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Note on Draft Regulatory Analysis.
The MPCA includes with the SONAR a “Regulatory Analysis” designed to be responsive to several
statutory questions. Because of the high interest in the wild rice rule revisions, particularly the costs of
complying with the rule, the MPCA is releasing a portion of the draft regulatory analysis for review and
feedback.
This December 2016 release focuses on the affected entities and likely cost of compliance. Some other
components are included, if a complete draft is available; others are not. The draft sections included
here are part of a working document and are expected to undergo substantial change prior to final
inclusion with the SONAR in support of the proposed rule revisions.
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Part 9. Statutorily Required Regulatory Analysis
A. Classes of persons who probably will be affected by the proposed rule revisions
The MPCA is required to provide “A description of the classes of persons who probably will be affected
by the proposed rule, including classes that will bear the costs of the proposed rule and classes that will
benefit from the proposed rule. Minn. Stat. § 14.131 (1)”
The proposed rules will affect a large number of very different groups of people and have varying
degrees of benefits and costs to each group. There are two different elements of the proposed rules,
each of which will affect different classes.
The first element of the proposed rules is the sulfate standard. Depending on the circumstances, the
calculated protective sulfate value may be higher or lower than the existing sulfate standard. The
corresponding cost or benefit to affected classes will vary depending on the outcome of the calculation.
The second aspect of the proposed rules is the identification of wild rice waters. Identification of a water
body as a wild rice water may result in a cost to some classes by imposing new requirements, or it may
result in a benefit for other classes by providing a level of protection not previously provided. In the
discussion that follows, the MPCA will provide a general discussion of the classes that are likely to be
affected by both elements of the proposed rules.

Classes of persons who will bear costs.
1. Municipal WWTPs that discharge to wild rice waters
The proposed sulfate standard will apply to waters identified as wild rice waters. Some municipalities
operating wastewater treatment plants (WWTP1) that discharge to wild rice waters will be affected to
the extent that they must apply for and justify a request for a variance, or change their operations and
add treatment so that their discharge will meet the standard. For the purpose of this statutory
requirement to identify the “classes of persons who will bear the costs,” it is clear that municipal WWTP
are a class that will bear costs of compliance. It is important to note, however, that not all WWTP will be
subject to requirements most likely to impose increased costs – such as a more stringent sulfate
discharge limit or other changes to their management practices. These costs will only apply to certain
facilities within the class of WWTP.
Many variables will ultimately impact which specific entities within this overall affected class will actually
bear costs as a result of the proposed rules. These include the specifics of the facility and the receiving
water, as well as economic factors that would play into a variance application. For any individual WWTP,
the first step in determining if additional treatment is needed is the effluent limit review, which includes
an analysis of a number of site-specific variables. After the proposed rules are adopted, the MPCA will
identify those WWTP that have the potential to cause or contribute to the exceedance of the standard
in a wild rice water and will complete an effluent limit review.
1

A few of the identified dischargers are not WWTPs but are water treatment plants. A water treatment plant is
usually a municipally operated facility that, because it is only treating clean water to remove certain substances,
has a much less complex discharge than a WWTP. For purposes of this discussion, the acronym WWTP will apply
to both types of facilities.
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If a WWTP has the reasonable potential to cause or contribute to an exceedance, MPCA will use the
information from the effluent limit review to develop a water-quality-based effluent limit (WQBEL)
applicable to the WWTP. In addition to the calculated sulfate standard for the wild rice water, the
factors in developing a WQBEL include the distance between the discharge and the wild rice water, the
volume and concentration of sulfate in the effluent, the percent sulfate contribution to a wild rice water
from an upstream WWTP, the flow of the receiving water, and the effect of additional WWTPs upstream
of the wild rice water.
The distance from the WWTP’s discharge point to the wild rice water will be a significant parameter, and
is the parameter most conducive to the level of general analysis we can accomplish in this document.
Therefore, identifying the WWTPs within a specified distance of a wild rice water is a reasonable way to
generally characterize the universe of potentially affected dischargers.
In Attachment 1 the MPCA describes an analysis conducted based on 2015 national pollutant discharge
elimination system (NPDES)/state disposal system (SDS) permit information.2 In that analysis of both
municipal and industrial WWTPs, the MPCA found that an estimated 745 discharge stations are
upstream of at least one proposed wild rice water (note: because several WWTPs have multiple stations
discharging to different waters, the actual number of potentially affected WWTPs is less than 745). The
distance from WWTP discharge stations to the nearest proposed wild rice water ranges from less than 1
mile to 413 river miles. The first natural break point in the data is at 60 miles - approximately half (43%
or 319) of the 745 WWTP discharge stations are within 60 miles of a proposed wild rice water. The next
natural break point is at 25 miles, which includes 133 discharge stations (approximately 18% of the 745
WWTP discharge points).
The simple fact that a WWTP is within 25 miles of a wild rice water does not provide any information
regarding the specific effect of these rules on these WWTP or any associated costs or savings. However,
this list of 133 WWTP is a reasonable estimate of the class of dischargers that the proposed standard
revisions have the potential to affect.3 The potentially affected industrial WWTP are identified in
Attachment 3.
2. Users of municipal WWTP facilities (industries and residents).
To the extent that actions are needed to comply with the proposed standard revisions, and those
actions impose costs on any individual municipal WWTP, the affected WWTP is likely to pass those costs
to its system users. In such a situation, both residential and non-residential users of an affected
municipal sewage system will indirectly bear the costs of any facility modifications required by the
proposed revisions. It is important to note that the Clean Water Act and Minnesota Rules include
provisions that allow for variances to be granted from a WQBEL or water quality standard where the
costs to comply with the limit or standard would be technologically or economically infeasible. State and
federal requirements also allow time to be given to achieve compliance with a standard where design,
construction or operational changes need to occur to meet the standard. This provision, called a
schedule of compliance, may also factor in the time needed to secure the financing needed to make the
2

The estimates provided in this discussion are based on the MPCA’s 2015 permit data and the list of potential wild
rice waters that the MPCA had identified as of November 1, 2016. Changes that occurred since that time may
affect the estimates provided here.
3
In practice, WWTPs discharging farther than 25 miles from a designated wild rice water may also be subject to a
effluent limit review.
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necessary changes to the WWTP. Although there are many varying factors that determine wastewater
treatment user fees – wastewater funding structure, the volume and composition of discharges, the
design, size and age of the WWTP, etc. – it is reasonable to assume that where the proposed standard
will require compliance with a discharge limit more stringent than required under the existing standard,
the users of that treatment system will incur costs relating to meeting that limit unless a variance can be
justified due to substantial and widespread social and economic impacts
Industrial dischargers to wild rice waters.
Industrial facilities that discharge sulfate to a wild rice water are also a class the MPCA expects to be
affected by the proposed rule. As discussed above and in Attachment 1, many factors affect whether an
industrial WWTP may be affected by the proposed rules and the extent of the effect. However, the same
criteria the MPCA considered in identifying potentially affected municipal WWTP (within 25 miles
upstream of a wild rice water) also apply to the potential for industrial WWTP to be affected. Within 25
miles, there are 133 discharge points; approximately half of these 133 WWTP are municipal dischargers
and half are industrial dischargers. The 63 industrial WWTP that may be affected by the proposed rules
are identified in Attachment 3.
4. Persons affected as an indirect consequence of increased treatment costs to an industrial
discharger.
In the case of an industrial discharger that incurs costs as a result of the proposed standard revisions, an
additional class that may bear the cost of the proposed rules is the class of individuals and businesses
who are affected by expenses borne by the discharger.
This class is extremely broad and diverse, and the indirect impacts to each of the various groups will
vary. For example, if an industrial discharger is required to spend money to treat their wastewater, they
may pass those costs on to the purchasers of their product. Either passing on or absorbing that cost
might make the industrial product less competitive in the marketplace, leading to negative effects on
shareholders or employees. A company might choose to stop operations rather than invest in the
treatment technology needed to meet the proposed standard.
Employment is a particularly key issue around taconite mining and the economy of Minnesota’s Iron
Range. The market for iron ore, like that of many global commodities, has been extremely cyclical. A
large number of factors impact the price of iron and, therefore, the profitability of the taconite mines. At
times, temporary closures have caused large layoffs at the facilities. These, in turn, impact the economy
of the towns surrounding the taconite mines and related processing plants. It would be very difficult to
discern the economic impact of this one environmental regulation among all the other global factors
affecting the iron mines and the steel industries and to adequately evaluate the multiplier effect to local
economies. Nevertheless, there is the potential for costs the business incurs to affect shareholders,
employees, purchasers of the product, and local communities. These indirect consequences and their
multiplier effects may be as minor as a small increase in the price of the product, or may be as extensive
as the consequences to an entire community when a company ceases operations. A variance is an
option to avoid widespread economic or social impacts caused by the full implementation of the
standard.
5. Classes of persons who will benefit.
In the broadest sense, the people who benefit from any proposed water quality standard rule are those
who have an interest in or reliance on the quality of Minnesota’s waters and the biological communities
those waters support. This is an extensive and significant class that includes any person who uses
4
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Minnesota waters for drinking water; recreation such as swimming, fishing, and boating; commerce;
scientific, educational, or cultural purposes; and general aesthetic enjoyment.
For this specific rule, the protected beneficial use is the harvest and use of wild rice grains as a food for
humans and wildlife. Therefore, there may be specific benefits to any person who harvests wild rice and
uses it as food or who has a recreational or aesthetic interest in wildlife that use wild rice as food.
The preservation of the state’s water quality is a benefit to not only those who actively use Minnesota’s
surface waters, but also those who have the option or potential to use them in the future, including
future generations.
Within this very broad class that includes all parties, present and future, who benefit from waters that
are protected from pollutants, there are distinct groups who will see specific benefit from the proposed
revision to the wild rice sulfate standard:
1) People who will benefit from a water quality standard that is more specifically protective of
wild rice waters;
2) People who will benefit from clearer, more effective standards; and
3) The owners and operators of municipal and industrial facilities who will see reduced
wastewater treatment costs because of a more accurate standard.
People who will benefit from a water quality standard that is more specifically protective of wild rice.
It is important to clarify that the existing narrative and numeric standards that apply to wild rice waters
are designed to protect wild rice and allow it to thrive in Minnesota’s waters. However, the proposed
rule revisions that substitute an equation-based sulfate standard for the existing 10 mg/L standard are
improvements that provide a more accurate standard when compared to a single, statewide numeric
standard. This increased accuracy more effectively balances costs and benefits, ensuring that there are
fewer cases of over-protection (where higher costs for discharge treatment are incurred than are
needed to protect wild rice) and under-protection (where discharges are not sufficiently treated and
sulfate levels are too high for wild rice to thrive). Furthermore, the proposed revisions to specifically
identify wild rice waters provide clarity in where the standard applies. In situations where the existing
standard is under-protective of wild rice, the proposed rule will provide a benefit to parties whose
interest is in the protection of wild rice.
The following classes will benefit by the adoption of a standard that is more specifically protective of
wild rice waters.




Those for whom wild rice represents a cultural or spiritual value. Many Native Americans
consider wild rice to be a very import aspect of their culture and religion, and tribal rights to
harvest wild rice are a long-standing pillar of treaties and Native American autonomy. Wild
rice is sacred to some Native Americans. Harvesting, preparing, sharing, and selling wild rice
is an important cultural and social activity to Native American Minnesotans.
Those who harvest wild rice for personal use or sale and persons who operate businesses
that benefit from harvesting. Wild rice is Minnesota’s state grain, supporting a uniquely
Minnesotan identity and pride. Wild rice is widely harvested by individuals, either for
personal use (such as consumption) or for sale. Transactions and activities associated with
the wild rice harvest benefit individuals and local economies. Many people place a high
value on wild rice as food, especially for its availability, flavor, and health benefits.
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Those who hunt or who operate businesses that depend on hunting or wildlife based
tourism. Wild rice is an important food source for wildlife, especially migratory waterfowl.
People who hunt waterfowl or who are engaged in bird watching or other wildlife-related
activities will benefit from more effective protection of wild rice as a food source for
wildlife, as will those who economically benefit from tourism and hunting activities.
Those who derive a value from ecosystem services. Ecosystem services are all the goods
and services produced by ecosystems that people value, whether they are marketed or not.
Wild rice occupies a significant place in the ecology of Minnesota lakes, rivers and wetlands,
and provides various ecosystem services that include marketable value, sustenance,
recreational value, cultural and spiritual value, and more. Protecting wild rice as a food
source for humans and wildlife also helps protect the ecosystem services wild rice waters
provide.

Some of these benefited groups overlap and the magnitude of the value to each of these groups and to
individuals within each group will vary considerably. However, there is a diverse suite of benefits
provided by wild rice waters in Minnesota and thus a diverse set of beneficiaries. Implementing
standards that will aid in the protection of wild rice waters, will thus add to the wellbeing of many
Minnesotans.
People who will benefit from clearer, more effective standards
Many dischargers may derive benefits from the adoption of the proposed rule revisions in the form of
the benefit of regulatory certainty,4 prompt permit renewal, and protection from litigation.
The current regulatory status for dischargers of sulfate is complicated; that complexity has, to some
extent, prevented the prompt issuance of new or renewed NPDES/SDS permits. Adopting the proposed
rule amendments will establish a clear standard and increase regulatory certainty, a benefit to industrial
and municipal dischargers. This certainty will speed the permitting process and reduce MPCA permitting
backlogs, reduce the risk of litigation when permits are issued, and allow existing facilities to implement
improvements and innovations that are currently stalled because of the uncertain regulatory status of
the wild rice sulfate standard. The improved efficiency of having a clear, implementable standard will
also benefit industries and taxpayers by allowing permitted dischargers to more effectively obtain and
update their permits.
Greater clarity in the standard will also allow the development of a clear process of evaluating wild rice
waters to determine if the standard is being achieved. Where the standard is not being achieved for a
wild rice water, total maximum daily load studies will be developed to determine how to achieve the
standard. In this way, a clearer, more effective standard will also benefit those concerned about the
effective protection of wild rice waters, and the identification and restoration of wild rice waters that
are being impacted by elevated sulfate levels.
People who will benefit from lower treatment costs
When the revised sulfate standard is adopted, some new municipal or industrial dischargers may be
allowed to discharge higher levels of sulfate than would have been allowed under the existing statewide
4

In this context, “regulatory certainty” refers to the general ability of permittees to know and anticipate
environmental regulations and reasonably plan for compliance, not the specific MPCA effort related to nutrient
removal at WWTP.
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standard. The proposed rules establish an equation that will calculate an applicable sulfate standard for
individual wild rice waters. There may be circumstances where the application of the proposed sulfate
equation will result in a standard that is less stringent than the existing standard, thereby requiring a
lower level of treatment. A new discharger may derive a direct benefit from the proposed rules by not
paying for a level of wastewater treatment that is over-protective of wild rice, or needing to apply for
and justify a variance request.
B. Probable costs to the MPCA and to any other agency and any anticipated effect on state revenues
The MPCA is required to provide an analysis of “The probable costs to the agency and to any other
agency of the implementation and enforcement of the proposed rule and any anticipated effect on state
revenues. Minn. Stat. § 14.131 (2)”
What will be the costs to the MPCA?
The MPCA will incur costs in the following areas as a result of the proposed rules:
1) the cost of periodically updating the list of wild rice waters (data gathering and rulemaking);
2) the cost of conducting sediment sampling/analysis for existing permits;
3) the cost of reviewing permit applications for sulfate treatment;
4) the cost of reviewing variances (which also require approval by USEPA);
5) the costs associated with litigation.
What is the expected cost to ensure the list of wild rice waters is current?
There are two aspects to this cost. The first is the cost of obtaining the information necessary to identify
a wild rice water. In this rulemaking the MPCA is proposing to identify more than 1,300 waters as wild
rice waters. Although the MPCA expects that this rulemaking will identify and list most of the wild rice
waters in Minnesota, the MPCA expects it will be necessary to add newly identified wild rice waters in
the future. Future listings will be the result of new information, either provided to the MPCA from
outside sources or obtained through the MPCA’s routine water assessment activities. The MPCA does
not expect that verifying the information provided from outside sources will require significant staff
effort beyond normal operations. MPCA staff will evaluate whether wild rice is present and meets the
beneficial use as part of the MPCA’s existing water assessment program and does not expect to incur
additional costs to obtain wild rice information.
The MPCA will need to conduct rulemaking to make any changes to the list of wild rice waters that result
from new information. Because the MPCA routinely conducts rulemaking to revise the lists of waters
identified by specific use class, future rulemaking to maintain the list of wild rice waters is not a cost that
is solely attributable to the proposed rules. However, it is a cost that the MPCA anticipates, based on the
design of the proposed rule revisions, which establish a process for the future identification and
inclusion of previously unidentified wild rice waters into the rules. The cost of rulemaking varies
depending on the level of controversy associated with the rule. The MPCA expects that within the first
three years after the adoption of the proposed rules, there will be a need for one additional rulemaking
to amend the list of wild rice waters and that the rulemaking will involve an adjudicated hearing process.
The MPCA estimates it costs $129,000 to adopt a rule through the hearing process. After this initial
rulemaking to establish the list of wild rice waters, future amendments may be less controversial and
may either be adopted without the need for a hearing, making them less costly, or may be combined
with other rulemaking projects at no additional cost.
What is the expected cost to determine the applicable sulfate standard?
7

Disclaimer: This document is a working document. This document may change over time as a result of
new information, further deliberation or other factors not yet known to the agency.
Draft December 12, 2016
In order to calculate the numeric sulfate standard, the sediment of a wild rice water must be
characterized for total extractable iron and total organic carbon. Several commenters have expressed a
concern that the MPCA will be unable to implement the proposed standard because of the cost of the
analysis necessary to calculate the equation for each of Minnesota’s wild rice waters. The proposed
rules do not require the MPCA to characterize the sediment from every identified wild rice water. The
MPCA’s efforts to characterize wild rice waters and calculate the sulfate standard will focus on wild rice
waters associated with existing permitted dischargers.5 MPCA may also prioritize monitoring at wild rice
waters where declines have occurred and a restoration plan is needed. Analyses of the sediment of wild
rice waters will be conducted as part of the MPCA’s permitting process and its intensive watershed
monitoring program.
The MPCA has developed a sampling protocol (Field Procedures for Characterizing Sediment in Wild Rice
Waters MPCA, 2016) to describe the process for sediment collection and analysis for application of the
sulfate standard. The cost of the analysis will vary according the size and complexity of the receiving
water, but MPCA estimates the cost of conducting the sampling and analysis of a wild rice water to
be less than one thousand dollars.
What is the expected cost to review permit applications for discharges to a wild rice water?
{This section is under development.}
What is the expected cost to process and administer requests for variances from the proposed
standard?
The MPCA expects that the adoption of a revised standard will prompt requests to obtain variances and
that the review of variance requests and the activities associated with administering variances (e.g., EPA
review and approval, mandated re-examination of the variance) will require additional MPCA staff time.
Although it is difficult to predict, the MPCA expects to receive several applications for a variance from
the standard after the rules are adopted. The water permit fee rules (Minn. R. pts. 7002.0210 to
7002.0435) include a fee for review of variances.
What will be the cost of litigation after adopting the proposed standard?
The MPCA expects a net positive effect from the adoption of the proposed rule revisions by eliminating
the current confusion and uncertainty about implementing the wild rice sulfate standard. Although the
MPCA expects there will be litigation associated with the adoption of a revised standard and with the
permits issued under the adopted standard, the MPCA also expects there would also be litigation
regarding permits issued under the existing standard if the proposed standard is not adopted. In any
case, the MPCA expects that litigation will result in significant costs to the MPCA for staff support and
legal services.
What will be the costs to any other state agency?
Other state agencies will only incur costs if they operate a facility with a discharge that must meet the
revised standard or if they discharge to an affected municipal WWTP that incurs increased costs and
recovers those costs from their customers. The Minnesota Department of Transportation (MnDOT)
operates highway rest areas and the Minnesota Department of Natural Resources (MnDNR) operates
5

