WESTERN LAKE SUPERIOR SANITARY DISTRICT

he Western Lake Superior Sanitary District (WLSSD) is a
special-purpose unit of government created by the Minnesota
State Legislature in 1971 to address the serious pollution
problems in the lower St. Louis River. Originally designated
as a wastewater authority, WLSSD was also granted solid
waste authority
in 1974 for the
530-square-
mile region

in northeast
Minnesota. The
District’s dual
wastewater
and solid waste
authority offers
an enhanced
ability to deliver
on its mission
to protect
public health,
preserve,
ensure the best
use of natural
resources,

and prevent
pollution.
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By Ryan Ihrke, Environmental Program Coordinator

The St. Louis River is the largest US tributary to Lake Superior,
draining 3,643 miles of watershed in northeast Minnesota and
northwest Wisconsin. In 1987, the St. Louis River was designated
as one of 43 international Areas of Concern (AOC) on the
Great Lakes due fo significant environmental degradation that
occurred at those locations before environmental regulations were
adopted. The St. Louis River Area of Concern is one of 31 AOCs
within the US and is the second largest US-based AOC.

The WLSSD wastewater treatment plant began operating
in 1978, consolidating 17 old, inadequately treated
wastewater discharges into one regional treatment facility.
Located on a 26-acre site on the banks of the St. Louis River
Estuary in Duluth, Minnesota, the wastewater treatment plant
currently treats 36 million gallons per day (MGD) with a
design capacity of 48 MGD. Serving 17 municipalities and
four major industries, the freatment plant treats 13.9 billion
gallons annually.

COLLECTION SYSTEM

WLSSD owns and operates 17 pump stations and approximately
76 miles of sewer interceptors including 43 miles of gravity
interceptors and 33 miles of force mains. The dry-weather
volumes handled by the pumping stations range from 0.50 to
24 MGD. The District also owns and operates four wastewater
storage basins ranging from 200,000 gallons to 1,000,000
gallons in capacity.
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Municipal customers within the WLSSD service area own,
operate, and maintain their collection systems before entry into
the WLSSD collection system. The City of Duluth alone has over
400 miles of local sanitary sewers. Of the 140,000 residents in
the District, approximately 82% of the population is connected
to municipal sanitary sewer services. WLSSD also accepts hauled
liquid waste from throughout northeast Minnesota including
household septic tank waste.

WASTEWATER TREATMENT PLANT

The wastewater treatment process consists of preliminary
screening and grit removal, secondary treatment with a high-
purity oxygen-activated sludge process, secondary clarification,
seasonal disinfection with chlorination and dechlorination, and
tertiary mixed media filtration.

One unique characteristic of the WLSSD facility is the
dominance of loading from industries relative to municipal
sources. On average, 50%-60% of current wastewater influent
is from two large pulp and paper mills. Characteristics of
this waste include high heat, increased odor potential, and
corrosive properties. Due to high tannins, ultraviolet disinfection
is not feasible. The industrial and municipal customers within
the WLSSD service area create wastewater that is highly
variable in flow, temperature, and composition, thereby
requiring careful monitoring, communication, and cooperation
with industrial customers.
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ENERGY EFFICIENCY

As treatment plant updates are required, WLSSD staff identify
opportunities fo increase energy efficiency while improving
performance. When the original 1970s cryogenic oxygen
generation equipment required replacement in 2019, WLSSD
staff chose 1o replace the equipment with two vacuum swing
adsorption (VSA) units to serve as the primary source of high-
purity oxygen (90%+) gas. Each of these units can produce 40
tons of pure oxygen for a total of 80 tons of pure oxygen daily.
Unlike the previous cryogenic equipment, if the demand for
oxygen drops, the VSA system can be adjusted to meet the lower
need either by operating a single VSA unit or by adding idle time
within each cycle.

WLSSD’s two vacuum swing adsorption units serve as the primary
source of high-purity oxygen (90%+) gas.

WLSSD has made strides in efficiencies in the secondary
treatment process by adding variable frequency drives to mixers,
improving dissolved oxygen monitoring, and optimization of
oxygen feed and dissolution control strategies. Beyond oxygen
production, plant upgrades to solids dewatering, screw pumps,
HVAC, and lighting helped WLSSD decrease its electricity
consumption from 36 million kW/year in 2013 to 30 million
kW/year in 2022 while maintaining effective wastewater
treatment. The reduction in electricity consumption helped
WLSSD navigate a 58% increase in their average billed kWh
cost during the same timeframe.

ENERGY GENERATION

In addition to saving energy, WLSSD has also focused on
generating energy since the plant opened in 1978. WLSSD’s
solid waste authority combined with the oil embargo in the late
1970s led to the decision to burn municipal solid waste as an
energy source during the plant’s first years. Wastewater solids
were added to the incineration process starting in 1982 and
continued through 1999.

