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Abbreviations & Definitions  
Note: Some abbreviations and definitions may be report-specific, given the scope and intent of the Act 378 analysis.  

µg/L Microgram per liter 

7Q2 Seven-day, two-year low-flow 

AM Adaptive Management 

Anthropogenic Environmental pollution originating from human activity 

ARCADIS Environmental engineering consultants 

BOD Biochemical oxygen demand 

cfs Cubic feet per second 

Cost curve A graph of the costs of compliance with phosphorus limits as a function of effluent flow 

COW Condensate of whey 

Cs Upstream phosphorus concentration 

CWA Clean Water Act 

DNR Wisconsin Department of Natural Resources 

DOA Wisconsin Department of Administration 

EBPR enhanced biological phosphorus removal 

EPA United States Environmental Protection Agency 

f Fraction of the effluent flow that is withdrawn from the receiving water 

GDP Gross domestic product 

General Permit A permit applicable to a class or category of surface water dischargers 

GLI Great Lakes Water Quality Initiative 

GSP Gross state product 

Individual Permit A permit applicable to an individual surface water discharger 

Lagoon An excavated basin or natural depression that contains water, wastewater, or solids 

LAL Limited aquatic life waterbody defined in ch. NR 104, Wis. Adm. Code 

Multi -discharger 
Variance (MDV) 

Multi-discharger variance (MDV) means that the variance may apply to multiple WPDES 
permit holders; it does not imply that one discharger has multiple discharge sites covered 
by a single variance. 

mg/L Milligram per liter 

MGD Million gallons per day 

MHI Median household income 

NCCW Non-contact cooling water; cooling water effluent that does not come into direct contact 
with raw material, product, byproduct, or waste 

Nonpoint Source 
(NPS) 

Phosphorus runoff that occurs after heavy rains or melting snow wash over farm fields, 
feedlots, or urban areas and carry fertilizer, manure soil, and other phosphorus-
containing contaminants 

Point Source (PS) Point sources are defined as municipal or industrial facilities that have been authorized to 
discharge to a surface water of the state under a individual WPDES permits. 

PRESTO Pollution Reduction Estimation Tool 

Qe Effluent flow 
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Qs Receiving water design flow 

Recalcitrant 
phosphorus 

The portion of dissolved acid-hydrolizable and/or dissolved organic phosphorus fractions 
that cannot be effectively removed by tertiary processes and are considered non-reactive. 

REMI Regional Economic Modeling, Inc. 

Same Waterbody Two hydrologically connected points with similar water quality characteristics in which a 
pollutant can travel between in a reasonable period of time without significantly changing 
chemically or physically.  Hydrological connections can include surface and groundwater 
connections. 

SWAMP System for Wastewater Applications, Monitoring and Permits 

SWIMS Surface Water Integrated Monitoring System 

TBEL Technology-based effluent limitation 

TMDL Total maximum daily load 

TP Total Phosphorus, a measure of the orthophosphate, polyphosphate and organic 
phosphate concentration in a sampled stream 

UMass University of Massachusetts, Donahue Institute 

WATERS Water Assessment, Tracking & Electronic Reporting System 

WPDES Wisconsin Pollution Discharge Elimination System 

WQBEL Water quality-based effluent limitation 

WQC Phosphorus water quality criterion from s. NR 102.06, Wis. Adm. Code 

WQS Water quality standard; Regulatory limits for pollutant discharges that are established 
ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜŎŜƛǾƛƴƎ ǿŀǘŜǊōƻŘȅΩǎ ŘŜǎƛƎƴŀǘŜŘ ǳǎŜs, the criteria set to protect such uses, 
and other provisions established to avoid backsliding. These standards typically are 
ŀŘŘǊŜǎǎŜŘ ƛƴ ŀ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ǇƭŀƴǘΩǎ bt59{ ǇŜǊƳƛǘΦ 

WQT Water Quality Trading 

WW Wastewater 

WWTF Wastewater treatment facility 
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Section 1. Introduction  
The Wisconsin Department of Natural Resources (DNR) promulgated phosphorus standards intended to 

ŎƻƴǘǊƻƭ ŜȄŎŜǎǎ ǇƘƻǎǇƘƻǊǳǎ Ǉƻƭƭǳǘƛƻƴ ƛƴ ²ƛǎŎƻƴǎƛƴΩǎ ǎǘǊŜŀƳǎΣ ǊƛǾŜǊǎΣ ƭŀƪŜǎ ŀƴŘ ǊŜǎŜǊǾƻƛǊǎ ƻƴ 5ŜŎŜƳōŜǊ мΣ 

2010. These standards include numeric phosphorus criteria to assure a level of water quality that will 

protect human health from harmful and nuisance algal blooms as well as the beneficial uses of these 

waterbodies (additional background of TP rule is available in Appendix A, p. 70). Since the phosphorus 

standards have been promulgated, Wisconsin Pollution Discharge Elimination System (WPDES) permits 

must be re-evaluated to determine if phosphorus water quality based effluent limitations (WQBELs) are 

required. These WQBELs range in stringency, depending on the in-stream phosphorus concentration in 

the receiving and downstream water and the phosphorus loading from the WPDES permit holder (i.e. 

άǇƻƛƴǘ ǎƻǳǊŎŜέύ ƛƴ ǉǳŜǎǘƛƻn. However, many point sources face phosphorus limitations so restrictive that 

a significant financial investment to install necessary treatment will be required.  

It is well documented that treatment technology necessary to comply with stringent, low-level 

phosphorus limitations may be costly. This has spurred many states including Montana, Washington, 

and Utah, to consider the economic constraints of low-level phosphorus treatment while developing 

their own nutrient regulations. In Wisconsin, regulatory flexibilities were built into the phosphorus rule 

to account for this financial burden including water quality trading (WQT), adaptive management (AM), 

and extended phosphorus compliance schedules. Although these compliance options may be effective 

for some point sources, barriers prohibit implementation of one or more of these compliance options to 

be effective for all point sources especially when they rely on involvement and interaction with nonpoint 

sources. Some point sources have limited areas in which to trade with other point or nonpoint sources 

or they are not eligible for adaptive management given their location in the watershed. Other point 

sources are limited by the uncertainty associated with the technical and economic analyses of 

compliance measures that may be required and/or lack of willing partners to help implement 

compliance projects.  

For these reasons, additional regulatory flexibility was sought to help implement the phosphorus rule in 

the most economically efficient manner possible. The federal water quality standards regulations at 40 

CFR 131 and the federal permitting regulations at 40 CFR 122 provide a number of tools for states and 

tribes to use that offer regulatory flexibility when implementing water quality management programs, 

including water quality standards variances. A water quality standards variance is a time limited 

designated use and criterion (i.e., interim requirements) that is targeted to a specific pollutant(s), 

source(s), and/or waterbody segment(s) that reflects the highest attainable condition during the 

specified time period. As such, a variance requires a public process and EPA review and approval under 

section 303(c) of the Clean Water Act (CWA). Typically, variances are implemented on an individual, 

permit-by-permit basis. Currently, any point source can request an individual phosphorus variance 

pursuant to s. 283.15, Wis. StatuesΦ !ŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ǊŜƎŀǊŘƛƴƎ ²ƛǎŎƻƴǎƛƴΩǎ ƛƴŘƛǾƛŘǳŀƭ ǾŀǊƛŀƴŎŜ 

program is available at http://dnr.wi.gov/topic/wastewater/variances.html.  

There are several factors that can be used to demonstrate the need for an individual variance (s. 283.15, 

Wis. Stat.; 40 CFR 131), but an economic determination is the most commonly used. The economic 

http://dnr.wi.gov/topic/wastewater/variances.html
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determination requires that a point source demonstrate that compliance with a water quality standard 

would result in  άΧsubstantial and widespread adverse social and economic impactsέ (s. 283.16(2)(a), 

Wis. Stats.). Although this option is available, individual variances can be a time consuming process for 

point sources, DNR, and EPA staff, and can lead to delays in the permit reissuance process. For these 

reasons, Wisconsin is interested in streamlining this process through the implementation of a multi-

discharger variance (MDV). Act 378 was enacted by the Wisconsin Legislature and became effective on 

April 25, 2014. This law requires that the Wisconsin Department of Administration (DOA), in 

consultation with DNR, determine άΧǿƘŜǘƘŜǊ ŀǘǘŀƛƴƛƴƎ ǘƘŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘ ŦƻǊ ǇƘƻǎǇƘƻǊǳǎ ƛǎ ƴƻǘ 

feasible because it would cause substantial and widespread social and economic impactsέ (s. 

283.16(2)(a), Wis. Stats.).  Such a determination is to be made on a statewide basis or, optionally, for 

statewide categories of point sources. ! ǎǳƳƳŀǊȅ ƻŦ !Ŏǘ отуΩǎ ǊŜǉǳƛǊŜƳŜƴǘs is available in Appendix B, 

p. 75.  