For new or expanded discharges, the permittee will be responsible for the cost of characterizing sediment total
extractable iron and sediment total organic carbon.
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campgrounds and fish hatcheries, all of which generate wastewater. Although the wastewater
treatment systems associated with these activities are often subsurface sewage treatment systems that
do not discharge, it is possible that either MnDOT or MnDNR could operate a WWTP that discharges to a
wild rice water. In that case, either the discharge would need to be treated to meet an effluent limit
developed based on the wild rice sulfate standard or the system would need to be re-engineered to
discharge somewhere other than to a wild rice water. The cost to a state agency in these situations
would be highly variable based on the treatment facility and receiving water characteristics; the MPCA
cannot make a reasonable estimate of possible costs without considering the site-specific factors.
It is also possible that MnDOT will conduct road construction in an area of high sulfate rock, which could
result in an increase in stormwater runoff to any nearby wild rice waters. If any additional permit
conditions are required to protect those wild rice waters from elevated sulfate in runoff, MnDOT could
incur additional project costs.
What will be the effect on state revenue?
The proposed rule revisions may affect state revenue in several ways. These effects may counterbalance
each other — being both positive and negative — and they are difficult to predict or quantify.
The value of clean water, sustainable wildlife, and the social and economic benefits of wild rice can have
a positive effect on state revenue. For instance, improved water quality and wildlife habitat may
increase tourism revenue. If the proposed rule revisions, which will improve the protection of wild rice,
are not adopted, the loss of those benefits will have a negative effect on state revenue.
For those businesses that incur significant wastewater treatment costs as a result of the revised
standard, adoption may have the effect of either depressing existing industry or of discouraging new
industry from locating in areas with wild rice waters. This could reduce income and subsequent state
revenue from taxes. Conversely, the need to design new treatment systems and install and operate
those systems could result in new income and new equipment purchases, increasing income and sales
taxes. Overall, the revised standard will have some effect on state revenues — or potentially the
distribution of state revenues— but it is difficult to say with certainty whether that effect will be
positive or negative.
Many stakeholder discussions and comments have expressed concerns that the revised sulfate standard
will have a negative economic effect on some municipalities and especially on the mining industry. High
wastewater treatment costs, whether for municipal or industrial purposes, would have a negative effect
on local economies in general, and could impact the state’s economy. The Clean Water Act variance
provisions, which are echoed in Minnesota’ water quality standards rules, are intended to address
situations where implementing a standard would cause substantial and widespread social and economic
impacts. It is important to note that these concerns also exist with the existing wild rice sulfate standard,
and the proposed rule revisions may alleviate or exacerbate the existing concerns depending on sitespecific conditions.
C. Assessment of alternative methods for achieving the purpose of the proposed rules, including those
that may be less costly or less intrusive
The MPCA is required to provide “A determination of whether there are less costly methods or less
intrusive methods for achieving the purpose of the proposed rule. Minn. Stat. § 14.131 (3)” and “A
description of any alternative methods for achieving the purpose of the proposed rule that were seriously
9
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considered by the agency and the reasons why they were rejected in favor of the proposed rule. Minn.
Stat. § 14.131 (4)”
{This section is under development.}
D. Probable costs of complying with the proposed rules
The MPCA is required to provide “The probable costs of complying with the proposed rule, including the
portion of the total costs that will be borne by identifiable categories of affected parties, such as
separate classes of governmental units, businesses, or individuals. Minn. Stat. § 14.131 (5)”
The following discussion addresses the probable costs of complying with the proposed rules, beyond
those associated with implementing current rule requirements, borne by entities other than the MPCA.
The MPCA has limited information about the probable costs of complying with the proposed rules,
primarily because many variables affecting costs cannot be determined until the standard is revised and
implemented at a specific location..
Most municipal WWTPs are not designed to remove sulfate from their wastewater. In order to remove
sulfate, a WWTP will need to upgrade or change their treatment processes. The MPCA is in the process
of conducting a study to analyze alternatives for improved treatment of sulfate at municipal WWTP and
the costs of such sulfate treatment. In October 2016, the MPCA published a Request for Proposal (RFP)
seeking a contractor to conduct an engineering feasibility and cost analysis of technologies that might
remove sulfate in a municipal WWTP. This project is funded by the Legislative-Citizen Commission on
Minnesota Resources (LCCMR) and must be complete and submitted to the MPCA by May 31, 2018. The
study is expected to provide useful information for implementation efforts to augment the limited
information currently available about the costs of sulfate treatment that might be needed for
compliance with the existing or revised standard.
This discussion aims to lay out the costs – or at least the variables that will impacts the costs – in as
much detail as possible at this time. The discussion of treatment technologies and their associated costs
is relevant to both industrial and municipal WWTP because a similar range of possible costs exists for
both types of facilities.
As noted above, the number of variables affect the costs of compliance is significant, and as a result, the
costs for individual facilities may vary widely. The variables relate not just to the cost of treatment at a
facility, but also whether treatment will be needed at all.
The first variable that impacts costs is the location of any given facility – whether its discharge flows
towards any wild rice waters and what the calculated numeric sulfate standard is for those downstream
wild rice waters. The level of the calculated numeric standard could result in costs or in savings
compared to a current standard of 10 mg/L. For example, the revised standard may result in significant
savings for a discharger that, instead of being required to comply with the existing standard of 10 mg/L,
may need to comply with a calculated numeric sulfate standard higher than 10 mg/L and therefore no
treatment is needed. On the other end of the scale, a discharger may need to significantly upgrade their
wastewater system to meet a calculated numeric sulfate standard that is more stringent than 10 mg/L.
Sulfate Chemistry and Wastewater Treatment
If a facility needs to treat its wastewater discharge to comply with the revised water quality standard the
design, construction and installation, and operation of the treatment system would be a major cost. The
chemistry of sulfate impacts how wastewater can be treated to remove sulfate. The following brief
overview of sulfate chemistry is provided to help understand the options for sulfate treatment.
10
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Sulfur
Sulfur is a naturally occurring element and can have many oxidation states ranging from highly oxidized
to highly reduced (Table 1). Sulfur is also an essential nutrient and is found in all living organisms
(Brosnan and Brosnan, 2006).
Table 1. Sulfur oxidation states and their most common ions.
Sulfur Oxidation State
+6
+4
+2
0
-1
-2

Representative Formulas
𝑆𝑂4−2
𝑆𝑂3−2
𝑆𝑂2−2
S8
𝑆2−1
𝐻2 𝑆,
𝐻𝑆 −1 ,
𝑆 −2

Name
sulfate
sulfite
sulfone, sulfine
elemental sulfur
disulfide
hydrogen sulfide, bisulfide, sulfide

Sulfate
Sulfate is the most oxidized state of the element sulfur. In an aerobic wastewater system where the
water is oxidized, sulfate will be the most common form of sulfur. Sulfate is a doubly negatively charged
ion and is commonly balanced by the major positively charged cations in water (Na, Ca, Mg, K). Sulfate
has relatively high solubility with these four major ions and will not precipitate in a typical wastewater
chemistry. Gypsum (CaSO4) has the lowest solubility of the major ions and sulfate solubility with gypsum
ranges from 1200 mg/L to 2000 mg/L depending on the ionic strength, temperature, and major cation
composition of the water (Tanji, 1969). Sulfate has low solubility with some cations (barium, strontium)
(Davis and Collins, 1971), but these cations are not typically found dissolved in Minnesota waters in
concentrations near their solubility product with sulfate. Ettringite is a calcium aluminum sulfate mineral
that has a low solubility and is used as a sulfate precipitant in engineered systems, but it requires
specific pH, calcium, and aluminum conditions to precipitate (Myneni et Al., 1998) that do not typically
exist in Minnesota waters.
Sulfide
Sulfide is the most reduced oxidation state of sulfur. Sulfide ions, when present in water, exist typically
as hydrogen sulfide gas (H2S) or other sulfide species, such as bisulfide (HS-1), depending on solution pH.
Hydrogen sulfide gas is the best known form of sulfide; it is a toxic gas that can be released from water
into the air when the pH of the water is less than 7. In addition to being toxic, hydrogen sulfide gas is
corrosive at low concentrations.
Sulfide chemistry is governed by the overall oxidation potential of the solution and an understanding of
oxidation chemistry and electron acceptors is essential for biological sulfate treatment design. Certain
microorganisms can convert sulfate to sulfide under anaerobic conditions; they respire, or “breathe”,
sulfate the same way humans breathe oxygen, except that they exhale hydrogen sulfide instead of
carbon dioxide. The function of the oxygen or sulfate in the respiration of carbohydrates is to accept
electrons after energy has been stripped from them. However, sulfate is not as efficient an electron
acceptor compared to oxygen or nitrate because sulfate does not have as much free energy available
(Table 2) (Metcalf and Eddy, 5th edition). A community of microorganisms will only use sulfate as an
electron acceptor if electron acceptors with more available energy are not present. As the free energy of
the electron acceptor increases, the microbial preference for using that electron acceptor decreases;
this is known as the electron acceptor ladder theory. Functionally, this leads to systems where sulfate
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will not be microbiologically converted to sulfide until all dissolved oxygen and nitrate have been
consumed. When oxygen and nitrate are not present, the overall oxidation potential of the solution is
low. For this reason, sulfate reduction to sulfide is considered an anaerobic microbiological process.

Table 2. Gibbs free energy of common microbiological electron acceptors.
Electron Acceptor

Gibbs Free Energy of Half Reaction (kJ per
electron equivalent)
-93.23
-78.14
-71.67
13.60
21.27

Nitrite 𝑁𝑂2−
Oxygen O2
Nitrate 𝑁𝑂3−
Sulfite 𝑆𝑂3−2
Sulfate 𝑆𝑂4−2

Sulfide can be oxidized to a higher oxidation state both biologically and chemically. Sulfide is oxidized
chemically to sulfate in the presence of oxygen in the timescale of hours in activated sludge systems
(sulfide half -life of 1 hour, Wilmot and Kavanagh, 1988). Biological oxidation of sulfide is slower in
activated sludge systems (sulfide half-life 11.7 hours, Wilmot and Kavanagh, 1988); however, the rate of
biological oxidation is much more variable and the typical final sulfur state is elemental sulfur, rather
than sulfate (Nielsen et al., 2006).
Sulfide has a low solubility with most metals (Fe, Cd, Cu, Pb, Ni, Zn, Ag) and will readily form insoluble
precipitates with them (EPA AVS ESB Doc, 2005). These sulfide-metal precipitates will dissolve back into
water in the presence of oxygen (Nielsen et al., 2005).
Sulfate Municipal Wastewater Concentrations
More than 100 municipal WWTP in Minnesota monitor sulfate in their effluent. The average effluent
concentrations of sulfate range from 25 mg/L to 1500 mg/L. No obvious geographic trend is exhibited
across the state. There are no municipal WWTP that are required to monitor sulfate in their influent.
Lacking information on the comparison of influent to effluent concentrations at specific WWTP, it is
reasonable to assume that sulfur is conservative through municipal WWTP.
The most likely sources of sulfate to wastewater are significant industrial users, naturally occurring
sulfate in the source water, and residential and commercial activities that add sulfate to the source
water. Human feces naturally contain sulfur compounds proportional to the amount of protein in the
diet (Magee et. al., 2000). The likely sulfur load from each source for a municipal WWTP would be
treatment plant-specific and would require testing to verify exact sulfur loading and sulfur speciation.
Industrial Wastewater sources, volumes and sulfate concentrations
The MPCA permits nearly 520 industrial wastewater dischargers under its NPDES/SDS permitting
program. The MPCA permits a variety of types of industrial wastewater discharge, including discharges
from non-contact cooling water systems, ethanol producers, manufacturing facilities, food processors,
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paper mills, and power plants. Industrial wastewater dischargers also include sand/gravel/stone mining,
peat mining, and taconite mining.
Non-Mining Industrial Wastewater
NPDES permitted discharges from non-mining industrial facilities include ethanol producers, food
processors, power plants, cooling water, and manufacturing facilities. Approximately 40 non-mining
industrial facilities are currently required to monitor for sulfate in their discharges. Additional facilities
may also discharge some amount of sulfate but are not currently required by their NPDES/SDS permits
to monitor for sulfate.
Sources of sulfate in non-mining industrial facilities include reject water from Reverse Osmosis (RO)
treatment systems, filter backwash water, process wastewater, and source water contributions.
Examination of the effluent monitoring data from a subset of the non-mining industrial facilities that are
required to monitor for sulfate shows that from 2014 to 2015, average effluent sulfate concentrations
ranged from 74 mg/L to 2626 mg/L.
Table 3. Sulfate in non-mining discharges
Facility

Facility A
Facility B
Facility C
Facility D
Facility E
Facility F
Facility G
Facility H
Facility I
Facility J

Type of Discharge

Design Flow
(Avg – Max)
(mgd)

Cooling tower blowdown
Membrane Filter (RO)
Process & NCCW
Process WW
Process WW
Utility WW
Coal pile runoff
RO reject
WTP discharge
RO reject/ filter backwash

0.02 – 0.04
0.288
0.850 – 1.2
0.756 – 2.0
0.092 – 0.140
0.300 – 0.361
0.01
0.080 – 0.120
0.070 – 0.100
0.242 – 0.247

2014-2015
Average Sulfate
Concentration
(mg/L)
74
159
194
273
558
661
760
1,686
2,242
2,626

Mining Wastewater
There are three major types of mining in Minnesota - sand/gravel/stone, peat, and taconite mining. At
this time, Minnesota does not have any active non-ferrous metallic mines operating in the state, though
there is interest in developing such mines. The PolyMet Northmet Project is a proposed non-ferrous
metallic mine; information about the expected costs for wastewater treatment to 10 mg/L sulfate, taken
from the permit to mine application, is provided in Attachment 4 to this SONAR. Non-ferrous mines are
likely to be affected by the proposed rule revisions because of their potential proximity to wild rice
waters and focus on ore that contains sulfide-bearing minerals.
Sand /Gravel/ Stone Mining:
Mining operations for sand, gravel, and other types of stone are found throughout the state. These
products are commonly mined along river valleys. Wastewater generated at sand/gravel/stone mining
operations is most commonly from mine pit dewatering or aggregate washing. Stormwater runoff is also
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discharged when it does not infiltrate within site boundaries. Wastewater discharged from
sand/gravel/stone mining operations is regulated under NPDES/SDS permits. The typical pollutants from
sand/ gravel/stone mining discharges are total suspended solids and pH. Because these types of mining
operations are not expected to contribute significant amounts of sulfate to the environment, the MPCA
does not require monitoring for sulfate at sand/gravel/stone mining operations.
Peat Mining:
Peat mines are generally located in the northeastern and north central parts of Minnesota. There are
several peat mines currently permitted by the MPCA under the NPDES/SDS permitting program.
Wastewater is generated at peat mines when a bog area is drained to dry out the peat for harvesting.
The drainage from the bog area is collected via a series of ditches and routed through a settling pond
system for treatment prior to discharge.
Typical pollutants regulated in peat mine discharges are total suspended solids and pH. The MPCA’s
limited data indicates that peat mine discharges traditionally have not contained elevated
concentrations of sulfate (i.e. sulfate concentrations are less than 10 mg/L); therefore, the MPCA has
not required monitoring for sulfate for discharges from peat mining facilities.
Taconite Mining:
Minnesota is the largest producer of iron ore and taconite in the United States. Taconite is a low-grade
iron ore that is mined, crushed, concentrated, formed into pellets, and shipped to steel mills. Minnesota
currently has eight permitted taconite mining operations in Minnesota (six active, one closed, and one
under construction); all are located in northeastern Minnesota on the Mesabi Iron Range.
In taconite mining operations, several stages of crushing and grinding are required to reduce the crude
ore to a fine powder. Following primary and secondary crushing, the ore is sent to ball or rod mills for
further size reduction. During the crushing and grinding stages, water is added to facilitate the grinding,
reduce the dust and make the ground ore easier to move within the facility. After crushing, processes
such as gravity concentration, magnetic separation, and floatation are used to increase the total
percentage of iron. Finally, in the last stage of ore processing, the iron ore concentrate is bound
together into marble-sized pellets and fired in large kilns. During the different processing stages, the
waste material, termed fine and coarse tailings, and associated slurry water are removed and pumped
to a tailings basin for disposal (Berndt and Bavin, 2009).
Wastewater is generated at taconite mines through various processes such as mine pit dewatering/mine
pit overflows, tailings basin discharges (including seepage and/or controlled [siphon] discharges), air
pollution control equipment and stockpile drainage. Sulfate is a parameter of concern in mining
wastewater discharges and comes from various sources, including the oxidation of sulfide minerals
found in taconite ore and sulfur captured by air emission control equipment. Equipment such as wet
scrubbers transfer sulfur compounds from the air emissions to the process wastewater system.
Rocks containing sulfur may be exposed at or near the earth’s surface as a result of mining. When
exposed to oxygen, sulfide minerals in tailings, waste rock, and mine pit walls can be oxidized to sulfate
which can then be transported to surrounding watersheds in surface runoff, ground water outflow, pitoverflow, and during pit dewatering (Bavin and Berndt, 2008). Chemical data analyzed by the Minnesota
DNR and documented in various MnDNR studies indicates that the primary sources of sulfate at taconite
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facilities is from the oxidation of small amounts of iron sulfide minerals present in stockpiles, tailings,
and mine pit walls (Berndt and Bavin, 2009).
Mining Wastewater Discharge Volumes and Concentrations of Sulfate
Volumes of wastewater generated at taconite mining operations vary greatly depending on the site.
Analysis on data submitted on discharge monitoring reports were reviewed for average flow volumes
and concentrations of sulfate in the discharge. Table 4 summarizes that review.
Table 4. Discharge Monitoring Report data from taconite mining.

