerous applications,
including cooling towers, boilers, high-tech, and prepared food
manufacturing.
Cooling towers. Reclaimed water can be used for cooling
tower makeup water. Evaporative cooling systems require
significant volumes of makeup water to replace water lost through
evaporation. Additionally, some water must be periodically
discharged, referred to as “blow-down water,” so that dissolved

solids that are concentrated during evaporation do not build up
in the cooling water and damage equipment. The main issues in
using reclaimed water for cooling towers are controlling biological
regrowth (i.e., when nutrients are present and a disinfectant residual
is not maintained) and scaling (i.e., due to the presence of minerals,
particularly calcium, magnesium, sulfate, alkalinity, phosphate,
silica, and fluoride).
Boiler water make-up. Water for boiler make-up requires
extensive pretreatment to control scaling and oxygen within the
boiler, whether the source is reclaimed water or conventional
potable water. Boilers are even more susceptible to corrosion due
to scale build-up than cooling towers, because they operate at
higher pressures and temperatures.
High-tech water reuse. Reclaimed water is used in high-tech
manufacturing, such as the semiconductor industry for microchip
manufacturing and the manufacture of circuit boards. Water
quality for circuit board manufacturing is similar to that of boiler
make-up water, requiring extensive treatment. Reclaimed water
is also used at the associated facilities for cooling water and site
irrigation. Intel Corporation (Santa Clara, Calif.) internally recycles
approximately 2 billion gal (7.6 million m3) of water per year,
equivalent to 25% of its total water withdrawals. A large portion of
this comes from using internally generated water. After ultra-pure
water is used to clean silicon wafers during fabrication, the water is
reused for industrial purposes, irrigation, cooling towers, scrubbers,
and other facility uses through special dedicated plumbing
networks.
Prepared food manufacturing. Prepared food manufacturing
is most often a water-use intensive process, especially if irrigation
used in the food chain supply is included. (In many areas of the
country, 70% of water usage is for crop irrigation.) Though the food
and beverage manufacturing industry was initially reluctant to use
reclaimed water because of public perception concerns, the use of
highly treated, drinking-water-quality reclaimed process water has
been growing. With increasing knowledge of water reuse principles
and treatment technology, comes the motivation to use reclaimed
water at manufacturing sites, which helps minimize the total volume
of water used. Companies such as Coca-Cola and PepsiCo/FritoLay are implementing water reuse as part of holistic approaches to
reduce resource use.
Wastewater treatment for reuse
Because each opportunity for reuse presents site-specific
and process-specific factors, water reuse consideration requires
thorough data collection and careful analysis of the many options
available. The primary factors affecting the decision to implement
water reuse and required treatment processes include the
following:
1. What water quality is needed for reuse? Potential water
reuse options include land application/disposal, landscape
irrigation, cooling, industrial reuse, and many other options.
These uses vary in required water quality and treatment cost.
2. What are the water flows at the facility? Facilities should start