EPA has acknowledged that MDVs may be established, and has authorized them for toxic substances, 

mainly mercury and chloride, in several states. Additionally, EPA has recognized that MDVs are 

ŘƛǎǘƛƴŎǘƛǾŜ ŦǊƻƳ ŀƴ ƛƴŘƛǾƛŘǳŀƭ ŘƛǎŎƘŀǊƎŜǊ ²v{ ǾŀǊƛŀƴŎŜ ƛƴ ǘƘŜ ά²ŀǘŜǊ vǳŀƭƛǘȅ DǳƛŘŀƴŎŜ ŦƻǊ ǘƘŜ DǊŜat 

[ŀƪŜǎ {ȅǎǘŜƳΥ {ǳǇǇƭŜƳŜƴǘŀǊȅ LƴŦƻǊƳŀǘƛƻƴ 5ƻŎǳƳŜƴǘέ ό9t!ς820ςBς95ς001; March 1995). Currently, 

EPA does not have guidance specific for MDVs, but has provided a few general factors for consideration 

when making a determination of substantial and widespread adverse social and economic impacts for 

multiple point sources (EPA-820-F-13-012, March 2013):  

¶ MDVs should only apply to permittees experiencing the same challenges in meeting WQBELs for 

the same pollutant(s), criteria and designated uses; 

¶ Permittees should be grouped based on specific characteristics or technical and economic 

scenarios that the permittees share and conduct a separate analysis for each group; 

¶ Sufficient information should be collected for each individual permittee, including engineering 

analyses and financial information, to adequately support the specification of permittee groups 

for each individual permittee to be covered by the variance; 

The purpose of this report is to describe the methods used to make a substantial and widespread 

determination in support of a MDV for phosphorus, and to share the preliminary results from these 

methods for public comment pursuant to Act 378.  

Note: This report frequently refers to supplemental reports developed by ARCADIS, Sycamore Advisors, 

and University of aŀǎǎŀŎƘǳǎŜǘǘǎ 5ƻƴŀƘǳŜ LƴǎǘƛǘǳǘŜ όά¦aŀǎǎέύΣ ŜƴǘƛǘƭŜŘ ά9ŎƻƴƻƳƛŎ LƳǇŀŎǘ !ƴŀƭȅǎƛǎέ ŀƴŘ 

ά!ŘŘŜƴŘǳƳ ǘƻ 9ŎƻƴƻƳƛŎ LƳǇŀŎǘ !ƴŀƭȅǎƛǎΥ {ǘŀǘŜǿƛŘŜ 9ŎƻƴƻƳƛŎ LƳǇŀŎǘǎέ (April 24, 2015). These 

consulting firms were contracted to provide key pieces of information to support this determination. 

¢ƘŜǎŜ ǊŜǇƻǊǘǎ ǿƛƭƭ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ƛƴ ǘƘƛǎ ŘƻŎǳƳŜƴǘ ŀǎ ά9L! wŜǇƻǊǘέ ŀƴŘ ά9L! !ŘŘŜƴŘǳƳέ ŦƻǊ ǎƛƳǇƭƛŎƛǘȅΦ  
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Section 2. Defining Categories  
There are over 750 municipal and industrial point sources covered under an individual WPDES permit in 

Wisconsin, ranging from paper mills to municipal wastewater treatment facilities (WWTFs) to cheese 

making operations. Pursuant to s. 283.16(2)(a), Wis. Stat., the substantial and widespread adverse 

impacts determination may be made on either a statewide basis for all point sources, or for statewide 

categories of point sources.  As previously stated, EPA recommends that point sources be grouped by 

technical and economic scenarios to create as much uniformity within each category as possible. To be 

consistent with this guidance, DOA and DNR determined categorization was the most appropriate 

method to analyze costs to make a substantial and widespread adverse impact determination. This 

method must result in categories of point sources that are socially and economically important on a 

statewide basis to be consistent with s. 283.16(2)(a), Wis. Stat. Several factors that were utilized to help 

split point sources into categories, and are described in this section. Figure 1 (p. 12) visually depicts the 

final categories that were created using these factors.  

CƛǊǎǘΣ ƛǘ ǿŀǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŀǘ ǿƻǳƭŘ ŎƻƴǎǘƛǘǳǘŜ ŀ άǎǘŀǘŜǿƛŘŜ ŎŀǘŜƎƻǊȅέΦ To balance the 

ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǎΦ нуоΦмсόнύόŀύΣ²ƛǎΦ {ǘŀǘΦΣ ŀƴŘ 9t!Ωǎ a5± ŦŀŎǘǎƘŜŜǘ ό9t!-820-F-13-012, March 2013), 

the following criteria were developed: 

1. The final category should have at least 10 individual WPDES permit holders; 

2. The final category should have important social and/or economic value to the state of 

Wisconsin; and 

3. Point sources within the final category should have similar technical and economic 

characteristics.  

With the above criteria in mind, 9t!Ωǎ ŜŎƻƴƻƳƛŎ ƎǳƛŘŀƴŎŜ1 was reviewed to help identify categorical 

distinctions EPA makes for individual variance requests. This guidance separates municipal and industrial 

permittees and provides distinct άǇǊƛƳŀǊȅέ ŀƴŘ άǎŜŎƻƴŘŀǊȅέ ƛƴŘƛŎŀǘƻǊǎ for each group to assess the 

social and economic impacts of a given regulator policy. For example, the primary indicator for 

municipal discharges is based on median household income (MHI), while industrial variance requests 

rely on profitability and other factors. To be consistent with this guidance, municipal and industrial 

categories were separŀǘŜŘ ŦƻǊ ǘƘƛǎ ǎǘǳŘȅΦ 9t!Ωǎ ƎǳƛŘŀƴŎŜ ŘƻŜǎ ƴƻǘ ƘŀǾŜ other clear categorical 

distinctions that were applicable for this study. Further categorization was, therefore, the result of 

applying the aforementioned criteria to the municipal and industrial categories. 

Municipal WWTFs are very similar from a financial standpoint: EPA applies the same economic primary 

and secondary indictors to all municipal WWTFs, they all have the same mechanisms for financing 

facility upgrades, and they all serve a community function rather than being profit seeking. Given these 

similarities, it did not seem to be necessary to further divide the municipal WWTFs into additional 

financial categories.  

                                                           
1 Interim Economic guidance for Water Quality Standards: Workbook. (March 1995), US EPA, Office of Water. 

http://water.epa.gov/scitech/swguidance/standards/economics/.  

http://water.epa.gov/scitech/swguidance/standards/economics/
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However, there is a clear difference in the existing infrastructure of treatment plants within this 

category. There are more than 500 WWTFs in Wisconsin; it is estimated that almost 75% of these are 

bio-mechanical facilities, while 25% utilize ponds or lagoons for treatment. Lagoon facilities are much 

more simplistic in their design and operation compared to their bio-mechanical counterparts which may 

use a combination of physical, biological and chemical treatment technologies in tanks or other 

structures. Adding complex phosphorus treatment processes to lagoon facilities is, therefore, generally 

more costly than it would be for bio-ƳŜŎƘŀƴƛŎŀƭ ŦŀŎƛƭƛǘƛŜǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ Ƴŀƴȅ ƻŦ ²ƛǎŎƻƴǎƛƴΩǎ ƭŀƎƻƻƴ 

facilities have not been required to treat for phosphorus in the past because these technology-based 

limitations were not established for them. This limited the investment in phosphorus treatment and 

contributed to the wide technology gap between lagoon and mechanical plants2. In order to quantify 

compliance costs more accurately, lagoon and mechanical WWTFs were separated into two distinctive 

categories. The financial indicators used to determine whether these costs constitute a substantial and 

widespread adverse impact are the same between these categories, however.   

Several distinctive categories were generated among industries, both for technical and economic 

reasons. A clear technical difference among industries is whether they produce process wastewater 

(WW) or non-contact cooling water (NCCW) and/or other low-strength effluents. Industries that 

generate process wastewater include paper mills, aquaculture, cheese/dairy manufacturers, and food 

processors, among others. Dischargers that produce low-strength waste or NCCW include power plants 

and segregated outfalls from some cheese and canning/food processing facilities, and other industries. 

The low-strength waste group was further separated into two categories: power plants and NCCW 

discharges. Because the Public Service Commission of Wisconsin regulates power plants, such plants are 

fundamentally different from a financial perspective from other discharges of low strength wastewater.  

The industries within the process wastewater group were separated into several categories. From a 

technical wastewater perspective, pulp and paper mills have a much higher concentration of recalcitrant 

phosphorus requiring additional processes for treatment (see p. 22 of the Economic Analysis). 

Therefore, paper mills were separated into their own category in order to more accurately estimate 

compliance costs.  

Economic factors drove aquaculture, cheese/dairy manufacturing, and other food processing plants to 

be divided each into their own category. For example, aquaculture was placed into a separate category 

because this industry's economic characteristics are more similar to agricultural production. Cheese 

manufacturing in Wisconsin is an important cultural industry and the state has become a worldwide 

ƭŜŀŘŜǊ ƛƴ ŀǊǘƛǎŀƴŀƭ ŀƴŘ ǎǇŜŎƛŀƭǘȅ ŎƘŜŜǎŜǎΦ ²ƛǎŎƻƴǎƛƴΩǎ ŎƘŜŜǎŜ ƛƴŘǳǎǘǊȅ Ƙŀǎ ōŜŜƴ ƭess successful to 

compete in gross cheese production compared to California, and faces competition in the specialty 

cheese markets from Vermont, California, and other states. Additionally, this industry relies heavily on 

local dairy production and local milk prices, which makes this a unique category from a financial 

standpoint. There are a number of vegetable processing and animal slaughtering/meat processing 

facilities, which ŀƭǎƻ ǿŀǊǊŀƴǘŜŘ ǘƘŜƛǊ ƻǿƴ ŎŀǘŜƎƻǊȅ ŎŀƭƭŜŘ άŦƻƻŘ ǇǊƻŎŜǎǎƛƴƎέ.  Many of these facilities 

                                                           
2
 Pursuant to NR 217 Subchapter II, Wis. Adm. Code, municipal discharges require TBELs if they discharge more than 150 lb/mo of total 

phosphorus. 
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tend to be canning or freezing operations and are more active during the harvest season. These facilities 

also tend to rely heavily on local agriculture for its raw materials.  Of the remaining process wastewater 

industrial dischargers, almost 40 facilities are covered under a WPDES permit, but do not meet the 

criteria to warrant a separate statewide category. Therefore, an ΨotherΩ category was created for these 

ǊŀǘƘŜǊ ǳƴƛǉǳŜ ƻǇŜǊŀǘƛƻƴǎΦ CŀŎƛƭƛǘƛŜǎ ƛƴ ǘƘŜ ΨƻǘƘŜǊΩ ŎŀǘŜƎƻǊȅ ƛƴŎƭǳŘŜ ƳŜǘŀƭ ŦƛƴƛǎƘƛƴƎΣ ŀƛǊǇorts, fire products 

manufacturing, greenhouses, and quarries, among others. 

