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Executive Summary 

Background 
The City of Winona’s wastewater treatment facility has undergone improvements over the years, with 
some components of the facility over 50 years old with newer components completed more recently 
in 2015. The evaluation of flows to the facility indicate that the current facility capacity of 9.6 MGD 
average wet weather is sufficient for the 20-year planning period, given that population projections for 
the area show declining population. 

The Facilities Plan identified the 20-year design flow and loading conditions and develops a plan for 
facility improvements to address the needs of the facility into the future. 

Treatment Objectives 
In July 2021, the City received a reissued National Pollutant Discharge Elimination System (NPDES) 
permit. The reissued permit includes a compliance schedule to meet a water-quality based 
Phosphorus effluent limit (WQBEL) of 27 kg/d, equating to an effluent limit of 0.74 mg/L at the design 
average wet weather flow condition. Into the future, the improvements should also consider a total 
nitrogen and/or nitrate limit. 

Treatment Alternatives 
This Facilities Plan focuses on treatment alternatives to address the new phosphorus limit (Phase 1) 
and future potential nitrogen requirements (Phase 2). The following three secondary treatment 
options were evaluated in this Facilities Plan: 

Alternative Phase 1 
(Meet TP limit of 0.7 mg/L) 

Phase 2 
(Meet TP limit of 0.7 mg/L AND TN 

limit of 10 mg/L) 

Alternative 1 - Chemical Phosphorous Removal 
- Rehab existing Trickling Filters 

- Denitrification Filter 
- Supplemental Carbon for 

denitrification 

Alternative 2 
- Biological-P via Integrated Fixed-

Film Activated Sludge 
- Chem-P for Polishing 

- Add additional IFAS Media 

Alternative 3 

- Biological Phosphorous Removal 
via anaerobic treatment followed by 
aerobic treatment (A/O) 

- Chem-P for Polishing 

- Biological Nitrogen Removal Via 
Anaerobic, Anoxic, and Aerobic 
treatment (A2/O) 

- Supplemental Carbon for 
denitrification 

 

Additional alternatives were previously analyzed as part of a Solids Preliminary Design Report, which 
is included as an attachment and the recommendations listed are included in this Facilities Plan. 

Recommendations 
Recent advancements in wastewater treatment leverage existing tankage to provide more treatment. 
The recommended alternative, Alternative 2, is an intensification process that does just that – 
provides more capacity in a given footprint. The process is similar to integrated-fixed film activated 
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sludge (IFAS), except that it uses organic sludge granules rather than plastic support media. As a 
newer technology, it is recommended that the City pilot this type of system prior to proceeding.  

In addition to the improvements required to address the current and future nutrient limits, the facility 
has other needs, which are described below and are included in the following tables. 

 Pretreatment Building Modifications – Replace electrical, mechanical, and select process 
equipment and modify building to separate building areas in accordance with current National 
Fire Protection code.  Due to the poor condition of the electrical equipment, this project is 
scheduled to move forward in 2022/23. 

 Primary Clarifiers and Grit Removal – Replace primary clarifier equipment due to age and 
condition. Provide new vortex grit removal system. 

 Final Clarifiers – Rehab existing final clarifiers.  Some components 
 Thickening - New dissolved air flotation thickener is recommended to improve thickening 

performance. 
 Dewatering: Add a second belt filter press.  Also, the existing building should be brought up 

to current fire protection codes, with a new electrical room and back-up generator. 
 Biosolids Storage: Increase biosolids storage. 

Table ES 1 – Proposed Recommended Improvements and Implementation Schedule 

Project Estimated 
Cost1 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

Pretreatment Building 
Modifications $1,984,000 X          

Pretreatment Building 
Equipment Replacement $1,932,000  X         

Phosphorus Removal 
(Recommended Alternative) $5,039,000     X      

Nitrogen Removal 
(Recommended Alternative) $412,000          X 

Primary Clarifier Improvements 
and Vortex Grit $2,594,000     X      

Final Clarifier Improvements $550,000     X      
Thickening $2,826,000     X      
Dewatering $6,557,000     X      

Biosolids Storage $1,755,000     X      
Gas Storage and Microturbine $2,867,000         X  

TOTAL 

$26,516,000 

$1,984,000 

$1,932,000 

  

$19,321,000 

   

$2,867,000 

$412,000 

1- Costs include equipment, engineering, and construction in 2021 dollars. Projects are shown in the estimated year of completion. Note that costs 
will be distributed throughout the design and construction phase as costs are occurred.  
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Table ES 2 – Proposed Phosphorous Improvements Project Timeline 

Action Tentative Date1 
Submit Facilities Plan to MPCA March 1, 2022 
Public Hearing March 7, 2022 
Request placement on IUP May 2022 
Piloting January 2022 – June 2022 
Authorize preparation of design documents July 2022 
Submit Plans and specifications to MPCA December 2023 
Receive MPCA approval of plans and specifications March 2024 
Advertise project for bids April 2024 
Receive bids and award contract May 2024 
Begin construction June 2024 
Improvements operational March 2026 
Final Completion June 2026 
1 Tentative dates are subject to change 
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Facility Plan 
Winona Wastewater Treatment Facility 

Prepared for  

1 Introduction 
The City of Winona (City) is located in southeastern Minnesota in Winona County. The City’s 
wastewater treatment facility is in the southeast corner of the City and discharges to the 
Mississippi River. The facility treats wastewater from the City’s residential, commercial, and 
industrial customers, and also the customer community of the City of Goodview. 

In July 2021, the City received a new NPDES permit. As part of this reissuance, the permit 
includes a compliance schedule to meet a new phosphorus limit. As part of this compliance 
schedule, the City must submit a Wastewater Treatment Plant Facilities Plan.  Further a Facilities 
Plan is a requirement of the Clean Water State Revolving Fund (SRF), a funding program 
administered by the Public Facilities Authority (PFA). 

1.1 Purpose 
This Facilities Plan has been prepared for the City to aid the community in providing adequate 
wastewater treatment that meets current and future needs. The facilities plan addresses the 
operational limitations and condition issues identified in previous studies, including: 

 In 2014 the City of Winona completed a Condition Evaluation Study of the City’s 
wastewater treatment facility (WWTF) and lift stations (2014). This study recommended 
investigation of options for improvements to the solids handling treatment process at the 
facility.  

 Solids Preliminary Design report (2018) was developed in response to the 
recommendations of the 2014 report and included an updated evaluation of the existing 
conditions of other equipment at the WWTF.   

This plan also evaluates the ability of the existing wastewater treatment facility to meet the 
projected flows and loads as part of a 20-year planning period and addresses the condition of 
aging equipment and structures. Multiple alternatives to improve the existing facility are 
presented, along with their cost implications. The facilities plan also includes evaluation of 
several lift stations servicing the sewershed for the treatment facility. 

1.2 Report Organization 
This report is organized into the following sections: 

Section 2: Regulatory Requirements. This section summarizes the regulatory requirements the 
facility is designed to meet in accordance with the facility’s National Pollutant Discharge 
Elimination System (NPDES) permit requirements. 
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Section 3: Design Conditions. This section evaluates the current flow and loads to the WWTF 
and provides recommended future projection of flows and loads for the facility at the 20-year 
design condition. 

Section 4: Existing Facilities. This section describes the existing facilities, equipment, and 
treatment process at the WWTF. The section also evaluates the performance and capacity of 
existing processes at current and future projected flows and loads. 

Section 5: Alternative Evaluation. This section provides an overview of the alternatives 
proposed to address condition or capacity concerns identified during review of the existing 
treatment facilities.  This section also identifies recommended alternatives for each improvement 
identified. 

Section 6: Opinion of Capital Costs for Recommendations. This section summarizes the 
identified recommended improvements and the preliminary Engineer’s opinion of probable costs 
associated with each recommendation. Opinion of probable cost is evaluated to include the total 
project costs as estimated for bid. The financial impact of each alternative was estimated by 
combining the total projected capital cost of each project with the estimated annual operation and 
maintenance cost in a present worth analysis. This section also provides a recommendation for 
implementation of the Facilities Plan, bidding process, and construction. 

Section 7: Wastewater User Rate Impact Evaluation. This section provides a preliminary 
evaluation for the user rate impact because of capital improvements associated with the 
recommended alternatives. 

Section 8: Public Hearing. This section includes comments and discussion of the recommended 
improvements as described in Section 6 and Wastewater User Rate Impact Evaluation as 
described in Section 7. 

Other information required by MPCA and state statutes to supplement the facilities plan 
document are included as appendices and are identified below.  The list below is a copy of the 
list on MPCA’s Facilities Plan Submittal Checklist: 

 A completed Cost and Effectiveness Certification Form, completed cost and 
effectiveness certification checklist, and completed B3 2030 Exemption form all provided 
by MPCA. These documents are included in Appendix E. 

 A summary of the public hearing held on March 1, 2022, including comments received 
during the hearing period has been included in Appendix F. 

 A complete list of addresses used for public notice purposes on a form provided by 
MPCA has been included in Appendix F. 

 A copy of the resolution of the municipality’s governing body adopting the Facilities Plan 
has been included in Appendix G. 

 A list of ordinances or intermunicipal agreements required for the implementation and 
administration of the project. The City’s existing Sewer Use Ordinance is included in 
Appendix H. 

 Signed agreements with each significant industrial user (SIU) are included in Appendix I. 
 A copy of the current NPDES permit provided by MPCA is included in Appendix B.  
 A completed Environmental Information Worksheet is included in Appendix A. 
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 Copies of all notifications, certifications, and comments received from review agencies 
such as Native American Tribes, MN DNR, and the State Historic Preservation Office are 
included in Appendix C, which contains the EIW.  

 A copy of the previously submitted Project Priority List (PPL) Application and Scoring 
Worksheet for this project are included in this report as Appendix J.  

1.3 Historical, Archeological, Cultural, and Environmental Elements 
An Environmental Information Worksheet (EIW) is required by the MPCA as part of a facilities 
plan. The completed EIW can be found in Appendix A. As part of this planning step, the State 
requires information related to the presence of rare, endangered, or historic resources and/or 
landmarks. 

The National Register for Historic Places was searched for the planning area. The results of the 
search can be found in Appendix A. There are no historical, archeological, or cultural areas within 
the project boundaries. Adjacent properties are not anticipated to be adversely affected. 

The Minnesota Department of Natural Resources was also contacted to determine if rare plant or 
animal species or other significant natural features exist near the project area. The National 
Heritage and Nongame Research Program database was also searched and the results can be 
found in Appendix A. Any potential project at the wastewater treatment facility should have no 
impact on any natural features. 

Local tribal governments were also contacted in accordance with Federal rules applicable to 
Section 106 of the National Historic Preservation Act (NHPA) and in 36 CFR Part 800. 
Section 106 of the NHPA requires federal agencies and their applicants to consider the effects of 
the proposed project on historic properties listed in or eligible for listing in the National Register of 
Historic Places. If adverse effects are identified, Section 106 requires the federal agencies and 
their applicants to avoid, minimize or mitigate the adverse effects on historic properties. the 
results can be found in Appendix A. Any potential project at the wastewater treatment facility 
should have no impact on any cultural or historical properties. 

2 Regulatory Requirements 
The Minnesota Pollution Control Agency (MPCA) has responsibility for determining the best uses 
of the State’s waters and quality of effluent necessary to meet these uses. In accordance with 
this responsibility, they have defined seven water use “classes” and grouped all the State’s 
waters into one or more of these classes. Each contains a list of substances or characteristics 
that must be met before the water is suitable for its designated use. This list of substances and 
their permissible concentrations are referred to as “water quality standards”. These standards 
have been established after appropriate public hearings and have been approved by the U.S. 
Environmental Protection Agency (EPA). 

Treated wastewater from the City of Winona’s WWTF is discharged into the Mississippi River. 
The Mississippi River is classified as a Class 2Bg, 3C, 4A, 4B, 5, and 6 waterway. The definitions 
of these classifications follow: 

 Class 2Bg: The quality of Class 2B waters of the state shall be such as to permit the 
propagation and maintenance of a healthy community of cool or warm water sport or 
commercial fish and associated aquatic life, and their habitats. These waters shall also 
be suitable for recreational use, including bathing. All requirements for class 2B warm or 
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cool water stream and river habitats continue to apply in addition to requirements for 
class 2Bg. "General cool and warm water aquatic life and habitat" or "class 2Bg" is a 
beneficial use that means waters capable of supporting and maintaining a balanced, 
integrated, adaptive community of warm or cool water aquatic organisms having a 
species composition, diversity, and functional organization comparable to the median of 
biological condition gradient level 4 as established in Calibration of the Biological 
Condition Gradient for Streams of Minnesota, Gerritsen et al. (2012). 

 Class 3C: The quality of Class 3C waters of the state shall be such as to permit their use 
for industrial cooling and materials transport without a high degree of treatment being 
necessary to avoid severe fouling, corrosion, scaling, or their unsatisfactory conditions. 

 Class 4A: The quality of Class 4A waters of the state shall be such as to permit their use 
for irrigation without significant damage or adverse effects upon any crops or vegetation 
usually grown in the waters or area, including truck garden crops. 

 Class 4B: The quality of Class 4B waters of the state shall be such as to permit their use 
by livestock and wildlife without inhibition or injurious effects. 

 Class 5: The quality of Class 5 waters of the state shall be such as to be suitable for 
aesthetic enjoyment of scenery, to avoid any interference with navigation or damaging 
effects on property. 

 Class 6: The uses to be protected in Class 6 waters may be under other jurisdictions and 
in other areas to which the waters of the state are tributary and may include any or all of 
the uses listed in Minnesota Rules parts 7050.0221 to 7050.0225, plus any other 
possible beneficial uses. 

2.1 Effluent Standards 
The Winona WWTF discharges effluent in accordance with Minnesota National Pollutant 
Discharge Elimination System (NPDES)/State Disposal System (SDS) permit no. MN 0030147. A 
copy of the current permit is included in Appendix B. The current permit became effective 
July 1, 2021 and will expire June 30, 2026. As the MPCA just completed an effluent limit review 
for the 2021 permit reissuance, the MPCA indicated that a preliminary effluent limit request was 
not necessary for this Facilities Plan. 

Table 1 summarizes the water quality parameters with discharge limits for the facility’s main 
discharge SD-001. 
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Table 1 – Effluent Water Quality Requirements 

Parameter 

2021 Permit 

Limit Type 
Effective 
Period Limit Units 

cBOD5 

907 kg/day Calendar month average Jan-Dec 
1452 kg/day Maximum calendar week 

average 
Jan-Dec 

25 mg/L Calendar month average Jan-Dec 
40 mg/L Maximum calendar week 

average 
Jan-Dec 

85 % Minimum calendar month 
average for removal 

Jan-Dec 

Chlorine, Total Residual 0.038 mg/L Daily maximum Jan-Dec 
Fecal Coliform, MPN or 
Membrane Filter 44.5C 

200 org/100ml Geometric Mean Apr-Oct 

pH 6.0 SU Calendar month minimum Jan-Dec 
9.0 SU Calendar month maximum Jan-Dec 

Phosphorus, Total (as P) 27 kg/day Calendar month average Jun-Sep 

TSS 

1089 kg/day Calendar month average Jan-Dec 
1633 kg/day Maximum calendar week 

average 
Jan-Dec 

30 mg/L Calendar month average Jan-Dec 
45 mg/L Maximum calendar week 

average 
Jan-Dec 

85 % Minimum calendar month 
average for removal 

Jan-Dec 

1. Carbonac7eous 5-Day Biochemical Oxygen Demand 
2. Total Suspended Solids 

A significant change in the reissued permit is a seasonal mass limit for total phosphorus of 
27 kg/day for the months of June through September. At the average wet weather design flow, 
this mass limit equates to a concentration of 0.74 mg/L. The MPCA’s approach with phosphorus 
water-quality based effluent limits (WQBELs) is to assume that the facility will overachieve. That 
is, the MPCA projects that by complying with the 27-kg/d monthly limit, the Winona WWTF will 
actually average 13 kg/d, June – September over a longer-term, 5-year period. The waste load 
allocation (WLA) for the WWTF is 13 kg/d for the Mississippi to meet the water quality standard. 
After each 5-year permit cycle, the MPCA will evaluate the facility’s discharge and the 
downstream water quality and adjust the limit down, if necessary, to meet the long-term average 
waste load allocation of 13 kg/day.  