2014-2015
Flow Range
(mgd)

2014-2015
Average
Sulfate
Concentration
(mg/L)

2014-2015
Sulfate
Range (mg/L)

Facility
Status

0.993

0.01 - 2.16

305

51 - 542

Active

5.0 - 7.2

5.6

5.3 - 6.0

122

113 - 134

Closed

Mine Pit Dewatering

2.4 - 7.1

6.4

2.7 - 7.2

118

54 - 215

Active

Facility D

Mine Pit Dewatering

1.0

4.4

1.1 - 19.8

111

99 - 123

Idle

Facility E

Mine Pit Dewatering

0.25

0.69

0.26 - 3.1

1016

759 - 1190

Closed

Facility F

Stockpile Drainage

0.120 - 0.370

0.149

0.064 - 0.420

1210

823 - 1670

Closed

Facility G

Tailings Basin Discharge

4.1 - 9.6

8.8

8.6 - 9.028

54

49 - 57

Active

Facility H

Tailings Basin Discharge

0.40 - 0.90

0.165

0.015 - 0.380

160

101 - 239

Closed

Facility I

Tailings Basin Discharge

2.0 - 65

2.9

0.39 - 8.3

55

20 - 98

Active

Facility J

Tailings Basin Discharge

0.004 - 0.020

0.0018

0.0017 0.0020

478

360 - 601

Idle

Facility

Type of Discharge (mine
pit dewatering, tailings
basin discharge,
stockpile drainage)

Design Flow
(mgd)

2014-2015
Average
Flow (mgd)

Facility A

Mine Pit Dewatering

1.9 - 6.0

Facility B

Mine Pit Dewatering

Facility C
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Sulfate concentrations range from 20 mg/L to 1,670 mg/L in the permitted mine pit dewatering, waste
rock stockpile drainage, and tailings basin discharges. Frequency and volumes of discharge vary
depending on the type of discharge and range from 10,000 gallons per day to 20 million gallons per day.
Assessment of Treatment Plant Design, Risk Tolerance and Uncertainty
In order to minimize full-scale treatment plant uncertainty and risk, engineers use bench and pilot
testing. Bench and pilot testing are procedures that verify the conceptual theories of a how a treatment
system might work and allow for full-scale design. The testing regimes used in bench or pilot testing can
range from very simple to extremely complex. Bench and pilot tests are always designed to discover
necessary information for full-scale treatment plant design.
When designing a conventional wastewater treatment system to remove standard wastewater
parameters of concern, bench and pilot testing are frequently not needed. This is because there is a
wide body of design information that engineers can easily find and use. When a technology is new, there
is no body of knowledge to draw upon and testing of that new technology is required for full-scale
design as a way to mitigate risk.
Bench testing is performed before pilot testing and employs very controlled and idealized experimental
conditions to verify the relevant theoretical treatment processes. Pilot scale testing builds on the
information discovered during bench testing to verify long-term resiliency of the treatment regime and
ascertain unforeseen operational logistics. A pilot test is typically a miniature version of the full-scale
treatment plant and is run for periods up to a year. The long-term operational data gathered during pilot
testing is a necessity for full-scale design.
It is difficult to say exactly how much bench or pilot testing is required for any given project. This is
because the testing regimes are specific to a given project and frequently iterative. For example, it is
very common to stop a pilot test to go back and ascertain data that could only be discovered through
additional bench testing, and then resume pilot testing. As a general rule, if bench and pilot testing are
required it would add well over a year to the full-scale plant design time and hundreds of thousands of
dollars to the design costs.
Sulfate Wastewater Treatment
Treatment to remove sulfate from wastewater has historically been associated with the management of
wastewater from mining and acid rock drainage, which may also contain elevated heavy metal
concentrations. There is an abundance of literature that highlights the treatment unit operations and
examines full-scale treatment systems used to remove sulfate and heavy metals from mine drainage
around the world (Johnson and Hallberg, 2005; Bowell, 2004; INAP, 2003).
Sulfate is not a parameter that is conventionally targeted for removal in municipal wastewater
treatment. The magnum opus of municipal wastewater treatment, Metcalf and Eddy, 5th edition,
describes no treatment processes specifically intended to remove sulfate from a discharge. Metcalf and
Eddy consider sulfur treatment in the context of managing the formation of toxic and corrosive sulfides
during anaerobic digestion and in wastewater collection systems. Accumulation of hydrogen sulfide gas,
which has a strong rotten-egg odor, can also create a public nuisance for those living or working nearby.
As a general rule, municipal wastewater engineers design municipal treatment systems to minimize and
control the formation of hydrogen sulfide gas, not to treat sulfate.
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The design of a treatment system to remove sulfate is based on the chemistry of sulfate. Broadly, the
methods to remove sulfate from a discharge can be categorized as biological, chemical, or physical. A
summary of these categories and their advantages and disadvantages related to wastewater treatment
is provided below.
Biological Treatment
Sulfate is considered a conservative substance across aerated biological systems. Sulfate is not removed
to any significant degree when oxygen is present. This means that activated sludge, oxidation ditches,
trickling filters, and stabilization pond systems would not remove sulfate from a waste stream.
There are engineered biological sulfate treatment systems that exploit the chemistry of sulfide to
remove sulfur. These systems work by first biologically converting sulfate to sulfide and then
precipitating the sulfide by introducing a metal, typically iron. The solid metal-sulfide species is then
physically removed from the treatment system, removing sulfur mass from the waste stream (Zagury
and Neculita, 2007).
Conversion to sulfide, followed by metal-sulfide precipitation, is capable of removing sulfate to relatively
low concentrations (< 200 mg/L sulfate; INAP 2003) but suffers from several significant drawbacks
identified below:






The conditions to biologically reduce sulfate to sulfide must be consistently maintained. Careful
consideration of available energy sources, microbiological sensitivity to winter temperatures,
biological waste byproducts, and bacterial population dynamics is required. As any wastewater
operator can attest to, consistently operating a successful anaerobic treatment system is
possible but non-trivial and is beyond the resources of many small municipal wastewater
systems.
The biological reduction of sulfate to sulfide must be decoupled spatially from the precipitation
of the metal sulfides (Johnson and Hallberg, 2005; INAP 2003). A separate unit operation would
be required downstream of biological treatment to precipitate metal sulfides and remove them
from the waste stream. There is no standard way to design this system and any design would
need to carefully evaluate methods to ensure the metal-sulfides form back into hydrogen sulfide
gas in order to protect operator health and ensure treatment goals.
Biological systems could require significant land area for their unit operations and sludge
storage. Biological conversion of sulfate to sulfide occurs relatively slowly, especially at low
temperatures. The slow rate of biological sulfate conversion could necessitate relatively large
volumes of biological reactors compared to other biological processes (Johnson and Hallberg,
2005).

Biological sulfate conversion to sulfide coupled with metal-sulfide precipitation is theoretically possible
but would require significant, high-level engineering design and pilot testing to ensure consistent sulfate
removal and to protect operator health from toxic sulfides. Biological treatment is not currently a viable
sulfate treatment strategy for municipal wastewater plants because the technology has not been
verified to work at full scale. Assigning a cost to biological treatment is not a worthwhile exercise
because the treatment technology has not been verified to work at full scale.
Chemical Treatment
Sulfate precipitation with common cations suffers from a high aqueous solubility with the common
cations found in water. Gypsum (calcium sulfate, CaSO4) precipitation will only remove sulfate down to
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approximately 1,200 mg/L sulfate. In industrial mining applications, gypsum precipitation can be very
useful in removing very high concentrations of sulfate down to this level. If the sulfate treatment goal is
below 1,200 mg/L, gypsum precipitation is not an appropriate sole treatment method.
Barium and strontium salts can be used to remove sulfate to low concentrations but they suffer from
several significant disadvantages. The first is cost; barium and strontium are expensive and not readily
available on the industrial scale that would be required. Barium sulfate precipitates can be recycled and
reused but this is an expensive technology and impractical for small-scale WWTP. Additionally, barium
and strontium are metals with known human and aquatic life toxicity.
Ettringite has also been used in engineered treatment systems to remove sulfate to low levels. Ettringite
is a mineral that, when added to a wastewater, can produce high-quality low-sulfate waters but requires
significant process control to maintain the correct pH, calcium, and aluminum concentrations. The
ettringite sludge produced has been known to form a cement-like consistency that often fouls clarifiers
used to settle the ettringite precipitate. Additionally, treatment steps would be required to re-adjust the
chemistry of the water back to neutral to be suitable for discharge.
Sulfate can also be removed using ion exchange resins. These ion exchange resins can produce highquality effluents that are low in sulfate but their drawback is cost and regeneration of the resin. Strong
acids and bases are required to regenerate the resins and the municipality would have to find a way to
dispose of the regenerant solution while complying with their permit limits. The proprietary sulfate ion
exchange resins currently available are adapted for industrial applications and would require pre-filters
to remove organic material that would foul the resin media.
Chemical treatment of sulfate is theoretically possible but comes with several significant drawbacks
including cost, sludge disposal, and the need for significant high level engineering design and pilot
testing to ensure consistent sulfate removal. Chemical treatment is not currently a viable sulfate
treatment strategy for municipal wastewater plants because the technology has not been verified to
work. Assigning a cost to chemical treatment is not a worthwhile exercise because the treatment
technology has not been verified to work.
Physical Treatment
Physical treatment involves using membranes to remove sulfate from the effluent; the most commonly
known membrane treatment process is reverse osmosis (RO). Membrane treatment would be a
“polishing” set of unit operations that would need to be added at the end of the conventional
wastewater treatment process. A schematic of a possible membrane sulfate treatment is provided in
Figure 1 below.
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Figure 1
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Membrane treatment works by forcing the water through a porous membrane that excludes dissolved
minerals (including sulfate) but allows water molecules to pass through. The water that passes through
the membrane is called “permeate” and is low in dissolved minerals and sulfate. The water that does
not pass through the membrane is called the concentrate and contains all of the dissolved minerals that
did not pass through the membrane. In a typical RO membrane, 80% of the water that enters a
membrane passes through as permeate and the remaining 20% ends up as concentrate.
Electrodialysis is another membrane treatment process that uses electrical potential to separate salts
across a membrane. It is used in niche water treatment applications and is typically used to treat
brackish waters. Electrodialysis is not an appropriate technology for municipal wastewater treatment
because less complicated and more commercially available RO membranes can achieve similar
treatment goals.
Water treatment membranes come in many grades. RO is one of the finest grades of membrane and has
pore sizes that exclude greater than 99% of all dissolved minerals. The pores in RO membranes are so
small that they foul readily, degrading the function and life of the membrane. In order for an RO
membrane to function consistently, it must have a “pre-filter” upstream that removes large particles,
colloids and dissolved solids as necessary in order to prevent excessive fouling.
The exact nature of the pre-filtration that would be required to protect the RO membrane would have
to be determined on a case by case basis. A personal communication with a staff person in the
membrane treatment department of General Electric (personal communication on 7-28-15) indicates
that membrane bio-reactors have been successfully used in Texas as pre-filters before a RO system at
wastewater plants. A nanofiltration membrane upstream of the RO membrane is another conceivable
pre-filter. A complication associated with this process is that many WWTP in Minnesota treat very hard
water (> 180 mg/L as CaCO3). In those cases, a pre-filter might also need to be designed to prevent
hardness fouling of the RO membrane.
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Concentrate management is another significant concern when designing an RO membrane system. The
MPCA has found that discharging RO concentrate directly to a surface water cannot be permitted
because the concentrate is too “salty” to pass whole effluent toxicity tests. Because of this discharge
constraint, the only option for managing the brine is evaporation and crystallization. Evaporation and
crystallization is the unit operation of boiling off water in the concentrate and leaving the dissolved salts
behind to crystalize. The crystalized salt is then trucked to a landfill for disposal. Evaporation and
crystallization is a costly and energy-intensive concentrate management strategy.
Permeate toxicity is another concern when designing a RO membrane system for discharge to a surface
water. The permeate of a RO membrane is very pure water that is low in dissolved solids and pH. This
permeate is corrosive to metal piping and is unlikely to pass a whole effluent toxicity test. In most RO
designs, for drinking water, permeate toxicity and corrosiveness is managed by treating a fraction of the
design flow using RO and then mixing the permeate with blending water that has been short circuited,
meaning it is diverted before going through the RO membrane (Figure 2). The mixed in blending water
increases the dissolved mineral concentration of the permeate and buffers the effluent pH back to
neutral so that the water can be safely discharged within permit limits. A drinking water RO plant will
typically divert 20% or more of the flow.

Figure 2. Schematic of the concept of blending RO permeate with short circuited influent water to
produce an effluent that could be discharged to a surface water.
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Short circuiting blending water is an inexpensive and effective permeate management strategy when
the effluent sulfate limits are relatively high. If effluent sulfate limits are low, then blending is no longer
an effective strategy because the blending process would add excessive sulfate to the effluent. This
concept is illustrated in Table 5. When influent sulfate concentrations are high and target WQS are low,
a very high percent removal of sulfate is required. Under this circumstance, blending of the permeate is
not possible because any blending would elevate sulfate concentrations above the target effluent limit.
In the circumstance where blending is not possible (>90% target sulfate removal), the entire permeate
flow would have to be re-carbonated. Re-carbonation is the process of adding minerals, typically lime or
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calcium carbonate, to the permeate to buffer the pH to neutral and allow the permeate to pass a whole
effluent toxicity test. There are no standard design protocols for re-carbonation unit operations. A
design engineer would need to perform careful bench and pilot testing to develop operational protocols
that would ensure permit limits are always met in a full-scale treatment plant.
Table 5. Percent removal of sulfate required based on a range of target sulfate effluent limits and
influent sulfate concentrations.
Influent SO4 (mg/L)
Target SO4 Effluent Limit (mg/L)

25

100

300

500

1

97%

99%

99%

99%

10

69%

92%

97%

98%

25

22%

80%

94%

96 %

50

61%

87%

92%

100

22%

74%

84%

48%

69%

200

500
22%
Note: A blank indicates that no treatment would be required. The percent removal calculation considers effluent
variability and assumes that in order to reliably meet the target limit, the treatment plant must average an effluent
sulfate concentration below the limit.

Physical treatment using RO to remove sulfate is the most feasible sulfate treatment technology
currently available. However, there are significant design uncertainties that make it difficult to estimate
costs and reliability. A design engineer would need to perform extensive site-specific analysis and
engineering testing in order to get the correct design parameters to design and cost a full scale plant
capable of removing sulfate and meeting all potential permit limits. The next section discusses a range
of estimated treatment costs based on assumptions about the influent quality and a range of sulfate
treatment goals.
Sulfate Treatment Conclusions
Physical treatment of sulfate using a RO polishing process is the most feasible treatment alternative for
municipal WWTP possible to link conceptual treatment unit operations together to meet sulfate
treatment goals. Estimated ranges of costs for the polishing process were developed across a range of
sulfate treatment goals (see below).
The overall conclusion of this analysis is that the linked physical treatment processes used to remove
sulfate are non-standard and would require significant site-specific analysis and engineering testing.
Bench or pilot testing of the relevant unit operations would be necessary to obtain design parameters
and determine other implementation concerns. As a general rule, if bench and pilot testing are required
it would add well over a year to the full-scale plant design time and hundreds of thousands of dollars to
the design costs.
The knowledge infrastructure to design a full-scale municipal wastewater plant with sulfate treatment in
Minnesota does not currently exist and would have to be developed before a full-scale treatment plant
could be constructed. The bench and pilot testing required for municipal sulfate treatment is not an
insurmountable obstacle. For example, every wastewater treatment technology that is now considered
“standard” was at one point either bench or pilot tested before installation in a full-scale system.
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However, it takes time, money, effort, and scientific rigor to correctly design bench and pilot tests to
obtain design parameters necessary for full-scale treatment plant design. Because of the range of
potential treatment goals and influent water quality, there is no one-size-fits-all strategy for sulfate
treatment.
Costs:
Treatment for sulfate removal can be extremely expensive. As discussed above, there are few options
for sulfate removal, with RO/membrane filtration being the most reliable method for effectively
removing sulfate from wastewater discharges.
Estimating costs for RO treatment of sulfate is not possible without detailed information. The treatment
plant design constraints are still very open ended and the questions below would need to be answered.








What kind of pre-filter should be used before the RO membrane?
How would the potential range of WQS and influent sulfate concentrations be accounted
for?
Is it possible to use a nanofiltration membrane instead of RO to selectively remove sulfate
but not the smaller monovalent ions?
How should costs for re-carbonation be estimated, if re-carbonation is even needed at all?
How should the evaporator/crystallizer sludge transport and disposal costs be estimated?
Are there potential cost savings in terms of running the RO concentrate through another
membrane to further concentrate it to reduce concentrate disposal costs?
How do capital and operations costs scale from large to small treatment systems?

There are significant uncertainties to answering any of the questions above. One certainty though, is
that the answers would require a combination of site-specific engineering analysis and of bench and
pilot testing.
Tables 6 and 7 present estimated capital and operation and maintenance costs for an RO polishing
treatment train to remove sulfate. For this discussion, no attempt was made to scale these costs across
treatment plant sizes. However, the MPCA expects that proportional costs would be higher at smaller
plants and lower at larger plants. The annualized capital costs were calculated using a 20-year payback
and a 4% interest rate. The costs in Tables 6 and 7 were provided to the MPCA in a personal
communication with a Minnesota wastewater design firm.
Table 6. Capital costs for an RO polishing treatment train.
Capital Costs
Fine Filtration
RO
Total
Filtration/RO
Total
Filtration/RO
Evaporator

Cost per MGD
Cost per MGD

Cost
($Million)
1.5
2

Low

Cost per MGD

4

High

Cost per MGD

5.25

Cost per MGD

1.5

Est. Range
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Table 7. Operation and maintenance costs for an RO polishing treatment train.
Operation &
Maintenance
Costs
Fine Filtration
Fine Filtration
RO
Evaporator Fuel
Evaporator Fuel

Cost/
million
gallons
$100
$150
$2,200
$120,000*
$144,000**

*Low estimated range
** High estimated range
An estimate of physical sulfate treatment costs across a range of influent sulfate concentrations and
water quality standards for a 1 MGD treatment plant is provided in Tables 8 through 10. These costs
represent sulfate-polishing costs above the cost of a conventional WWTP. The costs assume a
nanofiltration pre-filter before the RO membrane and do not factor in evaporator/crystalizer transport
and disposal costs. The cost of a re-carbonation system is not included for the scenarios where blending
is not an appropriate treatment strategy. These cost estimates are very high-level and have at a
minimum a -80% to +200% level of uncertainty, not including re-carbonation or concentrate disposal
costs.
Table 8. Additional net present value capital costs in million dollars for a 1 MGD RO polishing train to
remove sulfate to the target permit limit based on a range of influent sulfate concentrations.
Effluent SO4 (mg/L)
Target SO4 Effluent Limit
(mg/L)
1
10
25
50
100
200
500

25

100

300

500

$5.63
3.87
1.24

5.63
5.63
4.53
3.43
1.24

5.63
5.63
5.63
4.89
4.16
2.70

5.63
5.63
5.63
5.63
4.75
3.87
1.24

Table 9. Additional annual operations and maintenance costs in dollars for a 1 MGD RO polishing train to
remove sulfate to the target based on a range of influent sulfate concentrations.