 

 

Figure 1. Logic matrix utilized to categorically separate WPDES permit holders.  
Green indicates final category. Number in parentheses indicated the number of individual WPDES permit holders within each 
category.  

All permit 
holders 
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Section 3. Calculating and Determining the Need for TP WQBELs  
Phosphorus limitations were calculated for all individual WPDES permit holders to prepare for the 

permit reissuance process, and were utilized in this study. Procedures specified in ch. NR 217 

Subchapter III, Wis. Adm. Code as well as the Phosphorus Implementation Guidance were used to 

calculate these limitations. This guidance is available for download at:  

http://dnr.wi.gov/topic/surfacewater/phosphorus.html. The purpose of this section is to highlight the 

key methods used to calculate and determine the need for phosphorus WQBELs for the purposes of this 

study. There are three steps to this process: calculate phosphorus limits, determine the appropriate 

averaging periods to express the phosphorus limits, and determine the need for these limits. This 

section highlights the methods used for each of these steps. A gap of this analysis is that TP WQBELs 

were only available for existing individual WPDES permit holders at this time. This data gap precluded a 

cost analysis for general WPDES permit holders and new discharges, and is briefly described in this 

ǎŜŎǘƛƻƴΦ  Lǘ ƛǎ ƴƻǘ ǇǊŀŎǘƛŎŀƭ ǘƻ ǊŜǇƭƛŎŀǘŜ ŀƭƭ ǇŜǊƳƛǘǘƛƴƎ ǎŎŜƴŀǊƛƻǎ ƛƴ ǘƘƛǎ ǎŜŎǘƛƻƴΣ ǎƻ ǘƘŜ άtƘƻǎǇƘƻǊǳǎ 

LƳǇƭŜƳŜƴǘŀǘƛƻƴ DǳƛŘŀƴŎŜέ on the above website should be referred to for additional details. 

A. Calculation of Phosphorus Limits  
There are three types of phosphorus WQBELs that can be included in a WPDES permit: WQBELs based 

on the direct receiving water, WQBELs based on downstream water quality, and TMDL-derived 

limitations. Each of these limitations requires site-specific data inputs and analyses by DNR staff. 

Phosphorus WQBELs derived from the direct receiving water and/or downstream water tend to be 

concentration-based limits, in mg/L units, and vary based on the phosphorus concentration in the 

receiving water as well as stream and effluent flows. TMDL-derived limitations tend to be mass 

limitations, in lbs/day units, and vary based on the individual wasteload allocation specified in the 

approved TMDL. Note: the allocation methodology also factors in effluent and stream quality in the 

derivation process.  

Most point sources in Wisconsin discharge to a stream or river. If the applicable phosphorus water 

quality standards criterion is being met in these waters upstream of the discharge location, a mass-

balance approach is used to calculate the applicable phosphorus WQBEL (s. NR 217.13, Wis. Adm. Code): 

Limitation = [(WQC) (QsҌόмҍŦύ Qeύ ҍ όvsҍ f Qe) (Cs)]/  Qe 

Where: 

Limitation = Phosphorus water quality based effluent limitation 

WQC = Phosphorus criterion from s. NR 102.06, Wis. Adm. Code 

Qs = Receiving water design flow  

Qe = Effluent flow 

f = Fraction of the effluent flow that is withdrawn from the receiving water, and 

Cs = Upstream phosphorus concentration  

http://dnr.wi.gov/topic/surfacewater/phosphorus.html
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If the applicable criterion is not met, the phosphorus WQBEL is set equal to the phosphorus criterion 

pursuant to s. NR 217.13(5), Wis. Adm. Code3. For example, an industry discharges to a river with an 

upstream phosphorus concentration of 0.216 mg/L, a value greater than the 0.1 mg/L water quality 

standard criterion. Because the applicable river criterion is exceeded, the phosphorus WQBEL for the 

industry is automatically set equal to 0.1 mg/L.   

In either case, the first step to calculate phosphorus WQBELs is to determine the applicable phosphorus 

criteria of the receiving water based on the outfall location. The phosphorus criteria specified in s. NR 

102.06, Wis. Adm. Code, vary by waterbody type depending on its sensitivity and response to excess 

phosphorus (see Appendix A, p. 70, for a description of the applicable phosphorus criteria). During the 

permit issuance process, DNR staff are responsible for determining which phosphorus criteria apply to 

the direct receiving water, and if a more sensitive waterbody is downstream of the outfall location. This 

could happen if a point source discharges to a river or stream that flows into a lake, reservoir, or 

impoundment that is more sensitive to excess phosphorus due to a reduction in water velocity and 

increased residence time in such waterbodies. This could also happen if the point source discharges 

upstream of a phosphorus impaired water, or to a receiving water that does not yet have applicable 

phosphorus criteria4. Several factors are applied to determine if limitations are needed to protect 

downstream water quality, such as: 

¶ Does the downstream water meet its applicable phosphorus criteria? 

¶ How far downstream is the more sensitive surface water? 

¶ Does the phosphorus contribution from the point source actually make it to the downstream 

water? 

The need for downstream protection limitations is discussed in detail in Section 2.04 of the Phosphorus 

Implementation Guidance (http://dnr.wi.gov/topic/surfacewater/phosphorus.html).  

Once DNR staff determine the most sensitive surface water that needs protection, phosphorus limits are 

calculated. The applicable phosphorus criteria for streams and rivers are 0.075 mg/L and 0.1 mg/L, 

respectively. Assuming that assimilative capacity is available for the receiving water, the next step is to 

determine the existing in-stream phosphorus concentration (Cs). In-stream phosphorus data is available 

to DNR staff as well as external partners through 5bwΩǎ {ǳǊŦŀŎŜ ²ŀǘŜǊ LƴǘŜƎǊŀǘŜŘ aƻƴƛǘƻǊƛƴƎ {ȅǎǘŜƳ 

(SWIMS)- http://prodoasint.dnr.wi.gov/swims/login.jsp. When sufficient in-stream data is available, DNR 

staff calculate the median phosphorus concentration according to the procedures defined in s. NR 

217.13(2)(d), Wis. Adm. Code5. In cases where stream phosphorus data is not available, phosphorus data 

from a comparable stream is used based on size, drainage basin, topography and land use.  Other data 

inputs that are needed to calculate phosphorus WQBELs using the equation above include: stream flow 

(Qs), effluent flow (Qe), and the fraction of water withdrawal from the receiving water in question. These 

                                                           
3
 Phosphorus limitations are also set equal the applicable phosphorus criteria for discharges to inland lakes and reservoirs pursuant to s. NR 

217.13(3), Wis. Adm. Code.  
4
 Several waterbody types do not have applicable phosphorus criteria including limited aquatic life (LAL) waters. See Appendix A, p. 61 for 

details. 
5
 aŜŘƛŀƴ ǾŀƭǳŜǎ ŀǊŜ ǇǳōƭƛŎƭȅ ŀǾŀƛƭŀōƭŜ ƻƴ 5bwΩǎ ǎǳǊŦŀŎŜ ǿŀǘŜǊ Řŀǘŀ ǾƛŜǿŜǊ όhttp://dnr.wi.gov/topic/surfacewater/swdv/ύ ƛƴ ǘƘŜ ά/ŀƭŎǳƭŀǘed TP 

5ŀǘŀέ ƭŀȅŜǊΦ  

http://dnr.wi.gov/topic/surfacewater/phosphorus.html
http://prodoasint.dnr.wi.gov/swims/login.jsp
http://dnr.wi.gov/topic/surfacewater/swdv/
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variables are typically available from previous permitting decisions as they are used in many permitting 

decisions and are not unique to phosphorus. Once all data inputs are in-hand, the equation above can 

be utilized to calculate site-specific WQBELs. For example, a municipal WWTF with a 0.18 million gallons 

per day (MGD) design flow discharges to a stream with a median phosphorus concentration of 0.019 

mg/L and a stream flow (7Q2) of 26 cfs, or 14 MGD. This point source does not have an intake structure, 

so there is no water withdrawal from the receiving water. The calculated phosphorus WQBEL for this 

point source is 5.3 mg/L6.  

As previously mentioned, phosphorus WQBELs calculated using the procedures summarized above are 

concentration limits, in mg/L. In some cases, mass limits accompany these concentration limits to help 

control phosphorus loadings to surface waters and to comply with s. NR 217.14, Wis. Adm. Code, and 40 

CFR 122.45(f). Currently, concentration-based phosphorus WQBELs are typically more restrictive than 

the mass-based limitations. These mass limitations may become the more restrictive limit as point 

sources continue to increase capacity and require larger effluent flows. For the purposes of this study, 

concentration-based limitations were assumed the most restrictive limitation, and were used for 

estimating compliance costs (Section 4, p. 23), except in the case of TMDLs. Section NR 217.14, Wis. 

Adm. Code. Mass limitations that have not been established in a TMDL, but derived under s. NR 217.14 

procedures were not calculated as part of this study.  