While the 13 kg/d WLA is not a design condition, there is the potential that the NPDES effluent 
could eventually be that low. Table 2 summarizes the effluent phosphorus concentrations that 
result from the two mass loading conditions – the current WQBEL and the long-term average 
WLA. 
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Table 2 – Concentration-Equivalent Mass Loading Limits 

Mass Load Threshold Flow Condition Concentration 
27 kg/d (current WQBEL) Design AWW: 9.6 MGD 0.74 mg/L 
27 kg/d (current WQBEL) 2020 AWW: 6.61 MGD 1.08 mg/L 

13 kg/d (long-term average WLA) Design AWW: 9.6 MGD 0.36 mg/L 
13 kg/d (long-term average WLA) 2020 AWW: 6.61 MGD 0.52 mg/L 

While the effluent limit could become more stringent if the discharge does not meet the long-term 
targeted average WLA, it is unlikely that the limit would ever become an annual, year-round limit. 
MPCA has indicated that annual limits are generally applied when there is a lake downstream or 
if there is a hydraulic expansion, neither of which are the case for Winona. 

The existing cBOD5, TSS, fecal coliform, chlorine residual, and pH effluent limits remained 
unchanged between the 2010 permit and draft permit.  

In addition to limits, the NPDES permits outline constituents of concern for monthly monitoring as 
part of the compliance reporting. Table 3 summarize the water quality parameters which the 
facility must monitor for the facility’s main discharge SD-001. The 2021 reissued NPDES permit 
included additional monitoring for salty parameters beyond those already indicated in the 2010 
discharge permit.  The parameters include bicarbonates, total calcium, hardness, calcium and 
magnesium, total magnesium, specific conductance, and total sulfate.  There were also minor 
modifications to the mercury sampling requirements. 
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Table 3 – Effluent Monitoring Parameters 

Parameter 

2021 Permit 

Limit Type 
Effective 
Period Limit Units 

Bicarbonates (HCO3) Monitor mg/L Calendar month maximum Jan-Dec 
Calcium, Total Monitor mg/L Calendar month maximum Jan-Dec 
Chloride, Total Monitor mg/L Calendar month maximum Jan-Dec 

Flow 
Monitor MG Calendar month maximum Jan-Dec 
Monitor MG Calendar month average Jan-Dec 
Monitor MG Calendar month total Jan-Dec 

Hardness, Calcium and 
Magnesium, (as CaCO3) 

Monitor mg/L Calendar month maximum Jan-Dec 

Magnesium, Total (as Mg) Monitor mg/L Calendar month maximum Jan-Dec 
Mercury, Dissolved (as Hg) Monitor ng/L Calendar month maximum May, Sep 

Mercury, Total (as Hg) Monitor ng/L Calendar month maximum May, Sep 
Nitrite plus Nitrate, Total (as N) Monitor mg/L Calendar month average Jan-Dec 
Nitrogen, Ammonia Total (as N) Monitor mg/L Calendar month average Jan-Dec 

Nitrogen, Kjeldahl Total Monitor mg/L Calendar month average Jan-Dec 
Nitrogen, Total (as N) Monitor mg/L Calendar month average Jan-Dec 

Oxygen, Dissolved Monitor mg/L Calendar month minimum Jan-Dec 
Phosphorus, Total (as P) Monitor kg/day Calendar month average Oct-May 
Phosphorus, Total (as P) Monitor mg/L Calendar month average Jan-Dec 

Potassium (as K) Monitor mg/L Calendar month maximum Jan-Dec 
Sodium, Total (as Na) Monitor mg/L Calendar month maximum Jan-Dec 

Solids, Total Dissolved (TDS) Monitor mg/L Calendar month maximum Jan-Dec 
Solids, Total Suspended (TSS), 

grab (Mercury) 
Monitor mg/L Calendar month maximum May-Sep 

Specific Conductance Monitor µΩ/cm Calendar month maximum Jan-Dec 
Sulfate, Total (as SO4) Monitor mg/L Calendar month maximum Jan-Dec 

Zinc, Total (as Zn) Monitor µg/L Calendar month maximum May, Sep 
 

2.2 Future Limits 
As the MPCA just completed an effluent limit review for the 2021 permit reissuance, the MPCA 
indicated that a preliminary effluent limit request was not necessary for this Facilities Plan. 
However, there are potential future limits that merit discussion, which the MPCA does not 
currently address in preliminary effluent limits. These include nitrate/total nitrogen, sulfate, 
chloride and salty parameters, and Per/Poly-fluoroalkyl Substances (PFAS). 

2.2.1 Nitrate or Total Nitrogen  
The MPCA anticipates in the next 5 years that they will complete a nitrate aquatic life water 
quality standard. According to a discussion with the MPCA on 5/21/2021, the MPCA expects the 
water quality criterion of a chronic value of 7 to 10 mg/L. Because the Mississippi River offers a 
significant dilution volume, the limit could potentially be greater than 10 mg/L.  However, the 
MPCA has not been clear if the limit will be for nitrate or total nitrogen (nitrate, nitrite, ammonia, 
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and organic nitrogen) or if it will be driven by toxicity or eutrophication. It is anticipated that more 
definition regarding this will become available over the next 2 years.  Section 5 discusses 
improvements that could be considered to address a future total nitrogen or nitrate limit. 

2.2.2 Sulfate  
In 1973, Minnesota adopted a sulfate standard to protect wild rice. Though the standard has not 
been enforced, in 2017 the MPCA attempted to revise the sulfate water quality standard 
applicable to Wild Rice Waters, but ultimately withdrew the rule from review in 2018. More 
recently, in 2021, the EPA reviewed the MPCA’s 2020 impaired waters list and added 30 new 
wild rice waters impaired for excess sulfate, including two reaches of the Mississippi River 
downstream of the Winona WWTF. The MPCA was preparing comments back to the EPA on the 
added waters at the time of this Facilities Plan and it is uncertain what the outcome will be.  

Sulfate cannot easily be addressed at wastewater treatment facilities. The state of Minnesota 
commissioned a study evaluating treatment options. This study concluded: 

 Reverse osmosis and nanofiltration are the most developed and effective alternatives 
today, but these treatment systems are challenged with a concentrated brine that 
requires disposal.  

 Chemical precipitation and ion exchange are also treatment options, though may not 
treat down to levels required. 

 Source control may be an option depending on specific site characteristics. Sources of 
sulfate include the drinking water supply, industrial discharges, and domestic wastewater. 

Aside from treatment, a variance may also be an option. Due to the uncertainty of the sulfate 
regulations and the lack of cost-effective treatment options, alternatives to address sulfate were 
not considered in this Facilities Plan. 

2.2.3 Chloride and Salty Parameters 
Minnesota has water quality standards in place to protect lakes, wetlands and streams from 
chlorides or other salty parameters. 

 Class 2B waters, waters protected for cool and warm water sport fish, have a chronic 
standard for chloride of 230 mg/L with a maximum standard of 860 mg/L. 

 Class 3C waters, waters protected for industrial consumption, have a chloride standard of 
250 mg/L 

 Class 4A and 4B waters, waters protected for irrigation and livestock, have numerical 
limits for salty parameters and total salinity. 

In 2021, MPCA amended the rules for Class 3, Class 4A, and Class 4B waters from numeric 
standards to narrative standards. MPCA’s position is that the original standards date back to the 
1960’s and there is not much science behind the numerical standards. The narrative standards 
allow for a more localized approach. However, this rule making results in no changes to Class 2B 
waters. 

Due to the very high dilution flow of the Mississippi River, the Winona WWTF is unlikely to have 
reasonable potential to cause a water quality violation for chlorides and, therefore there are no 
alternatives that address chlorides. Similar to sulfate, chlorides are often best addressed at the 
source – drinking water or industries, as there are not cost-effective treatment systems for 
chlorides at wastewater treatment facilities. 
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2.2.4 PFAS 
Perfluoroalkyl Substances (PFAS) are a family of over 5,000 manmade chemicals that have been 
manufactured since the 1940s. These chemicals are used in industry because of their resistance 
to heat, oil and water; however, they are also resistant to breakdown and persist in the 
environment. MPCA started monitoring PFAS in drinking water near 3M in Cottage Grove in 
2002, and at wastewater treatment plants in 2007.  

Today, PFAS is an area of concern. Testing methods have advanced to detect to parts per trillion 
(ppt) levels, though official testing methods are not yet EPA-approved for wastewater. There will 
continue to be discussion about PFAS. MPCA is working to develop a baseline level and will be 
requesting wastewater influent and biosolids testing (either voluntary or mandated) to better 
understand the presence of PFAS throughout our systems (stormwater, drinking water, 
wastewater, biosolids) in the future. 

PFAS, similar to other emerging contaminants, are better handled with source reduction. 
Treatment options are granular activated carbon and reverse osmosis, neither are cost-effective 
for wastewater treatment facilities. No treatment alternatives for PFAS are evaluated in this 
Facilities Plan. 

3 Design Conditions 
To assist in determining the wastewater demand and facility capacity, a review of the current 
flows and loads to the facility is conducted and compared to reference values and recommended 
minimum design criteria provided by the MPCA and 10 States Standards Recommended 
Standards for Wastewater Facilities. 

Processes must be designed to handle the current flows and loads received by the WWTF and 
be scalable to handle potential increases in flows and loads over the planning period and comply 
with potential future phosphorus limits. Development of design conditions for Winona involved: 

 Evaluating historical flows and loads to establish the current conditions. 
 Determining a future service population and associated future flows and loads 

considering input from significant industrial dischargers. 
 Estimating future solids production from either biological or chemical phosphorus 

removal. 

3.1 Planning Area 
The Winona wastewater treatment facility provides sanitary sewer treatment service to the 
communities of Winona and Goodview, Minnesota. The City operates a number of collection 
system lift stations which convey wastewater from each community to the WWTF. Figure 1 shows 
the city boundaries of Winona and Goodview which contribute flow to the WWTF. 
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The City of Winona encompasses 24.13 square miles with a 2020 Census estimated service 
population of 25,948 residents. To the north of Winona, Goodview covers 2.49 square miles with 
a 2020 Census estimated service population of 4,158 residents. 

3.2 Service Population 
The facility’s service area includes the community of Goodview. The most recent population 
estimates for Winona and Goodview reported 2020 populations of 25948 and 4158, respectively.  

Winona is home to both Winona State University and Saint Mary’s University of Minnesota, which 
enroll approximately 7,602 and 1,467 undergraduates respectively. Adding the student 
population, the total service population for 2020 is 39,418 persons.  

3.3 Current Flows and Loads 
The City provided SEH with historical influent and effluent data from discharge monitoring reports 
(DMRs) for the Winona WWTF for January 2016 through December 2020.  

3.3.1 Flow Determination 
3.3.1.1 Definitions 

The following terms are used to characterize the flows experienced by the WWTF. 
 Average Dry Weather Flow (ADF) – The daily average flow when the groundwater is at or 

near normal and runoff is not occurring. 
 Average Wet Weather (AWW) – The daily average flow for the wettest 30 consecutive 

days.  
 Peak Hourly Wet Weather Flow (PHWW) – The peak flow during the peak hour of the 

day at a time when the groundwater is high and a five-year, one-hour storm event is 
occurring 

 Peak Instantaneous Wet Weather (PIWW) – Peak flow during a day when the 
groundwater is high and a twenty-five year one-hour storm event is occurring.  

 Infiltration – Water other than sanitary wastewater that enters the collection system 
through deficiencies in the collection system (pipes, joints, manholes) 

 Inflow – Water that enters the collection system from sources other than the collection 
system 

Historical data showed that the Winona WWTF flows were significantly influenced by sustained 
high river flows and flooding in 2019. This unique circumstance and the resulting current and 
future design flows are documented in a August 3, 2021 memo to the MPCA. This memo is 
included in Appendix D. Table 4 presents the average influent flow from 2016 to 2020, 
highlighting the impacts of the 2019 flood event. 
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Table 4 – Average Influent Flow from 2016 to 2020 

Year Avg Annual 
Flow (MGD) 

Avg Dry 
Weather Flow 

(MGD) 

Avg Wet 
Weather Flow 

(MGD) 

Max Daily 
Flow (MGD) 

2016 3.39 3.12 4.14 4.95 
2017 3.76 3.08 5.97 6.74 
2018 4.46 3.36 6.81 7.35 
2019 6.228 3.683 12.01 13.05 
2020 4.01 3.88 6.61 7.82 

2021 (Jan-Mar) 3.027 2.955 3.16 3.44 
Permitted 

Design 
Capacity  

6.74 9.60 
 

Although the 2019 AWW flow was significantly higher than the permitted design capacity of the 
facility, the AWW flow of the preceding and following years are significantly lower than the 
capacity. As the high flows experienced in 2019 are due to a specific flood event, which is not 
considered to be normal, the current capacity of the plant is considered adequate for the 20-year 
planning period. 

Inflow and infiltration were determined following MPCA guidelines. A detailed determination is 
provided in Appendix D. A summary of the inflow/infiltration and peak hour flows is presented in 
Table 5. 

Table 5 – Inflow/Infiltration and Peak Hour Flows 

Flow Type Units 2019 2020 
Peak Hour Dry Weather Flow MGD 5.0 4.0 
Peak Hour Wet Weather Flow MGD 11.2  4.5 

Infiltration MGD 6.2  0.5 
Inflow MGD 2.0 3.0 

The City has worked to decrease I/I and will continue their reduction efforts in the future. 

3.3.2 Load Determination 
In addition to flow data, Table 6 shows the organic, solids, and phosphorus loading from 
January 1, 2016 through December 31, 2019 coming to the plant. These values include industrial 
and residential loading. Data from 2020 was excluded due to implications from COVID-19 as 
typical water usage from industry and the two college campuses was disrupted and did not follow 
typical water use patterns.  
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Table 6 – Average Annual Daily Flows and Loadings (Residential, Commercial, Industrial) 

Year 

Facility Influent Facility Effluent 

Total 
Flow 

(MGD) 

cBOD5 
(ppd) 

TSS 
(ppd) 

Ammonia 
(as N, 
mg/L)1 

Total 
P, 

(as P) 
(ppd) 

cBOD5 
(ppd) 

TSS 
(ppd) 

Ammonia 
(as N, 
mg/L)1 

Total 
P, 

(as P) 
(ppd) 

2016 3.4 6761.5 5938.0 - 222.7 222.5 146.8 - 128.1 

2017 3.8 6567.8 5143.7 - 220.0 367.3 211.2 - 160.9 

2018 4.5 8560.1 8024.3 - 308.8 447.3 231.3 - 199.7 

2019 5.2 6299.7 9466.1 20.1 315.7 319.5 276.9 5.2 176.2 

Average 4.2 7047.3 7143.0 20.1 266.8 339.2 216.5 5.2 166.2 

Minimum 3.4 6299.7 5143.7 7.0 220.0 222.5 146.8 0.3 128.1 
Maximum 5.2 8560.1 9466.1 27.2 315.7 447.3 276.9 14.7 199.7 
1.  Ammonia (as N) is not an influent parameter that historically has been tested. The new 2021 permit now requires monthly 
monitoring.  Data is based upon one monthly sample throughout 2019. 