Target SO4 Effluent Limit (mg/L)
1
10

Effluent SO4 (mg/L)
25
100
300
500
$893,750 $893,750 $893,750 $893,750
$614,900 $893,750 $893,750 $893,750
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25
50
100
200
500

$196,268 $719,379 $893,750 $893,750
$545,098 $777,533 $893,750
$196,357 $661,286 $754,271
$428,821 $614,793
$196,446

Table 10. Annualized capital and operations and maintenance costs in million dollars for a 1 MGD RO
polishing train to remove sulfate to the target water quality standard based on a range of influent
sulfate concentrations.
Effluent SO4 (mg/L)
Target SO4 Effluent
Limit (mg/L)
1
10
25
50
100
200
500

25

100

300

500

$1.31
0.90
0.29

1.31
1.31
1.05
0.80
0.29

1.31
1.31
1.31
1.14
0.97
0.63

1.31
1.31
1.31
1.31
1.10
0.90
0.29

Attachment 2 provides additional information about the possible costs associated with different
technologies to treat sulfate from treatment plants of various sizes.
Costs Specific to Taconite Mine Dischargers
The treatment of taconite mine wastewater will vary depending on the volume, concentration, level of
treatment, and process used. An estimate of some of the costs associated with mining wastewater
treatment was provided by a mining company as part of a variance request received in 2012 and is
provided in Table 11. The reported costs were based on achieving the existing wild rice sulfate standard
of 10 mg/L.
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Table 11. Effectiveness, Implementation, and Cost Information for Potential Treatment Technologies for
Sulfate- 2012 Data – Facility Variance Request
Estimated Costs 6,7
Alternative
Effectiveness
Capital Cost
Annual O & M
Net Present
in Meeting
Cost
Value5
WQS
Source Isolation2,3
U
$10,400,000
$71,000
$10,900,000
2
Natural Attenuation
X
$170,000
$105,000
$1,700,000
Enhanced Natural Attenuation2
U
$890,000
$480,000
$7,300,000
Permeable Reactive Barrier2
U
$35,800,000
$98,000
$37,200,000
Floating Wetland2
U
$12,400,000
$720,000
$23,300,000
Surface Flow
U
$3,500,000
$120,000
$5,100,000
2,4
Wetland/Lagoon
Ion Exchange (modified Sulf-IX)2
U
$16,300,000
$1,400,000
$26,200,000
Membrane Treatment
U
$9,700,000
$1,000,000
$23,900,000
(Nanofiltration)1,8
Membrane Treatment (RO)1,9
L
$20,700,000
$2,800,000
$62,500,000
Key:
L = Likely to be effective in meeting water quality standard (WQS) at end of pipe
U = Ability to meet WQS uncertain/requires additional testing to demonstrate
X = Unable to meet WQS at end of pipe
Notes:
1. Cost for this option includes treatment of Class 3 & 4 WQS. Does not specifically include
treatment of sulfate to 10 mg/L.
2. Cost for this option includes treatment of Class 3 & 4 WQS. Does include treatment of sulfate to
10 mg/L, however, treatment of sulfate to 10 mg/L is unproven.
3. Capital cost provided is for an 85-acre geosynthic clay liner-type cover. Actual cost depends on
size and type of cover to be implemented (e.g. capital costs for a 85-acre soil cover are estimated
at $3,400,000, while capital costs for a 190-acre geomembrane type cover may be $32,000,000.
4. Not intended to be operated as a stand-alone process. The wetland/lagoon would be coupled
with the floating wetland for removal of sulfate. Cost presented is the added cost of this process.
5. 20 years, 3.5%
6. These cost estimates are considered conceptual level costs or Class 5 estimates (according to the
Association for the Advancement of Cost Engineering International), and should only be used for
comparing the relative value of the technologies evaluated in this Plan. The typical associated
level of accuracy of Class 5 cost estimates is ±25 to 100%.
7. Costs may vary from those presented in previously submitted Plans, due to additional
information obtained during interim periods.
8. Nanofiltration may be capable of achieving compliance for Class 3 & 4 WQS, but not capable of
reducing sulfate concentrations to 10 mg/L.
9. This cost estimate includes treatment of sulfate to 10 mg/L.
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In 2016, treatment cost estimates were also submitted to the MPCA as part of a permit application
proposing reverse osmosis treatment to meet the existing 10 mg/L wild rice sulfate standard
(Attachment 5- Waste Water Treatment System: Design and Operation Report – Permit Review Level,
NorthMet Project, July 2016 Appendix D-Tables 22-26 and Attachment 6-Technical MemorandumNorthMet Project-O & M for water treatment during reclamation and long-term closure after Mine
Year1-10mg/LWWTP Sulfate Target) . In this analysis, capital costs for a reverse osmosis system range
from $12.9M to $20M. Annual operation and maintenance costs were estimated to be between $1.3M
and $1.6M annually.
Table ____: Summary of Preliminary Cost Estimates - Waste Water Treatment System: Design and
Operation Report – Permit Review Level, NorthMet Project, July 2016”.
Primary Treatment (RO)/Concentrate Capital Cost
Annual O&M Cost
20-yr NPV
Management Option
Evaporator & crystallizer
$14,900,000 $1,360,000
$39,900,000
Volume reduction by VSEP with
$20,000,000 $1,310,000
$44,100,000
crystallizer
ICCP, secondary RO, and crystallizer
$12,900,000 $1,550,000
$41,400,000
Costs not associated with treatment
Cost of preparing a permit application
WWTP dischargers are required to have an NPDES/SDS permit. The proposed rule revisions will not
expand the applicability of the permit requirements; entities that are not currently required to obtain a
permit, or that are currently exempted from permit requirements, will not be affected by the proposed
rules. The proposed rule revisions will clarify where the wild rice sulfate standard applies, however. The
identification of wild rice waters in the rule will expand the number of permittees that are currently
required to address sulfate in their discharge, which for those discharges will likely increase the cost of
preparing a permit application and the fees associated with the review of the application.
When a municipality or industrial discharger applies to MPCA for a permit, the permit application must
include extensive information to characterize the design and operation of the facility and the
wastewater treatment process. Developing the level of information needed for a permit application will
require significant investment. Although many of these costs will be incurred in preparing any permit
applicant and cannot be attributed solely to the proposed rule revisions, the complexity of treating
sulfate to meet the revised standard or to apply for a variance will likely increase costs beyond what is
currently required to prepare and submit a permit application.
Fees for a permit or variance application
Minn. R. pts. 7002.0210 to 7002.0435 (Water Permit Fees) establish fees for water permit applications.
The permit fee is based on a point system multiplied by a biennially adjusted factor. The rules assign
points based on the complexity of the activity for which a permit is sought. For example, a request to
modify an existing permit that does not require new construction would be assessed a fee equivalent of
eight points ($2,480).6 However, a major permit modification involving construction and an increase in
the design flow of more than 50 MGD would be assessed a fee equivalent of 40 points ($12,400).

6

Based on 2016 biennial fee computation.
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Where the proposed rule revisions result in a more stringent sulfate discharge limit and the WWTP must
be upgraded to provide the necessary level of wastewater treatment, there will be a corresponding
increase in permit fees.
The MPCA expects that many permittees will request a variance from the sulfate standards until they
can upgrade their WWTP. Minn. R. pt. 7002.0253, subp. 2, item D currently establishes the cost of a
variance request at 35 points ($10,850), to account for the time MPCA must spend to review and
approve or deny the variance requests. Variances must also be sent to the federal Environmental
Protection Agency for their approval or denial.
Options to Mitigate Costs
Public Facilities Authority/State Revolving Fund for Municipal WWTPs
The MPCA recognizes the importance of partnering with permittees to reach the goal of clean water. To
that end, the agency has developed multiple grant and low-interest loan programs for infrastructure
needs.
The Clean Water Revolving Fund (CWRF) is a federal-state matching program available to local units of
government for both point-source and nonpoint-source construction projects. Low interest loans are
awarded by the state’s Project Priority List score, as described in Minn. R. 7077.0117-7077.0119.
Grant sources available for construction projects include the Wastewater Infrastructure Fund, which
supplements the CWRF to provide gap financing for high project costs. The Small Cities Development
Grant Program is available for cities with populations less than 50,000. It has a maximum award of
$600,000. The Point Source Implementation Grant program is available to communities of all sizes.
Currently, it has a maximum of $3 million, up to 50 percent of the total project cost.
Variances
The MPCA expects that the negative economic effect can be mitigated on a facility-specific basis, at least
temporarily, by a variance from the water quality standard (WQS). State and federal regulations allow
for consideration of economic impact in the granting of variances, and the MPCA expects that many
dischargers will seek relief from the standard through the variance process.
A discussion of how a variance can mitigate the negative economic effects of the revised standard first
requires an explanation of the state variance process and the relationship of the state WQS to the
requirements of the Clean Water Act (CWA). The MPCA is authorized to implement its water quality
program by EPA, through the authority established in the CWA. The CWA requires that standards
developed to protect designated beneficial uses must be based on sound scientific rationale (40 C.F.R. §
131.11 (2013)). Economic factors cannot be a consideration in establishing the standards that protect a
designated use. After a state standard is adopted, but before it can be implemented, the MPCA must
obtain EPA approval, which must be based on the CWA requirement that the state standard will protect
the designated beneficial use. The MPCA has specifically identified the harvest and use of the wild rice
grain as a food for wildlife and human as a designated beneficial use. The current standard to protect
that beneficial use from elevated sulfate is 10 mg/L, applicable during the period when the rice may be
susceptible to damage by high sulfate levels. In order to comply with the CWA, the revised standard
cannot be set at a level that is not protective in order to take into account economic effects. Although
state rules require that the economic effect of a rule must be identified and discussed in the SONAR, in
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order to be approved at the federal level, economic effects cannot be a factor in establishing or revising
the standard.
Although economic considerations cannot be a factor in the establishment of a WQS, economic
considerations are a very significant factor in how the MPCA implements the application of a standard to
a specific regulated entity. The CWA, and state rules, allow the MPCA to consider economic concerns in
the granting of a variance from a standard. When considering options to mitigate costs, a variance is a
viable option for dischargers, depending on their economic circumstances. Variances can also be
granted where there is not a technological feasible treatment option.

E. Probable costs or consequences of not adopting the proposed rules
The MPCA is required to provide a discussion of “the probable costs or consequences of not adopting the
proposed rule, including those costs or consequences borne by identifiable categories of affected parties,
such as separate classes of government units, businesses, or individuals.” Minn. Stat. § 14.131 (6)
It is difficult to speculate about the consequences of not adopting the proposed rules. These
consequences depend on:
1. Whether the proposed equation-based standard would have been more stringent than the
existing standard as it applies to a particular WWTP; and
2. The perspective of the affected person regarding the validity of either the proposed
standard or the existing standard.
1. Consequences based on the effect of the proposed standard revision. The consequences of not
adopting the proposed rule revisions depend on the result of the application of the proposed equationbased standard. The existing 10 mg/L numeric standard is sometimes too protective and sometimes not
protective enough, and when and where it applies is not clear. The proposed standard eliminates this
variability. Not adopting the proposed standard may have a positive cost or consequence for certain
classes of affected parties and a negative cost or consequences for others.
For example, when the proposed standard is adopted, a WWTP may be subject to additional permit
conditions and increased costs if the equation results in a calculated numeric sulfate standard that is
more stringent than the existing standard, or if the WWTP discharges to a water that is not currently
identified as a wild rice water. Conversely, if a discharger is able to continue discharging at levels that
are not protective of the wild rice beneficial use, not adopting the more specifically protective standard
will have a negative effect on those who have an interest in protecting wild rice.
Furthermore, given the current uncertainty in where the existing wild rice sulfate standard applies, not
adopting the proposed rule revisions will result in continued uncertainty and the attendant need for
permittees to conduct studies to inform a case-by-case evaluation of whether or not wild rice
production is present downstream of their discharge. The costs associated with this uncertainty and
need for further study will be eliminated or reduced if the proposed standard is adopted.
2. Consequences based on perception of the effectiveness of either the existing or proposed standard.
An additional complication in explaining the consequence of not adopting the proposed standard is the
divergence of opinion about the effect of maintaining the status quo (i.e. the current 10 mg/L sulfate
standard applicable to “water used for the production of wild rice during periods when the rice may be
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susceptible to damage from high sulfate levels”). There is a range of opinions among the public, tribes
and the regulated community about the consequences of not adopting the proposed revisions and
thereby maintaining the status quo of the existing standard. Those opinions, and therefore each party’s
perception of the consequences of not adopting the proposed rules, vary depending on a person’s
attitude toward the validity of the existing standard and the validity of the proposed rules that would
replace it.
Economic assessment of the benefit of a standard that is specifically protective of wild rice
The cost of not adopting the proposed rules can be viewed as the loss of the benefits that would be
realized by the adoption of the proposed rules. The cost of failing to adopt the proposed revisions will
be the loss of the following benefits.
According to EPA’s Guidelines for Preparing Economic Analyses (2014), “The aim of an economic
benefits analysis is to estimate the benefits, in monetary terms, of proposed policy changes in order to
inform decision making.”7
The process of analyzing and quantifying the benefits for any environmental policy, rule or standard
entails multiple steps:
1. Estimating the change in physical quantities of pollutants (in this case, sulfates) as a result of the
rule (relative to the baseline of conditions before implementation of the rule);
2. Estimating the change in physical effects (in this case the impacts on wild rice habitat,
productivity, etc.) as a result of the change(s) in pollutant amounts (again, relative to the
baseline);
3. Determining the benefits that stakeholders (or people in general) value and care about that will
likely be affected as a result of the change in physical effect;
4. Estimating the changes in the provision of these benefits (relative to the baseline); and
5. Estimating the value of these changes in benefits (ideally in monetary terms) to all affected
individuals. The total benefit is the sum of all individual amounts for each type of benefit that is
affected by the new rule and is the sum of benefit amounts for all individuals affected by the
new rule.
In an ideal world, each of these steps would be methodically undertaken to estimate the expected
benefits of any environmental policy. This allows for a direct comparison to the estimated costs of
implementing the change. However, time and budgets are always limited. Moreover, each of the above
steps can be fraught with complexity and uncertainty, and in many cases, a lack of adequate data,
methods, and models to produce confident estimates. In assessing the benefits of the proposed revision
to the sulfate standard to protect wild rice, this is certainly the case for each of the steps above. As a
result, much of this benefits assessment will necessarily be qualitative with the intention of pointing out
the likely benefits of the revisions and a ballpark estimation of the economic value of these benefits
rather than precise quantifications of benefits and their economic values. It is also important to note
that in the case of this proposed rulemaking, the analysis is further complicated by the existence of a
standard that is proposed to be modified, rather than the adoption of a new standard or policy.
7

U.S. EPA (2014). Guidelines for Preparing Economic Analyses. EPA 240-R-10-001. Washington, DC, U.S.
Environmental Protection Agency.
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Defining and Characterizing Benefits
Step 1: Estimating the change in quantities of sulfate
Because the proposed rule revision is an equation-based standard that results in a calculated numeric
standard specific to each wild rice water, it is not feasible to determine a clear and comprehensive
picture of the change in sulfate concentrations across all Minnesota wild rice waters as a result of the
proposed rule revisions. In some water bodies, the calculated numeric sulfate standard will allow for
higher sulfate concentrations relative to the current standard of 10 mg/L. In other water bodies, the
standard will require sulfate levels below the current 10 mg/L standard and consequent reductions to
get to that level. This is because there are other site-specific factors that modulate the effects of sulfate
on wild rice viability that must be taken into account.
Step 2: Estimating the change in wild rice protection
The purpose of the wild rice sulfate standard is to protect harvest and use of wild rice by humans and
wildlife. Thus, this proposed standard will protect wild rice productivity. Quantifying this change is not
possible based on the data and models available. This is because the sediment total extractable iron and
total organic carbon have not yet been measured in most wild rice waters to allow calculation of the
numeric standard and subsequent comparison to current sulfate levels in the water to determine the
extent to which the wild rice beneficial use is currently supported.
Step 3: Determining the benefits that people care about and how they will be affected by this standard
This step entails translating the changes in beneficial use (as determined in step 2) to changes in
ecosystem services. Ecosystem services are essentially all the goods and services produced by
ecosystems that people value, whether they are marketable commodities or services that are not
bought or sold in any market (Daily, 1997). Thus, the ecosystem services provided by wild rice waters
are equivalent to the benefits. There are several types of benefits provided by wild rice waters, which
are both directly and indirectly related to the beneficial use of harvest and use of wild rice as a food
source for humans and wildlife, including:8
 Provisioning benefits. Wild rice is a food source with sustenance and economic benefits from its
harvest.
 Regulating benefits. Wild rice habitat can help control erosion and provide some flood control
and climate stabilization by storing carbon.
 Supporting benefits. Wild rice has ecological importance, with both migrating and resident
wildlife using it as a food source. It provides a habitat and feeding grounds for a variety of
waterfowl species, migratory birds, and mammals.
 Cultural benefits. Wild rice, the official state grain of Minnesota, is culturally and spiritually
important to the state and to tribes. It provides both aesthetic benefits and opportunities for
recreation and tourism in the areas where it grows, as well as spiritual value to tribal
communities.
The revised sulfate standard will result in more effective protection of the wild rice beneficial use
relative to the current standard (or relative to no standard at all). As stated above, the extent of
effective protection is difficult to quantify, but with the revised standard, there will be at least as much

8

classification from Millennium Ecosystem Assessment, 2005
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wild rice waters and potential harvestable wild rice over time so that all the benefits of wild rice (and the
value of those benefits) will increase.
Steps 4 and 5: Estimating the changes in the provision of these benefits and economic valuation of the
changes
The added amount of each of these benefits that the revised standard will provide (relative to the
current standard) is difficult to quantify. Moreover, for several of these benefits, valuation of the added
benefits in dollars is also challenging and fraught with uncertainty. Therefore, this discussion will not
attempt to place a total economic value on the benefits of the revised standard. Rather, it will cover
what some of these benefits are, who receives those benefits, and what efforts have been made to
value some of these benefits in monetary terms.
It is not feasible to conduct original valuation research to assess the monetary benefits of this specific
proposed rule. This is a very common situation in many studies on the economic valuation of
environmental resources. In such cases where budgetary and time constraints make performing original
research infeasible, it is common to utilize “benefits transfer,” or the application of values estimated in
previous studies to new policy cases. Following are some attempts to estimate ballpark values of some
of these benefits related to the proposed standard, largely relying on a benefits-transfer approach. This
is not intended to be a complete and comprehensive tally of the economic benefits of this proposed
standard revision, but rather a sketch of these values to give a rough sense of their magnitude.
Provisioning Benefits
In 2007, the Leech Lake Band of Ojibwe, one of the primary wild rice harvesters in Minnesota, sold
nearly 300,000 pounds of wild rice (Minnesota DNR, 2008). At $1.50 per pound, this harvest generated
more than $400,000 of income for tribal members. According to the MnDNR, wild rice is a substantial
food crop worth at least $2 million to the state’s economy each year. Every 5% of wild rice production
protected by achieving the standard would equate to a $100,000 benefit per year in maintained
revenues for the state’s economy. For wild rice waters impacted by elevated sulfate levels, restoration
to achieve the proposed standard would add $100,000 per year to state revenues for every 5% increase
in wild rice production.
According to the recently published “The Value of Nature’s Benefits in the St. Louis River Watershed”
(Earth Economics, 2015) an estimated 4,000 to 5,000 people (both tribal and non-tribal) hand harvest
wild rice annually with an average annual harvest of 430 pounds per individual (MnDNR, 2008).
Although cultivated wild rice is the majority of total production in Minnesota, hand harvested natural
wild rice remains a vital component of tribal and local economies. In 2007, hand-harvest of natural wild
rice generated more than $400,000 in income for tribal members in Minnesota (MnDNR, 2008).
Regulating Benefits
Neither the quantification nor economic valuation of non-market regulating benefits provided by the
wild rice beneficial use can be estimated due to the lack of knowledge of changes in the extent of that
beneficial use over time. However, it is important to realize that erosion control, flood mitigation, and
climate stabilization are also likely benefits of protecting the wild rice beneficial use.
Supporting Benefits
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The quantification and economic valuation of non-market supporting benefits provided by the wild rice
beneficial use, including feeding grounds for several bird species that people care about as well as
general support for biodiversity, is also not feasible for this proposed standard. There are methods,
however, to estimate Minnesotans’ willingness to pay to protect specific species, as well as biodiversity
in general, that have been used elsewhere to associate a value with maintaining these types of habitat.
Again, even if these benefits cannot be adequately quantified and valued in response to this proposed
standard revision, it is important to acknowledge their existence.