Pursuant to s. NR 217.16, Wis. Adm. Code, TMDL-derived WQBELs may be included in WPDES permit in 

addition to or in lieu of other phosphorus WQBELs. Only point sources in EPA-approved TMDL 

watershed are subject to these types of limits. At the time this study was completed, several EPA 

approved TMDLs existed in Wisconsin including the those for Rock River, Lower Fox, and St. Croix Basins, 

among others (Figure 2). TMDL-derived limits stem from the individual wasteload allocations (WLAs) 

specified in the TMDL, and are typically mass limitations, in lbs/day. These limits are included in a 

WPDES permit whenever a facility is given a wasteload allocation in an EPA approved TMDL in order to 

be consistent with the goals of that TMDL as well as state and federal law. Because TMDLs use a range 

of methods to develop and express WLAs, there is no one-size-fits-all method to calculate TMDL-derived 

limitations. Rather, DNR has developed TMDL Implementation Guidance to recommend procedures for 

each TMDL based on the site-specific methods used to calculate the WLAs in question. This guidance is 

available at http://dnr.wi .gov/topic/tmdls/implementation.html. For the purposes of this study, 

phosphorus compliance costs were based on TMDL-derived WQBELs unless more restrictive 

concentration-based WQBELs were also included in WPDES permits in which case these more restrictive 

WQBELs were used to derive costs. Section NR 217.16, Wis. Adm. Code, specifies three factors that must 

be considered when determining if more restrictive WQBELs are needed in addition to TMDL-derived 

WQBELs:  

¶ The degree to which nonpoint sources contribute to the impaired water; 

¶ Whether waterbodies upstream of the impaired waters are meeting the phosphorus criteria; 

¶ Whether waterbodies downstream of the impairment are meeting the phosphorus criteria;  

                                                           
6
 ([0.075 mg/L)*(16.8 MGD+(1-0)*.18 MGD)-(16.8 MGD-0*0.18 MGD)*(0.019 mg/L)]/ 0.18 MGD); Note: cfs converted to MGD through a 

conversion factor of 0.646.  

http://dnr.wi.gov/topic/tmdls/implementation.html
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Section 4.7 of the TMDL Implementation Guidance describes each of these factors in detail to provide 

DNR staff with guidance to make these site-specific determinations.  

As illustrated in Figure 2, several TMDLs are in development throughout Wisconsin, including the 

Wisconsin River, Milwaukee River, and Upper Fox-Wolf River. Consistent with state and federal law, DNR 

cannot begin implementing TMDL-derived limits in WPDES permits until DNR and EPA approve these 

TMDLs. Therefore, compliance costs estimated in this study were based solely on the concentration-

based WQBELs calculated using the methods in s. NR 217.13, Wis. Adm. Code. Once these TMDLs have 

been approved, DNR staff can determine if more or less restrictive TMDL-derived limits are needed in 

WPDES permits, and adjustments can be made to the compliance costs analysis pursuant to s. 

283.16(2m), Wis. Stat7. 

 

 

Figure 2. TMDL status map at the time this study was conducted (as of April 2015). 

 
In summary, this study relied on site-specific phosphorus WQBELs to derive phosphorus compliance 

costs. Within TMDL areas, TMDL-derived limits were used to estimate compliance costs unless more 

restrictive phosphorus WQBELs were needed to protect local and downstream water quality. In non-

TMDL areas, concentration-based WQBELs were used based on local and/or downstream water quality.  

                                                           
7
 Appendix B summarizes the requirements of the phosphorus MDV pursuant to 283.16, Wis. Stat., including the requirement to revisit the 

variance determination.  

- EPA approved TMDL 

- TMDLs in Development 
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B. Expression of Phosphorus Limits  
The appropriate averaging periods to express phosphorus WQBELs depend of the type of phosphorus 

WQBEL as well as the restrictiveness of the limit in question. Typically, permit limits are expressed as 

daily maximum and monthly average limitations for industrial discharges, and weekly and monthly 

averages for municipal discharges pursuant to 40 CFR 122.45(d). Although this is appropriate for toxic 

substances, it is not representative of excess phosphorus pollution, which causes long-term, growing-

season problems such as excess algal growth. Longer averaging periods are also more reflective of the 

technical analyses and rationale used to develop the phosphorus standards. For these reasons, providing 

a longer averaging period for phosphorus is advantageous because it more clearly aligns with the 

phosphorus standards. A longer averaging period also allows point sources to maintain compliance with 

effluent limitations when wastewater and effluent quality exhibit variability without resulting in an 

immediate, direct impact on water quality.  For example, effluent phosphorus concentrations and 

loadings may be very susceptible to precipitation events. If restrictive phosphorus limits were expressed 

as daily maximums, permit limit exceedances would likely occur during such events, because treatment 

technology is not currently available to ensure compliance in all such scenarios.  

For these reasons, DNR created an Impracticability Demonstration8 to justify longer averaging periods 

for phosphorus WQBELs. For the purpose of this study, it is assumed that all permit limitations would be 

expressed consistent with the Impracticability Demonstration as well as the Phosphorus Implementation 

Guidance. This means that: 

¶ Phosphorus WQBELs greater than 0.3 mg/L were expressed as a monthly average; 

¶ Phosphorus WQBELs less or equal to 0.3 mg/L were expressed as six-month averages; and 

¶ TMDL-derived WQBELs were expressed in a manner consistent with the WLA and assumptions 

of the TMDL, typically expressed as a monthly average9.  

Although this is a reasonable assumption for the purpose of this study, DNR staff are responsible for 

making a case-by-base determination upon permit reissuance.   

C. Determining the Need for Phosphorus WQBELs  
Phosphorus WQBELs are required if a point source discharge has the potential to cause or contribute to 

a phosphorus impairment in either the receiving water or downstream waters (s. NR 217.12(1)(a), Wis. 

Adm. Code). !ǎ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ ǘƘŜ άŎŀƭŎǳƭŀǘƛƻƴ ƻŦ ǇƘƻǎǇƘƻǊǳǎ ²v.9[ǎέ ǎǘŜǇΣ phosphorus WQBELs can be 

set as low as the applicable phosphorus criterion, or can exceed the TBEL, depending on the quality of 

the receiving water and effluent. There are two primary methods for determining if a phosphorus 

WQBEL is needed in a WPDES permit (s. NR 217.15, Wis. Adm. Code): 

1. A phosphorus WQBEL is needed whenever it is more restrictive than a phosphorus TBEL that 

applies and/or that is already included in the WPDES permit10; and 

                                                           
8
 The Impracticability Demonstration is available at http://dnr.wi.gov/topic/surfacewater/phosphorus.html.  

9
 Many approved TMDLs provide monthly average WLAs for phosphorus for individual WPDES permit holders. 

10
 Phosphorus TBELs are typically set equal to 1 mg/L pursuant to NR 217 subchapter II. Phosphorus TBELs are required for municipal WWTFs 

that discharge more than 150 lbs of TP/mo and industries that discharge more than 60 lbs of TP/mo.  

http://dnr.wi.gov/topic/surfacewater/phosphorus.html
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2. A phosphorus WBQEL is needed if the 99th percentile of the 30-day average discharge 

concentration of phosphorus (30-day P99) exceeds the potential phosphorus limitation. 

Most municipal and industrial discharges contain anthropogenic sources of phosphorus and have 

previously triggered the need for phosphorus TBELs. Phosphorus, as an essential nutrient, is present in 

organic matter. Therefore, any municipal or industrial system that comes in contact with organic 

material, whether it be milk, cheese, vegetables, paper pulp, or human waste, contains anthropogenic 

phosphorus. Additionally, a treatment process that utilizes biological nutrient removal contains 

anthropogenic phosphorus. For the reasons above, it can be assumed for this determination that 

phosphorus standards are needed for most categories of discharges whenever the calculated WQBEL is 

less than 1 mg/L, particularly for the following categories: municipal discharges, cheese, aquaculture, 

paper mills, and food processors. The inverse of this assumption is that phosphorus WQBELs are not 

needed for point sources in these categories if the WQBEL exceeds 1 mg/L; the TBEL would be the 

controlling limit in these cases. Although this is true for many point sources in these categories, some 

industrial and municipal discharges that were too small to trigger the need for phosphorus TBELs may be 

subject to phosphorus WQBELs that are greater than 1 mg/L in their reissued WPDES permits. Due to 

limited staff time and resources, this study did not estimate costs for these small discharges at this time.   

Two industrial categories are excluded from this assumption: noncontact cooling water (NCCW) and 

power plants. The NCCW category was excluded from this assumption because these effluent streams 

do not contain raw material, products, byproducts, or waste in them. Additionally, most NCCW 

discharges have not previously triggered the need for phosphorus TBELs in their WPDES permits. For 

these reasons, NCCW discharges required a more in-depth analysis (see below). Some municipal and 

industrial facilities discharge from multiple outfalls. These individual outfalls range from NCCW to on-

site wastewater treatment to industrial process wastewater. This is especially true for power plants, but 

also applies to some paper mills, cheese makers, food processors, municipal WWTFs, and other 

discharges. For facilities with multiple outfall locations, this study performed a reasonable potential 

demonstration for each individual outfall location (see power analysis on p. 21).  

(1)  Noncontact Cooling Water (NCCW) 

9ŦŦƭǳŜƴǘ ǎǘǊŜŀƳǎ ǘƘŀǘ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ άb//²έ ŎŀǘŜƎƻǊȅ ŀǊŜ ǘƘƻǎŜ ǘƘŀǘ ŀǊŜ ǳǎŜŘ ŦƻǊ ŎƻƻƭƛƴƎ 

purposes only and do not come into direct contact with any raw material, product, byproduct, or waste. 

Effluent streams from boiler blowdown, bleed-off, and condensates are similar in nature and are 

typically included in this category. DNR permits these discharges through both individual and general 

permits. General permits cover the largest number of permittees in this category to maximize staff 

resources and to streamline the permitting process for these facilities. There are over 500 facilities that 

are currently covered under the general NCCW permit- 

http://dnr.wi.gov/topic/wastewater/generalpermits.html. A little more than 60 facilities are covered 

under an individual WPDES permit, mainly due to their additives or water conditioner usage.  