with a water survey that considers daily and seasonal use
variations, assesses current and future water use (both quality
and quantity), and determines potential combined uses
of recoverable water. Reuse for cooling and irrigation, for
example, will vary considerably depending on the season and
weather conditions.
3. What are future water demands? Reuse considerations should
include a water-needs study to predict future demands and
determine opportunities on a communitywide basis. This will
help predict total treatment needs and capacities for design
purposes and help determine the return-on-investment.
4. What is the public perception and acceptance of the
type of reuse? The reuse of treated water will rely on
acceptance of the end-user of the quality and reliability of
the treatment technology, plant operations, and continuity
of “guaranteed quality,” including removal of unknown
constituents that may be harmful. This is a critically important
consideration and needs a business-based approach as well
as public education and programmatic methods to confirm
acceptance — before implementation or construction of
reuse technologies.
5. What is in the wastewater? Sampling and analytical testing
are needed during various process conditions to determine
minimum, maximum, and average loadings on the treatment
system. These may include nontraditional analytical
parameters, salinity, hardness, alkalinity, silica, cations,
and anions, especially if membrane treatment systems are
considered. These process streams can vary considerably in
biochemical oxygen demand; chemical oxygen demand;
fats, oils, and grease; total suspended solids; pH; temperature;
and salt concentrations.
6. What waste disposal options are available? Water reuse
must be compared to traditional discharge options. In reuse
scenarios that use reverse osmosis (RO) and other membranebased processes, the concentrated stream must be carefully
managed and disposed. If this stream cannot be discharged
into the publicly owned treatment works or surface water,
then onsite evaporation or further concentration of the reject
may be required, significantly increasing costs and the space
required.
7. What are the potential costs and savings? Reuse scenarios
should be considered from a life-cycle cost perspective.
Costs can include those for capital and operating and
maintenance (with labor, electric/energy, chemicals, and
residuals disposal being the primary ongoing operational
costs). Water reuse treatment costs depend on the water
quality required. As the quality increases, the costs increase
somewhat exponentially, and the level of technical
competence required of facility operators increases likewise.
Treatment technologies are available to achieve any desired
level of water quality, and the level of treatment required depends
on the reuse application. For most land application uses of
continued on page 44
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RECLAIMING RESOURCES 
reclaimed water, conventional processes involving secondary
treatment, filtration, and disinfection steps are sufficient to achieve
necessary water quality. In applications where the chance of
human contact increases, or root crops are harvested, advanced
treatment may be required. It is important to note that not all
constituents have negative impacts for all uses. For example,
nutrients (nitrogen and phosphorus) may be beneficial in reclaimed
water when used for landscape irrigation to offset the need for
fertilizers.
The highest water quality (i.e., drinking water quality) may require
activated carbon or RO membranes. RO can remove salts and
specific ions, while granular activated carbon (GAC) can adsorb
potential fouling compounds prior to RO membranes. RO systems
are often tubular or spiral-wound flat plate systems and are already
used in desalination and many food industries.
An alternative treatment option for reuse is natural treatment
using filtration into groundwater (rapid infiltration basins) providing
indirect potable reuse, (IPR) followed by traditional treatment of
groundwater.
As technologies have advanced to reduce facility water
and energy use, industries and municipalities have increasingly
embraced the use of reclaimed water for a wide-ranging suite
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continued from page 43

of purposes: preventing salt water intrusion (as Orange County in
California is doing) or using it as industrial process water, boiler feed
water, cooling tower water, as well as using it for flushing toilets
and site irrigation. Current technologies produce reclaimed water
without degrading the performance of the intended uses when
compared to more expensive potable water. As water resources
become increasingly valued around the world, water reuse is
anticipated to expand.
Al Goodman is a principal with 42 years of experience serving
clients in water reuse projects at the Louisville, Ky., office of CDM
Smith (Boston).
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distance
learning
water quality training

Learn at your own pace. All you
need is an internet connection.
Whether this is your introduction to wastewater treatment, a
refresher course, or an intellectual stimulator, WEF’s Distance
Learning training courses cover operation, design, and
engineering from top to bottom. More than just a series of online
quizzes, these courses offer hours of instructional material
needed by wastewater professionals.
Choose from a number of fundamental and accelerated courses,
ranging from 1 to 7 hours worth of content and recommended
educational credit.

http://training.wef.org
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historian report
Jon Schladweiler

T

hroughout time, cities/communities dealt with the pollution caused by their populace in different ways and, at different times! In the
United States, things were not too much different. In the early days, people’s wastes were collected in privies or piped to the nearest
creeks/rivers. Even when cities systematically sewered their areas; the collected sewage, early on, almost always went to the nearest
river – where it flowed away from their area and downstream – for the next downgradient community to deal with! Eventually, the larger
communities decided that just dumping their wastes into the adjacent river was not “working” (“pollution” in general, strong odors,
complaints from downgradient towns about what was coming their way, etc.). Many cities decided not to only systematically sewer their
areas, but also implement some form of treatment, starting in the eastern seaboard around 1900-1905.
The story below describes what the developed areas in the Passaic River Valley, New Jersey, decided to do with their wastes in approx.
1913. It was an ambitious project for its time. It involved installing a regional interceptor sewer (paralleling the Passaic River that they had
been polluting for years) downgradient to the site of a new wastewater treatment facility, and thereafter, pumping the effluent further
downgradient across/under Newark Bay and under Bayonne, New Jersey to a discharge point just across the New Jersey/New York state
line in the Bay of New York (between Staten Island and Brooklyn). The upstream end of the new sewer was of a diameter of just under four
feet. When the main reached the treatment plant, the gravity sewer had reached a diameter of nearly 13 feet. The majority of the new
sewer main was cast made of in place concrete.
Let’s not get into too many details here … please read the article as originally published in the 25 October 1913 edition of the Scientific
American; more specifically: “The Passaic Valley Sewer …. Plans for Securing Wide Diffusion at the Outlet in New York Bay”.