Monthly organics loading, analyzed as 5-day carbonaceous biochemical oxygen demand 
(cBOD5), averaged 7,047.3 pounds per day (lb/d) over the period, with a maximum average 
month load of 9,678.9 lb/d in June 2018.  

Monthly solids loading, analyzed as total suspended solids (TSS), averaged 7,143 lb/d over the 
review period. The greatest maximum average monthly TSS load was 11,426 lb/d in May 2018.  

Phosphorus loadings analyzed as total phosphorus (as P), averaged 266.8 lb/day over the review 
period. The greatest maximum phosphorus load was 628 lb/day in June 2018.  

Table 7 breaks down the flow, BOD, and TSS contribution from Industry based upon 2019 and 
2020 data. It also accounts for BOD and TSS loading that has been allocated to industry in user 
agreements, but are not currently being used by industry. These loadings do not currently impact 
the plant, but must be considered and reserved should industry choose to use the full loadings 
allocated.  

Table 7 – Flows and Loads Residential and Commercial Versus Industry Breakdown 

Discharge AWW Flow 
MGD 

cBOD 
lb/day 

TSS 
lb/day 

Current Allocations       
  Commercial/Residential Estimate1 2.24 4,054 6,579 

  Inflow/Infiltration 3.50   

  Current SIU Discharge2 0.71 2,993 564 

  Unused SIU Allocation 1.67 2,480 4,347 
CURRENT TOTAL 8.12 9,527 11,491 
Current Permitted Capacity 9.6 14,605 13,936 
1. Calculated from 2016-2019 average influent flows/loadings less industry annual average 

flows/loadings. 
2. Assumes average annual values 
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It is also important to understand the per-capita loading. This is determined by removing the 
industrial contribution to the influent flows and loads. Table 8 shows the per capita loading based 
on flows and loads from residential, commercial, and I/I sources only.  

Table 8 – Per Capita Flows and Loads1 

Year 

Facility Influent 

Total Flow 
Gal/Day/Capita 

BOD5 
(ppd/capita) 

TSS 
(ppd/capita) 

Total P, 
(as P) 

(ppd/capita) 

2018 162.2 0.151 0.294 0.005 
2019 124.5 0.122 0.274 0.006 

Average 143.3 0.136  0.284 0.006 
1 - Based on combined population of 30,308 for the City of Winona and Goodview. 

The calculated per capita BOD5 load was observed to be 0.136 pounds per capita per day (ppcd). 
According to the Recommended Standards for Wastewater Facilities (Ten States Standards), the 
design of domestic waste treatment shall be based upon 0.17 ppcd BOD, or 0.22 ppcd where 
garbage comminutors are commonly used. The observed per capita load of 0.136 ppcd BOD5 
was used for design as the population is predicted to decrease and no increase in residential or 
commercial loading is predicted. 

The calculated per capita TSS load was observed to be 0.28 ppcd. According to Ten States 
Standards, the design of domestic waste treatment shall be based upon at least 0.20 ppcd TSS, 
or 0.25 ppcd where garbage disposals are commonly used. The observed per capita load of 0.28 
ppcd TSS was used for design. 

The calculated per capita total phosphorus (as P) load was observed 0.006 ppcd. Metcalf and 
Eddy (2003) Wastewater Engineering suggest a typical design range for total phosphorus of 
0.006-0.010 ppcd. The observed per capita load of 0.006 ppcd total phosphorus was used for 
design. 

3.4 Design Values 
The typical planning period for wastewater treatment facilities is 20 years due to the useful 
service life of process equipment. For Facilities Plans, the MPCA prescribes specific design 
parameters. Specifically, the four flow conditions, defined in Section 3.3.1, must be established 
for the planning period. These flow conditions are used to quantify the range of flows observed 
and provide a basis for future planning. Population projections are also important to assess the 
requirements of new or existing treatment processes. The flow conditions, described below, 
account for future population growth and industrial expansion. 

3.4.1 Design Population 
The Minnesota State Demographic Center provides population estimates for Counties in the 
State of Minnesota. The Demographic Center predicts an 11.7% reduction in population for 
Winona County between 2020 and 2045. As the population of the City of Winona comprises of 
over half of the county population, it is also projected that the City population will decline. 
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Therefore, the Future Flow and Loads are not projected to increase during the design period due 
to residential growth. 

3.4.2 Industrial Projections 
The Winona WWTF receives flow from three categorical and four non-categorical significant 
industrial users (SIUs). The WWTF also receives periodic tankage flow from six users. As many 
industries in general experienced lower flows during 2020, using 2020 flow data may 
underrepresent the normal flows of each industry. However, some industries increased their 
flows significantly from 2019 and 2020. Therefore, the average flow for each industry for 2019 
and 2020 were compared, and the year with the highest average flow was selected as the actual 
flow from each industry. The total average flow from all seven SIUs based on 2019 and 2020 
flows is 377,487 gallons per day (gpd). Two SIUs notified the City of Winona that their flows are 
projected to increase in the coming year. Midwest Co-pack estimated that their flows would 
double, and Peerless Chain estimated an increase of 20,000 gpd. Including those increases, the 
new estimated flow from all seven SIUs is 426,275 gpd. It is assumed that no other increases in 
flow will occur between 2021 and 2045 from these industrial users. 

Assuming a BOD concentration of 210 mg/L and TSS concentration of 180 mg/L, the increase in 
Industrial loadings associated with this increased flow is predicted to be 84.01 ppd BOD and 
72.01 ppd TSS.  

3.4.3 Flow and Load Projections 
Design flows and loads are typically determined by scaling the current flows and loads by the 
projected population and industry increase. As the population is predicted to decrease and 
industry only slightly increase, the design flow and loadings were selected based on the current 
demands and the current facility’s permitted design. Table 9 summarizes the historical flows and 
recommended design flows. 

Design Exception: While the peak month flow was 12.01 MGD in 2019, sizing the wastewater 
treatment plant for this as an average wet weather capacity would be grossly oversizing the 
facility, particularly given the average annual flow is only 4.46 MGD (if excluding 2019, refer to 
Appendix M).   

The current peak hour design capacity of the facility is 10,500 gpm (15 MGD) and hydraulically 
the facility was able to pass the sustained high flows in 2019 while providing effective treatment. 
Therefore, the recommended design PHWW and PIWW flow is 15 MGD. 
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Table 9 – Recommended Design Flow Conditions 

Year Unit Avg Annual 
Flow 

Avg Dry 
Weather 

Flow 

Average Wet 
Weather Flow 

Max Daily 
Flow 

Peak Hour/Peak 
Instantaneous 

Flow1 
2016 MGD 3.39 3.12 4.14 4.95  
2017 MGD 3.76 3.08 5.97 6.74  
2018 MGD 4.46 3.36 6.81 7.35  
2019 MGD 6.23 3.68 12.01 13.05 11.2 
2020 MGD 4.01 3.88 6.61 7.82 4.5 

Estimated 
Future MGD 4.512  6.862   

       
Recommended 

Design 
Conditions 

MGD 
 

6.74 9.60 
 

15.0 

1 Peak Hour Wet Weather Flow from Table 5 
2 Based on the highest average annual flow from 2016 to 2020 (excluding 2019) plus the estimated industry 
increase of 0.048 MGD and no increase in residential flows. 

 

The current facility capacity is adequate to treat the current and expected future flows assuming: 
 Future I/I reduction measures are effective at reducing I/I entering the system 
 The flows experienced in 2019 due to flooding were a rare occurrence and are not 

expected to contribute regularly to the plant influent 
 No significant increase in population or water usage from industry. 

The Design Loadings to the plant are based on current conditions, current unused SIU loading 
allocations, and predicted increase in loadings from SIUs. The calculated future loadings are less 
than the current design capacity. This decrease in load capacity at the plant will reduce the 
overall costs of all alternatives considered and will offer better treatment for the current conditions 
than an oversized plant would offer. A summary of the current, future, and recommended design 
loadings is presented in Table 10. 
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Table 10 – Recommended Design Loadings 

Discharge AWW Flow 
MGD 

cBOD 
lb/day 

TSS 
lb/day 

Phosphorus 
lb/day2 

Current Allocations     

  
Commercial/Residential 
Estimate 2.24 4,054 6,579  

  Inflow/Infiltration 3.50    
  Current SIU Discharge1 0.71 2,993 564  
  Unused SIU Allocation 1.67 2,480 4,347  
Current Total 8.12 9,527 11,491 166.2 
Future Increases     
  Future Population Increase 0 0 0 0 
  Future Industrial 0.048 84.01 72.01  
Future Projected Total 8.16 9,611 11,563  
Current Permitted Capacity 9.6 14,605 13,936  
Recommended Design Capacity 9.6 9,611 11,563 166.2 
1 Assumes average annual values 
2. Limited data exists of the industry contributions of phosphorus. 

 

 

4 Existing Facilities 
The WWTF was originally constructed as a trickling filter plant in 1970. In 1985, the current 
dewatering belt press and outside sludge storage were installed. In 1996, two final clarifiers were 
converted to solids contact aeration basins and two new clarifiers were constructed to increase 
organic capacity. The secondary digester was converted to the Primary Digester No. 2 and the 
gas floating cover was replaced. In 2011, mixers were added to the digesters and the cover was 
replaced on Primary Digester No. 2. A microturbine was added to the facility in 2011 to utilize 
biogas from the digestion process at the plant. The most recent plant upgrade was in 2017 and 
consisted of rehabbing Primary Digester No. 1 with new mixers, cover, and a deeper skirt.  

Figure 2 includes a flow diagram of the facility today. More detailed process flow diagrams are 
included in Appendix K. 

The City maintains the WWTF. Annual capital improvement planning is used to track and plan for 
equipment replacement and repair.  
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Figure 2 – Process Flow Diagram for Winona WWTF 
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4.1 100-Year Flood Elevation 
Several state agencies govern activities in the flood plain: 

 Under the Minnesota statewide floodplain management standards, local communities 
cannot allow development in the floodway that would cumulatively cause more than six 
inches increase in the height of the 100-year flood (MN DNR). Development is normally 
allowed in the flood fringe provided that the buildings are placed on fill so that the lowest 
floor, including the basement, is above the 100-year flood level. 

 Minnesota Building Code § 6120.5800 requires public utility facilities within the floodplain 
to be designed to minimize increases in flood elevations and be compatible with existing 
local comprehensive floodplain development plans. Where failure or interruption of the 
public facility results in danger to the public health or safety, protection to the flood 
protection elevation shall be provided. The flood protection elevation is defined as an 
elevation one foot above the 100-year flood. The elevation of the lowest floor of a 
dwelling must be at or above the flood protection level. Local regulations will also require 
the access road elevation to be within two feet of the flood protection elevation. 

 MPCA design guidelines for wastewater treatment facilities require treatment plant 
structures and electrical and mechanical equipment to be protected from physical 
damage by the 100-year flood. Additionally, treatment plants should remain fully 
operational and accessible during the 25-year flood. These requirements apply to new 
construction and to existing facilities undergoing major modification. 

If new facilities are constructed in the floodplain, hydraulic modeling and coordination with the 
DNR are required to confirm that the new facilities do not result in a flood elevation change more 
than six inches. To avoid this, it is recommended that any new facilities be located outside the 
100-year flood elevation. Due to the location of the 100-year floodplain on the southern end of the 
site, construction in the 100-year flood plain is not likely to be an issue with structure placement, 
but needs to be considered during site grading, and may limit expansion of some facilities. A 
FEMA Map is included in Figure 3. 

  



WWTF Boundary
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4.2 Wastewater Treatment Facility 
The WWTF is described in the following sections. Photos of the existing equipment are 
referenced throughout and are included in Appendix L.  

4.3 Liquid Treatment System 
The liquid treatment system consists of screening, grit removal, primary clarifiers, trickling filters, 
screw pumps, solid contact tanks, final clarifiers and disinfection. The major components of the 
liquid treatment system are summarized in the following sections. 

4.3.1 Preliminary Treatment  
The Preliminary Treatment Building was originally constructed in 1970. Several pieces of 
equipment were replaced since 1970 due to age, including a rehab of the grit pumps, sludge 
pumps, and in-plant waste pumps. The primary role of this building is to provide influent metering 
and screening. The aerated grit tanks are connected to the north side of the building, following 
screening. The grit pumps, aeration blower, classifier, and primary sludge pumps are all located 
inside the preliminary treatment building. The lower level has garage space and a dumpster 
loading area. The majority of the process equipment is in satisfactory condition; however the bar 
screen and grit blowers are in poor condition and are at the end of their useful life. 

The electrical room for this building is physically attached to the screenings room. Hydrogen 
sulfide from the screening room has caused deterioration of the electrical equipment. As noted in 
the Solids Preliminary Design Report, improvements to the Preliminary Treatment Building are 
required to bring the space up to National Fire Protection Association (NFPA) code. The following 
sections detail the capacity and condition of the individual process units. 

4.3.1.1 Mechanical Screening and Dewatering 
Flow enters the plant below-grade through a 30-inch forcemain at el. 659.5 ft, is metered, and 
then enters a small basin to allow for Waste Activated Sludge (WAS) to combine with plant 
influent to provide co-thickening.  The combined flow enters one of three channels, all 4 ft wide 
by 5 ft 8 in deep. The primary channel directs flow through a ¼” mechanical bar screen, 
upgraded in 1995 and refurbished in 2011 with a new element belt, which also includes a 
dewatering unit (See Figure L-1). The second channel has a ½” manual bar screen bypass, for 
use when the mechanical bar screen is being serviced. There is also one bypass channel, which 
is reserved for emergency situations.  

The water level and velocity through the screening channels is set by the outlet weirs in the grit 
chambers. The depth upstream of the mechanical bar screen is 0.99 ft, and the depth through the 
other two channels is 1.66 ft. Flow through the channel meets the recommended design range at 
average wet weather flow and is slightly above the recommended velocity at peak hourly flow.  

The mechanical bar screen is currently rated to 8,500 gpm (12.24 MGD). The mechanical bar 
screen is in poor condition and is approaching the end of its design life and should be replaced in 
the near future.  

4.3.1.2 Aerated Grit Removal 
Two aerated grit chambers are located on the north side of the screening and dewatering building 
and were constructed with the building in 1970. Each tank has a capacity of 16,250 gallons and 
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sets the high-water level of 672.0 ft. Ten State Standards recommends a detention time of 3 to 5 
minutes at design peak hourly flows. At the design PIWW of 15.1 MGD, the detention time is 3.1 
minutes. Two grit pumps are located inside the Preliminary Treatment Building (Figure L-2).  

The facility operators report issues with the grit removal efficiency of the existing aerated grit 
system. The facility operators have observed a buildup of grit in the primary digesters, requiring 
the digester to be taken out of service for cleaning. Alternatives to the aerated grit chambers 
were evaluated as part of the 2017 Solids Preliminary Design Report.  

4.3.1.3 In-Plant Waste Lift Station 
The plant has one in-plant lift station, which can hold approximately 3,000 gallons, located in the 
Preliminary Treatment Building. Two pumps service the lift station (Figure L-3).  

4.3.1.4 Primary Sludge Pumps 
Two (2) 150 gpm sludge pumps are located on the northeast corner of the preliminary treatment 
building (Figure L-4) and were installed in 2016. The pumps receive sludge from two (2) 6-inch 
sludge lines and two (2) 6-inch scum lines from the primary clarifiers. The pumps send sludge to 
the digesters. 

4.3.1.5 Influent Flow Measurement and Sampling 
One (1) influent magnetic flow meter is located in the lower level of the Preliminary Treatment 
Building on the 24-inch plant influent pipe (Figure L-5). A new meter was installed in 2018 as the 
previous meter, a radar sensor, did not accurately measure flow during periods of high inflow and 
infiltration, as the water was significantly clearer during those periods.  