The need for phosphorus WQBELs must be evaluated regardless of permit type. Given the nature of 

these discharges, some discharges within this category will not contain anthropogenic sources of 

phosphorus. Situations where these discharges clearly contain anthropogenic sources of phosphorus 

http://dnr.wi.gov/topic/wastewater/generalpermits.html
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include: a) when phosphorus-containing additives are included in the facility waste stream; and b) when 

the NCCW facility utilizes a municipal water supply that adds polyphosphates as its water source11. In 

either situation, phosphorus WQBELs may need to be included in WPDES permits if these limitations 

have the potential to be exceeded by the NCCW discharge.  Based on available data from municipal 

water supplies and NCCW effluent streams, effluent phosphorus concentrations have a reasonable 

potential to exceed 1.5 mg/L, which means that phosphorus WQBELs will likely need to be included 

upon reissuance of the general permit. These WQBELs would be the first phosphorus limitations 

imposed on many of these discharges since TBELs were not previously triggered due to the small 

phosphorus loadings coming from these operations.  

Phosphorus contained in other NCCW discharges is likely coming from ground water or surface water 

(i.e., the water supply). In a letter from EPA dated April 1, 2015 (Attached in   

                                                           
11

 Polyphosphates are frequently used in wastewater and water supply streams to control pipe corrosion and to sequester heavy metals such 

as iron (Fe), manganese (Mn), Copper (Cu), and Lead (Pb). At the time this report was written, an estimated 300 municipal water utilities add 
polyphosphates. It is unlikely that these utilities will lessen or stop these additions because EPA currently considers this a best available 
technology-type approach to handle these issues.  
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Appendix D. EPA Letter Regarding Intake Credits for Phosphorus p. 82), it is acknowledged that intake 

credits may be factored into the reasonable potential determination for these situations so long as the 

conditions of Paragraph D.3 in Procedure 5 in Appendix F to 40 C.F.R. Part 132 are met. These conditions 

are: 

1. The facility withdraws 100 percent of the intake water containing the pollutant from the same 

body of water12 into which the discharge is made; 

2. The facility does not contribute any additional mass of the identified intake pollutant to its 

wastewater; 

3. The facility does not alter the identified intake pollutant chemically or physically in a manner 

that would cause adverse water quality impacts to occur that would not occur if the pollutants 

were left in-stream; 

4. The facility does not increase the identified intake pollutant concentration, as defined by the 

permitting authority, at the edge of the mixing zone, or at the point of discharge if a mixing zone 

is not allowed, as compared to the pollutant concentration in the intake water, unless the 

increased concentration does not cause or contribute to an excursion above an applicable water 

quality standard; and 

5. The timing and location of the discharge would not cause adverse water quality impacts to occur 

that would not occur if the identified intake pollutant were left in-stream. 

DNR believes that some NCCW discharges would be able to meet these conditions, thereby, eliminating 

their need to have phosphorus WQBELs in WPDES permits. Only once-through cooling operations could 

meet these conditions, however, since these process-types do not increase the concentration of 

phosphorus within the operation.  

In summary, phosphorus WQBELs for NCCW facilities will likely be needed whenever: 

¶ A polyphosphate-adding municipal water supply provides the source water; 

¶ Phosphorus-containing additives are utilized in the operation; 

¶ The operation is a closed-cycle recirculating system; 

¶ A cooling tower is present; or 

¶ The operation cannot satisfy other requirements of Paragraph D.3.  

Due to data limitations, it is not possible to determine with a sufficient degree of certainty which point 

sources covered under the NCCW general permit would need phosphorus WQBELs at the time this study 

was completed. DNR is currently in the process of gathering additional information and moving to an 

electronic data system to help streamline these permitting decisions. To begin this effort, DNR 

conducted a survey of its NCCW general permit holders, which estimated that almost 250 of the 500 

                                                           
12

 For the purpose of this study, άǎŀme waterbodyέ means two hydrologically connected points with similar water quality characteristics in 

which a pollutant can travel between in a reasonable period of time without significantly changing chemically or physically.  Hydrological 
connections can include surface and groundwater connections. 
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NCCW general permit holders would require phosphorus WQBELs (Figure 3). Again, further investigation 

is needed to confirm this number. Additionally, effluent flow data is not electronically available at this 

time, which prevents the calculation of phosphorus compliance costs (Section 3, p. 23). Once these data 

gaps are resolved these costs can be factored into this analysis pursuant to s. 283.16(2m), Wis. Stat. For 

the purpose of this study, all individual NCCW permit holders are assumed to have reasonable potential 

to exceed their calculated phosphorus WQBEL. This assumption may not necessarily be appropriate for 

each individual WPDES permit holder, but still significantly underestimates the compliance costs for this 

category. This decision can also be re-evaluated once additional information regarding NCCW general 

permit holders is available.  

 

Figure 3. TP WQBEL reasonable potential approximation for NCCW general permit holders based on survey responses. 
Teal represents percentage of NCCW discharges that do not need phosphorus WQBELs and shades of purple represent 
percentage of NCCW discharges that do need phosphorus WQBELs.  

(2)  Power plants  and other discharges with multiple outfalls  

As previously mentioned, most power plants and some other municipal and industrial permittees 

discharge from multiple outfall locations, each of which need to be evaluated for phosphorus limits 

(Figure 4).  

49% 

0% 

43% 

7% 

1% 

WQBELs Not Needed

WQBELs Needed: Water
Supply

WQBELs Needed:
Additives

WQBELs Needed: Other



 

22 
 

 

Figure 4. Number of facilities in each category with multiple outfall locations. 

The first step to conduct a reasonable potential analysis for these outfall locations is to determine the 

type of effluent being discharged at each outfall location. These data are typically available in the 

SWAMP database, but in some cases required DNR staff to review individual permit files to make a 

determination. Some power plants, for example, operate more than 20 outfall locations, with effluent 

streams ranging from on-site municipal wastewater treatment facilities to effluent containing 

polyphosphate additives or coal combustion byproducts to NCCW discharges. Generally, outfalls fall into 

one of three categories: process wastewater, NCCW, and emergency/intermittent outfalls. Outfalls 

containing process wastewater clearly contained anthropogenic phosphorus, many of which even 

trigger the need for phosphorus TBELs in previous WPDES permits. For these reasons, the same 

assumption used for municipal WWTFs and industrial discharges of process wastewater was also used 

for these outfalls, i.e., phosphorus WQBELs were assumed to be needed, if the limits were less than 1 

mg/L.  

As previously mentioned, phosphorus WQBELs are expressed as long-term average limitations 

(expression of limits step, p. 17). By definition, emergency/intermittent outfalls are short-term 

discharges. In situations where assimilative capacity is available in the receiving water, it is unlikely that 

phosphorus WQBELs are needed for these outfall locations. A site-specific determination needs to be 

made by DNR staff for other situations. For the purpose of this study, however, it was assumed that TP 

WQBELs are not needed for these discharges, but this may not be the case for all situations.   

Outfalls that consisted solely of NCCW are subject to the same principles described for that category (p. 

18). Each of these outfalls was evaluated to determine: a) if they had the potential to contain 

anthropogenic sources of phosphorus through additives or the water supply, b) if a cooling tower was 

present, and c) if intake credits could be given. This analysis relied on data from SWAMP and 

²ƛǎŎƻƴǎƛƴΩǎ ƛƴǘŀƪŜ ŘŀǘŀōŀǎŜΣ ŀǎ ǿŜƭl as data from individual permit files, if necessary. For the purpose of 

this study, phosphorus WQBELs were assumed to be needed unless clear evidence was available to 
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demonstrate that these WQBELs were not necessary. Again, DNR staff are responsible for making a final 

determination for individual WPDES permit holders upon permit reissuance.  

Using the assumptions and procedures above, a determination was made for each outfall location. If a 

facility had multiple outfalls that triggered phosphorus limits, the flows from these outfalls were added 

together to come up with an estimated effluent flow that would need additional phosphorus treatment. 

This composite flow was used to estimate compliance costs (Section 4, p. 23). The results of this analysis 

for the power industry are shown in Figure 5.   

 

Figure 5. TP WQBEL reasonable potential results for power plants.  
Teal represents percentage of power plants that do not need phosphorus WQBELs and shades of purple represent 
percentage of power plants that do. 
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Section 4. Determining Compliance Cos ts  
Given the number of point sources in Wisconsin, it was not possible to estimate compliance costs on a 

facility-by-facility basis, and still receive the benefit of the MDV. Rather, cost curves were developed by 

ARCADIS to estimate compliance costs based on the restrictiveness of the phosphorus WQBEL, and the 

permitted flow of the facility. A cost curve, for the purpose of this study, is a graph of the costs of 

compliance with phosphorus limits as a function of effluent flow. Utilizing cost curves is a 

straightforward way of estimating the compliance costs for various facilities when site-specific analyses 

are unavailable or infeasible, and has been used by several similar analyses13. The purpose of this 

section is to highlight the key data inputs used to generate cost curves and the results from this analysis. 

A more comprehensive description of the methods and assumptions used to generate the cost 

curve and a comparison of these curves to other studies is provided in the ά9ŎƻƴƻƳƛŎ LƳǇŀŎǘ 

!ƴŀƭȅǎƛǎέ (see Section 2 and Appendix E of that report).  