Cultural Benefits
The cultural and spiritual importance of wild rice and wild rice habitat are clearly not marketable
benefits and can be the hardest benefits provided by ecosystems to translate into monetary terms. In
particular, people of the Ojibwe tribe have cultural and spiritual ties to wild rice. Many stakeholders
might say that the existence of wild rice has infinite value, which is to say that it is not possible to put a
price tag on these aspects of nature. Nevertheless, the most direct approach that has been used to
translate aesthetic, cultural and spiritual values into monetary terms have been willingness-to-pay
surveys, including in the St. Louis River watershed (Earth Economics, 2015). However, willingness-to-pay
surveys are certain to underestimate cultural and spiritual values because of constraints on
stakeholders’ ability to pay (that is, their income) and the lack of substitutes for spiritual resources.
Recreation and tourism are more tangible cultural benefits in that they contribute to market-based
benefits. There are various ways to estimate economic value of these benefits, including willingness-topay surveys and travel cost methods. Willingness-to-pay surveys, a subset of more general contingent
valuation methods, ask a subset of beneficiaries (i.e., those that participate in the travel and recreation
activities) to state how much they are willing to pay for that benefit. The results of this survey can then
be extrapolated to estimate the value for the entire population of users. This method has been used
extensively throughout the country. An example in Minnesota was an extensive report to value the
benefits of the St. Louis River watershed in the northeastern part of the state (Fletcher and Christin,
2015). Travel cost methods have also been used extensively to value the benefits of travel and
recreation provided by ecosystems. This method is based on the idea that the willingness to pay for
recreation is reflected in the costs involved in traveling to their locations. The opportunity cost of travel
time as well as the direct costs of travel (gasoline, airfare, etc.) are included in this estimation.
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F. Assessment of differences between the proposed rules and corresponding federal requirements
and rules in states bordering Minnesota and states within EPA Region V.
Minn. Stat. § 14.131, together with Minn. Stat. § 116.07, subd. 2 (f), requires an assessment of
differences between the proposed amendments and corresponding federal requirements, similar
standards in states bordering Minnesota, and states within EPA Region 5.
14.131 (7) an assessment of any differences between the proposed rule and existing federal
regulations and a specific analysis of the need for and reasonableness of each difference;
116.07, subd. 2 (f) In any rulemaking proceeding under chapter 14 to adopt standards for air
quality, solid waste, or hazardous waste under this chapter, or standards for water quality under
chapter 115, the statement of need and reasonableness must include:
(1) an assessment of any differences between the proposed rule and:
(i) existing federal standards adopted under the Clean Air Act, United States Code, title
42, section 7412(b)(2); the Clean Water Act, United States Code, title 33, sections 1312(a)
and 1313(c)(4); and the Resource Conservation and Recovery Act, United States Code, title
42, section 6921(b)(1);
(ii) similar standards in states bordering Minnesota; and
(iii) similar standards in states within the Environmental Protection Agency Region 5; and
(2) a specific analysis of the need and reasonableness of each difference.
The water standards program, as established by the CWA, is based on the premise that
state-specific standards will be developed based on federal guidelines and criteria, and that the state
standards will vary depending on state-specific conditions and needs. There is no federal counterpart to
the identification of wild rice waters, the equation-based sulfate standard or the process for identifying
wild rice waters; therefore, an assessment of whether the proposed standards are more or less stringent
is not possible. The MPCA maintains that the proposed standards are consistent with the intent of the
CWA as well as reasonable interpretations of federal guidance, and meet the federal expectation that
states develop state-specific WQS.
No other state has established a beneficial use class for wild rice or established a sulfate standard
applicable to wild rice. Some Minnesota tribes have established WQS. The WQS for the Grand Portage
Band of the Minnesota Chippewa tribe are found at https://www.epa.gov/wqs-tech/water-qualitystandards-regulations-grand-portage-band-minnesota-chippewa-tribe. (Exhibit __) The Grand Portage
standards:
 Define wild rice areas as “a stream, river, lake or impoundment, or portion thereof, presently
has or historically had the potential to sustain the growth of wild rice (also knowns a Zizania
palustris or manoomin)”.
 establish a numeric standard that “sulfates must not exceed 10 mg/L in wild rice habitats”; and
 establish a narrative standard that “waters capable of supporting wild rice will be of sufficient
quantity and quality as to permit the propagation and maintenance of a healthy “wild rice”
ecosystem in addition to the associated aquatic life and their habitats.”
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The Grand Portage WQS also assign a “culture” designated use to wild rice areas, which are described as
“a stream, river, lake, wetland or impoundment, or portion thereof, presently, historically or with the
potential to be vegetated with wild rice.”
The WQS for the Fond du Lac tribe are found at https://www.epa.gov/sites/production/files/201412/documents/chippewa-tribe.pdf (Exhibit __
The Fond du Lac standards:
 define wild rice areas as “a stream, reach, lake or impoundment, or portion thereof, presently,
historically or that has the potential to sustain the growth of wild rice.”
 establish a numeric standard that “any lake or stream which supports wild rice growth shall not
exceed instantaneous maximum sulfate levels of 10 mg/L”; and
 Identify specific waters according to the designated use of wild rice.
The Fond du Lac WQS also assign a “culture” designated use to wild rice areas, which are described as “a
stream, river, lake, wetland or impoundment, or portion thereof, presently, historically or with the
potential to be vegetated with wild rice.”
The current wild rice sulfate standard differs from the existing tribal standards as follows:
 By specifying “wild rice production” as the beneficial use to which the 10 mg/L sulfate standard
applies, which is different than the tribal designation of a cultural designation of wild rice waters
on the basis of past, present, or future potential to sustain growth or be vegetated with wild
rice; and
 By applying the standard “during periods when the rice may be susceptible damage by high
sulfate levels.”
The proposed revisions to the standard differ differs from the existing tribal standards as follows:
 By maintaining the existing beneficial use while updating the terminology to “wild rice waters;”
 By specifically identifying wild rice waters in rule; and
 By establishing the protective sulfate value through an equation rather than as a fixed standard.

34

Disclaimer: This document is a working document. This document may change over time as a result of
new information, further deliberation or other factors not yet known to the agency.
Draft December 12, 2016
G. Assessment of cumulative effect
Minn. Stat. § 14.131 (8) requires the MPCA to provide: An assessment of the cumulative effect of the
rule with other federal and state regulations related to the specific purpose of the rule.
Minn. Stat. § 14.131 defines “cumulative effect” as “the impact that results from incremental impact of
the proposed rule in addition to the other rules, regardless of what state or federal agency has adopted
the other rules. Cumulative effects can result from individually minor but collectively significant rules
adopted over a period of time.”
{Still under development}
H. Agency’s efforts to provide additional notification to persons or classes of persons who may be
affected by the proposed rules.
Minn. Stat. §14.131 requires that “The statement must also describe the agency's efforts to provide
additional notification under section 14.14, subdivision 1a, to persons or classes of persons who may be
affected by the proposed rule or must explain why these efforts were not made.”
The MPCA’s plans to provide additional notice to parties who may be affected is discussed in Part __ of
this SONAR. (Notice Plan)
{Still under development}
I. Consultation with the commissioner of management and budget to help evaluate the fiscal impact
and fiscal benefits of the proposed rule on local government.
Minn. Stat. § 14.131 requires “The agency must consult with the commissioner of management and
budget to help evaluate the fiscal impact and fiscal benefits of the proposed rule on units of local
government.
The MPCA will consult with the Commissioner of Management and Budget when the rules are approved
by the commissioner and the Governor and before publication of the Notice of Hearing in the State
Register.
J. Agency’s intent to send a copy of the Statement of Need and Reasonableness to the
Legislative Reference Library when the notice of hearing is mailed.
Minn. Stat. §14.131 requires “The agency must send a copy of the statement of need and reasonableness
to the Legislative Reference Library when the notice of hearing is mailed under section 14.14, subdivision
1a.”
The MPCA will send the required documents to the Legislative Reference Library when the notice of
hearing is mailed.
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1. Additional Statutory Mandates for rulemaking.
Statutes in addition to Minn. Stat. § 14.131 also establish specific requirements for information to be
addressed in a SONAR.
A. Mandate of Minn. Stat. § 14.002 regarding performance-based standards
B. Mandate of Minn. Stat. § 14.128 regarding local Implementation
C. Mandate of Minn. Stat. § 14.127 requiring determination of the effect of the proposed rule on
small cities and small businesses.
D. Mandate of Minn. Stat. § 116.07, subd. 2(f) requiring an assessment of the differences
between the proposed rules and corresponding federal requirements and rules in states
bordering Minnesota and states within EPA Region V
E. Mandate of Minn. Stat. § 116.07, subd. 6 relating to the economic factors affecting feasibility
and practicality of any proposed action.
F. Mandate of 2015 Minn. Session Law, ch. 4, article 3, subd. 2 requiring enhanced economic
analysis and identification of cost-effective permitting.
G. Mandate of Minn. Stat. § 115.035 requiring external peer review.

A. Mandate of Minn. Stat. § 14.002 regarding performance-based standards
Minn. Stat. §14.002 requires state agencies, whenever feasible, to “develop rules and regulatory
programs that emphasize superior achievement in meeting the agency’s regulatory objectives and
maximum flexibility for the regulated party and the agency in meeting those goals.”
{Still under development}

B. Mandate of Minn. Stat. §14.128 regarding local implementation
Minn. Stat. § 14.128 requires an agency to “determine if a local government will be required to adopt or
amend an ordinance or other regulation to comply with a proposed agency rule. An agency must make
this determination before the close of the hearing record or before the agency submits the record to the
administrative law judge if there is no hearing. The administrative law judge must review and approve or
disapprove the agency's determination. "Local government" means a town, county, or home rule charter
or statutory city.”
The state WQS are not implemented at the local level and therefore, no changes will be required to local
ordinances or regulations in order to reflect the proposed standards. However, the proposed
amendments may affect a local unit of government in their role as the owner/operator of a WWTP, and
in that role, the local unit of government may impose additional conditions on industrial discharges to
their WWTP. An example would be a city requiring pre-treatment of a high sulfate wastewater or
charging higher fees for discharge of sulfate in wastewater. These conditions may be in the form of
ordinances or regulations but are not required by the proposed rules and are not a direct outcome of
the proposed standards.
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C. Mandate of Minn. Stat. § 14.127 requiring the determination of effect of the
proposed rule on small cities and small businesses
Minn. Stat. § 14.127 , subd. 1 requires an agency to “determine if the cost of complying with a proposed
rule in the first year after the rule takes effect will exceed $25,000 for any one business that has less than
50 full-time employees, or any one statutory or home rule charter city that has less than ten full-time
employees.”
The statute requires the MPCA to determine whether any small business or city could incur costs in
excess of $25,000 in the first year after adoption of the standard. The answer to that is yes, there could
be circumstances where that would happen. A small business or city that discharges sulfate to a wild rice
water could need to obtain or renew their permit at the time the proposed rules are adopted. If
significant design changes are needed to meet the revised standard or a variance is requested, the costs
associated with various aspects of developing and submitting the permit application could exceed
$25,000.
The MPCA believes that a more useful evaluation of the potential for costs to exceed $25,000 in the first
year after adoption of the standard should include a discussion of the several factors that could lead to
that event. The following discussion explains how the MPCA considered the statutory mandate to
determine the effect of the proposed rules on small businesses or cities.
Exceptions/Assumptions.


This discussion does not evaluate the economic effect of the proposed rules on small businesses
that depend on wild rice production. Small businesses such as wild rice harvesters, retailers of
wild rice, and businesses associated with waterfowl hunting and tourism related to waterfowl
hunting could be affected by impairments to the yield and distribution of wild rice. However, in
the discussion of the reasonableness of the proposed standard (Part 7), the MPCA has justified
its assertion that the proposed sulfate standard is protective of wild rice. Because the proposed
rules will not cause adverse effects to the quantity, quality or distribution of wild rice, the
economic perspective of small businesses depending on wild rice will not be considered in this
evaluation.
The assessment provided here is based on the MPCA’s assumption that the costs of the
proposed rules will only apply to those businesses and cities associated with a discharge of
sulfate to a wild rice water. This discussion does not consider the economic effect on a small
business that does not operate its own WWTP but instead discharges to a municipal treatment
plant. Although a small business may incur significant expenses if the municipal WWTP they
discharge to must upgrade to meet the adopted standards, any such increase is not expected to
occur in the first year following adoption of the proposed amendments.



This discussion does not consider the economic effect of the proposed rules for a period longer
than the first year after adoption. The statutory requirement limits this analysis to the costs
incurred in the year following adoption of the proposed rule.



This discussion does not consider the volume or concentration of sulfate that must be treated or
the conditions in the receiving water on which the sulfate effluent limits will be based. A sulfate
value for each wild rice water must be calculated by the application of site-specific variables and
as a result, the amount of sulfate that may be discharged will vary. For purposes of simply
identifying the small businesses or cities that may be affected by the proposed rules, the MPCA
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is not considering the volume or concentrations of sulfate in discharges or what value may apply
to a particular receiving water. This level of analysis is beyond the scope of this assessment.


This discussion assumes that for the year following adoption of the proposed standard (assumed
to be 2018), current costs are maintained and the process of design, construction, and issuance
of discharge permits remains the same.



This discussion assumes that both elements of the proposed rules (the sulfate standard and the
list of wild rice waters) are adopted without significant change from the rules as proposed.



This discussion does not consider the cost of litigation or penalties that may be incurred after
adoption of the proposed rules.



This discussion does not consider the cost of research and development of technologies or
facility-specific bench studies needed to meet the proposed standard. Although the MPCA
expects that dischargers will begin the process of anticipating additional sulfate treatment, the
costs associated with that planning process are so theoretical that they cannot be estimated
with any degree of accuracy. Because the range of possible responses is so variable (the options
may be to cease operation, install RO or other treatment, seek a variance, or redesign to a
different discharge point), the MPCA cannot anticipate a discharger’s long-term plans and
responses to a revised standard.

The MPCA’s evaluation of the potential effect on small businesses or cities
A number of factors determine whether a small business or city will incur costs in excess of $25,000 in
the first year following adoption of the proposed standard. For this discussion, the MPCA focused on the
following circumstances that will influence the effect of the proposed standard on a business or city,
when compared to the existing standard:


The business or city must discharge to a surface water



The surface water receiving the discharge must be a designated wild rice water or within a
certain range of a designated wild rice water. For purposes of this evaluation, the MPCA has
selected a range of 25 miles.



The discharge must contain sulfate.



The affected business must have fewer than 50 full-time employees— affected cities must have
fewer than 10 full time employees.



The business or city must need to obtain a new or re-issued permit within the first year after the
rules are adopted.



The application of the adopted sulfate standard must result in effluent limits that are more
stringent than the currently applicable 10 mg/L sulfate limit.



The business or city must incur costs of more than $25,000 in the first year following adoption
for planning, installation, or operation activities specifically to meet the proposed standards.

38

Disclaimer: This document is a working document. This document may change over time as a result of
new information, further deliberation or other factors not yet known to the agency.
Draft December 12, 2016
Figure 3. Determination of the effect of the proposed rules on small businesses/cities

discharge to a
surface water

discharge to a
wild rice water

new or more
stringent effluent
limits

require a permit
in 2018

discharge sulfate

meet the criteria
of a small
business or city

costs must
exceed $25,000

In order to make the determination required by the statute, each of the above listed criteria must be
met, which results in a successively narrower and narrower range of possible effects on small business
or cities.