4.3.2 Primary Clarifiers 
Two (2) primary clarifiers are located on either side of the grit tanks (Figures L-6 and L-7) and are 
original to the plant (1970). Both tanks are 95-ft diameter with 7-ft side water depth. Ten States 
Standards suggests an AWW Surface Overflow Rate of 700 gpd/sf and a PHWW Surface 
Overflow Rate of 1200 gpd/sf. Assuming both tanks are in service at full capacity, approximately 
14,200,000 GPD at AWW and 17,00,000 GPD at PHWW can be treated through the clarifiers. 
Ten States Standards also recommends a weir loading rate at peak hour flows less than 30,000 
gpd/linear feet. Both clarifiers use two-sided circular weirs, which provide ample weir length. The 
current weirs can meet the recommended weir loading rate up to over 30,000,000 gpd of flow.  

The detention time in the primary clarifiers varies based on plant flow. At the AWW flow of 9.5 
MGD, the detention time is 2.1 hours. Design standards state that the typical detention time is 1.5 
to 2.5 hours at design flow. The clarifiers are considered appropriately sized for the current flow. 
It is estimated that 30 to 50 percent of the BOD and 50 to 70 percent of the TSS is removed 
through the clarifiers, depending on the flow. 

At an age of 51 years, the primary clarifier internal components require replacement as they are 
at the end of their useful life. The structures appear to be in good condition, though were not 
inspected below the water level.  

4.3.3 Trickling Filters 
Two (2) Trickling Filters follow the primary clarifiers (Figures L-8 and L-9). Each filter is original to 
the plant and has an inner diameter of 135 feet and an average rock depth of 7 feet. The US EPA 
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states that the Total Organic Load (TOL) of trickling filters should be between 25- and 100-pound 
BOD/day/1000 cubic feet. A TOL of 100 pounds BOD/day/1000 cu. ft. allows for a load of up to 
12,825 pounds per day at the peak hourly flow of 15 MGD. The maximum daily level of BOD from 
2016 to 2020 was 11,010 pounds per day (ppd) in the influent (not accounting for primary clarifier 
reduction). The tricking filters have the required capacity with one in service.  

The BOD coming into the trickling filters is dependent on the removal rate of BOD in the primary 
clarifiers. Typically, primary clarifiers are assumed to have a 30% BOD removal rate, however 
these clarifiers were designed with the assumption of providing up to 46% BOD removal. The 
design BOD loading rate with both units in service is 39.36 ppd BOD/1000 cubic feet at 46% 
removal in the primary clarifiers and 51.02 ppd BOD/1000 cubic feet at 30% removal in the 
primary clarifiers.   

4.3.3.1 Splitter MH No. 1 
Splitter Manhole (MH) No. 1 is located just south of the trickling filters. Effluent from the primary 
clarifiers combine at MHP-1, along with a grit tank bypass line, and flow to Splitter MH No. 1. The 
splitter can hold approximately 9,350 gallons and has two gate operators to control the flow to 
each Trickling Filter. A 24-inch recirculation pump discharge pipe enters the manhole 
approximately 12 feet above the finished floor elevation. A separate chamber on the east side of 
the manhole receives treated water from the trickling filters and directs to Splitter MH No. 2. The 
10-inch In-plant Waste pipe from screening also enters the east side of the manhole, joining with 
the flow to Splitter MH No. 2. 

4.3.3.2 Recirculation Pumping Station 
The recirculation pumping station is located in between the solids contact tanks and was 
constructed in 1970. The building houses two (2) WAS pumps. The WAS pumps draw from the 
sludge wetwell, which receives WAS from the final clarifiers, and discharges to the secondary 
thickeners. The building previously housed two (2) recirculation pumps, which recirculated flow 
back to the trickling filter splitter box.  Effluent is circulated through a sump in the lower level of 
the building to monitor for dechlorination dosage. 

4.3.4 Screw Pumps 
The trickling filters are followed by three (3) 8,050 gpm screw pumps, added to the plant in 1996 
(Figure L-10). They provide 15 feet of head. The screw pumps are in good condition.  

4.3.4.1 Waste Pump Wetwell 
The waste pump wetwell was constructed as part of the 1996 renovation. The wetwell receives 
waste from the final clarifier scum and belt press filtrate. The effluent flows to the WAS pumps 
located in the recirculation pump station. 

4.3.4.2 Screw Pump Wetwell 
The screw pump wetwell was added to the plant in 1996. Flow enters from Splitter MH No. 2 and 
is lifted by the screw pumps. It is attached to the north end of the screw pump structure and is 
approximately 17 ft long by 9.75 ft wide by 17 ft deep. 
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4.3.5 Solids Contact 
The plant has two (2) aerated solids contact tanks in the original plant’s final clarifiers (Figure L-
11). The basins were originally constructed as 85-ft diameter final clarifiers. These clarifiers were 
converted to solids contact tanks in 1996. The resulting basins have a 16.5-ft operation depth, 
1.5 feet of freeboard, a 32-ft diameter center wall, and two (2) dividing walls. The tanks have 
160,500 cubic feet of capacity.  

Four (4) blowers provide air to the solids contact tanks. Two (2) blowers are original to the 1996 
improvements project and two (2) were replaced in 2015 with smaller blowers to provide a larger 
range of turndown to control dissolved oxygen in the solids contact tanks. All four blowers are 
located in a building east of the tanks.  

4.3.5.1 Splitter MH No. P-5 
Splitter MH P-5 is a bypass manhole between the Screw Pump effluent channel and the solids 
contact tank. It is the only bypass provided for the solids contact tanks. In order to bypass Solids 
Contact Tank No. 1, all flow must be diverted towards Solids Contact Tank No. 2 to MH P-5, 
where the flow is then redirected to the effluent pipe leaving Solids Contact Tank No. 2, and 
returns back to Splitter MH 3.  

4.3.6 Blower Building No. 2 
Blower Building No. 2 was constructed as part of the 1995 Improvement Project and houses four 
(4) 1,500 SCFM blowers. The facility and all equipment are in good condition.  

4.3.7 Final Clarifiers 
Two (2) final circular clarifiers (Figure L-12) were added to the plant as part of the 1995 
Improvements Project. The clarifiers have a 120-ft diameter and a 16-ft side water depth. A 
splitter box distributes flows from the solids contact tanks to the clarifiers.  

At design AWW, the overflow rate is 462 GPD/ft2 and the detention time is 6.22 hours. Each tank 
has a vacuum sludge collection with a return sludge rate of 5,600 GPM. Return sludge flows by 
gravity to the screw pumps. Waste sludge is pumped by the WAS pumps. 

The final clarifier mechanisms, at 25 years old, are approaching the end of their typical useful life. 
Photos of the clarifier from 2015 and 2020 show that some components are in serviceable 
condition, while others, like the suction tube, warrant replacement. 

4.3.7.1 Effluent and Scum Boxes 
Each clarifier has an effluent and scum box. Effluent and Scum from Final Clarifier No.1 flows to 
the Final Clarifier No. 2 effluent and scum boxes, respectively. The combined effluent continues 
to Manhole P-2. The combined scum line combines with flow from the WAS splitter and flows to 
the sludge wetwell. 

4.3.8 Disinfection 
Final clarifier effluent flows to the chlorination manhole where it is dosed with chlorine gas, then 
flows to the dechlorination manhole. The outfall line is designed to provide 16.79 minutes of 
disinfection at the design peak instantaneous wet weather flow.  
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4.4 Solids Handling System 
The WWTF was originally constructed as a trickling filter plant in 1970. In 1985, the current 
dewatering belt press and outside sludge storage were installed. The organic capacity of the 
plant was expanded in 1996 through several major renovations including the conversion of, the 
secondary anaerobic digester to a second primary anaerobic digester. A microturbine was also 
installed to utilize the biogas from the digestion process. The solids system is also described in 
Appendix M. 

The solids handling system consists of:  
 Primary solids are routed to a sludge clarifier, where they are thickened (along with 

secondary sludge) to 1.75-2.5% solids prior to digestion. 
 Waste activated sludge (WAS) at about 0.5% solids from the two final clarifiers flows 

back to the head of the plant where it is co-settled in the primary clarifiers and then in the 
sludge clarifier. There are two gravity thickeners to thicken the WAS, but challenges with 
these units and lack of performance, resulted in co-settling WAS with primary sludge. 

 The thickened solids are fed to two anaerobic digesters. The digesters are both mixed 
and heated, and have floating covers. 

 Digested solids are dewatered with a belt filter press (BFP). The BFP produces cake that 
is 13% solids on average. The City has tested newer equipment, without significant 
improvements to percent solids. 

Biogas generated from the anaerobic digesters is used to fuel a 65kW microturbine.  

4.4.1 Primary Sludge Thickener 
Primary sludge is removed to 5% or 1.5%, corresponding to 16,870 GPD and 56,236 GPD 
respectively, by the two (2) 300 gpm sludge pumps in the Preliminary Treatment Building. The 
primary sludge is transferred to the gravity sludge thickener that is 30-ft diameter with a 12-ft 
side-water depth.  

4.4.1.1 Scum Wetwell 
The scum wetwell is located on the northeast portion of the primary sludge thickener. It is 4-ft 
wide by 4-ft long by 5.5-ft deep. It has a sloped bottom to drain the accumulate scum from the 
clarifier to the 6’’ scum pipe to the sludge pump.  

4.4.1.2 Supernatant Wetwell 
The supernatant wetwell is attached to the east side of the Primary Sludge Thickener and is 6-ft 
wide by 5-ft long by 5.5-ft deep. The wetwell receives flow from the thickener launder and 
distributes to two supernatant lines, one to Splitter MH1 and to MH P-5. 

4.4.2 Aerated Secondary Sludge Thickeners 
Secondary clarifier underflow is pumped by two (2) 812 gpm WAS pumps into two aerated 
holding tanks for thickening. Each tank is 50 ft in diameter and has a 14-ft side water depth. Each 
tank is fitted with a coarse-bubble diffuser system powered by three (3) 700 SCFM rotary 
blowers.  Currently, these secondary gravity thickeners are not used.  
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4.4.2.1 Supernatant Wetwell 
Each secondary sludge thickener has a 5-ft wide by 8-ft long by 10.5-ft deep supernatant wetwell. 
The wetwell has four outlet valves that discharge flow from the thickener to the wetwell at several 
elevations. The bottom of the wetwell is sloped to allow for drainage to the 10-inch supernatant 
outlet pipe. 

4.4.3 Blower Building No. 1 
Blower building No. 1 is located north-west of the thickeners and was constructed as part of the 
1996 improvements project. There are three (3) blowers that supply air to the aerated secondary 
sludge thickeners via a 6-inch pipe. There are two (2) sludge pumps that receive sludge from the 
thickeners and discharge to the primary thickener and digester via 6-inch pipes.  

4.4.4 Anaerobic Digester Complex 
The digester complex (Figures L-13 and L-14) was constructed with the original plant and houses 
two (2) digester tanks, biogas conditioning equipment, boilers, a heat exchanger, sludge 
recirculation, a polymer feed system, and a belt filter press. 

The two 60-ft diameter digesters are attached to the south end of the Digester Complex. 
Together, approximately 50,000 gpd of primary and secondary sludge can be digested within the 
minimum 15-day detention time, providing ample capacity. 

The belt filter press is a 2.0-m press.  A 1.5-ft wide conveyor with a positive slope of 1:4 conveys 
the solids approximately 38 feet to the solids loadout bay.  

The Anaerobic Digester Complex is described in the Solids Preliminary Design Report 
(Appendix M). The building does not comply with NFPA codes and additional dewatering capacity 
is recommended. With the improvements to the digesters in 2011 and 2017, it is assumed that no 
improvements are necessary to the digester units, however operators expressed a desire for 
additional gas storage. 

4.4.5 Sludge Storage Beds 
Four (4) sludge storage (Figure L-22 and L-23) beds were constructed as part of the 1985 
improvements projects. Each bed is approximately 36 feet by 96 feet. A separate sludge storage 
area to the east of the beds is approximately 120 feet by 110 feet. 

4.4.6 Cake Storage Building 
A separate cake storage building was constructed in 1996 and is approximately 105 feet by 120 
feet. It is located northeast of the sludge beds and east of the thickeners. This is the primary 
storage location for sludge at the facility.  

4.4.7 Garage 
The garage was constructed sometime between 1985 and 1996. The garage is approximately 40 
feet by 80 feet. The garage is directly east of the digester complex.  

4.4.8 Administration Building 
The administration building (Figure L-24) is original to the plant and was renovated in 2019 to 
include additional space for a kitchen and meeting room. The initial layout provided 
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approximately 1,600 square feet, and with the addition the current area is approximately 3,000 
square feet.  

4.5 Collection System 
The City of Winona operates a total of 14 lift stations. Table 11 summarizes the pumping capacity 
and age of each station. 

Table 11 – Lift Station Summary 

Lift Station 
No. Forcemain Number 

of pumps Power (hp) 

Pump 
Capacity 

(gpm), per 
pump 

Year 
Established Last Updated 

4 24" CIP 3 140 5600 1946 2017 

5 12" CIP 3 30 2500 1925 2019 
(2022)1 

6 12" DIP 2 20 1000 1948 2019 

7 24" DIP 4 (2) at 70 
(2) at 125 

(2) at 2300 
(2) at 4000 1948 2015 

9 8" CIP 2 20 450 1968 2019 
11 6" PVC 2 7.5 350 1998 2021 
12 6" PVC 2 7.5 350 1998 2019 
13 4" PVC 2 7.5 200 2002 2014 
14 8" PVC 2 30 350 2003 2021 
15 4" PVC 2 10 200 2003 - 
16 4" PVC 2 5 100 2007 - 
17 8" HDPE 2 10 200 2005 - 
18 4" PVC 2 10 200 2006 - 
19 6" HDPE 2 5 200 2019 - 

1 Planned rehabilitation 

A map of the lift stations operated by the City of Winona is shown in Figure 4 below. 
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The lift stations are in all in good condition and are on a maintenance and pump replacement 
schedule. Lift stations should be continuously monitored and upgraded as equipment reaches the 
end of its useful life.  

5 Alternative Evaluation 
5.1 Overview 

The Winona WWTF requires improvements to continue current operation, improve performance, 
meet new effluent limits, and be prepared for future limits.  These improvements are 
recommended to be addressed as multiple separate phases:  

 Phase 0 – Immediate Upgrades – Address previously identified or scheduled 
improvements, including the preliminary treatment building. 

 Phase 1 – Total Phosphorous – Upgrade the liquid process train to meet current Total 
Phosphorous limit, upgrade the biosolids components as required, and other facility 
improvements. 

 Phase 2 – Total Nitrogen – Upgrade the liquid process train to meet predicted Total 
Nitrogen Limit. Timing driven by regulations.  

 Phase 3 – Useful Life – Other long-term improvements as required. 

As the population is predicted to decline between 2021 and 2045, the capacity of the plant will 
reflect current flow conditions for all phases. 

Phases 1 and 2 have several alternatives that are capable of meeting the specific goal. The 
Alternatives addressed in this Facility Plan relate to secondary treatment options – how to 
address new and potential future nutrient regulations. Each Alternative is explored further in the 
following sections. Other Alternatives, considered for the solids processes, are described in detail 
in the Solids Preliminary Design Report, attached as Appendix M.   

Table 12 – Effluent Water Quality Targets per Phase 

 Average TP 
limit (mg/L) 

Average TN 
limit Comments 

Phase 0 - - Upgrades do not address nutrient removal or limits 
Phase 1 0.7 mg/L - Updates focused on phosphorous removal 

Please 2 0.7 mg/L 10 mg/L Updates focused on nitrogen removal in addition 
to existing phosphorous removal 

Phase 3 - - Upgrades increase reliability but do not specifically 
address proposed or potential future limits 

Three alternatives were developed to achieve the treatment goals of Phases 1 and 2, as shown 
below in Table 13. Two additional alternatives were initially considered and deemed as not 
feasible for the project: a do-nothing approach and a full plant replacement.  