  

 

Compliance costs are driven by the capital costs of treatment equipment necessary to comply with 

phosphorus WQBELs as well as the operation and maintenance costs for this technology. Therefore, an 

important step in this process was to create reasonable estimates of existing phosphorus treatment 

technology at these facilities as well as the additional  treatment technology to comply with the 

phosphorus WQBELs (Section 3, p. 12). As mentioned in Section 2 (p. 10), sewage treatment lagoon 

systems are significantly different from bio-mechanical plants and likely require additional capital 

investment to comply with phosphorus WQBELs. Different baseline assumptions were, therefore, made 

for bio-mechanical WWTFs, lagoons, and industrial discharges (Sections 2.4.1, 2.4.2, and 2.4.3 of the EIA 

                                                           
13 Examples include: ά¢ŜŎƘƴƛŎŀƭ ŀƴŘ 9ŎƻƴƻƳƛŎ 9Ǿŀƭǳŀǘƛƻƴ ƻŦ bƛǘǊƻƎŜƴ ŀƴŘ tƘƻǎǇƘƻǊǳǎ wŜƳƻǾŀƭ ŀƴŘ aǳƴƛŎƛǇŀƭ ²ŀǎǘŜǿŀǘŜǊ ¢ǊŜŀǘƳŜƴǘ CŀŎƛƭƛǘƛŜǎ 

όнлммύέ ōȅ ¢ŜǘǊŀ ¢ŜŎƘΤ ά/ƻǎǘ ƻŦ tƘƻǎǇƘƻǊǳǎ wŜƳƻǾŀƭ ŀǘ ²ƛǎŎƻƴǎƛƴ tǳōƭƛŎŀƭƭȅ hǿƴŜŘ ¢ǊŜŀǘƳŜƴǘ ²ƻǊƪǎ όнлмнύέ ōȅ aŀǊƪ ²ƛƭƭƛŀƳǎΤ ŀƴŘ άhǇƛƴƛƻƴǎ 
of tǊƻōŀōƭŜ /ƻǎǘ ŦƻǊ !ŎƘƛŜǾƛƴƎ [ƻǿŜǊ 9ŦŦƭǳŜƴǘ tƘƻǎǇƘƻǊǳǎ /ƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀǘ ²ŀǎǘŜǿŀǘŜǊ ¢ǊŜŀǘƳŜƴǘ tƭŀƴǘǎ ƛƴ ²ƛǎŎƻƴǎƛƴ όнллуύέ {ǘǊŀnd 
Associates.  
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Report, respectively). These baseline assumptions were based on site-specific facility diagrams 

throughout Wisconsin as well as the expertise of ARCADIS. For example, clarifiers were assumed to be in 

place for all mechanical municipal and industrial treatment plants, but not for lagoons. Appendix C of 

the EIA Report provides assumed treatment diagrams used in this analysis. Next, three classes of 

treatment technology were selected to capture the range of site-specific WQBELs calculated in section 3 

(Figure 7).  These ranges were chosen based on experience of ARCADIS and other consulting firms as to 

the range of TP concentration that could be reliably achieved at conventional wastewater treatment 

plants. 

 

Figure 7. Treatment technology assumed to achieve compliance with ranges of phosphorus WBQELs. 

 

This study acknowledges that on a case-by-case basis other less costly treatment alternatives may be 

preferable to the technologies described in Figure 7 . For example, some facilities may wish to explore 

enhanced biological phosphorus removal (EBPR) in lieu of chemical filt ration. Other facilities may be 

ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƛƴǎǘŀƭƭƛƴƎ άǇŀŎƪŀƎŜ ǇƭŀƴǘǎέΣ i.e., pre-manufactured treatment facilities used to treat 

water/wastewater. These alternatives vary widely in effectiveness as well as cost, making it 

inappropriate to assume that these treatment alternatives will work for statewide categories of point 

sources in Wisconsin. For example, the effectiveness of EBPR systems is dependent on the presence of 

nitrate or dissolved oxygen in the anaerobic zone, the carryover of dissolved oxygen in the raw 

wastewater and primary effluent, nitrification requirements, and the amount of readily biodegradable 

BOD (rbBOD) available in the anaerobic zone14.  For this reason, EBPR treatment is not appropriate for 

many wastewater treatment plants. In other cases, EBPR or package plants may be effective treatment 

processes, but do not appear to be a lower cost option. For example, pilot testing at the City of Fond du 

[ŀŎ Ƙŀǎ ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ άǇŀŎƪŀƎŜ Ǉƭŀƴǘǎέ Ŏŀƴ ŀŎƘƛŜǾŜ ŎƻƳǇƭƛŀƴŎŜ with restrictive phosphorus limitations, 

                                                           
14

 ²9C aŀƴǳŀƭ ƻŦ tǊŀŎǘƛŎŜ bƻΦ оп άbǳǘǊƛŜƴǘ wŜƳƻǾŀƭέ tǊŜǇŀǊŜŘ ōȅ ǘƘŜ bǳǘǊƛŜƴǘ wŜƳƻǾŀƭ ¢ŀǎƪ CƻǊŎŜ ƻŦ ǘƘŜ ²ŀǘŜǊ 9ƴǾƛǊƻƴment Federation®. 
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but costs of these package systems may be almost two times larger than the cursory cost estimates 

derived from the cost curve method15. Utilizing the treatment technologies specified in Figure 7 provides 

a practical approach to estimate costs for the purposes of this study, and ensures that the majority of 

point sources in each category are adequately represented. If facility-specific data becomes available at 

a later time, adjustments can be made to the compliance costs analysis pursuant to 283.16(2m), Wis. 

Stat.  

Once the treatment technology was determined, assumed design criteria were used to size various 

components of the treatment train. Engineering, equipment and construction costs could then be 

estimated for each treatment scenario. To estimate the costs, ARCADIS relied on budgetary costs for 

major equipment multiplied by factors to account for ancillary equipment, construction, engineering, 

and contingency. Factors were determined from engineering guidelines and the results verified against 

actual design estimates and other published studies. These cost estimate assumptions are provided in 

detail in Section 2.6 of the EIA Report. The final result was the development of capital and operation and 

maintenance cost curves, presented in Appendix E of the EIA Report. Using site-specific permitted actual 

and design flows, cost estimates can be made for each individual WPDES permit holder that had site-

specific phosphorus WQBELs calculated. The following sets of figures represent the cost distribution 

projected for individual facilities using the cost curve approach for each statewide category of discharge.  

 

  

                                                           
15

 Unpublished data from a pilot test conducted by STRAND Associates.  
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Section 5. Substantial Impact Analysis  
Like requesting an individual variance (EPAς823ςBς95ς002), a two-step process was used to determine 

if phosphorus standards compliance has a substantial impact. The purpose of the first step in this 

processΣ ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άǇǊƛƳŀǊȅ ǎŎǊŜŜƴŜǊέ, is to determine the phosphorus ǎǘŀƴŘŀǊŘǎΩ 

economic impact on dischargers in each category. The second step, referǊŜŘ ǘƻ ŀǎ ǘƘŜ άǎŜŎƻƴŘŀǊȅ 

ǎŎǊŜŜƴŜǊέ, ƎŀǳƎŜǎ ǘƘŜ ǿƛŘŜǊ ŎƻƳƳǳƴƛǘȅΩǎ ǎƻŎƛƻŜŎƻƴƻƳƛŎ ǿŜƭƭ-being and ability to adapt to changes that 

accompany implementation of phosphorus standards. In order to meet the άǎǳōǎǘŀƴǘƛŀƭ ŘŜǘŜǊƳƛƴŀǘƛƻƴέ 

test, a facility must meet a primary screener and meet a secondary screener. Unlike individual variances, 

MDVs can apply to multiple facilities, thereby allowing multiple WPDES permit holders to potentially 

qualify for a variance under the MDV platform. The purpose of this section is to describe the primary 

and secondary screeners selected for the phosphorus MDV process. 

A. Primary Screeners  

(1)  Primary Screener for Municipal WWTFs 

In the municipal WWTF category, the primary indicator compares phosphorus compliance cost per 

customer to MHI. Municipal ²²¢CǎΩ phosphorus compliance costs were estimated with ARCADIS cost 

curves, and municipal WWTFs reported customer numbers. Considerable work went into determining 

MHI for the specific communities affected by each municipal ²²¢CΩǎ ŎƻƳǇƭƛŀƴŎŜ Ŏƻǎǘǎ όǘƘŜǎŜ aIL 

ŦƛƎǳǊŜǎ ǿƛƭƭ ƴƻǘ ōŜ ƛŘŜƴǘƛŎŀƭ ǘƻ aIL ŦƛƎǳǊŜǎ ǳǎŜŘ ŜƭǎŜǿƘŜǊŜ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ ǘƘŜ ²²¢CǎΩ 

service areas). The methods used to generate the MHI values are provided in Section 4 of the EIA Report 

ŀƴŘ ǘƘŜ άConsideration of Residential Share Dataέ {ŜŎǘƛƻƴ ƻŦ ǘƘŜ 9L! !ŘŘŜƴŘǳƳ. The results of this 

analysis are presented in Appendix F of the EIA Addendum, and are summarized in in this 

ŘŜǘŜǊƳƛƴŀǘƛƻƴΩǎ Figure 8 on page 30. 
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Figure 8. Distribution of projected MHI values among municipalities that are incurring phosphorus compliance costs 

 

When estimated per-customer cost is at least 2% of MHI, then phosphorus compliance costs are 

deemed to have a substantial impact on municipal WWTFs. The municipality should meet at least one 

secondary indicator as well in order to confirm this determination, thereby meeting the substantial test. 

(Secondary indicators are discussed in depth in part B of this sectionΣ άSecondary Indicatorsέ, p. 32). 

When estimated per-customer cost is at least 1% of MHI but less than 2% of MHI, then the municipal 

WWTFs must meet at least two secondary indicators in order to meet the substantial test. The 

substantial impact is less obvious for municipal WWTFs with service areas in this MHI range, so these 

municipal WWTFs face a higher threshold of two secondary indicators. When the estimated per-

customer costs are less than 1% of MHI, ǘƘŜ ²²¢CǎΩ phosphorus compliance costs are not deemed 

substantial by this primary screener.  