In 2001, WLSSD began using four 1-million-gallon
anaerobic digesters tanks for temperature-phased anaerobic
digestion of wastewater solids. Methane-rich biogas produced in
these digesters is collected, conditioned, and piped to a series of
Hurst boilers to heat the plant and provide the necessary heat for
the treatment process.
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Currently, if excess biogas is generated beyond the needs of
the treatment process and plant heating, the biogas is burned off
with a flare. Three 850 kW engine generators will be installed in
2023 to provide the capacity to produce 35% of the electricity
needed to run the plant. Recovered heat from the generators will
be reused in the treatment process.

WASTEWATER SOLIDS

WLSSD's Field Green® fertilizer, which is produced through
anaerobic digestion, is land applied as a Class B biosolids material
to area farms and minelands. In the early 2000s, the Minnesota
Department of Natural Resources and WLSSD conducted research
to develop specific application rates for grass and legumes on
mineland taconite basin reclamation sites. Mineland application
substantially reduces the amount of taconite dust that leaves these
sites. WLSSD staff proactively educate about the use of biosolids
fertilizer at the local county fair, at agricultural field days, and
through a semiannual newsletter for program participants. During
the 2022 crop year (September 2021-August 2022) WLSSD's land
application staff applied more than 23,000 tons of biosolids on
83 farm and mineland sites totaling over 1,400 acres.

During the 2022 crop year, WLSSD's land application staff applied
more than 23,000 tons of biosolids on 83 farm and mineland sites
totaling over 1,400 acres.

MERCURY
The historical pollution of the St. Louis River, and its proximity to
Lake Superior, amplifies the importance of WLSSD’s wastewater
treatment efforts. To address concerns related to the mercury
present in the St. Louis River, WLSSD’s National Pollutant
Discharge Elimination System (NPDES) Permit was modified in
1995 to a stricter mercury limit to align with the Environmental
Protection Agency’s Water Quality Guidance for the Great Lakes
Watershed, commonly known as the Great Lakes Initiative (GLI).
In addition to research and refinement of mercury removal
technologies, WLSSD’s robust industrial pretreatment program,
residential education programs, and household hazardous
waste collection facility work to limit additional mercury pollution
throughout the District. The efforts pioneered by WLSSD in the
late 1990s significantly reduced mercury concentrations and were
published in The Blueprint for Mercury Elimination guidebook.
While progress has been made, consistent compliance with
NPDES mercury discharge limits of 1.8 ng/L as a monthly average
and 3.2 ng/L as a daily maximum concentration have not been
attained without a variance from the water quality standard
applicable to the facility. A variance provides additional time to
explore options for additional mercury reduction, includes interim
effluent limits, and requires both a pollutant minimization program
and annual progress reports on actions taken and reductions made.
In 2019-2020, WLSSD conducted studies on secondary
effluent with the CLEARAS Advanced Biological Nutrient Recovery
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The mercury trial conducted in 2019 aimed to use a CLEARAS
ABNR system to remove mercury waste from wastewater.

(ABNR™) system. ABNR uses algae to remove phosphorous

and nitrogen in wastewater. WLSSD performed small-scale pilot
studies to see if ABNR could also remove mercury. While enough
mercury was removed to reach the 1.8 ng/L monthly average for
total mercury, a feasibility study determined onsite development
of this system at the necessary scale was not practical due to

the economic impact on customers. Additionally, the amount of
mercury removed from wastewater was equivalent to the amount

W

that would subsequently be released into the environment in
other media. WLSSD is now studying Hydrotech™ disc filters to
capture additional mercury associated with solids removal.
During 2022, WLSSD successfully met mercury discharge
limits of 1.8 ng/L as a monthly average and 3.2 ng/L as a
daily maximum concentration in seven out of 12 months, and
achieved variance limits every month. WLSSD has applied for
permit renewal, including a request for a variance while working
to consistently achieve applicable NPDES concentration limits.

ORGANIZATION AND MISSION

WLSSD’s identity as both a wastewater and solid waste authority
and a staff size of 100+ employees require internal education
highlighting how various roles must intersect to advance
organizational goals. This past year, internal focus groups,
project fact sheets, and employee facility tours increased
employee understanding of the District’s new and ongoing
efforts. As veteran employees retire and new employees join the
organization, these initiatives also help build relationships despite
limited in-person gatherings due to the pandemic.

Despite changes in demographics, industries, and climate
conditions impacting the wastewater received by WLSSD, the
treatment plant continues to emphasize operational excellence
while advancing the District’s mission of protecting the
St. Louis River basin and Lake Superior. S
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