A do-nothing approach is not feasible as the plant is not meeting the required new total 
phosphorous limit and has some equipment which is beyond its usefully life and needs to be 
upgraded. 
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A full-plant replacement would bring the plant to full compliance with permit requirements. 
However, as much of the equipment of the plant has remaining useful life as-is or with minor 
improvements, a full-plant replacement would decommission working and effective equipment 
and is cost prohibitive.  

The following alternatives propose modifications to the existing WWTF. The alternatives reuse as 
much of the existing equipment as possible while maximizing long term operation and 
maintenance cost savings and plant performance.  

Table 13 – Comparison of Phases and Alternates 

Alternative Phase 1 
(Meet TP limit of 0.7 mg/L) 

Phase 2 
(Meet TP limit of 0.7 mg/L AND TN limit of 10 mg/L) 

Alternative 1 - Chemical Phosphorous Removal 
- Rehab existing Trickling Filters 

- Denitrification Filter 
- Supplemental carbon for 

denitrification 

Alternative 2 
- Biological-P via Integrated Fixed-

Film Activated Sludge 
- Chem-P for Polishing 

- Add additional IFAS Media 

Alternative 3 

- Biological Phosphorous Removal 
via anaerobic treatment followed by 
aerobic treatment (A/O) 

- Chem-P for Polishing 

- Biological Nitrogen Removal Via 
Anaerobic, Anoxic, and Aerobic 
treatment (A2/O) 

- Supplemental carbon for 
denitrification 

Figure 5 shows the existing liquid treatment schematic, for comparison between alternatives. 

Figure 1 – Current Treatment Schematic 

 

All cost estimates provided in this report are preliminary and are based on the following 
assumptions: 
1. A 30% contingency is applied to all estimates for the preliminary planning phase.  

2. The costs include a 20% mark-up for engineering design and construction administration. 

3. All costs are based on 2021 equipment costs for similarly sized projects. As market 
conditions are volatile, these costs may not be accurate or valid at the time of design or 
construction.  

5.2 Phase 0 – Immediate Upgrades – Improve Existing Equipment 
The Solids Study (Appendix M) identified several improvements that should be performed to be in 
compliance with National Fire Protection code. Due to the timing of the new NPDES permit, some 
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of the improvements identified in the Solids Study are included in Phase 1. Phase 0 will include 
Pretreatment building improvements to replace aging equipment and address NFPA codes. 

For additional details, see Section 11 of Appendix M. The updated cost for this phase adjusted to 
2021 dollars is $1,984,000.  

5.3 Phase 1 – Phosphorous and Phase 2 – Nitrogen Removal 
Three alternatives were developed to address phosphorous and nitrogen removal. Each 
alternative has two phases: Phase 1 targets phosphorous removal, and Phase 2 targets nitrogen 
removal. Because the direction planned to address phosphorus (Phase 1) impacts the cost to 
implement nitrogen removal (Phase 2), these two phases are looked at together for a holistic, 
long-term approach. 

5.3.1 Phosphorus Removal 
Phosphorus removal is the driver for Phase 1 of the three alternatives. Phosphorus can be 
addressed chemically, using chemicals such as alum, ferric chloride, ferric sulfate, and others, or 
biologically by creating conditions for microorganisms to uptake phosphorus. As phosphorus 
limits drop below 0.5 mg/L, the effectiveness of treatment becomes a function of solids removal, 
requiring some facilities to install filters or even membranes to meet low concentration levels. 

As noted in Table 2, the target effluent total phosphorus concentration varies from 0.36 to 
1.08 mg/L, depending on the WLA assumed and the wastewater volume. Target effluent 
concentrations with current flow conditions should be easily achieved without a tertiary filtration 
step. The scenario with the worst-case effluent concentration of 0.36 mg/L (assuming the long-
term average WLA and future design flows) will be challenging without filtration. However, 
particulate phosphorus typically comprises 5% of the effluent TSS at a facility treating for 
phosphorus.  If the effluent TSS concentration is 7 mg/L or less, the effluent phosphorus would 
be approximately 0.36 mg/L or less. Other facilities in Minnesota have achieved effluent total 
phosphorus levels of 0.3 mg/L without filtration. Given the small likelihood of the flows reaching 
the design conditions and that the WLA of this worst-case scenario is not a requirement, 
implementing a tertiary filtration step today is not warranted. 

5.3.2 Nitrogen Removal 
Total nitrogen removal requires the conversion of ammonia to nitrogen gas. The MPCA is 
currently planning for water quality standards for either nitrate or total nitrogen. The specific 
effluent limit(s) have not been defined but are expected to be phased into permits starting in 
2024. For the basis of planning, SEH has assumed that in Phase 2 the facility would be required 
to target an effluent total nitrogen (TN) limit of 10 mg/L.  

5.4 Alternatives 
The three identified alternatives address the need to meet the new phosphorous limit through 
modifications to the secondary treatment process. All alternatives do not propose changes to the 
preliminary treatment building, primary clarification, final clarification, or disinfection processes. 
These improvements, though required, are consistent across the three alternatives and are not 
included in the comparison of alternatives but are addressed in Section 6.  
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5.4.1 Alternative 1 – Chemical Nutrient Removal 
This alternative maximizes reuse of existing equipment and processes at the WWTF. Figure 6 
proposes the treatment train for this alternative: 

Figure 1 – Alternative 1 Treatment Train 

 

5.4.1.1 Phase 1 
Phase 1 continues to keep all existing processes in operation. Most of the equipment in the liquid 
treatment train is in good condition and can continue to operate with minimum upgrades. 
However, the trickling filters require complete media replacement to continue to be operable. 
While the trickling filters are not required for the success of Phase 1, they are required for 
nitrification in Phase 2. Therefore, improvements to the trickling filters are included in Phase 1 so 
that they can be operated in both phases. Rehabilitating the trickling filters does offer additional 
BOD loading capacity and helps reduce the impact of peak loading events from industry. 

The most significant aspect of Phase 1 is the addition of a chemical phosphorous removal 
system. Ferric chloride or alum are commonly used for chemical phosphorous removal. The 
chemical feed system would require a new building to house the chemicals.   

The following improvements are required to achieve the above treatment desired in this 
alternative: 

5.4.1.1.1 Trickling Filters 
The trickling filter media has reached the end of its useful life and requires complete replacement. 
The recirculation pumps also require complete replacement.  

5.4.1.1.2 Solids Contact Tanks 
The existing aeration equipment and laterals have reached the end of their useful life and need to 
be completely replaced. The blowers feeding the aeration equipment also need to be replaced. 
The blower building, housing these blowers, needs to be modified to be brought up to code.  

5.4.1.1.3 Chemical Feed 
New chemical feed equipment and piping is required for this alternative to achieve chemical 
phosphorous removal. This includes the construction of a new chemical feed building and piping 
to convey chemical to the treatment process. 

5.4.1.1.4 Site Piping 
Additional site piping is required to accommodate the new chemical feed system. 

5.4.1.2 Phase 2 
Phase 2 requires both supplemental carbon addition and denitrification filters to meet the 
required effluent limit. Both of these items require a new structure. A 75-ft by 75-ft building is the 
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minimum footprint required. In addition, a pumping structure is needed to move final clarifier 
effluent to the filters, which will likely be above ground.  

5.4.1.3 Preliminary Cost Estimate 
A preliminary cost estimate is provided in Table 14. This cost estimate only includes upgrades 
relating to the liquid train associated with phosphorous and nitrogen nutrient removal. 

Table 14 – Alternative 1 Preliminary Cost Estimate 

Alternative 1 

Cost Element Phase 1 Phase 2 Total 
Construction Cost Estimate1 $10,798,000 $24,237,000 $35,035,000 
Present Worth of Annual O&M2 $3,181,000 $7,938,000 $11,119,000 
Salvage Value2 $1,946,000 $5,505,000 $7,451,000 
20-Year Net Present Value $12,033,000 $26,670,000 $38,703,000 
1. Includes contingency (30%), permitting (1%), Mobilization/bonding/insurance/testing (6%). Engineering Design and Construction (20%) 
2. Assumes 3% inflation rate. Phase 1 OM applied for years 1-10, Phase 2 OM applied years 10-20. 

 

The above Construction Cost Estimate includes the following items: 
 Phase 1: 

 Rehab trickling filters (media, dome panel, underdrain system, concrete repair) 
 New blowers for solids contact tanks 
 Modifications to Blower Building 2 
 New laterals and diffusers for solids contact tanks 
 Chemical feed piping 
 Modifications to recirculation pump station 
 New recirculation pumps to tricking filters 
 New chemical feed building and feed system 
 Site piping modifications 

 Phase 2: 
 New chemical feed building and feed system 
 New filter building with filters 
 Site piping modifications 
 Pumping from Final Clarifiers to Filters 

The Operation and Maintenance estimate includes electricity usage, chemical usage, aeration 
demand, thickening costs, and operator/maintenance labor costs. 

5.4.2 Alternative 2 – Biological Nutrient Removal via IFAS 
Alterative 2 utilizes the Integrated Fixed-Film Activated Sludge (IFAS) system for secondary 
treatment. IFAS is typically used for retrofit projects and offers BOD, phosphorous, and nitrogen 
removal in a small footprint. IFAS can be implemented using either fixed or free media designed 
for attached growth, placed in the existing solids contact basins. The media and bacteria are 
selected to maximize COD removal, phosphorous removal, nitrification and denitrification. 
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Phosphorous reducing chemicals are also added between the aeration basin and final clarifier to 
provide chemical polishing redundancy as required by the MPCA but are not relied on for the 
success of the process.  

The IFAS system relies upon the carbon contained in the BOD loading and, therefore, the 
reduction of BOD by the trickling filters would hinder the efficiency of the system. The trickling 
filters would be decommissioned. 

Figure 7 proposes the treatment train for this alternative: 

Figure 1 – Alternative 2 Treatment Train 

 

5.4.2.1 Phase 1  
Phase 1 consists of removing the trickling filters, modifications to the splitter box and existing 
solids contact basins, and the addition of media collection screen(s) after the WAS pumps in the 
recirculation pump station. This alternative also provides the capabilities for chemical polishing to 
provide redundancy. 

There are several variations of the traditional IFAS system. The most common and traditional 
systems utilize plastic media for attached biological growth. A newer hybrid IFAS and organic 
biofilm system, Nuvoda, is able to achieve similar or better effluent quality to traditional IFAS 
systems in a smaller footprint, reducing both initial and long-term costs. Section 6 - 
Recommendations further discusses this technology and other similar technologies. The cost 
estimates for Alternative 2 for both Phase 1 and Phase 2 assume the use of the Nuvoda IFAS 
technology rather than the traditional IFAS technology. Based on preliminary calculations, 
traditional IFAS systems would require additional basin capacity, introducing additional costs than 
shown below. 

5.4.2.2 Phase 2 
Phase 1, while focused on phosphorous removal, simultaneously provides high nitrogen removal. 
Depending on the nitrogen limit, Phase 2 may not be necessary. In the event of a lower nitrogen 
limit than achievable by the Phase 1 system, additional media can be added to further reduce the 
effluent nitrogen concentrations down to an estimated 10 mg/L.  

5.4.2.3 Preliminary Cost Estimate 
A preliminary cost estimate is provided in Table 15. This cost estimate only includes upgrades 
relating to the liquid train associated with phosphorous and nitrogen nutrient removal. 
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Table 15 – Alternative 2 Preliminary Cost Estimate 

Alternative 2 

Cost Element Phase 1 Phase 2 Total 
Construction Cost Estimate1 $5,039,000 $412,000 $5,451,000 
Present Worth of Annual O&M $2,165,000 $1,611,000 $3,776,000 
Salvage Value2 $335,000 $0 $335,000 
20-Year Net Present Value $6,869,000 $2,023,000 $8,892,000 

1. Includes contingency (30%), permitting (1%), Mobilization/bonding/insurance/testing (6%). Engineering Design and Construction (20%) 
2. Assumes 3% inflation rate. Phase 1 OM applied for years 1-10, Phase 2 OM applied years 10-20. 

 

The above cost estimate includes the following items: 
 Phase 1: 

 Remove trickling filters 
 New blowers for solids contact tanks 
 Modifications to Blower Building  
 New laterals and diffusers for solids contact tanks 
 Modify walls in solids contact tanks 
 Modifications to recirculation pump station 
 New chemical feed building, feed system, and site piping 
 New media retention screen after WAS pumps in Recirculation Pump Building. 
 Nuvoda media 

 Phase 2: 
 Additional media for solids contact tanks 

5.4.3 Alternative 3 – Biological Nutrient Removal Via A/O and A2/O 
Another method of phosphorous reduction is via biology through a traditional suspended-growth 
anaerobic/oxic (A/O) configuration, which consists of an anaerobic (and anoxic) basin followed by 
an aeration basin. Phosphorous removal is achieved biologically. Phosphorous reducing 
chemicals are added between the aeration basin and final clarifier to provide redundancy and 
operational flexibility.  

Figure 8 proposes the treatment train for this alternative: 

Figure 1 – Alternative 3 Treatment Train 
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5.4.3.1 Phase 1  
As the plant already has two aeration basins, only anaerobic basins are required for the A/O. This 
basin is sized to provide adequate hydraulic residence time (HRT) and solids residence time 
(SRT) for phosphorous accumulating bacteria to activate. Adequate BOD is required for this 
process, and therefore the trickling filters, which lower the BOD loading to the solid contact tanks, 
are decommissioned as part of this alternative.  

5.4.3.2 Phase 2 
The A2/O process (Anaerobic/Anoxic/Oxic) removes nitrogen biologically through anaerobic, 
anoxic and oxic basins. As Phase 1 provides the anaerobic and oxic basins, only an anoxic basin 
would be added in Phase 2 to achieve denitrification. As much of the BOD required for 
denitrification is consumed in the nitrification process, supplemental carbon, such as glycerin or 
glycol, would likely be required.  

5.4.3.3 Preliminary Cost Estimate 
A preliminary cost estimate is provided in Table 16. This cost estimate only includes upgrades 
relating to the liquid train associated with phosphorous and nitrogen nutrient removal. Costs for 
other elements are provided in Section 6. 

Table 16 – Alternative 3 Preliminary Cost Estimate 

Alternative 3 

Cost Element Phase 1 Phase 2 Total 

Construction Cost Estimate1 $14,137,000 $3,921,000 $18,058,000 
Present Worth of Annual O&M $2,235,000 $8,238,000 $10,473,000 
Salvage Value2 $2,074,000 $692,000 $2,766,000 
20-Year Net Present Value $14,298,000 $11,467,000 $25,765,000 
1. Includes contingency (30%), permitting (1%), Mobilization/bonding/insurance/testing (6%). Engineering Design and Construction (20%) 
2. Assumes 3% inflation rate. Phase 1 OM applied for years 1-10, Phase 2 OM applied years 10-20. 

 

The above cost estimate includes the following items: 
 Phase 1: 

 Remove trickling filters 
 New blowers for solids contact tanks 
 Modifications to Blower Building 2  
 New laterals and diffusers for solids contact tanks 
 Modifications to recirculation pump station  
 New phosphorous chemical feed building, feed system, and site piping 
 New anerobic basins 
 Site piping modifications 
 New RAS lift station 
 Modifications to control structures between primary clarifiers and trickling filter splitter 

box 
 Phase 2: 
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 New anoxic tanks 
 Site piping modifications 
 Supplemental Carbon chemical feed system, building, and site piping 

5.5 Summary of Alternatives 
All three alternatives are able to achieve the new phosphorous limit and estimated future nitrogen 
limit while reusing existing infrastructure. However, Alternative 2 can treat to the new limits 
without adding significant operational complexity and at a significantly lower capital and 
operational cost than Alternatives 1 and 3. Table 17 summarizes the capital costs, average 
operation and maintenance, salvage value, and 20-year net present value for each alternative. 