(2)  Primary Indicator s for Industrial  Dischargers 

Two primary indicators were used to determine if industrial dischargers face substantial impacts from 

phosphorus compliance costs. The first primary indicator compared the phosphorus compliance costs of 

individual WPDES permit holders to the compliance costs of other discharges within the same category. 

As previously stated, applicable industrial categories are aquaculture, cheesemakers, food processors, 

non-contact cooling water (NCCW), paper, power generators, and other (Section 2, p. 10). Within each 

category, the first primary indicator ranks permitted dischargers by estimated phosphorus compliance 

costs. If an individual permit holder bears a significant compliance cost compared to other members of 

the category, the phosphorus rule likely causes a substantial impact such as competitive disadvantage or 

impaired profitability. Therefore, the first indicator allows the top 75% of dischargers with nonzero 

compliance costs to be considered for MDVs and move to the secondary indicator test.  
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During the course of this preliminary determination, DOA and DNR considered the possibility that 

dischargers with larger estimated compliance costs may sometimes have larger revenues to shoulder 

this burden. While this possibility cannot be ruled out definitively, it cannot play a prominent part in this 

determination for at least four reasons:  

1. Analyzing data for individual dischargers quickly descends into individual point source 

applications, an outcome that runs contrary the very essence of multi-discharger variances; 

2. Neither DOA nor DNR has revenue or profit data for individual dischargers; 

3. Analyzing the financial position of each individual discharger would require resources that are 

not available from DOA or from DNR or from EPA; and 

4. Dischargers with greater revenues or greater profits may be more likely to forego Wisconsin 

expansion or shift production to other states or shift production to other countries. 

A converse argument could also be made that although an individual permittee does not have high 

compliance costs relative to other permittees in its category, an individual community may have 

multiple permittees in the same category and the cumulative compliance costs may have a substantial 

impact on the individual community. Since Wisconsin is home to may small to medium-sized businesses, 

this situation will arise across the state. In Wisconsin, small to medium-sized business often cluster near 

each other. Whether they rely on the same raw materials, the same skilled workers, or the same 

infrastructure, the result is similar. For example, Green County, Wisconsin is renowned for its large 

number of small artisanal cheesemakers due to local infrastructure and milk supply. In these situations, 

the community may face substantial impact due to cumulative compliance costs to multiple permittees 

in the same category. For these reasons, the second primary indicator for industrial dischargers ranks 

total compliance costs by county for each category. Each permittee with positive compliance costs 

belongs to a county. Each county has total (cross-permittee) compliance costs for the category. All 

counties with positive compliance costs are ranked and assigned to a group (bottom 25% or top 75% of 

counties for that category). If a permittee with positive estimated compliance costs is in a county in the 

second group (top 75% of counties in the category), the permittee meets the second primary screener. 

In summary, industrial dischargers may be considered for MDVs if they meet two conditions: 1) they are. 

within the top 75% of permittees incurring costs); and 2) the discharge is located in a county that is 

within the top 75% of counties incurring costs. Permittees that meet both tests are believed to have a 

substantial impact, but must meet at least one secondary indicator in order to confirm this 

determination (see part B of this section, p. 32). Permittees that meet only one primary indicator must 

meet at least two secondary indicators in order to qualify for MDVs. Permittees do not meet the 

substantial test if they meet neither primary indicator.16 

 

                                                           
16

 If a permittee fails to meet the substantial test or otherwise fails to qualify for an MDV, the permittee is not 
necessarily disqualified from seeking an individual variance. 
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B. Secondary Indicators  
Taken together, the secondary indicators should identify those counties that have particular 

susceptibility to the costs of phosphorus standards, either because local economic conditions limit the 

ŎŀǇŀŎƛǘȅ ǘƻ ŀŘŀǇǘ ǇǊƻŘǳŎǘƛǾŜƭȅ ǘƻ ƛƴŎǊŜŀǎŜŘ ŎƻǎǘǎΣ ƻǊ ōŜŎŀǳǎŜ ŀŦŦŜŎǘŜŘ ƛƴŘǳǎǘǊƛŜǎΩ Ŏƻǎǘǎ ŀǊŜ ǇŀǊǘƛŎularly 

large in relation to a local economy. This analysis utilized seven secondary indicators: median household 

income (MHI), personal current transfer receipts as a share of total income, jobs per square mile, 

population change, change in net earnings by place of residence, job growth, and capital costs as a share 

of total wages. These secondary indicators apply to each category, excluding MHI for municipal WWTFs 

(this indicator was used as a primary screener for that category, see p. 29). The most recent data 

available at the time of this report was written were used to evaluate the secondary indicators: 

population data is available for 2014; other data sets are available for 2013. These datasets are the same 

for all categories of dischargers, excluding capital costs as a share of total wages, which uses category-

specific data and category-specific analyses. This section identifies and explains the importance of each 

of these secondary indictors, and provides a sector-by-sector analysis to illustrate how the secondary 

indictors apply to each category.  

(1)  A Note Regarding Color-Coding and Total Scoring: 

In this section, counties without color in maps and tables post scores causing no concern. The yellow 

coloring in maps and tables indicates that the counties met the ƛƴŘƛŎŀǘƻǊΩǎ specified threshold. The 

orange coloring indicates significantly more concern than the base threshold. The red coloring indicates 

the highest level of concern. 
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(2)  Identifying the indicators  and explaining their importance  

(a)  Median Household Income 

Median household income is an indicator of how easily consumers can cope with increased electricity 

bills and how easily workers can cope with slower job growth, reduced hours and/or job losses caused by 

regulatory change. In any community, half the households have income below the median household 

income and half the households have income above that level. 

 

aŜŘƛŀƴ IƻǳǎŜƘƻƭŘ LƴŎƻƳŜ ŦƛƎǳǊŜǎ ŎŀƳŜ ŦǊƻƳ ǘƘŜ /Ŝƴǎǳǎ .ǳǊŜŀǳΩǎ American Community Survey, which 

indicated that U.S. median household income was $53,046 in 2013. Figure 9 shows only counties with 

median household income below the U.S. MHI. The darker the shading, the further the counǘȅΩǎ aIL ƛǎ 

below U.S. MHI. This indicator adds to the odds of qualifying for a multi discharger variance if the county 

MHI is below U.S. MHI of $53,046. 

Two notes relating to the use of MHI as a primary indicator for WWTFs: (1) Because MHI is the primary 

indicator for WWTFs, MHI is the only secondary indicator that is not used as a secondary indicator for 

WWTFs. (2) Because MHI in the WWTF primary indicator was MHI for affected communities, it may 

differ slightly from MHI for the county used in this secondary indicator. 

  

Figure 9. Median Household Income ($thousands) (U.S. = $53.0) 
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(b)  Personal Current Transfer Receipts as a Share of Total Personal Income 

While median household income gauges current income levels, it tells little about future trajectory. For 

insight into future income trends, it is useful to delve into source of income. The U.S. Commerce 

5ŜǇŀǊǘƳŜƴǘΩǎ .ǳǊŜŀǳ ƻŦ 9ŎƻƴƻƳƛŎ !ƴŀƭȅǎƛǎ ŘƛǾƛŘŜǎ ƛƴŎƻƳŜ ƛƴǘƻ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎΦ ¢ƘŜ άŜŀǊƴƛƴƎǎέ 

ŎŀǘŜƎƻǊȅ ƛǎ ƎŜƴŜǊŀƭƭȅ ƳƻƴŜȅ ŜŀǊƴŜŘ ŦǊƻƳ ǿƻǊƪΦ ¢ƘŜ άŘƛǾƛŘŜƴŘǎ ƛƴǘŜǊŜǎǘ ŀƴŘ ǊŜƴǘέ ŎŀǘŜƎƻǊȅ ƛǎ ƛƴǾŜǎǘƳŜƴǘ 

ƛƴŎƻƳŜΦ ¢ƘŜ άǇŜǊǎƻƴŀƭ ŎǳǊǊŜƴǘ ǘǊŀƴǎŦŜǊ ǊŜŎŜƛǇǘǎέ ŎŀǘŜƎƻǊȅ ǊŜŦƭŜŎǘǎ ǘǊŀƴǎŦŜǊǎ όƳƻǎǘƭȅ ŦǊƻƳ ƎƻǾŜǊƴƳŜƴǘǎ 

to individuals). Nationally, transfer receipts constitute 17.1 percent of total income. Figure 10 highlights 

counties that derived more than 17.1 of their incomes from transfer receipts.  This indicator adds to the 

odds of qualifying for MDVs if the county derives more than 17.1 percent of its total income from 

personal current transfer receipts. 

 

Transfer receipts achieve important goals for small amounts of money, but transfer receipts are not 

regarded as engines of economic activity to the same extent as earnings and investment. Over the next 

decade or so, many baby boomers will stop paying into Social Security and Medicare (which constitute 

смΦу ǇŜǊŎŜƴǘ ƻŦ ²ƛǎŎƻƴǎƛƴΩǎ ǘǊŀƴǎŦŜǊ ǊŜŎŜƛǇǘǎύΦ .ŀōȅ ōƻƻƳŜǊǎ ǿƛƭƭ ōŜŎƻƳŜ ōŜƴŜŦƛŎƛŀǊƛŜǎ ƻŦ ǘƘƻǎŜ 

programs. Younger people entering the labor force are less numerous than the baby boomers who are 

leaving; all else equal, a numerically smaller group will contribute less revenue to fund transfer 

payments. Younger workers earn lower real wages than baby boomers did at the same ages, which also 

erodes their contributions to transfer payments. Lastly, younger workers face slower wage growth than 

ōŀōȅ ōƻƻƳŜǊǎ ŘƛŘΣ ǎƻ ǘƘŜȅΩǊŜ ƴƻǘ ƭƛƪŜƭȅ ǘƻ ƳŀƪŜ ǳǇ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜ ƻǾŜǊ ǘƛƳŜ. For these reasons, personal 

Figure 10. Personal Current Transfer Receipts as a Share of Total 
Personal Income (U.S = 17.1%) 
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current transfer receipts are unlikely to grow as fast as the broader economy for the next decade. 