The business or city must discharge wastewater to surface water.
The most fundamental limiting circumstance the MPCA considered is that the cost of the proposed
standard will only affect a city or business that discharges to surface water. Businesses and cities that
are not permitted to discharge wastewater will not be directly affected by the proposed standard and
therefore will not bear any cost as a result.9
Any business or city that discharges to surface water must obtain an NPDES/SDS permit. Businessrelated discharges are usually associated with power production, food production, mining, and certain
types of manufacturing. It is important to also recognize that not all NPDES/SDS permits are for a
discharge to a receiving water. A city or business may manage wastewater through land application so
there is no direct surface water discharge. A review of MPCA current NPDES/SDS permits shows 569
9

The MPCA recognizes that many small businesses discharge their wastewater to a publicly owned wastewater
treatment plant (WWTP). Costs incurred by a WWTP will be passed on to the dischargers to that system and small
businesses will therefore be indirectly affected by the proposed rules. However, the factors that determine
wastewater treatment fees vary according to so many factors (wastewater funding structure, the volume and
composition of their discharge, the design, size and age of the WWTP, etc.) that it is not feasible to attempt to
assess how, in the first year after adoption, the proposed rules will affect small businesses that do not directly
discharge wastewater to a wild rice water.
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municipal permits and 517 industrial permits across the state that involve an actual discharge to a
surface water.
The business or city must discharge to a designated wild rice water.
With this rulemaking the MPCA is proposing to list approximately 1,300 lakes, rivers and streams as wild
rice waters. Most of these wild rice waters are lakes or streams that do not receive any discharges or
industrial wastewater from the more than 1,000 permitted dischargers. However, the MPCA has
evaluated the flow path of dischargers (see Attachment 1) and determined that 128 dischargers either
discharge directly to or within 25 miles of a downstream water identified as a wild rice water.10
The business or city must have a discharge containing sulfate.
The MPCA’s experience shows that, in almost every case, sulfate is present in municipal and industrial
wastewater, and the volume and concentration of sulfate vary widely.11 Some types of discharge, (e.g.
stormwater, gravel pits, or cooling water) do not have sulfate at levels any higher than the background
levels of their source waters. However, for purposes of this assessment, the MPCA conservatively
assumes that every identified discharger will have sulfate as a component of their wastewater.
The business or city must fit the statutory criteria of being small by having fewer than 50 (business) or
10 (city)employees
The MPCA’s assessment finds that 128 facilities discharge to or within 25 miles of a listed proposed wild
rice water. The statute requires the MPCA to consider the cost of complying for any business that has
fewer than 50 full-time employees or any statutory home rule or charter city that has fewer than 10 fulltime employees. It is difficult to determine with any degree of accuracy which cities or businesses will
fall within the statutory criteria. The MPCA reviewed information readily available about each of the
128 potentially affected dischargers. In many cases, the business or city listed the number of employees
on their website, and the MPCA assumed that information to be accurate. In the case of smaller cities
and businesses, the MPCA had to make some assumptions. If a city had a population of fewer than
6,000, the MPCA assumed that it had fewer than 10 employees. Where there was no readily available
information about a business, the MPCA conservatively assumed that it had fewer than 50 employees.
Based on its review of readily available information and conservative estimates, the MPCA expects that
approximately 21 businesses and 54 municipal dischargers have fewer than the statutory limits of
employees. Those cities and businesses are identified in Attachment 3.
The business or city must be affected in the first year after adoption of the proposed rules.
Of the approximately 75 currently permitted small businesses and cities that may potentially be affected
by the proposed standards, fewer will be subject to the proposed sulfate standard within the first year
10

The MPCA is limiting the expected range of effect to only those dischargers within 25 miles upstream of a wild
rice water solely for purposes of this discussion of potential economic effect. The actual range of effect must be
determined on a case-by-case basis. When the proposed rules are adopted and the MPCA conducts a permit
review for implementation of the proposed sulfate standard, the distance between the discharge and the closest
wild rice water will be only one of many factors to be evaluated. The effect from any specific discharge, and
therefore the treatment requirements and subsequent costs, will be affected by a number of complex factors,
including the concentration and volume of the discharge, the flow and size of the receiving water, seasonal factors,
background concentrations, and antidegradation considerations. However, for this discussion, the MPCA is
considering the 758 identified dischargers to be the universe that will be affected.
11

Sulfate concentrations shown in Table 3 for non-mining industrial discharges range from 0.26 to over 6,000
mg/L. The range for municipal dischargers is similarly broad, from 1.2 to 4,220 mg/L
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after adoption. NPDES/SDS permits are issued to: 1) new or expanding facilities; and 2) existing
dischargers. For existing dischargers, permits are issued on a five-year schedule. The result of this is that
in the first year after adoption of the rule, only new permits and those permits that are due for renewal
will receive effluent limits based on the adopted sulfate standard.
The MPCA estimates that of the approximately 75 existing, small, permitted facilities that discharge
sulfate within 25 miles of a wild rice water, more than 60 will at least begin the process of updating their
existing permit in 2018. This includes the dischargers whose permits have already expired or will expire
in 2018. Additional permittees who expect to renew their permit in 2019 and 2020 may also begin the
process of planning and may incur costs in anticipation of the adoption of a sulfate standard. The MPCA
does not have any information to indicate it will receive any permit applications in 2018 for new
discharges to a wild rice water.
The process of permit issuance/renewal is complicated and involves setting effluent limits, developing
and reviewing plans and specifications, permit notice and approval, and construction activities. Many of
these activities and the cost associated with them are inherent to the nature of wastewater treatment
and will be incurred regardless of the adoption of the proposed standards. However, for purposes of this
discussion, the MPCA assumes that some amount of additional design and review costs will be incurred
solely as a result of the proposed sulfate standard. The MPCA believes that although few permits will be
issued within the first year after the proposed standard goes into effect, in some cases there will be a
significant initial investment in planning and preliminary design work.
The business or city must comply with more stringent effluent limits than are currently required.
When an effluent limit is established under the proposed rules, there will be two possible outcomes.
1. The discharger will receive an effluent limit that is more stringent than the limit that would have
been applied under the existing standard. This will be the case for dischargers where the
equation-based sulfate value is more stringent than the existing 10 mg/L standard, or for
dischargers that were not previously determined to be discharging to a wild rice water. In these
cases, the proposed rules will result in higher treatment costs to meet the more stringent
effluent limit, or the need for a variance.
2. The discharger will receive an effluent limit that is less stringent than a limit based on the
current standard of 10 mg/L. It is possible that a discharger that was not previously identified as
discharging to a wild rice water, will, when the rules are adopted, be subject to the revised
sulfate standard and receive an effluent limit for sulfate. It is further possible, in those cases
where no sulfate effluent limit was previously applied, that the equation-based standard will
result in a standard that is less stringent than the 10 mg/L existing standard. In this case, a
discharger who is newly identified as being subject to the sulfate standard will incur treatment
costs (if a variance is not applicable), but these will be lower than would have been applied if the
10 mg/L standard was applied to them. The extent of the costs will depend on the nature of the
discharge and the calculated sulfate limit.
It is not possible to determine which of the scenarios will apply to any specific small business or city until
the situation for each discharger is evaluated and actual effluent limits are determined. Although the
MPCA can reasonably expect that in some cases sulfate effluent limits will not be more stringent, there
is no way to make that determination until all variables have been considered. For purposes of this
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evaluation, the MPCA conservatively assumes that all dischargers will have to meet more stringent
discharge limits for sulfate or apply for variances.
The business or city must spend more than $25,000 to comply with the standard.
The cost to treat wastewater to remove sulfate is extremely high. The most effective treatment option
at this time is a RO membrane treatment system. The cost of designing, building and operating a RO
system will certainly exceed $25,000. However, for permittees who are expected to be in the process of
renewing their permit, the full cost of treatment will not be incurred in 2018 (the first year after
adoption of the proposed rules). The MPCA expects that those facilities that meet the above criteria will
incur costs in 2018 for a contractor/designer to begin the process of evaluating their discharge and
treatment options. They may also begin the process of bench-scale studies and facility design. Although
the cost of these activities cannot be estimated because of the extent of the variables, the MPCA
expects that they will be significant and in some cases may exceed $25,000. It may be the case that
many or most of these facilities would qualify for a variance from the sulfate requirements. In that case,
treatment would not be required but costs would still be incurred to make the case for a variance. At
this time the cost to apply for a variance is $10,850 due to the significant amount of staff time involved
in reviewing and approving or denying variance requests. Those costs could come down if changes are
made to the fee rules, or MPCA develops supporting materials for sulfate variances similar to efforts
currently underway to address chloride variance requests.
Conclusion.
The MPCA finds that the regulatory threshold of $25,000 may be exceeded for some small businesses
and cities in the first year after adoption of the proposed rules. Although the number of potentially
affected small businesses and cities is relatively small compared to all the permitted facilities in
Minnesota, and there are many factors and variables that will affect the impact of the adopted rules, the
MPCA expects that in at least some cases, the cost of proposed rules will exceed the regulatory
threshold.
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D. Mandate of Minn. Stat. § 116.07, subd. 2(f) requiring assessment of differences between
the proposed rule and standards in similar states
Minn. Stat. § 116.07, subd 2 (f) requires “In any rulemaking proceeding under chapter 14 to adopt
standards for air quality, solid waste, or hazardous waste under this chapter, or standards for water
quality under chapter 115, the statement of need and reasonableness must include:
(1) an assessment of any differences between the proposed rule and:
(i) existing federal standards adopted under the Clean Air Act, United States Code, title 42, section
7412(b)(2); the Clean Water Act, United States Code, title 33, sections 1312(a) and 1313(c)(4); and the
Resource Conservation and Recovery Act, United States Code, title 42, section 6921(b)(1);
(ii) similar standards in states bordering Minnesota; and
(iii) similar standards in states within the Environmental Protection Agency Region 5; and
(2) a specific analysis of the need and reasonableness of each difference.”
This requirement is the same as the requirement in Minn. Stat. § 14.131 and is discussed in that part of
this SONAR.

E. Mandate of Minn. Stat. § 116.07, subd. 6 relating to economic factors affecting feasibility
Minn. Stat. § 116.07, subd. 6 requires “In exercising all its powers the Pollution Control Agency shall give
due consideration to the establishment, maintenance, operation and expansion of business, commerce,
trade, industry, traffic, and other economic factors and other material matters affecting the feasibility
and practicability of any proposed action, including, but not limited to, the burden on a municipality of
any tax which may result therefrom, and shall take or provide for such action as may be reasonable,
feasible, and practical under the circumstances.”
The MPCA has met the requirements of this statute by the discussions provided in this part regarding
the possible economic effect of the proposed rules.
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F. Mandate of Minn. Session Law Ch. 4, article 3, subd. 2 requiring enhanced economic
analysis and identification of cost-effective permitting
2015 Minn. Session Law, Ch. 4, article 3,subd.2 authorized funds for “enhanced economic analysis in the
water quality standards rulemaking process, including more specific analysis and identification of costeffective permitting.”
The MPCA has considered the effect of the proposed amendments as they relate to the MPCA’s permit
process for both industrial dischargers and municipal dischargers and recognizes that for some
dischargers, the proposed standards may result in substantial costs.
Cost-effective considerations regarding municipal wastewater treatment permits
The U.S. Environmental Protection Agency estimates that Minnesota communities will need $11 billion
in water infrastructure improvements over the next two decades. This funding is necessary to replace
aging wastewater and drinking water systems, upgrade treatment facilities to meet higher standards,
and expand systems to accommodate growth. Approximately 60 percent of the needed improvements
are outside the Twin Cities area.
The $11 billion figure does not factor in costs that municipal WWTP might incur to comply with the
proposed sulfate WQS. The MPCA expects that in most cases, the proposed sulfate standard can only be
met by using membrane treatment. The MPCA recognizes that the current options for treating sulfate at
a municipal WWTP will be costly and complex. The $11 billion estimate for water quality infrastructure
improvements will be significantly increased if the proposed rules establish sulfate limits that must be
met by membrane treatment at municipal WWTP.
Beyond the costs of design, construction, and operation, there are substantial public policy implications
associated with widespread membrane treatment at either municipal or industrial WWTP to treat
sulfate. Membrane treatment is an energy intensive process that would increase the carbon footprint of
a WWTP. In addition, annual operation and maintenance costs of a membrane treatment system are
very expensive – estimated to be over 1 million dollars per year. (Attachment 4) Membrane treatment
would also increase sludge disposal volumes, which, if incinerated or disposed in landfills, will increase
the burden on Minnesota waste disposal facilities. In addition, membrane filtration requires highly
skilled operators. Many Minnesota municipalities already report difficulty in retaining qualified
wastewater operators, and that difficulty could increase if wastewater operators capable of operating
membrane processes were required.
Cost-effective considerations regarding industrial wastewater treatment permits
Industrial dischargers could encounter substantial treatment costs if sulfate effluent limits are included
in NPDES/SDS permits. Industries most likely to be affected include ethanol producers, food processors,
power plants, ferrous (taconite) mining and processing, and any potential non-ferrous mining. The
taconite industry on the Mesabi Iron Range is likely to be the most affected of the industrial categories
as a result of several factors, including the prevalence of wild rice in that region, the amount of sulfate
generated by mining and processing, the aggregate volume of water discharged, and the elevated
sulfate concentrations from legacy mining. Taconite mining is fundamental to the economy on the
Mesabi Iron Range, which extends from roughly Grand Rapids in the west to Babbitt in the east. Because
of the importance of mining, the MPCA expects the costs of compliance with a sulfate standard for the
taconite industry could cause substantial and widespread socioeconomic hardship in Iron Range
communities.
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Seepage discharges from stockpiles, tailings basins, and mine pit dewatering may be of such a scale and
complexity that it may not be possible to achieve in-stream attainment of the sulfate standard within a
relatively short and predictable time period (e.g. 10-20 years). At this point the MPCA does not know
what the numeric standard will be for any specific water body. There is also a wide range of point and
non-point sources of sulfate discharge, especially those from the taconite industry, and there are many
possible approaches to mitigating each of these. Some discharges are controlled and seasonal, while
many others are uncontrolled and have significant variability. Any treatment system would need to be
sized to accommodate the maximal or near-maximal flow rate at each discharge. A rough estimate of
the maximum sum of point source discharges that could require some form of treatment is 100 MGD.
Variances to address costs
Variances are a mechanism by which the MPCA can address the permitting costs associated with the
implementation of new or revised standards. Variances from WQS are a permitting tool to deal with
uncertain or costly treatment alternatives. Variances are temporary modifications to WQS. Although the
standard may be temporarily modified, a variance can never be granted to allow the loss of a water’s
beneficial use. In granting a variance, the MPCA is allowed to consider the negative social and economic
effects of the standard on the affected community. Variances are expected to become an increasingly
necessary component of the permit process as more stringent water quality-based effluent limits are
implemented, and socioeconomic impact is expected to be a primary factor to consider.
All variances from a water quality standard are subject to final EPA approval. The EPA-approved
economic analysis required in the state variance process allows the MPCA to distinguish the point at
which costs would result in substantial and widespread negative economic and social impact. The
information needed to make this determination is very site-specific and cannot be calculated in the
abstract
Variances for municipal WWTP
The methodology used for demonstrating substantial impact on a municipal WWTP is taken from EPA’s
Interim Economic Guidance for Water Quality Standards (EPA-823-B-95-002). In order to qualify for a
variance, a discharger must demonstrate substantial and widespread economic and social impact to
render water pollution control compliance infeasible.
Substantial economic impact to a public sector discharger can be demonstrated by calculating two
values, which the EPA has named the Municipal Preliminary Screener and the Secondary Score. The
Municipal Preliminary Screener describes how costly the proposed pollution control investment would
be for the municipality relative to the median household income. The Secondary Score depicts the
community’s overall economic health and ability to take on debt. The EPA uses a matrix to assess
whether the impact of the proposed pollution control project would be substantial for the community. If
the impacts are considered substantial, the municipal WWTP could be considered eligible for the
variance.
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Table 12. Assessment of substantial impacts matrix
Municipal Preliminary Screener
Secondary Score

Less than 1.0%

Between 1.0 and
2.0%

Greater than
2.0%

Less than 1.5

?

X

X

Between 1.5 and
2.5

--

?

X

Greater than 2.5

--

--

?

In the matrix, "X" indicates that the impact is likely to interfere with economic development. The closer
the community is to the upper right corner of the matrix, the greater the likelihood. Alternatively, "--"
indicates that the impact is not likely to interfere with development. The closer to the lower left corner
of the matrix, the smaller the likelihood. Finally, the “?” indicates that the impact is unclear and the
applicant will need to justify why the alternative is not prudent or feasible.
The Municipal Preliminary Screener
The Municipal Preliminary Screener estimates the total per household annual pollution control costs to
be paid by households (existing costs plus those attributable to the proposed project) as a percentage of
median household income. The screener is written as follows:
𝑀𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙 𝑃𝑟𝑒𝑙𝑖𝑚𝑖𝑛𝑎𝑟𝑦 𝑆𝑐𝑟𝑒𝑒𝑛𝑒𝑟 =

𝐴𝑛𝑛𝑢𝑎𝑙 𝑝𝑜𝑙𝑙𝑢𝑡𝑖𝑜𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑
× 100
𝑀𝑒𝑑𝑖𝑎𝑛 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑖𝑛𝑐𝑜𝑚𝑒

The Secondary Score
The Secondary Score is calculated using six tests related to the debts and revenues of the municipality in
question.
Table 13. Secondary Score
Secondary Indicators

Weak

Mid-Range

Strong

Bond Rating

Below BBB (S&P)
Below BAA
(Moody's)

BBB (S&P)
BAA
(Moody's)

Above BBB (S&P)
or Baa (Moody's)
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Overall Net Debt as Percent of
Full Market Value of Taxable
Property

Above 5%

2%—5%

Below 2%

Unemployment

More than 1%
above National
Average

National
Average

More than 1%
below National
Average

Median Household Income

More than 10%
below State
Median

State
Median

More than 10%
above State
Median

Property Tax Revenues as a
Above 4%
Percent of Full Market Value of
Taxable Property

2% —4%

Below 2%

Property Tax Collection Rate

94% — 98% > 98%

< 94%

The Secondary Score is calculated for the community by weighting each indicator equally and assigning a
value of 1 to each indicator judged to be weak, a 2 to each indicator judged to be mid-range, and a 3 to
each strong indicator. A cumulative assessment score is calculated by summing the individual scores and
dividing by the number of factors used. The cumulative assessment score is evaluated as follows:




less than 1.5 is considered weak
between 1.5 and 2.5 is considered mid-range
greater than 2.5 is considered strong

Variances for industrial WWTP
The methodology used for demonstrating substantial impact on a private-sector industrial WWTP is also
taken from EPA’s Interim Economic Guidance for Water Quality Standards (EPA-823-B-95-002). Just as is
the case for a municipal WWTP, in order to qualify for a variance, a private sector discharger must
demonstrate substantial and widespread economic and social impact to render water pollution control
compliance infeasible. However, in the private-sector case, the process for assessing substantial and
widespread impact is different.
The key question to evaluate whether economic impacts are substantial is whether the industrial
discharger has the ability to pay for the pollution control, or whether the pollution control project is
affordable. The primary measure of affordability concerns the profitability of the discharger and how
much its earnings will decline due to pollution control expenditures. The “profit test” is equal to
earnings before taxes divided by revenues and should be calculated with and without the costs of
pollution control:
𝑃𝑟𝑜𝑓𝑖𝑡 𝑇𝑒𝑠𝑡 =

𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑏𝑒𝑓𝑜𝑟𝑒 𝑇𝑎𝑥𝑒𝑠
𝑅𝑒𝑣𝑒𝑛𝑢𝑒𝑠
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In the calculation of this test with pollution control costs, consideration can be given to the degree that
the discharger can raise prices to cover pollution control costs. Evaluating the Profit Test entails
considering whether the loss of profit may be substantial enough that there is a chance that
employment will be lost and local purchases by the discharger reduced.
There are then three secondary measures that assess liquidity, solvency, and leverage to provide
additional information about the financial health of the discharger and thus help to determine whether
the pollution control project is affordable. The test for liquidity involves calculation of the Current Ratio
by dividing current assets (assets that could be converted into cash within a year) by current liabilities
(liabilities that need to be paid within a year):
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑅𝑎𝑡𝑖𝑜 =

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑠𝑠𝑒𝑡𝑠
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

Generally, a current ratio greater than two indicates strong liquidity where the discharger can generally
cover its short-term obligations.
The test for solvency involves calculating Beaver’s Ratio, which is the discharger’s cash flow (the cash
available in a given year, usually calculated by adding any depreciation expense to the discharger’s net
after-tax income) divided by its total debt:
𝐵𝑒𝑎𝑣𝑒𝑟 ′ 𝑠 𝑅𝑎𝑡𝑖𝑜 =

𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤
𝑇𝑜𝑡𝑎𝑙 𝐷𝑒𝑏𝑡

Generally, a Beaver’s Ratio greater than 0.20 indicates that the discharger is solvent, while a Beaver’s
Ratio between 0.15 to 0.20 indicates that future solvency is uncertain, and a Beaver’s Ratio below 0.15
reflects a possibility that the discharger may be insolvent (i.e., go bankrupt).
Finally, the test for leverage involves calculating the Debt to Equity Ratio, which is the discharger’s longterm liabilities (long-term debt that is not due to be paid within the next year) divided by owners’
equity:
𝐷𝑒𝑏𝑡 𝑡𝑜 𝐸𝑞𝑢𝑖𝑡𝑦 𝑅𝑎𝑡𝑖𝑜 =

𝐿𝑜𝑛𝑔 − 𝑇𝑒𝑟𝑚 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
𝑂𝑤𝑛𝑒𝑟𝑠 ′ 𝐸𝑞𝑢𝑖𝑡𝑦

There are no generally accepted Debt to Equity Ratio values that apply to all types of economic activity,
so this ratio should be compared with the ratio of firms in similar businesses. If the discharger’s ratio
compares favorably with the median or upper quartile for similar businesses, it should be able to borrow
additional funds.
Although the Profit Test is considered first, all four of these measures—profitability, liquidity, solvency
and leverage—should be compared to industry benchmarks and considered jointly to obtain an overall
picture of the economic health of the discharger to assess whether complying with WQS would have
substantial economic impacts. Figure 4 below from the EPA Guidance illustrates the entire process for
evaluating whether socioeconomic impacts are substantial for an industrial WWTP.
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Figure 4. Measuring substantial impacts (private entities)

Streamlined variance process
The MPCA is aware that sulfate effluent limits could prompt variance requests and is considering a
streamlined variance process for sulfate effluent limits. The MPCA’s planned streamlined sulfate
variance process will define the information required for obtaining final variance approval from EPA and
allow ample time for affected WWTP to fully consider their permitting options. The streamlined process
will reduce permitting uncertainty and application review time and thus result in more cost-effective
permitting. The streamlined variance process will not change the criteria for obtaining a variance but
would make the application process easier and more understandable.
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G. Mandate of Minn. Stat. § 115.035 relating to external peer review
115.035 EXTERNAL PEER REVIEW OF WATER QUALITY STANDARDS.
(a) When the commissioner convenes an external peer review panel during the promulgation or
amendment of water quality standards, the commissioner must provide notice and take public comment
on the charge questions for the external peer review panel and must allow written and oral public
comment as part of the external peer review panel process. Documentation of the external peer review
panel, including the name or names of the peer reviewer or reviewers, must be included in the statement
of need and reasonableness for the WQS. If the commissioner does not convene an external peer review
panel during the promulgation or amendment of water quality standards, the commissioner must state
the reason an external peer review panel will not be convened in the statement of need and
reasonableness.
The MPCA has conducted peer review on the wild rice study, which provides the research basis for the
proposed rules. The results of the MPCA wild rice study included a report of the findings of that study,
which included the preliminary recommendations for developing a revised sulfate WQS to protect wild
rice. This report was the main focus of a peer review, which the MPCA convened to seek comments
from scientists experienced in this area. This group was identified as the Scientific Peer Review Panel.
The Scientific Peer Review Panel identified specific concerns or suggested alternative procedures to be
considered for next steps by the MPCA to revise the sulfate standard. This review served as important
guidance for the MPCA to enhance further investigation of the data in support of what has become the
draft technical support document.
In addition to this early phase, broader peer review, the MPCA is participating in the submission to peerreviewed scientific journals of four manuscripts that describe technical and scientific research used as
the foundation of the proposed sulfate standard revisions.
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Attachment 1. Detailed discussion of the wastewater treatment facilities
that are potentially affected by the standard revisions.
Memo:
To: MPCA Sulfate Standard to Protect Wild Rice Rulemaking Record
From: Elizabeth Kaufenberg
Date: November 1, 2016
Subject: Analysis of potential effluent limit reviews of the proposed wild rice sulfate standard on
municipal and industrial WWTPs.
When the proposed rules are adopted, effluent limit reviews completed for wastewater treatment
facilities (WWTFs) will determine which WWTFs have the potential to cause or contribute to a MPCA
wild rice water impairment. For this discussion, WWTFs include both those that serve municipalities and
industry. Effluent limit reviews will consider existing sulfate effluent data well as other variables that go
into setting a water quality – based effluent limit (WQBEL). Discussed below are explanations on how
some of those variables will be considered.
Scope of analysis
The proposed rules will establish a unique beneficial use class designation for wild rice waters, class 4d.
Because the wild rice sulfate standard will only be applied in these specific waters, effluent limit reviews
will be completed for only WWTFs that discharge upstream of wild rice waters.12
Distance to wild rice waters
Distance will be one consideration when determining where an effluent limit review is required to
protect downstream wild rice waters. The closer a facility discharge is to a downstream wild rice water,
the more likely it is to have an impact. As the distance increases (e.g. > 25 miles), the wild rice water is
more likely to receive water from a much larger watershed, thereby reducing potential impacts from any
single source. Designated wild rice waters that drain large watersheds may require more sophisticated
modeling tools than were used in this analysis to evaluate the need for effluent limits. Such tools are
regularly used as part of a total maximum daily load (TMDL) study or watershed restoration and
protection strategies (WRAPS).
As described further below, a distance of 25 miles is reasonable to use as a starting point for considering
point source impacts to wild rice waters. In practice, other considerations will help determine if an
effluent limit review is appropriate for WWTFs that discharge farther than 25 miles from a wild rice
water, and include: WWTF effluent concentration, percent sulfate contribution to a wild rice water,
downstream receiving water flow, number of WWTFs upstream of a designated wild rice water, and the
need for a site-specific analysis for a wild rice water.

12

It is important to note that while this assessment is only in consideration of sulfate as it relates to
designated wild rice waters, other beneficial use classifications (e.g. class 4A which protects use of water
for wildlife) may have applicable sulfate standards which will need to be reviewed for effluent limits in
appropriate situations.
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Analysis of potentially affected WWTFs
Currently, there are 24 waterbodies that are designated as wild rice waters (Minn.R. 7050.0470). The
MPCA is proposing to add approximately 1,300 additional water bodies for identification as wild rice
waters; these are referred to as MPCA proposed wild rice waters. Of the more than 900 national
pollutant discharge elimination system (NPDES) permitted municipal and industrial wastewater
treatment facilities (WWTFs) in Minnesota, an estimated 745 surface discharge stations are upstream of
at least one proposed wild rice water. Many WWTFs have multiple surface discharge stations. This
analysis includes those surface discharge stations that discharge to a unique proposed wild rice water,
respective to the WWTF, since each individual discharge station would require an individual effluent
limit review. The distance from WWTF outfall to the nearest proposed wild rice water ranges from less
than 1 mile to 413 river miles (Figure 1). Because of the finite additional resources available to conduct
an effluent limit review, a reasonable distance of 25 miles was selected. For those WWTFs located
upstream within 25 miles of an identified wild rice water, an effluent limit review will be completed
during their permit reissuance. For all other WWTFs, the applicability of an effluent limit review will be
decided on a case-by –case basis upon permit issuance. The 25-mile distance was selected from two
break points (Figure 1). These break points were determined from visually analyzing the data and
selecting mile markers to reach a reasonable distance prompting an automatic effluent limit review. The
first break point of discharge stations to a proposed wild rice water is at approximately 60 miles.
Approximately half (43% or 319) of the 745 WWTP discharge stations are within the 60-mile distance.
The next break point in the histogram is at approximately 25 miles (Figures 1 and 2) and includes
approximately 18% (135) of the 745 WWTP discharge stations (128 individual WWTFs).
MPCA effluent limit review process
There are a number of reasons why it is not reasonable to conduct effluent limit reviews for all WWTF
discharge stations that are within 413 miles upstream of a proposed wild rice water. The MPCA
recognizes variables other than sulfate levels must also be taken into consideration and conducting
effluent limit reviews for the WWTF within that range is impossible under current staff levels. Even
when considering discharges only within a distance of 25 miles, adding 135 sulfate reviews
(approximately 62 domestic and 73 industrial) to the existing MPCA effluent limit setting effort will be a
significant increase in MPCA workload. However, it is reasonable to use 25 miles as the distance
consideration as one of several other parameters that will also need to be taken into consideration
when determining where effluent limit reviews are needed. Using other variables, such as watershed
size and WWTF effluent and percent contribution, is an accepted procedure for conducting effluent limit
reviews for implementing other water quality standards. For example, the implementation procedures
for the recently adopted river eutrophication standards analyze flow, total phosphorus (also considered
a relatively conservative parameter) concentration, and loading to a water body of interest. These
factors are considered both at a local and larger watershed scale to determine reasonable potential for a
facility to cause or contribute to a downstream impairment.
Analytical process
A combination of existing MPCA data sources were used in the analysis of WWTFs discharging upstream
of proposed wild rice waters. A tool that uses the specific location of a WWTF’s surface discharge
location along with identified wild rice locations, via GIS, determines the effluent flow path. However,
the output of the tool is limited to the data available to use. MPCA is consistently updating WWTF
information and wild rice information as appropriate. With the current data limitations, the MPCA must
confirm the effluent flow path to a downstream proposed wild rice water prior to conducting a sulfate
effluent limit review, on any WWTF, for the protection of wild rice.
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Figure 2. Estimated 745 wastewater treatment plants and associated distance they discharge
upstream of a proposed wild rice water. Orange lines identify breakpoints in histogram at 25 and 60
miles. These mile markers identify 140 and 319 wastewater treatment facilities, respectively,
upstream of a proposed wild rice water.
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Figure 3. Estimated 319 wastewater treatment plants and associated distance they discharge within
60 miles upstream of a proposed wild rice water. Orange line identifies breakpoint at 25 miles and
includes approximately 140 wastewater treatment facilities upstream of a proposed wild rice water.
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Figure 4. Estimated 140 wastewater treatment facilities and associated distance they discharge within
25 miles upstream of a proposed wild rice water.
Wild Rice Waters not meeting standard
Individual designated wild rice waters not meeting the respective water body sulfate standard will have
individual reviews completed for any applicable effluent limit. This effort may be in conjunction with a
total maximum daily load (TMDL) study.
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Attachment 2. Draft Cost Data relating to Sulfate Treatment.
The following information was provided to the MPCA based on 2010 data.
Sheet 1- Overview of Effectiveness/Implementability/Cost Considerations for Sulfate Treatment Options.
Effectiveness

Implementability

Cost Considerations

Emerging or
established
technology?

Relative
net
present
value

Relative
Chemical
Consumption

Relative Power
Consumption

Relative Solid Waste
Generation

Established

$$

Low

Low

Low

Floating wetlands

Emerging

$$$

Medium

Low

Low

Natural wetlands

Established

$

Low

Low

Low

Biofilters

Established

$$

Low

Low

Low

Emerging

$$

Low

Low

Low

Established

$$$

Medium

Medium

Medium

Barium precipitation

Established

$$$$

High

Medium

High

SAVMIN (Ettringite)

Emerging

$$$

High

Medium

High

CESR (Ettringite)

Emerging

$$$

High

Medium

High

Established

$$$

High

Medium

High

Established

$$$

High

Medium

High

Emerging

$$$

Medium

Medium

High

Microfiltration

Established

$$

Medium

Medium

Medium

Ultrafiltration

Established

$$

Medium

Medium

Medium

Nanofiltration

Established

$$$

Medium

High

Medium

Treatment Technology
Biological Treatment (Sulfate
Reduction)

Can achieve
250 mg/L
sulfate?

Can achieve 10 mg/L
sulfate?

Can reduce other
parameters of
concern (TDS,
hardness, alk)?

Multiple
commercial
installations?

Constructed wetlands

In-pit biological treatment
Anaerobic reactors
Chemical Precipitation

Gypsum precipitation
Lime softening (hardness and
alkalinity reduction)
Ion Exchange
Sulf-IX (Bioteq)
Membrane Treatment
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RO
Electrodialysis reversal

Established

$$$

Medium

High

Medium

Established

$$$

Medium

High

Medium

Yes, known
Potential, but some uncertainty or limited installations
No, very unlikely
Notes:
The qualitative comparisons provided in this table are based upon the following information, which was compiled or developed for numerous projects from 2008-2010:
1. Peer-reviewed scientific literature
2. Vendor-supplied information and costs
3. Design manuals and guidance developed by professional water treatment organizations
4. Reviews compiled by the U.S. and Canadian governmental agencies
5. Chemical modeling and conceptual designs
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Sheet 2- Estimated Costs of Municipal Wastewater Treatment.
Municipal Wastewater Treatment Plant Capacity
1 MGD
5 MGD

0.5 MGD
Estimated WWTP effluent sulfate
concentration (mg/L)1

100

100

100

Treated water sulfate goal (mg/L)

10

10

10

Primary Treatment Technology

RO

RO

RO

Site considerations

Infrastructure in place, minimal
site improvements needed, some
utility upgrades necessary

Infrastructure in place, minimal
site improvements needed, some
utility upgrades necessary

Infrastructure in place, minimal
site improvements needed, some
utility upgrades necessary

Land required

< 5 acres

< 5 acres

< 5 acres

Pretreatment

Particulate removal, Fe and Mn
removal, anti-scalants, pH
adjustment

Particulate removal, Fe and Mn
removal, anti-scalants, pH
adjustment

Particulate removal, Fe and Mn
removal, anti-scalants, pH
adjustment

Estimated capital cost2

$2,700,000

$4,300,000

$16,000,000

Annual O&M for primary treatment
technology2

$250,000

$500,000

$2,000,000

Residuals management options

Volume reduction followed by
crystallization; spray irrigation;
hauling to larger POTW

Volume reduction with
evaporation and crystallization

Volume reduction with
evaporation and crystallization

Volume reduction options

VSEP; chemical treatment
followed by secondary RO

VSEP; chemical treatment
followed by secondary RO

VSEP; chemical treatment
followed by secondary RO

Can technology achieve 10 mg/L sulfate in
treated water?

Notes:
Costs presented in the table should be considered Class 5 cost estimates, per AACE guidelines. Class 5 cost estimates
are used for business planning, project screening, and alternatives evaluations and are based on limited information.
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Typical range of accuracy for Class 5 cost estimates is +/- 25 to 100 percent.
1. Estimated, order-of-magnitude value based on available data from NE Minnesota plant.
2. Membrane Technology 2008, Workshop A, Application of Membrane Technology to Treatment of Secondary Effluent. Capital costs escalated using ENR CCI.

61

Disclaimer: This document is a working document. This document may change over time as a result of new information, further deliberation or other factors not yet known to the agency.
Draft December 12, 2016

Sheet 3- Costs Relating to Industrial Wastewater Treatment.
Project A Option 4

Project B

Project C

Project D

Project E

Project F Option 1

Project F Option 2

Project F Option 3

Project G Option 1

Project G Option 2

Project G Option 3

Project H Option 1

Project H Option 2

Project H Option 3

1,100

4,800

800

1,000 - 4,000
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1,200

1,200

1,200

200

200

200

1,100

1,100

1,100

250

unspecified

250

250

8

250

10

50 - 100

250

10

50-100

250

10

50-100

Other treatment
needs

TDS, hardness,
alkalinity

TDS, hardness,
alkalinity

TDS, hardness,
alkalinity

Metals,
alkalinity,
hardness

Hardness,
alkalinity

Metals,
hardness, TDS

Metals,
hardness, TDS

Metals,
hardness, TDS

Alkalinity,
hardness,
sulfate, TDS

Alkalinity,
hardness,
sulfate, TDS

Alkalinity,
hardness,
sulfate, TDS

Alkalinity,
hardness,
sulfate, TDS

Alkalinity,
hardness,
sulfate, TDS

Alkalinity,
hardness,
sulfate, TDS

Flow rate (gpm)

3,000

450

4,000

2,900

7,000

215

215

215

486

486

486

1,200

1,200

1,200

RO

Constructed
wetlands

RO

Ion exchange

Floating
wetland

RO

Ion exchange

Floating
wetland

RO

Ion exchange

Gypsum
precipitation
with solids
disposal

None

Evaporation and
crystallization
with solids
disposal

Gypsum
precipitation
with solids
disposal

None

Evaporation
and
crystallization
with solids
disposal

Gypsum
precipitation
with solids
disposal

Sulfate
concentration
(mg/L)
Treatment
target (mg/L)

Primary
Treatment
Technology

Ion exchange

RO

RO

Gypsum
precipitation,
metals
precipitation,
nanofiltration

Gypsum
precipitation
with solids
disposal

Evaporation
and
crystallization
with solids
disposal

Evaporation
and
crystallization
with solids
disposal

Gypsum
precipitation
with solids
disposal

Evaporation
and
crystallization
with solids
disposal

None

Evaporation and
crystallization
with solids
disposal

Near existing
industrial
facilities and
infrastructure

Remote
location,
minimal
infrastructure
and utilities;
new
infrastructure
required.

Remote
location,
minimal
infrastructure
and utilities;
new
infrastructure
required.

Existing
treatment
wetlands;
media
replacement
and expansion
required

Existing building,
some demolition
required, some
infrastructure
and utility
improvements
required

Existing building,
some demolition
required, some
infrastructure
and utility
improvements
required

Remote
location,
minimal
infrastructure
and utilities;
new
infrastructure
required.

Minimal
infrastructure
and utilities;
some
infrastructure
and utility
improvements
required.