For the last twenty miles of its course, the
Passaic River is little better than an open sewer.
The sewage from a population of two thirds of
a million pours into this sluggish stream, and
its bottom is clogged with deposits that have
accumulated for years. The liquid and floating
matter move leisurely into Newark Bay, and
eventually find their way through the Kill von
Kull into upper New York Bay, whose waters
are already surfeited with sewage from New
York City; thence in due course they reach the
ocean. A small part of the sewage also passes
through the longer course provided by Arthur
Kill and Staten Island Sound into the lower
bay.
For years the Passaic River has been
considered a menace to health, and it was
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decided some time ago to parallel the river,
from Paterson on, with a large trunk sewer
which would intercept not only the sewage
that now pours into the river, but also that of
several more towns included in what is known
as the Passaic Valley District. The area of this
district is eighty square miles and it contains
twenty communities or townships. The total
population thus served would be about three
quarters of a million. At the present rate of
growth, it is estimated that in 1940 there should
be 1.6 million inhabitants in this area. The
principal contributors to this sewer must always
be Paterson at the head of this sewer, with
125,600 inhabitants at the present time, and
Newark at the mouth of the Passaic River, with
a population now of 347,469.

As Newark Bay is cut off from direct
communication with the ocean, it is planned to
run the sewer under Newark Bay, and directly
into upper New York Bay, at Robins Reef
within the new Jersey State line. However,
this has led to a great deal of opposition upon
the part of New York State, which contends
that the sewage must pass through New York
waters before it can find its way to the ocean,
and New York’s sewage problem is bad enough
now without having to take into consideration
the sewage from a neighboring State. On the
other hand, New Jersey has agreed to establish
a treatment station on the west shore of Newark
Bay, where the sewage will undergo a thorough
mechanical purification. The Passaic Valley
Sewerage Commissioners guarantee that

there will be absence of suspended particles,
of objectionable deposits, and of odors due
to putrefaction of organic matters contained
in the sewage that pours into New York Bay;
that there will be practically no grease or
color and no injury to public health, or to the
property of the United States situated in the
harbor of New York; and that there will not
be enough reduction in the dissolved oxygen
content of the waters of New York Bay to
interfere with major fish life.
This guarantee is made with the
indorsement of the United States, which
intervened between the two States, and
which, with the assent of New Jersey, shall
have representatives designated by the
Secretary of War to inspect the conditions
and working of the sewer system at any time,
to determine whether New Jersey is living up
to its contract. Thus New Jersey claims that
the new sewer will be a blessing rather than
a nuisance to New York, for the very sewage
which now flows into New York Bay through
Kill von Kull will undergo a thorough
treatment and purification before discharging
into those waters.
The method by which New Jersey
expects to carry out her part of the contract is
interesting. The sewer, which will start with
a diameter of 3 feet 9 inches in Paterson,
will rapidly increase in diameter to 9 feet at

Passaic, 10 feet at Nutley and
11 at Newark, reaching the
pumping station at Newark
Bay with a diameter of 12.6
feet. Here it will lie at an
elevation of 261/2 feet below
mean low water, and will
pass through treatment works
which will be described
below. To carry the sewage
under Newark Bay a pressure
tunnel will be driven through
rock 200 feet below sea level.
The tunnel will be 12 feet in
diameter. On the other side
of the bay it will rise to 80
feet below sea level, and will
continue at that level to New
York Bay, terminating at an
outfall station at Robins Reef,
two miles offshore. Here it
will rise to 25 feet below
sea level, so that access may
readily be had to valves for
controlling the flow of the
sewage. From the outfall
station, pipes will carry the
sewage down to a depth of 40
feet, before it will be allowed
to discharge into the channel.
At the treatment station, the
sewage will first pass through
coarse screens to remove all floating
matter and then through grit basins
and fine screens. Thereafter it will
be pumped through sedimentation
basins or settling tanks. Provision
will here be made for removing grease, floating
matter, and all solids, and the clarified effluent
will be forced through the pressure tunnel to