Communities relying heavily on transfer receipts are likely to face slower income growth. Slower income 

growth would make it more difficult to adjust to the cost of phosphorus standards. 

(c) Jobs per Square Mile 

When asking how easily a community can adjust to phosphorus standards, it may be useful to consider 

how many jobs there are per square mile. Particularly in central Wisconsin and in northern Wisconsin, 

there are many communities with few jobs per square mile surrounded by many other communities 

with few jobs per square mile. Workers looking for jobs and utilities looking for ratepayers may have to 

look farther and wider in those cases. 

¢ƘŜ ²ƛǎŎƻƴǎƛƴ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ƻǊƪŦƻǊŎŜ 5ŜǾŜƭƻǇƳŜƴǘΩǎ vǳŀǊǘŜǊƭȅ /Ŝƴǎǳǎ ƻŦ 9ƳǇƭƻȅƳŜƴǘ ŀƴŘ ²ŀƎŜǎ 

supplies the numerator (jobs). The most recent annual figures available at this writing are from 2013. 

¢ƘŜ ¦Φ{Φ /Ŝƴǎǳǎ .ǳǊŜŀǳΩǎ vǳƛŎƪ CŀŎǘǎ ǎǳǇǇƭƛŜǎ ǘƘŜ ŘŜƴƻƳƛƴŀǘƻǊ όƭŀƴŘ ŀǊŜŀ ƛƴ ǎǉǳŀǊŜ ƳƛƭŜǎύΦ {ǘŀǘŜǿƛŘŜΣ 

the average is 50 jobs per square mile. This indicator adds to the odds of qualifying for MDVs if the 

county has fewer than 50 jobs per square mile. 

If phosphorus standards caused Wisconsin employers to restrict investment, restrain expansion, or 

reduce current employment, the number of jobs per square mile can affect how easily and how 

productively workers can resettle. As seen in Figure 11, much of the northern tier of the state and much 

of the southwest corner of the state has very low job density.  

Figure 11. Jobs per Square Mile (WI = 50) 
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(d)  Population Change 

Compared to the faster-growing communities, communities with slower-than-national population 

change will spread their electricity and water costs across fewer rate payers, and they will have fewer 

consumers and workers to kick-start economic activity. Cultural trends and technological trends may be 

making people and jobs more mobile with each passing year. This would cause communities to compete 

more intensely to attract investment, jobs, wealth, and development. It may also suggest that below-par 

population growth could compound over time to widen the gap. 

The U.S. Census Bureau estimates that between July 1, 2004 and Jǳƭȅ мΣ нлмпΣ ǘƘŜ ƴŀǘƛƻƴΩǎ ǇƻǇǳƭŀǘƛƻƴ 

grew 8.9 percentΦ ¢ƘŜ ²ƛǎŎƻƴǎƛƴ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ 5ŜƳƻƎǊŀǇƘƛŎ {ŜǊǾƛŎŜǎ /ŜƴǘŜǊ 

publishes January 1 population estimates for each county each year. This preliminary determination 

elected to use DOA population estimates for at least two reasons. (1) When the data gathering began, 

the Census Bureau had not yet released its county-level population estimates for 2014. (2) The DOA 

estimates incorporate more local expertise and experience. Figure 12 below shows that only three 

Wisconsin counties experienced 10-year population change at or above the national rate of change. This 

indicator ƛƴŎǊŜŀǎŜǎ ǘƘŜ ƻŘŘǎ ƻŦ ǉǳŀƭƛŦȅƛƴƎ ŦƻǊ a5±ǎ ƛŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴ ŎƘŀƴƎŜ ǿŀǎ пΦп ƻǊ ƭŜǎǎ 

(less than half tƘŜ ƴŀǘƛƻƴΩǎ ǊŀǘŜύ17. 

                                                           
17

 Other indicators are more directly linked to economic impact. While population change is a significant demographic indicator, the indirect 

linkage between below-national rates of population change and economic impact encouraged the use of the (approximately) half-national-rate 
threshold. 

Figure 12. Population Change January 2004 - January 2014 Less than ½ 
U.S. Rate 
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(e) Net Earnings by Place of Residence Change 

²ƘŜƴ ǊŜǇƻǊǘƛƴƎ ǘƻǘŀƭ ǇŜǊǎƻƴŀƭ ƛƴŎƻƳŜΣ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƻƳƳŜǊŎŜΩǎ .ǳǊŜŀǳ ƻŦ 9ŎƻƴƻƳƛŎ 

!ƴŀƭȅǎƛǎ ŘƛǾƛŘŜǎ ƛƴŎƻƳŜ ƛƴǘƻ ǘƘǊŜŜ ŎŀǘŜƎƻǊƛŜǎΦ ¢ƘŜ άŘƛǾƛŘŜƴŘǎ ƛƴǘŜǊŜǎǘ ŀƴŘ ǊŜƴǘέ ŎŀǘŜƎƻǊȅ ƛǎ ǘȅǇƛŎŀƭƭȅ 

ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƛƴǾŜǎǘƳŜƴǘ ǊŜǘǳǊƴǎΦ ¢ƘŜ άǇŜǊǎƻƴŀƭ ŎǳǊǊŜƴǘ ǘǊŀƴǎŦŜǊ ǊŜŎŜƛǇǘǎέ ŎŀǘŜƎƻǊȅ ƛǎ ŘƛǎŎǳǎǎŜŘ 

ŀōƻǾŜΦ ¢ƘŜ άƴŜǘ ŜŀǊƴƛƴƎǎ ōȅ ǇƭŀŎŜ ƻŦ ǊŜǎƛŘŜƴŎŜέ ŎŀǘŜƎƻǊȅ ƛǎ ƎŜƴŜǊŀƭƭȅ ƳƻƴŜȅ ŜŀǊƴŜŘ ŦǊƻƳ ǿƻǊƪΦ Lǘ ƛǎ 

often considered a core driver of economic activity. Communities with slower growth in net earnings will 

have fewer resources to draw upon when paying for the cost of phosphorus compliance.  

Between 2003 and 2013, U.S. nominal net earnings by place of residence increased by 39.9 percent. In 

other contexts, it may be advisable to inflation-adjust the 2003 nominal base to 2013 dollars. Because 

this indicator compares county changes to national change, the inflation-adjustment would alter all the 

change figures by the same factor and the proportional gaps between them would remain the same. 

Inflation-adjustment would change the scale without changing the picture or the results. Figure 13 

highlights those counties with net earnings change slower than the national rate (39.9%). This indicator 

ŀŘŘǎ ǘƻ ǘƘŜ ƻŘŘǎ ƻŦ ǉǳŀƭƛŦȅƛƴƎ ŦƻǊ a5±ǎ ǿƘŜƴ ǘƘŜ ŎƻǳƴǘȅΩǎ ƴŜǘ ŜŀǊƴƛƴƎǎ ōȅ ǇƭŀŎŜ ƻŦ ǊŜǎidence increased 

by less than 39.9% between 2003 and 2013. 

 

  

Figure 13 Net Earnings by Place of Residence 2003-2013 Change (U.S. = 
39.9%) 
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(f)  Job Growth 

The pace at which a community adds (or loses) jobs may affect its ability to attract and retain workers, 

its ability to attract and retain businesses requiring local consumers, and its ability to pay higher 

electricity and water rates to comply with phosphorus standards. 

¢ƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ /ƻƳƳŜǊŎŜΩǎ .ǳǊŜŀǳ ƻŦ 9ŎƻƴƻƳƛŎ !ƴŀƭȅǎƛǎ ǇǳōƭƛǎƘŜǎ ŀƴƴǳŀƭ ŜƳǇƭƻȅƳŜƴǘ 

figures.18 These figures indicate that U.S. job growth was 9.8 percent from 2003 and 2013. This indicator 

ƛƴŎǊŜŀǎŜǎ ǘƘŜ ƻŘŘǎ ƻŦ ǉǳŀƭƛŦȅƛƴƎ ŦƻǊ a5±ǎ ƛŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ŜƳǇƭƻȅƳŜƴǘ ŘŜŎƭƛƴŜŘ ƻǊ ƎǊŜǿ ŀǘ ƻǊ ōŜƭƻǿ пΦу 

percent (less than half the U.S. rate of growth)19. Figure 14 shows counties where employment change 

between 2003 and 2013 was 4.8% or less.. 

 

  

                                                           
18

 BEA job figures were used for the job change analysis because the DWD Quarterly Census of Employment and Wages do no publish national 

figures for comparison. 
19

 When selecting a threshold for the job growth ƛƴŘƛŎŀǘƻǊΣ ƛǘ ŀǇǇŜŀǊŜŘ ǘƘŀǘ ǘƘŜ ƴŀǘƛƻƴŀƭ ǊŀǘŜ ƻŦ Ƨƻō ŎƘŀƴƎŜ ƻǾŜǊ ǘƘŜ ǘƛƳŜ ǇŜǊƛƻŘ ǿƻǳƭŘ άǎŎǊŜŜƴ 

ƛƴέ too many counties. For this reason, the threshold was lowered to approximately half the national rate of job change. 

Figure 14. Job Growth 2003-2013 (U.S = 9.8%) 


























































