Table 17 – Comparison of Alternatives 

Cost Element Alternative 1 Alternative 2 Alternative 3 

Phase 1 Capital Cost $10,798,000 $5,039,000 $14,137,000 
Phase 2 Capital Cost $24,237,000 $412,000 $3,921,000 
Operation and Maintenance PV $11,119,000 $3,776,000 $10,473,000 
Salvage Value $7,451,000 $335,000 $2,766,000 
20-Year Net Present Value2 $38,703,000 $8,892,000 $25,765,000 
1.Assume operating at full scale  
2.Assume Phase 2 completed at year 10 

The amount of solids generated for each alternative was estimated to ensure that the solids 
processes have capacity. Alternative 1 is projected to have the greatest solids production 
because it relies upon chemical phosphorus removal, while there are variations in the volumes 
projected, the variation was not significant to impact the comparison of alternatives. 

While the cost comparison strongly favors Alternative 2, other non-monetary factors should be 
considered when selecting the treatment process.  Below are some of the non-monetary factors 
considered: 

 Complexity of Operation: As Alternative 2 has the least amount of major process units, it 
is the lease complex. 

 Flexibility: Alternative 1 provides the greatest organic capacity, and as such, offers a 
great amount of flexibility for future loadings. Alternative 2 also offers flexibility with 
varying media volumes to achieve different levels of treatment. 

 Sustainability: A primary difference impacting sustainability is reliance on chemicals.  
Alternative 2 has the least reliance on chemicals.  

 Power Usage: Alternative 1, with continued use of the trickling filters, has lower aeration 
demand than the other 2 alternatives. Alternative 3 is expected to have the greatest 
power demand due to the mixers added for the anaerobic and anoxic zones. 

 Odor: The existing trickling filters produce some odor. Less odor is anticipated with 
Alternatives 2 and 3. 

 Lifetime of Processes/Basins: When planning for the next 20-years, it is important to 
invest wisely and consider the remaining life of existing structures. Alternative 3 involves 
the greatest amount of new structures, and therefore has the best useful life. 



 

FACILITY PLAN  WINON 160394 
Page 38 

 Process stability: Alternative 1 offers stability to handle greatly varying load fluctuations 
with the trickling filters. However, the system still experiences instability. Alternative 2 is 
believed to have the greatest process stability, in fact, some wastewater treatment plants 
bring in the Nuvoda media as a way to recover from a process upset. 

 Maintenance: With the least individual processes, Alternative 2 is easier to maintain than 
the other two alternatives. 

Given the significant cost savings and operational benefits of Alternative 2, it is recommended 
that the City of Winona pursue this alternative further. The next section provides additional detail 
on Alternative 2 and presents recommended next steps. 

5.6 Phase 3 – Future Needs 
As the improvements identified in Phases 0-2 do not address every component of the plant, the 
City should still plan for replacements in the long-term future. These replacements include: 

 Influent Pumps 
 Screw Pumps 
 Anaerobic Digester Covers 
 Primary Thickener Internals 
 Microturbine and gas conditioning maintenance, replacement, and addition 
 Continued collection system work 
 Lift Station rehabilitation 
 Final Clarifier rehabilitation 

5.7 Resource Recovery 
Wastewater treatment facilities offer the potential to produce recycled water, generate energy 
from biogas, and harvest nutrients from wastewater. These opportunities come with costs.  The 
following sections describe these opportunities. 

5.7.1 Water Reuse/Conservation 
As part of the Cost & Effectiveness criteria, water reuse and conservation must be considered. 
The following are some of the water reuse/conservation opportunities. 

 Industrial Reuse. There are a few industries within Winona that use a significant volume 
of water. One industry is in close proximity to the wastewater plant where supply of 
effluent may be viable.  

 City Uses. City uses, such as irrigation, would require the addition of a filtration step to 
comply with Title 22 Reuse requirements. This would be cost-prohibitive given the 
amount of water used. 

 In-Plant Uses. Effluent can be reused throughout the wastewater facility for wash water 
and spray water for screens, grit washers, and thickening and dewatering. This would 
require installing a non-potable water loop through the site and a booster pump skid, 
which is estimated to cost approximately $800,000. The City spends approximately 
$8,000 per year on potable water at the wastewater plant. Given this, an effluent reuse 
system is not economical. 
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 Water Efficient Devices.  
 The City does not currently require water efficient plumbing or devices, however 

does send educational newsletters to residents related to water conservation.  
 The City supports partner organizations, including energy companies, which offer 

rebates for retrofitting residential water usage devices (such as shower heads and 
faucets). 

 The City notifies users that experience significant increases in water usage to help 
identify leaks or other abnormalities. 

 The City offers select high-water users an option to use a phone application to view 
real-time water usage at residential locations to track water usage. The goal of this is 
to help residential users pinpoint high-usage activities in order to lower water 
consumption.  

 Use or Replacement of Water Meters. The Cost & Effectiveness guidance suggests that 
more accurate water metering can make users more aware of the volume and cost of the 
water. The City has 90-95% of the meters changed to new Electronic Encode Register 
(ECR) type meters. These meters allow for more accurate measurements. 

 Water Audits and Conservation Plans.  
 The following items were implemented based on the previous 10-year conservation 

plan: 
o Water supply system improvements (leak repairs, valve replacements, etc.) as 

part of ongoing preventative maintenance or immediate repair of leaks. 
o Midwest Leak Detection performs annual water leak surveys for the City of 

Winona.  
 The Water Conservation Report achieves the following items: 

o Estimates water loss based on water bills and usage. 
o Tracks residential water usage  
o Keeps accurate accounting of water treatment, distribution, and residential 

versus commercial/industrial water usage.  
o Maintains records of water conservation outreach efforts, including city 

ordinances, education and outreach activities, and seasonal water rates. 

5.7.2 Energy Generation 
The City’s WWTF currently uses biogas from the anaerobic digesters for co-generation, using a 
microturbine to generate electricity and the waste heat from the microturbine to heat the 
digesters. In the 2019 Solids Preliminary Design Report, SEH evaluated opportunities to increase 
biogas generation, including high-strength waste co-digestion, and produce more electricity. 
Given the other capital investments at the facility, infrastructure to take hauled wastes is a lower 
priority. 

5.7.3 Energy Conservation 
The facility has made great strides over the years to replace pumps, blowers, and other 
equipment with VFDs and instrumentation to optimize performance. The recommended 
improvements are not going to have a significant impact on energy use. 
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5.7.4 Byproduct Recovery 
Currently, the biosolids from the treatment process are land applied on farm fields. This practice 
puts to beneficial use the biosolids. There are other technologies, such as struvite harvesting, 
that form a saleable fertilizer product. Some larger facilities have implemented these types of 
technologies, but without facing maintenance costs associated with unintended struvite 
formation, struvite recovery is not economical at this scale. 

6 Recommended Alternative 
The recommended alternative, Alternative 2, is a hybrid IFAS and biofilm system producing 
granular sludge to improve settling and simultaneous phosphorous removal, nitrification, and 
denitrification. This alternative is specific to the Mobile Organic Biofilm (MOB) process by 
Nuvoda, Inc. As this technology is relatively new, a pilot study is highly recommended to 
demonstrate the applicability at this facility.  

A similar technology also fits well within this retrofit alternative and is expected to have similar 
costs and operational impacts to the Nuvoda system. The InDENSE system by World Water 
Works also produces granular sludge and is aimed to improve settleability. Upon further vetting, 
this technology may also be piloted along with the Nuvoda technology to compare performance 
and select the technology that provides the best value to the facility.  

The following sections assume the selection of the Nuvoda MOB system. 

6.1 Description of Technology 
The Nuvoda MOB process utilizes plant-based media to produce attached biological growth. The 
process produces fine granular sludge during the aeration treatment stage, providing the 
mechanism for phosphorous removal, nitrification, and denitrification. The system retains all 
granules through use of a rotary drum screen located at the WAS pumps. The entire system 
consists of ballast media pellets (which break away into small pieces to produce granules) and a 
rotary drum screen. Additional mixers in the RAS/WAS and final clarifier splitter basins (Splitter 
MH No. 3) are recommended to keep granules well-mixed and suspended. 

The rotary drum screen provides extremely high granular retention by separating the granules 
from the sludge to be wasted. The retained granules are returned to the solids contact tanks. 

It is recommended that plants budget for 2% media replacement annually, however some plants 
have gone several years without needing to add additional media to achieve effluent treatment 
goals. Media can be easily purchased as needed and can be added to the aeration tanks directly. 
The cost of 2% media replenishment is included in the operation and maintenance cost estimate.  

6.2 Plant Modifications 
As the media provides significant surface area, this process is able to utilize the existing basins 
without need for an increase in hydraulic volume. Only a few modifications are associated with 
this alternative. 

6.2.1 Removal of Trickling Filters 
The trickling filters are used today as roughing filters to reduce the BOD loading to solids contact 
tanks. This additional BOD is necessary to achieve the biological nutrient removal the Nuvoda 
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system is capable of. Therefore, the trickling filters are decommissioned as part of this 
alternative. 

6.2.2 Convert Solids Contact Tanks to Aeration Tanks 
The existing solids contact tanks, which were originally constructed as final clarifiers, will be 
retrofitted to provide both anaerobic and aerobic treatment. Approximately 25% of each basin will 
be converted to anaerobic selectors, with the remaining 75% providing aeration. Screw pump 
effluent, containing both primary effluent and granules produced from the Nuvoda media, will first 
go through the anerobic zone, and then will flow through the aeration zone. 

The existing diffusers have performance issues. New diffusers and air risers will be provided as 
part of the tank modifications. 

The center portion of each tank was filled as part of the 1995 Improvements Project. This portion 
will remain filled. 

6.2.3 Rotary Drum Screen for Granule Capture 
Settled granules from the final clarifiers are recovered through a rotary drum screen located just 
after the WAS pumps.  

6.2.4 Mixers in Splitter MH No. 3 
Without proper mixing, granules will settle in the intermediate basins. Therefore, mixers will be 
added to the following splitter chambers in Splitter MH No. 3 

 Final Clarifier Influent Splitters (2 mixers) 
 Final Clarifier Combined Effluent (1 mixer) 
 WAS/RAS Splitters (3 mixers) 

6.2.5 Chemical Building 
The proposed alternative is capable of achieving the required phosphorous and estimated future 
nitrogen limits without chemical use. However, this is dependent on proper ratios of phosphorus 
to available carbon and with the industry loadings, may not always be achievable. Further, the 
MPCA requires chemical redundancy for biological phosphorous removal. Chemical for chemical 
phosphorus removal will be provided to supplement the secondary treatment system.  

6.3 Operation and Maintenance Changes 
The operation of the plant will remain similar to the existing plant. The operations will be simpler 
with respect to the removal of the trickling filters. The new rotary drum screens introduce an 
additional maintenance item; however, this is a relatively small added power and maintenance 
cost.  

Media replacement is limited to adding a large bag of media to each basin annually and does not 
require any additional equipment or staffing.  

6.4 Opinion of Capital Costs for Recommendation 
The following cost estimate is specific to the proposed Nuvoda system. This estimate includes 
both improvements required for this alternative in addition to improvements that were 
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recommended to the secondary process across all alternatives, including to the blower building, 
screw pumps, and Recirculation Pump Station. 

Table 18 – Summary of Recommended Alternatives 

Treatment Process Phase 1 Phase 2 
1 Demolition 

(Trickling filters and splitter box) $469,200 - 

2 Solids Contact Rehabilitation $184,500 - 
3 Nuvoda Media and Screening $1,200,000 $250,000 
4 Blower Building 2 Rehabilitation $389,300 - 
5 Screw Pump Structure 

Rehabilitation $13,200 - 

6 Recirculation Pump Station 
Rehabilitation $294,600 - 

7 Chemical Building Improvements $483,700 - 
8 Site Piping $30,000 - 

Subtotal $3,064,500 $250,000 
Contingency (30%) $919,400 $75,000 

Permitting (1%) $30,700 $2,500 
Mobilization, Bonding, Insurance (5%) $153,300 $12,500 

Material Testing (1%) $30,700 $2,500 
Subtotal $4,198,600 $342,500 

Engineering – Design (10%) $419,900 $34,300 
Engineering – Construction (10%) $419,900 $34,300 

Total Capital Cost $5,039,000 $412,000 
Annual O&M Cost $2,165,000 $412,000 

Salvage Value $355,000 - 
20 Year Present Value of O&M and 

Capital Cost $7,559,000 $2,023,000 

1 Engineering fees include services for design, construction administration, and full-time construction observation. 
 

6.5 Other Recommended Improvements 
Several other improvements to the facility are recommended in addition to the improvements 
necessary to implement the selected alternative for nutrient removal. The 2017 Solids Preliminary 
Design Report recommended improvements to the thickening, dewatering, and biosolids storage 
systems. Alternatives, where appropriate, were evaluated. The following summarizes these 
items. The costs recommended in that report are adjusted to 2021 values as follows in Table 19. 

 Grit Removal: As described in the Solids Preliminary Design Report, the staff noted large 
volumes of grit making its way to the anaerobic digesters. While the system has the 
appropriate capacity, aerated grit removal systems do not always remove fine grit as well 
as other types of systems. SEH has recommended influent grit testing to determine the 
size distribution. The estimated costs below assume installation of a vortex grit removal 
system. 
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 Primary Clarifiers: Given the age of these structures and their exposer to raw 
wastewater, replacement of the primary clarifier drives, and mechanisms has been 
planned. 

 Thickening. Reviewed at length in the Solids Preliminary Design Report (Appendix M), 
the existing secondary sludge thickener has not performed, and the secondary sludge is 
co-settled with primary sludge. To improve digestion performance and reduce costs, a 
new dissolved air flotation thickener is planned. 

 Dewatering: Reviewed at length in the Solids Preliminary Design Report (Appendix M), 
SEH recommends adding a second belt filter press.  Also, the existing building should be 
brought up to current fire protection codes, with a new electrical room and back-up 
generator. 

 Biosolids Storage: The Solids Preliminary Design Report laid out multiple options for 
improved biosolids storage. The improvements are assumed to include one of those 
options presented. 

Table 19 – Updated Improvements Cost Estimates 

Process Updated Cost (2021 Value) 
Primary Clarifiers and Grit Removal $2,594,000 

Secondary Thickening w/DAFT $2,826,000 
New Dewatering Equipment and 

Building Improvements $6,557,000 

Additional Biosolids Storage $1,755,000 

It is recommended that these improvements be implemented in phases and coordinated with the 
CIP with the phosphorus removal project.  

6.6 Green Infrastructure 
The improvements recommended include very little new structures. Much of the work is 
rehabilitating existing structures, as such, there is little opportunity to incorporate green 
infrastructure into the project. 