Minimal
infrastructure
and utilities;
some
infrastructure
and utility
improvements
required.

Remote
location,
minimal
infrastructure
and utilities;
new
infrastructure
required.

Remote
location,
minimal
infrastructure
and utilities;
new
infrastructure
required.

Remote
location,
minimal
infrastructure
and utilities;
new
infrastructure
required.

< 5 acres

< 5 acres

> 50 acres

< 5 acres

< 5 acres

< 5 acres

< 5 acres

< 5 acres

6.5 acres

< 5 acres

< 5 acres

Particulate
removal, anti-

Particulate
removal, anti-

None

Particulate
removal, anti-

None

Particulate
removal, anti-

None

Particulate
removal, anti-

None

Can technology
achieve 10 mg/L
sulfate in
treated water?

Residuals
management

Site
considerations

Land required
Pretreatment

Remote
location,
minimal
infrastructure
and utilities;
pump stations
and
forcemains to
treatment site
required.
< 5 acres
None

Existing
industrial
facility

< 5 acres
Particulate
removal, anti-

< 5 acres
Particulate
removal, Fe and
Mn removal,
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Project A Option 4

Treatment
equipment
Residuals
management
equipment
Ancillary
treatment
system
equipment
Conveyance
(pumpstations,
piping)
Equipment
installation
Building and site
costs
Construction
contingency
Total estimated
capital cost
(excluding
professional
services)
Annual O&M

Comments

Project F Option 1

Project F Option 2
scalants, pH
adjustment

Project F Option 3

Project G Option 1

Project G Option 2
scalants, pH
adjustment

Project G Option 3

Project H Option 1

Project H Option 2
scalants, pH
adjustment

Project H Option 3

N/A

N/A

$400,000

$3,500,000

$6,700,000

$1,000,000

$3,600,000

$13,800,000

$2,400,000

$7,600,000

N/A

N/A

N/A

$2,500,000

included with
treatment

N/A

$2,600,000

included with
treatment

N/A

$5,900,000

included with
treatment

$300,000

N/A

N/A

N/A

$100,000

included with
treatment

$200,000

$130,000

included with
treatment

$600,000

$500,000

included with
treatment

$-

$1,200,000

N/A

N/A

N/A

$800,000

$800,000

N/A

$860,000

$640,000

N/A

$600,000

$200,000

$7,900,000

$5,600,000

$10,400,000

N/A

N/A

N/A

$500,000

included with
treatment

included with
treatment

$800,000

$1,600,000

included with
treatment

$1,700,000

$3,200,000

$5,300,000

$1,500,000

$6,000,000

N/A

N/A

N/A

$700,000

$1,800,000

N/A

$1,000,000

$600,000

N/A

$1,700,000

$1,500,000

$10,900,000

$6,200,000

$12,600,000

N/A

N/A

N/A

$2,000,000

$2,500,000

$2,800,000

$2,600,000

$2,500,000

$5,700,000

$5,000,000

$5,000,000

$38,000,000

$21,400,000

$44,000,000

$20,400,000

$42,000,000

$37,700,000

$7,000,000

$8,600,000

$9,700,000

$9,000,000

$8,900,000

$20,100,000

$17,200,000

$17,500,000

$20,500,000

$1,400,000

$4,800,000

$360,000

$13,600,000

$750,000

$720,000

$1,100,000

$220,000

$1,000,000

$1,100,000

$1,800,000

$2,800,000

$3,900,000

Off-site solid
waste disposal

Water treated
for re-use
within process,
not discharged.
Off-site waste
disposal.

On-site solid
waste disposal

Treatment to
background
sulfate
concentration

Wetlands size
driven by
sulfate
removal, not
metals
removal

Off-site solid
waste disposal

Off-site solid
waste disposal

Off-site solid
waste disposal

Off-site solid
waste disposal

Off-site solid
waste disposal

Off-site solid
waste disposal

Project B

Project C

Project D

Project E

scalants, pH
adjustment

anti-scalants,
pH adjustment

scalants, pH
adjustment

scalants, pH
adjustment

$7,500,000

$7,900,000

$4,000,000

N/A

$2,000,000

included above

$9,500,000

$700,000

$200,000

$3,700,000

Off-site solid
waste disposal

Notes:
Costs presented in the table should be considered Class 5 cost estimates, per AACE guidelines. Class 5 cost estimates are used for business planning, project screening, and alternatives evaluations and are based on limited information.
Typical range of accuracy for Class 5 cost estimates is +/- 25 to 100 percent.
Costs for each project are driven by many site-specific and project-specific factors that are not all included within this table.
N/A - breakdown not available
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Sheet 4- Sulfate Discharge Information from Municipal WWTP.
NPDES Discharges - Sulfate Comparisons (April 29, 2010)
DISCHARGE
SULFATE
DISCHARGE DISHARGE
FACILITY
VOLUME
CONCENTRATION
OUTFALLS
LOCATION
(MGD)
RANGE (PPM)
Mississippi
A
1
1.8 - 2.6
500-700
River
2

B

1

C

1
2

D

1

E

1

F

1

Mississippi
River
Partridge
River
St. Louis
River Bay
WLSSD (St.
Louis River
Bay)
Unnamed
tributary to
L. Superior
Indirect to
POTW
(Mississippi
R.)
Elbow
Creek
(Snowden)

SPECIAL
CONDITIONS/COMMENTS
sulfate mass limit in
place(41515kg/d)
Discharge currently
discontinued but still permitted
(included with outfall 1 for
mass) May-Oct only
wild rice reported in river via
mining EIS comments

1.6 - 2.0

800-1600

1

1,500 to 2,000

0.008

unknown

RO reject stream only

0.08

unknown

Indirect Discharge
Intermittent discharge, average
6X/year at 0.405 MGD - WET
limit in place based in part on
sulfate aquatic toxicity
flow estimated based on similar
facility (C) - discharge to colocated industrial facility which
discharges to POTW

0.405

6-1700

0.08

unknown

ADWF
0.512

unknown

Continuous direct discharge

85.7 (Single
Sample Result)

Continuous direct discharge

Unknown

Continuous direct discharge

Unknown

Continuous direct discharge

AWWF
0.932
PHWWF
2.330
G

1

Manganika
Creek

H

1

West Two
River

I

1

Unnamed
Ditch

ADWF 1.72
AWWF 2.85
PHWWF 7.13
ADWF
0.313
AWWF
0.610
PHWWF 1.53
ADWF
0.213
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NPDES Discharges - Sulfate Comparisons (April 29, 2010)
DISCHARGE
SULFATE
DISCHARGE DISHARGE
FACILITY
VOLUME
CONCENTRATION
OUTFALLS
LOCATION
(MGD)
RANGE (PPM)
AWWF
0.454
PHWWF
1.130
East Swan
ADWF
J
1
Unknown
Creek
2.147
AWWF
4.193
PHWWF
8.704
Barber
ADWF
K
2
Unknown
Creek
0.875
AWWF
1.808
PHWWF
3.853
Six Mile
ADWF
L
1
Unknown
Lake
0.100
AWWF
0.137
PHWWF
0.415
White
Water
Design
M
1
Unknown
Lake-St.
0.608
Louis River
Average
0.278
Silver
Design
N
1
Creek/St.
Unknown
0.910
Louis River
Average
0.287
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SPECIAL
CONDITIONS/COMMENTS

Continuous direct discharge

Continuous direct discharge

Continuous direct discharge
Currently planning to join with K
as a joint
facility expected to discharge to
Barber Creek
Continuous discharge

-2009
Continuous discharge
-2009
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Attachment 3-Potentially Affected WWTP
The WWTP identified in the list below are those facilities that discharge to a proposed wild rice water.
The blue-shaded facilities are those the MPCA have determined are likely to be either businesses or
cities that meet the criteria for being considered “small” under Minn. Stat. §14.127.

Facility Name
3M Cottage Grove Center
Aggregate Industries - Nelson Plant
Aitkin agri-peat Inc - Cromwell
Aitkin agri-peat Inc - Cromwell
Aitkin agri-peat Inc - McGregor
Alexandria Lakes Area Sanitary District
Alexandria Light & Power
Altura WWTP
Anchor Bay Mobile Home Park
Anchor Glass Container Corp
Apex International Manufacturing Inc
ArcelorMittal Minorca Mine Inc - Minorca
Audubon WWTP
Babbitt WWTP
Bagley WWTP
Baudette WWTP
Becker County Sanitary Landfill - Closed
Belgrade WWTP
Bemidji WWTP
Bigfork WWTP
Biwabik WWTP
Biwabik WWTP
Brownsville WWTP
Callaway WWTP
Calumet Superior LLC - Duluth Petroleum
Carlos WWTP
CenterPoint Energy Distribution System
CF Industries Sales LLC - Pine Bend Terminal
Clearbrook WWTP
Cliffs Erie - Dunka Mining Area
Cliffs Erie - Dunka Mining Area
Cliffs Erie - HL Tailings Basin Area
Cliffs Erie - HL Tailings Basin Area
Cliffs Erie - Hoyt Lakes Mine Area 5

Facility
Type
Industrial
Industrial
Industrial
Industrial
Industrial
Domestic
Industrial
Domestic
Domestic
Industrial
Industrial
Industrial
Domestic
Domestic
Domestic
Domestic
Industrial
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Industrial
Domestic
Industrial
Industrial
Domestic
Industrial
Industrial
Industrial
Industrial
Industrial
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Draft Wild Rice Name
6/30/2019
7/31/2018
10/31/2017
5/31/2019
7/31/2015
10/31/2016

8/31/2015
5/31/2016
8/31/2017
8/31/2015
7/31/2016
5/31/2016
11/30/2016
5/31/2017
12/31/2019
3/31/2018

8/31/2015

Sturgeon Lake
Sturgeon Lake
Little Kettle Lake
Kettle Lake
Steamboat Lake
Long Prairie River
Long Prairie River
Mississippi Pool 5/Spring
Rainy River
Blue Lake
Blue Lake
Sand River
Buffalo River
Hay Lake
Clearwater River
Rainy River
Big Floyd Lake
Monongalia Lake
Andrusia Lake
Rice Creek
Cedar Island Lake
Embarrass Lake
Pool 8 at Reno Bottoms
Buffalo River
St Louis River Estuary
Long Prairie River
Platte River
Sturgeon Lake
Clearwater River
Dunka R
South Kawishiwi
Partridge
Wynne Lake
Second Creek
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Cliffs Erie - Hoyt Lakes Mine Area 5
Cliffs Erie - Hoyt Lakes Mining Area
Crane Lake WWTP
Cromwell WWTP
Deer River WWTP
Detroit Lakes WWTP
East Gull Lake WWTP
Ely WTP
Ely WWTP
Enbridge Energy Ltd - Clearbrook
Encore Mineral Resources LLC

Facility
Type
Industrial
Industrial
Domestic
Domestic
Domestic
Domestic
Domestic
Industrial
Domestic
Industrial
Industrial

Essar Steel Minnesota LLC

Industrial

Ox Hide Lake

Farmington City of GW Discharges

Industrial

Fisher Lake

Flint Hills Resources Pine Bend LLC

Industrial

Sturgeon Lake

Foley WWTP
Former Morris Oil Bulk Plant
Garfield WWTP
Grasston WWTP
Great Lakes Gas Transmission LP
Grey Eagle WWTP
Hibbing Taconite Co - Tails Basin Area
Hinckley WWTP
Hokah WWTP
Houston WWTP
Hoyt Lakes WWTP

Domestic
Industrial
Domestic
Domestic
Industrial
Domestic
Industrial
Domestic
Domestic
Domestic
Domestic

Jarden Home Brands

Industrial

John Iacarella - Linwood Terrace Co

Industrial

8/31/2018

Jordan Aggregates LLC
Jordan WWTP
Keewatin Taconite Operations - Tailings
Keewatin WWTP

Industrial
Domestic
Industrial
Domestic

2/28/2018

Facility Name
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Draft Wild Rice Name

5/31/2017
7/31/2018
8/31/2015
8/30/2019
6/30/2017
5/31/2015
7/31/2016

2/28/2017
3/4/2015
9/30/2015
8/31/2015
5/31/2017
9/30/2016
2/31/2023
8/31/2018
11/30/2016
6/30/2020

Wynne Lake
Second Creek
Crane Lake
Flower Lake
White Oak Lake
Pelican Lake
Gull River
Fall Lake
Fall Lake
Clearwater River
Swan River

Rice Lake
Fall Lake
Ida Lake
Snake River Bay
Grant Creek
Little Birch Lake
Shannon Lake
Kettle River
Miss. River Backwater
Miss. River Backwater
Partridge River
St Louis River Estuary
Carlos Avery WMA-N Sunrise
Pool
Blue Lake
Blue Lake
Hay Lake
Hay Lake
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Kellogg WWTP

Facility
Type
Domestic

8/31/2015

Mississippi Pool 5/Spring

Kettle Falls Hotel & Guest Villas

Domestic

3/31/2019

Rat Root Lake

Kings Cove Inc

Industrial

2/15/2003

Lake City WWTP

Domestic

3/31/2017

Laketown Community WWTP
LifeCore Biomedical LLC
Longville WWTP
MA Gedney Co
McGregor WWTP
McLaughlin Gormley King Co
MDNR Crystal Springs State Fish Hatchery
MDNR Father Hennepin State Park
MDNR Spire Valley Hatchery
Menahga WWTP
Mesabi Mining Area
Mesabi Mining Area
Mesabi Mining Area
Mesabi Nugget Delaware LLC
Met Council - Blue Lake GW Relief System
Met Council - Blue Lake WWTP
Met Council - Eagles Point WWTP
Met Council - Empire WWTP
Met Council - Hastings WWTP
Miltona WWTP
Minnesota Pipe Line Co
Minnesota Power - Arrowhead HVDC
Minnesota Power - Boswell Energy Center
Minnesota Power - Laskin Energy Center
Moose Lake WWTP
Mora WWTP
Motley WWTP
Nashwauk WWTP
New York Mills WTP
Northern Natural Gas Co

Domestic
Industrial
Domestic
Industrial
Domestic
Industrial
Industrial
Industrial
Industrial
Domestic
Industrial
Industrial
Industrial
Industrial
Domestic
Domestic
Domestic
Domestic
Domestic
Domestic
Industrial
Industrial
Industrial
Industrial
Domestic
Domestic
Domestic
Domestic
Industrial
Industrial

8/31/2021

Sturgeon Lake
Mississippi Pool 4/Robinson
Lake
Blue Lake
Blue Lake
Rice Lake
Blue Lake
Steamboat Lake
Blue Lake
Mississippi Pool 5/Spring
Mille Lacs
Mitchell Lake
Yaeger Lake
Partridge River
Wynne Lake
Second Creek
Partridge River
Blue Lake
Blue Lake
Sturgeon Lake
Sturgeon Lake
Sturgeon Lake
Long Prairie River
Sturgeon Lake
St Louis River Estuary
Blackwater Lake
Partridge River
Moose Horn River
Rice Creek
Placid Lake
Hay Lake
Rush Lake
St Louis River Estuary

Northshore Mining Co - Peter Mitchell

Industrial

Perham Resource Recovery Facility
Pies Inc

Industrial
Industrial

Facility Name
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Draft Wild Rice Name

8/31/2015
12/31/2016

8/31/2015

10/31/2017
7/31/2015

7/31/2018
2/28/2017
2/28/2019
8/31/2015
6/30/2017
1/31/2016

Dunka R
12/31/2016
3/23/1999

Rush Lake
Blue Lake
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Pillager WWTP
Pine City WWTP
Pine River Area Sanitary District
Premier Horticulture Inc - Black Lake Site

Facility
Type
Domestic
Domestic
Domestic
Industrial

Prior Lk/Spring Lk Ferric Chloride WTP

Industrial

Blue Lake

Rahr Malting Co
Remer WWTP
Rich Prairie Sewer Treatment Facility
Riverview Terrace Mobile Home Park WTP
Saint Croix Forge Inc
Sandstone WWTP
Sappi Cloquet LLC

Industrial
Domestic
Domestic
Industrial
Industrial
Domestic
Industrial

Blue Lake
Shovel Lake
Rice Lake
Blue Lake
Mud Lake
Kettle R
St Louis R

Serpent Lake WWTP

Domestic

Solvay Pharmaceuticals Inc
Staples WWTP
Tamarack WWTP
Tate & Lyle Ingredients Americas LLC
TEL FSI Inc
US Steel Corp - Keetac
US Steel Corp - Minntac Tailings Basin Area

Industrial
Domestic
Domestic
Industrial
Industrial
Industrial
Industrial

USCOE Leech Lake Rec Area WWTP

Industrial

Mud Lake

USCOE Lock & Dam 2 WTP

Industrial

Sturgeon Lake

USCOE Sandy Lake WWTP

Industrial

Sandy River

USG Interiors LLC - Cloquet
Vergas WTP

Industrial
Industrial

St Louis R
Long Lake

Facility Name
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Draft Wild Rice Name
6/30/2017
1/31/2018
3/31/2017
6/30/2009

8/31/2015
8/31/2015
4/12/2007
8/31/2015

8/31/2015

4/30/2017
1/31/2016
5/31/2019

6/30/2017

Crow Wing River
Snake River
Pine River
Cross Lake

Mississippi R
Winter Road River
Placid Lake
Flowage Lake
St Louis Estuary (2)
Blue Lake
Leighton Lake
Little Sandy Lake
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Facility Name

Facility
Type

Viking Gas Transmission

Industrial

12/31/2016

Wabasha WWTP

Domestic

1/31/2017

Wahkon WWTP
Westside Equipment Company Inc
Winona WWTP
Winton WWTP
Wisconsin Central Ltd - Proctor Railroad
Yard

Domestic
Industrial
Domestic
Domestic

12/31/2023
12/31/2005
8/31/2015

Mississippi Pool 4/Robinson
Lake
Ogechie Lake
Clearwater Lake
Blue lake
Fall Lake

Industrial

8/31/2013

St Louis Estuary (2)

Draft Wild Rice Name
Pelican lake

*note:
-blue shaded facilities are facilities the MPCA expects to meet the criteria of a small business/small city
-pink shaded facilities are facilities that are due for permit review
-strikeout facilities are closed but still permitted.
-orange shaded facilities also include water treatment plants (which generate waste different than
conventional domestic wastewater) and also facilities that are not publicly-owned, but because they
generate wastewater similar to a municipal WWTP are not classified as “industrial” dischargers.
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Attachment 4 Pricing Request for Polymet Mine Proposal
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Attachment 5 Waste Water Treatment System: Design and Operation
Report – Permit Review Level, NorthMet Project, July 2016 Appendix DTables 22-26
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Attachment 6-Technical Memorandum-NorthMet Project-O & M for
water treatment during reclamation and long-term closure after Mine
Year1-10mg/LWWTP Sulfate Target
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