New York Bay.
The terminal station in New York Bay,
as shown in our illustration, is an octagonal
structure of concrete, with a facing of masonry,
and protected by rip-rap. At this point the
tunnel will connect with three outfall pipes,
furnished with suitable valves. At present
only two of these outfall pipes will be used,
but provision is made for a third pipe which
may be needed in the future. These outfall
pipes are eight feet in diameter, and they will
run down the sloping banks of the reef about
50 feet apart, until they reach a depth of
over 40 feet below mean low tide. Here the
outfall pipes will branch into discharge pipes,
expending across the current and spaced
a hundred feet apart. They will be laid in
trenches on the bottom of the bay, and will
decrease in diameter, by steps, to two feet.
Each of the discharge pipes will be fitted
with a large number of tees, projecting from
the top. The tees will be not more than one
foot in diameter, and will be spaced about ten
feet apart. They will have outlets arranged
to discharge horizontally across the tidal
current. Altogether there will be 150 of these
diffusion nozzles, and they will be spread
over an area of 3.5 acres.
Although the work on the outfall of the
sewer has been delayed by litigation, the work
on the main trunk sewer is progressing. The
sewer will have a total length of 26 miles, two
thirds of which is now under contract and 15
per cent of it is completed. The work consists
largely of open ditching, but about 30 per cent
of it calls for pneumatic tunneling. Most of
the sewer is a concrete conduit of horseshoe
shape. The accompanying photographs show
some of the work in progress.
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member news

Gateway Community College News
The GateWay Community College Water Resources
Technologies program located in Phoenix, Arizona is opening
its new training center inside the City of Surprise’s wastewater
treatment plant located in the west valley. The WRT Hydrologic
Technician (AAS degree) and Water and Wastewater Treatment
(Certificate of Completions and AAS Degrees) programs will be
offered there too. This unique partnership with the City of Surprise will
expand our hands-on approach to our programs. Can you help us
to spread out the word?
Water Resources Technologies Programs and an Occupational
Safety and Health Technology Education Course are Coming to the
Surprise & Gateway Training Facility in Fall 2016.
Register today before courses in those two programs fill up.
Complete a degree or a certificate in these two programs without
ever leaving Surprise. Classes open to anyone interested. Inquire
about potential scholarships for Surprise residents and active military
personnel stationed at Luke Air Force Base.

For More Information Contact:
Beth Jordan at (602) 238-0060 or beth.jordan@gatewaycc.edu
Craig Urbanski at (602) 286-8616 or craig.urbanski@gatewaycc.edu

Certified Stormwater Inspector Training
The National Stormwater Center is offering Certified Stormwater
Inspector (municipal) training in the following locations:
Phoenix, AZ on August 8-9
Tucson, AZ on August 11-12
Designed specifically for municipal personnel our course offers
training and certification to demonstrate, for the record, that
inspectors are qualified. Inspectors who take our course learn:
- how to inspect construction, commercial, and industrial, and
municipal activities
- what to inspect
- the limits of their authority
- appropriate demeanor
- appropriate discretion
They also learn about the Clean Water Act, the National
Pollutant Discharge Elimination System, the six Minimum Control
Measures, and how to better implement and support their MS4
stormwater program.
Graduates of the Certified Stormwater Inspector course receive
certification for 5 years and continuing education units, and
ongoing, unlimited support of the National Stormwater Center. All
of our instructors have stormwater enforcement experience at the
Federal or State level.
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Please download the announcement with course details and
registration information. You may call Michele at 1-888-397-9414,
email info@npdes.com or visit our website at www.npdes.com.
Registration is available on our website for all classes.

WILL SIPES OFFERS WIDE RANGE OF SERVICES
If I can be of help to you…give me a call 520-431-3284 or
email will.s.sipes@gmail.com.
• Grade IV certs in water treatment, waste water treatment,
distribution, collections.
• Water and wastewater sampling experience.
• Compliance reporting for water and wastewater - county
and state level.
• Network of professionals to help procuring items as simple as
chemicals and prefilters to the design and construction of a
water treatment plant from the ground up.
• Team of engineers and operators to consult to meet your
needs.
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