6.7 Proposed Project Schedule 
Several projects have been identified in the 2017 Solids Study, the CIP, and this report. These 
projects are proposed to be implemented in a phased schedule over the next ten years. Table 20 
proposes a timeline for these projects. 
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Table 20 – Proposed Project Schedule 

Project Estimated 
Cost1 

2022 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

Pretreatment Building 
Modifications $1,984,000 X          

Pretreatment Building 
Equipment Replacement $1,932,000  X         

Phosphorus Removal 
(Recommended Alternative) $5,039,000     X      

Nitrogen Removal 
(Recommended Alternative) $412,000          X 

Primary Clarifier Improvements 
and Vortex Grit $2,594,000     X      

Final Clarifier Improvements $550,000     X      
Thickening $2,826,000     X      
Dewatering $6,557,000     X      

Biosolids Storage $1,755,000     X      
Gas Storage and Microturbine $2,867,000         X  

TOTAL 

$26,516,000 

$1,984,000 

$1,932,000 

  

$19,321,000 

   

$2,867,000 

$412,000 

1. Costs include equipment, engineering, and construction in 2021 dollars. Projects are shown in the estimated year of completion. Note that 
costs will be distributed throughout the design and construction phase as costs are occurred.  

 

6.8 Financial Assistance 
The most likely source of loan funds, based on availability, is from Public Facilities Authority 
(PFA). The PFA administers the Clean Water Revolving Fund, which provides below-market-
rate financing for upgrading and constructing wastewater treatment facilities. Interest rates are 
determined by a set formula based on demographic characteristics of the borrower and other 
established rules. 

The PFA is responsible for reviewing each city’s financial capability and determining the 
amounts, terms, and conditions of the loans. Key features of the PFA loan program are the 
requirements to: 

 Pay Federal and State mandated wage rates during construction. 
 Complete wage compliance including inspections and interviews. 
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PFA also administers the Point Source Implementation Grant (PSIG). This grant provides 
assistance to communities to meet phosphorus limits below 1 mg/L, a total nitrogen limit less 
than 10 mg/L, and load reductions for other TMDL requirements. The PSIG grant funds 80% of 
related costs up to $7 million. Project elements reviewed in the Solids Preliminary Design Report 
in 2019 were intentionally delayed to be able to capture funding available through the PSIG 
program once the City received a phosphorus limit in the NPDES permit. 

 Phosphorus: The City would be likely to obtain some grant dollars from the PSIG 
program associated with the phosphorus treatment. A fraction of the costs for the solids-
related components could be funded with connection to phosphorus, including thickening, 
dewatering, and sludge storage. Additionally, the funding would cover 80% of the costs 
associated with the Nuvoda system, and the chemical feed system. Preliminarily, this 
could be a grant of $6 million for phosphorus.  

 Total Nitrogen. The PSIG grant could be potentially maximized by pursuing Regulatory 
Certainty and accepting a Total Nitrogen limit along with the phosphorus limit. This would 
require adding the remaining media to the system. The MPCA states that “Regulatory 
certainty is an incentive for municipalities that will employ biological nutrient removal in 
their wastewater treatment technology, and that are willing to accept a nitrogen limits in 
advance of a nitrogen standard. It affords up to 20 years of no more-restrictive 
phosphorous and nitrogen effluent limits allowing greater certainty in future fiscal 
planning and economic development.” With the MPCA developing nitrogen regulations 
today, it is unclear at which point the MPCA will no longer allow communities to pursue 
Regulatory Certainty. This can be further explored after completing pilot testing to 
determine the effectiveness of the recommended alternative for total nitrogen removal. 

Another program coordinated by PFA is the Wastewater Infrastructure Fund (WIF). WIF grants 
may be available if the average per household costs exceed 1.4% of median household income. 
The maximum WIF grant is $5 million. For Winona, the average household sewer bill would need 
to be $57/month for WIF grants to be applicable. Currently, a household using an average of 
1,600 cf per quarter would pay $47.12 per quarter, or $15.70 per month, a cost that is well below 
1.4% of the median household income. With the rate increase identified in Section 7, the 
projected residential rates will still be well below this threshold. 

Other funding sources for wastewater treatment improvement projects are also available.  
 Rural Development. Loan funding is also available through Rural Development. These 

loans tend to have higher interest rates compared with PFA loans, but they can be paid 
back over longer periods, up to forty years, to keep the payments lower. 

 Green Project Reserve (GPR) grants. For projects that use green infrastructure, water 
or energy efficiency, or other environmental innovations, the GPR may forgive up to 25% 
of loan principal up to $1 million. The City could likely obtain some GPR funds associated 
with blower sizing. 

 State bonding bill appropriations. The 2020 Bonding Bill had over $144M specially 
allocated to cities for water and wastewater projects as PFA grants. Communication with 
the City’s legislative representatives would be key to try to obtain funding this way. 
Success may be limited due to the low sewer rates, which makes a weaker case for 
special funding when compared to the need of other communities. 

 Federal EDA Program. These funds can be applied to projects that are necessary for a 
business to expand, create jobs and sustain the jobs in the region. 
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 Federal Infrastructure Bill. On November 15, 2021, H.R. 3684, the Infrastructure 
Investment and Jobs Act, was signed. The details of this are not defined yet, but 
Minnesota is expected to receive up to $680 million over 5 years to improve water 
infrastructure across the state. As information becomes available about this bill, the City 
will want to consider applicability to the wastewater treatment facility. 

6.9 Recommendations and Implementation Schedule 
A tentative schedule for the secondary treatment improvements to address the new Phosphorus 
Limit is proposed in Table 21 – Proposed Project Schedule, that follows the compliance schedule 
agreed upon between the City and the MPCA. 

Table 21 – Proposed Project Schedule 

Action Tentative Date1 
Submit Facilities Plan to MPCA March 1, 2022 
Public Hearing March 7, 2022 
Request placement on IUP May 2022 
Piloting January 2022 – June 2022 
Authorize preparation of design documents July 2022 
Submit Plans and specifications to MPCA December 2023 
Receive MPCA approval of plans and specifications March 2024 
Advertise project for bids April 2024 
Receive bids and award contract May 2024 
Begin construction June 2024 
Improvements operational March 2026 
Final Completion June 2026 
1 Tentative dates are subject to change 

Wastewater must still be treated in accordance with the current NPDES permit during 
construction. In order to meet this requirement, the existing structures and facilities must remain 
in operation during the construction of the new facilities and temporary shutdowns during periods 
of low flows may be required for connection of the new facilities with the existing facilities. 
Fortunately, with the trickling filters, there is more than enough organic treatment capacity to 
facilitate one Contact Basin offline. 

7 Wastewater User Rate Impact Evaluation 
Understanding the impact the new capital projects will have on the existing rates requires 
knowledge of the existing annual operations and maintenance costs and an understanding of 
how those annual costs will change with the capital projects in place. The impact of the proposed 
project on the wastewater user rates was evaluated as part of the 2021 Rate Study Report.   

The report found that cover the anticipated $22M in capital expenditure over the next 5 years, 
including financing the upgrade project with repayment starting in 2026, the rates need to 
increase between 20 and 40%, depending on water use and meter size. 
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8 Public Hearing 
A public hearing to present the contents of this report is scheduled for March 7, 2022. The public 
hearing documents will be included in Appendix F. 
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Appendix A 
Environmental Information Worksheet (EIW) 

A-1 – Completed Environmental Information Worksheet 
A-2 – National Register for Historic Places survey Response 
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Environmental Information 
Worksheet (EIW) form 

Clean Water State Revolving Fund Program 

Doc Type: Wastewater Point Source 

Eligible applicants seeking funds for clean water (stormwater and wastewater) projects through the Clean Water State Revolving 
Fund (commonly referred to as the CWSRF Program) are required by Minn. R. ch. 7077.0272, subp. 2.a. F. and Minn. R. ch. 
7077.0277, subp. 3.E., to complete an Environmental Information Worksheet (EIW). This information will be used to assess 
environmental impacts, if any, caused by the project.  

Questions:  Contact Review Engineer or Bill Dunn at 651-757-2324 or bill.dunn@state.mn.us.  

1. Project title: Winona WWTF Upgrade and Phosphorus Removal 
 
2. Proposer: City of Winona 
 
 Contact person: Paul Drazkowski 
 
 Title: Wastewater Superintendent 
 
 Address: 1801 Shives Road 
 
 Winona, MN 55987 
 
 Phone: 507-457-8207 
   
 Fax:       
 
3. Project location: County: Winona City/Twp: Winona 
 
 NE 1/4 NE 1/4 Section: 36 Township: 107 Range: 007 
 

Tables, Figures, and Appendices attached to the EIW: 

• County map showing the general location of the project; 
• United States Geological Survey 7.5 minute, 1:24,000 scale map indicating project boundaries (photocopy acceptable); 
• Site plan showing all significant project and natural features. 

4. Description: 
 
a. Provide a project summary of 50 words or less. 

The MPCA issued new limits on concentration of phosphorous in plant effluent in July, 2021. The Winona WWTF requires 
upgrades to meet this new limit. Project consists of converting existing solids contact tanks to aeration and adding media to 
produce granular sludge.  

 
b. Give a complete description of the proposed project and related new construction. Attach additional sheets as necessary. 

Emphasize construction, operation methods and features that will cause physical manipulation of the environment or will 
produce wastes. Include modifications to existing equipment or industrial processes and significant demolition, removal or 
remodeling of existing structures. Indicate the timing and duration of construction activities. 

The WWTF Upgrade Project is broken up tin five parts: Phosphorous Removal, Digester Building and Dewatering 
Improvements, Primary Clarifier Rehabilitation, Waste Activated Sludge Thickening, and Biosolids Storage Expansion.  

 

Phosphorous Removal: 

The proposed project consists of modifying the existing treatment plant within the existng property area. 

The two (2) existing trickling filters and effluent boxes will be removed as part of this project. The filters are at the end of their 
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useful life and will not be used as part of the new treatment train. The existing splitter structure that directs flow from the 
primary clarifiers to the trickling filters can remain in place and primary effluent can flow through the structure to the screw 
pumps.  

The two (2) existing solids contact tanks will be converted to aeration basins. Each tank currently has two internal walls that 
were constructed in 1996 as part of a past improvements project. One wall in each basin will be removed, and a new wall 
constructed to split the basin into two parts, 75% will be aerated and 25% will be anoxic. The basins will also require a new 
diffuser grid and blowers. 

The recirculation pump station is old and is not up to code. The following section describes the addition of new equipment in the 
building, which will require the structure to be brought up to code. This will entail several improvements to the HVAC and 
electrical system. 

As the aeration basins require new aeration equipment, the blowers in Blower Building 2 will need replacement. As this building 
is also old and not up to code, it will require electrical and HVAC improvements to bring to current code.  

New mixers are required in the solids contact combined effluent boxes, WAS, and RAS splitter boxes. 

A new drum screen will be installed in the recirculation pump station following the WAS pumps to retain granules produced in 
the aeration basin. These granules will be pumped back into each aeration basin. 

A new chemical feed building is required to provide chemical phosphorous removal redundancy. The proposed footprint is 18 
feet by 36 feet. The building will contain chemical feed pumps, a 500-gallon chemical tank, chemical transfer pump, HVAC, 
electrical, and controls. 

Although limited, there will be some modifications to site piping as a result of the removal of the trickling filters and the addition 
of the rotary drum screen. 

Site piping for the new chemical phosphorous removal system will also be required. Piping will be provided from the new 
structure to the aeration basins. 

Digester Building and Dewatering Improvements: 

This project includes improvements to the existing digester building. New equipment includes a belt press, control panel, 
polymer feed system, sludge feed pumps, booster pumps, screw conveyor, comminutor, recirculation pumps, sludge transfer 
pumps, and heat exchanger. Minor structural, electrical, and HVAC improvements are required to accommodate the new 
equipment.  

Primary Clarifier Rehabilitation: 

The mechanisms of the primary clarifiers are approaching the end of their useful lives and need to be replaced. Both primary 
clarifiers will receive new mechanisms and a walkway above the weirs to allow for operators to properly maintain weirs. 

Waste Activated Sludge Thickening: 

A DAF thickener is proposed to provide additional thickening for Waste Activated Sludge (WAS). This DAF thickener will be a 
17-foot diameter circular tank with 8 feet of water depth. A new control building will need to be constructed to house electrical 
equipment, air compressor, chemical feed system, and pumps.  

Biosolids Storage Expansion: 

Additional storage for biosolids is required. A new 125-foot by 245-foot storage pad will be constructed. A membrane cover will 
also be provided. 

 
 

c. Explain the project purpose; if the project will be carried out by a governmental unit, explain the need for the project and identify 
its beneficiaries. 

The purpose of this project is to address the new phosphorous limit set by the MPCA in July 2021. As the existing plant is not 
capable of meeting the new limit under current operations, it requires a major improvements project. This project will be 
completed by the City of Winona through consulting engineers and construction to be competed by a construction company 
under direct involvement of the City of Winona and the design engineers. The project benefits those living in the City of Winona, 
City of Goodview, Minnesota City, and all those who benefit from the water quality of the Mississippi River which receives the 
treated effluent. 
 

d. Are future stages of this development including development on any outlots planned or likely to happen?     Yes   No 
If yes, briefly describe future stages, relationship to present project, timeline and plans for environmental review. 

.  

 
e. Is this project a subsequent stage of an earlier project?     Yes    No 
 If yes, briefly describe the past development, timeline and any past environmental review. 
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5. Project magnitude data 
 
 Total Project Area (acres) 5 or Length (miles)       
 Number of Residential Units: Unattached 0 Attached 0 maximum units per building 0 
 Commercial/Industrial/Institutional Building Area (gross floor space): total square feet 3000 
 Indicate area of specific uses (in square feet):       
  
 Office       Manufacturing       
 Retail       Other Industrial       
 Warehouse       Institutional       
 Light Industrial       Agricultural       
 Other Commercial (specify)        
 Building height       If over 2 stories, compare to heights of nearby buildings       
 
6. Permits and approvals required. List all known local, state and federal permits, approvals and financial assistance for the 

project. Include modifications of any existing permits, governmental review of plans, and all direct and indirect forms of public 
financial assistance including bond guarantees, Tax Increment Financing and infrastructure. 

 
 Unit of government Type of application Status 
                   
                   
                   
                   
                   
                   

 
7. Land use. Describe current and recent past land use and development on the site and on adjacent lands. Discuss project 

compatibility with adjacent and nearby land uses. Indicate whether any potential conflicts involve environmental matters. 
Identify any potential environmental hazards due to past site uses, such as soil contamination or abandoned storage tanks, 
or proximity to nearby hazardous liquid or gas pipelines. 

All land has been owned by the WWTF since the original construction in 1970. No environmental conflicts are anticipated. No 
hazardous liquid or gas pipelines have been identified. 

 
8. Cover types. Estimate the acreage of the site with each of the following cover types before and after development: 
 
  Before  After  Before  After 
 Types 1-8 wetlands 0  0 Lawn/landscaping 3.96  3.97 
 Wooded/forest 0  0 Impervious Surfaces 8.04  8.03 
 Brush/grassland 0  0 Other (describe)              
 Cropland 0  0     
     Total 12  12 
 
9. Fish, wildlife, and ecologically sensitive resources. 
 
 a. Identify fish and wildlife resources and habitats on or near the site and describe how they would be affected by the 

project. Describe any measures to be taken to minimize or avoid impacts. 

The Mississippi River runs along the north side of the plant, however is outside of the plant property. No direct 
environmental impacts are expected as a result of the construction of this project. This project will result in lower 
phosphorus concentrations entering the Mississippi river, which will benefit the existing fish and wildlife resources and 
habitats long term. 

   
 b. Are any state (endangered or threatened) species, rare plant communities or other sensitive ecological resources such 

as native prairie habitat, colonial waterbird nesting colonies or regionally rare plant communities on or near the site?   
 Yes   No 

  If yes, describe the resource and how it would be affected by the project. Indicate if a site survey of the resources has 
been conducted and describe the results. If the Minnesota Department of Natural Resources (DNR) Natural Heritage and  

 Nongame Research program has been contacted give the correspondence reference number:       
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  Describe measures to minimize or avoid adverse impacts. 
  

      

10. Physical impacts on water resources. Will the project involve the physical or hydrologic alteration (dredging, filling, stream 
diversion, outfall structure, diking, and impoundment) of any surface waters such as a lake, pond, wetland, stream or 
drainage ditch?     Yes    No    
If yes, identify water resource affected. Describe alternatives considered and proposed mitigation measures to minimize 
impacts. Give the DNR Protected Waters Inventory (PWI) number(s) if the water resources affected are on the PWI. 

 
      

11. Water use. Will the project involve installation or abandonment of any water wells, connection to or changes in any public 
water supply or appropriation of any ground or surface water (including dewatering)?     Yes    No 
If yes, as applicable, give location and purpose of any new wells; public supply affected, changes to be made, and water 
quantities to be used; the source, duration, quantity and purpose of any appropriations; and unique well numbers and DNR 
appropriation permit numbers, if known. Identify any existing and new wells on the site map. If there are no wells known on 
site, explain methodology used to determine. 

 
      

12. Water-related land use management districts. Does any part of the project involve a shoreland zoning district, a 
delineated 100-year flood plain, or a state or federally designated wild or scenic river land use district?     Yes    No 
If yes, identify the district and discuss project compatibility with district land use restrictions. 

 
      

13. Water surface use. Will the project change the number or type of watercraft on any water body?     Yes    No 
If yes, indicate the current and projected watercraft usage and discuss any potential overcrowding or conflicts with other uses. 

 
      

14. Erosion and sedimentation. Give the acreage to be graded or excavated and the cubic yards of soil to be  
 moved: 0.04 Acres: 6500 cubic yards. Describe any steep slopes or highly erodible soils and  
 identify them on the site map. Describe any erosion and sedimentation control measures to be used during and after project 

construction.  
 

Soil to be moved is entirely due to the demolition or addition of structures. No changes to site grading are anticipated as part 
of this project. The existing fence line will contain soil and limit erosion outside of the project area.      

15. Water quality – surface-water runoff. 
 
 a. Compare the quantity and quality of site runoff before and after the project. Describe permanent controls to manage or 

treat runoff. Describe any storm water pollution prevention plans. 
  

This project decreases the impervious area at the WWTF and therefore will reduce site runoff.  

 
 b. Identify routes and receiving water bodies for runoff from the site; include major downstream water bodies as well as 

the immediate receiving waters. Estimate impact runoff on the quality of receiving waters. 
  

Runoff from the site flows to the Mississippi River. As this project reduces the impervious surface area on the property, 
runoff is anticipated to decrease.  

16. Water quality – wastewater. 

 a. Describe sources, composition and quantities of all sanitary, municipal and industrial wastewater produced or treated at 
the site. 

  Wastewater treated at this site consists of residential, commercial, and industrial wastewater. The facility currently 
treats an average flow of 4.2 MGD, however is rated for up to 9.6 MGD Average Flow and 15.0 MGD Peak Hourly 
Flow.      

 b. Describe waste treatment methods or pollution prevention efforts and give estimates of composition after treatment. 
Identify receiving waters, including major downstream water bodies, and estimate the discharge impact on the quality of 
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receiving waters. If the project involves on-site sewage systems, discuss the suitability of site conditions for such systems. 
  The proposed project does not produce additional waste; thus no additional waste treatment methods or pollution 

prevention efforts are required. 

 c. If wastes will be discharged into a publicly owned treatment facility, identify the facility, describe any pretreatment 
provisions and discuss the facility’s ability to handle the volume and composition of wastes, identifying any 
improvements necessary. 

  Not applicable. 

 d. If the project requires disposal of liquid animal manure, describe disposal technique and location and discuss capacity 
to handle the volume and composition of manure. Identify any improvements necessary. Describe any required 
setbacks for land disposal systems. 

  Not applicable. 

17. Geologic hazards and soil conditions. 
 
 a. Approximate depth (in feet) to Groundwater > 80 inches minimum;       average. 
 Bedrock: > 80 inches minimum;       average. 
  Describe any of the following geologic site hazards to groundwater and also identify them on the site map: sinkholes, 

shallow limestone formations or karst conditions. Describe measures to avoid or minimize environmental problems due 
to any of these hazards. 

  No geologic hazards are known on site. 

 b. Describe the soils on the site, giving U.S. Soil Conservation Service (SCS) classifications, if known. Discuss soil 
granularity and potential for groundwater contamination from wastes or chemicals spread or spilled onto the soils. 
Discuss any mitigation measures to prevent such contamination. 

  The soil is categorized as Psamments, fill (Source: USDA Web Soil Survey). This is a very sandy soil with good 
drainage. This project only introduces one new chemical to the site (Alum or Ferric Chloride), which will be delivered in 
a typical delivery truck and transferred directly to an indoor tank with proper containment. Risk of chemical spills onto 
soils is similar to current operations and is very low.  

18. Solid wastes, hazardous wastes, storage tanks. 
 a. Describe types, amounts and compositions of solid or hazardous wastes, including solid animal manure, sludge and 

ash, produced during construction and operation. Identify method and location of disposal. For projects generating 
municipal solid waste, indicate if there is a source separation plan; describe how the project will be modified for 
recycling. If hazardous waste is generated, indicate if there is a hazardous waste minimization plan and routine 
hazardous waste reduction assessments. 

  No additional hazardous wastes will be produced as part of this project.  

 b. Identify any toxic or hazardous materials to be used or present at the site and identify measures to be used to prevent 
them from contaminating groundwater. If the use of toxic or hazardous materials will lead to a regulated waste, 
discharge or emission, discuss any alternatives considered to minimize or eliminate the waste, discharge or emission. 

  No toxic or hazardous materials will be used as part of this project. 

 c. Indicate the number, location, size and use of any above or below ground tanks to store petroleum products or other 
materials, except water. Describe any emergency response containment plans. 

  No tanks store petroleum on site. There are basins treating municipal wastewater throughout the site, however all are 
partially above ground and visible.      

 
19. Traffic. Parking spaces added: 0 Existing spaces (if project involves expansion):       
 Estimated total average daily traffic generated: 10 Estimated maximum peak hour traffic  
 generated (if known) and its timing:        Provide an estimate of the impact on traffic 
 congestion affected roads and describe any traffic improvements necessary. If the project is within the Twin Cities metropolitan 

area, discuss its impact on the regional transportation system. 

  

No significant impacts are predicted due to this project. 

20. Vehicle-related air emissions. Estimate the effect of the project’s traffic generation on air quality, including carbon monoxide 
levels. Discuss the effect of traffic improvements or other mitigation measures on air quality impacts. Note: If the project involves 
500 or more parking spaces, consult Environmental Assessment Worksheet (EAW) Guidelines about whether a detailed air 
quality analysis is needed. 
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 No significant traffic is expected, and therefore increased vehicle-related air emissions will be minimal. 

21. Stationary source air emissions. Describe the type, sources, quantities and compositions of any emissions from stationary 
sources of air emissions such as boilers, exhaust stacks or fugitive dust sources. Include any hazardous air pollutants (consult 
EAW Guidelines for a listing), any greenhouse gases (such as carbon dioxide, methane, and nitrous oxides), and ozone-
depleting chemicals (chlorofluorocarbons, hydrofluorocarbons, perfluorocarbons or sulfur hexafluoride). Also describe any 
proposed pollution prevention techniques and proposed air pollution control devices. Describe the impacts on air quality. 

 No additional stationary source air emissions are planned for this project. 

22. Odors, noise, and dust. Will the project generate odors, noise or dust during construction or during operation?     Yes    No 

 If yes, describe sources, characteristics, duration, quantities or intensity and any proposed measures to mitigate adverse 
impacts. Also identify locations of nearby sensitive receptors and estimate impacts on them. Discuss potential impacts on human 
health or quality of life. (Note: fugitive dust generated by operations may be discussed at item 23 instead of here.) 

 This project includes demolition of two trickling filters and modifications to other existing structures on site. This work will likely 
produce noise and dust. The site is far from residential areas that this project should not have a significant impact on sensitive 
receptors or any negative human health risks..  

23a. Nearby resources. Are any of the following resources on or in proximity to the site? Projects should search the Minnesota State 
Historic Preservation Office’s (SHPO) National Register of Historic Places database. 

 *Note:  Project proposers must contact the SHPO at datarequestshpo@mnhs.org to request a database review to obtain 
information on any known historical or archaeological sites in the project area.   
Include a copy of correspondence with SHPO with the submittal of this EIW form. 

 a. Archaeological, historical, or architectural resources?     Yes    No 
 b. Prime or unique farmlands or land within an agricultural preserve?     Yes    No 
 c. Designated parks, recreation areas, or trails?     Yes    No 
 d. Scenic views and vistas?     Yes    No 
 e. Other unique resources?     Yes    No 

 If yes, describe the resource and identify any project-related impacts on the resources. Describe any measures to minimize or 
avoid adverse impacts. 

       

23b. Section 106 Review (36 CFR 800) is required for all CWRF projects. The following forms can be found on the MPCA 
Wastewater and Stormwater Financial Assistance website at https://www.pca.state.mn.us/ppl. Select Clean Water Revolving 
Fund tab; then scroll to Facilities Plan and Facilities Plan Supplement for Wastewater Treatment Systems heading. 

a. Project is exempt from review (attach completed Exemption Checklist)     Yes    No 
b. Project is required to complete further Section 106 Review:     Yes    No 

a. SHPO 
b. Tribal consultation 
c. Other Consulting parties 

24. Visual impacts. Will the project create adverse visual impacts during construction or operation?  Such as glare from intense 
lights, lights visible in wilderness areas and large visible plumes from cooling towers or exhaust stacks?     Yes    No 

If yes, explain. 

       

25. Compatibility with plans and land use regulations. Is the project subject to an adopted local comprehensive plan, land use 
plan or regulation, or other applicable land use, water, or resource management plan of a local, regional, state or federal 
agency?    Yes   No  

 If yes, describe the plan, discuss its compatibility with the project and explain how any conflicts will be resolved. If no, explain. 

       

26. Impact on infrastructure and public services. Will new or expanded utilities, roads, other infrastructure or public services be 
required to serve the project?    Yes   No 

If yes, describe the new or additional infrastructure or services needed. (Note: any infrastructure that is a connected action with 
respect to the project must be assessed in the EAW; see EAW Guidelines for details.) 
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27. Cumulative impacts. Minn. R. 4410.1700, subp. 7, item B requires that the RGU consider the “cumulative potential effects of 
related or anticipated future projects” when determining the need for an environmental impact statement. Identify any past, 
present or reasonably foreseeable future projects that may interact with the project described in this EAW in such a way as to 
cause cumulative impacts. Describe the nature of the cumulative impacts and summarize any other available information 
relevant to determining whether there is potential for significant environmental effects due to cumulative impacts (or discuss each 
cumulative impact under appropriate item(s) elsewhere on this form). 

  

No other projects have recently occurred or are planned to occur outside of the projects proposed in this application that would 
present cumulative potential effects.      

28. Other potential environmental impacts. If the project may cause any adverse environmental impacts not addressed by items 1 
to 28, identify and discuss them here, along with any proposed mitigation. 

 No other environmental impacts are anticipated. 

29. Summary of issues. List any impacts and issues identified above that may require further investigation before the project is 
begun. Discuss any alternatives or mitigative measures that have been or may be considered for these impacts and issues, 
including those that have been or may be ordered as permit conditions. 

 No issues are anticipated as a result of the proposed projects. Work is limited to existing structures and a few small new 
structures with limited changes to site grading. 

 



FIGURE TITLE3535 VADNAIS CENTER DR.
ST. PAUL, MN 55110

PHONE: (651) 490-2000
FAX: (651) 490-2150

WATTS: 800-325-2055
www.sehinc.com

M
ap

 D
oc

um
en

t: 
(L

:\R
es

ou
rc

es
\C

ar
to

gr
ap

hi
c\

Te
m

pl
at

es
\E

m
pt

yL
ay

ou
ts

\B
_A

N
SI

_1
1x

17
L\

11
x1

7L
_S

td
1.

m
xd

)
2/

13
/2

00
9 

-- 
1:

06
:0

5 
PM

Figure
XPROJECT NAME

Project Location

Map by:
Projection:
Source: 

Project: XXXXX 000000
Print Date: 00/00/0000

This map is neither a legally recorded map nor a survey map and is not intended to be used as one. This map is a compilation of records, information, and data gathered from various sources listed on this map and is to be used for reference purposes only.  SEH does not warrant that the Geographic Information System (GIS) Data used to prepare this map are error free, and SEH does not represent that the GIS Data can be used for navigational, tracking, or any other purpose requiring exacting measurement of distance or direction or precision in the depiction of geographic features.  The user of this map acknowledges that SEH shall not be
liable for any damages which arise out of the user's access or use of data provided.

MODIFY

REMOVAL CONVERT TO
ANOXIC AND
AEROBIC BASINS

Aerobic

Anoxic Anoxic

Aerobic

REMOVE TRICKLING FILTER
INFULENT/EFFLUENT OPENINGS.
CONVERT TO FLOW-THROUGH

CHEMICAL BUILDING
FOR PHOSPHORUS
POLISHING

NEW

ADD MIXERS
TO EXISTING
CHANNELS

REPLACE BLOWERS
AND BRING TO CODE

MEDIA RETENTION SCREEN
AFTER WAS PUMPS. BRING
UP TO CODE

NEW BELT FILTER
PRESS AND MISC
DEWATERING
IMPROVEMENTS

DAF AND CONTROL
BUILDING



§̈¦I-90

§̈¦I-90

¬«61

¬«43

¬«14

¬«248

¬«61

¬«61

¬«74

¬«74

¬«76

Co Rd 23

C
o

Rd109

C
o

Rd 20

Co Rd 8

Co Rd 114

Co
R

d
31

Co Rd

28

River

St

Co Rd 12

Co Rd 101

6th St

Co Rd 4

C
o

R
d

11
9

Co

Rd 41

Co Rd 110

Ea
st

Bu
rn

s
Va

lle
yR

d

Co Rd116

Co

Rd 102

Co
Rd

13

Co Rd 14

Co Rd 26

Co

R
d

11
7

Ga
rv

in
H

ei
gh

ts

Rd

Co Rd 30

Co Rd
11

Co Rd 35

Co
Rd15

C
o 

R
d 

33Co Rd 6

C
o

Rd
27

Co Rd 9C
o

R
d

37

Co Rd 17

Co

R
d

39

Co Rd 1

C
o

R
d4

3

Co

Rd
12

2

C
o 

R
d 

25

Co Rd 5Co
Rd

12
5

CoR
d

115

C
o 

R
d 

11
1

C
o 

R
d 

11
3

Co

Rd 3

Co Rd 18

CoR
d

16

C
o

Rd
1 9

Co Rd 2

G
ilm

or
e

Va
lle

y
Rd

Co
Rd 7

C
o

R
d

29

Dakota

Goodview

LaCrescent

Lewiston

Minneiska

Minnesota
CityRollingstone

Stockton

Utica

Altura

Elba

St.
Charles

Winona

Winona County Topography Elevation (feet)
High : 1368.1
 
Low : 629.841

0 3 61.5
Miles

¯
June 2016

PROJECT LOCATION:
WINONA WWTF



―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│

―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│―│

―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│―│―│ ―│―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│―│ ―│―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│

―│

―│ ―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│

―│ ―│―│―│ ―│―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│―│ ―│―│

―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│―│ ―│―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│―│

―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│―│

―│―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│

―│

―│―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│

―│―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│ ―│ ―│―│
―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│ ―│ ―│―│ ―│

―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│
―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│―│―│ ―│―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│
―│

―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│

―│―│ ―│―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│

―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│
―│ ―│―│ ―│―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│

―│

―│

―│

―│
―│ ―│―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│
―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│ ―│―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│―│ ―│―│

―│―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│ ―│―│―│ ―│―│

―│―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│ ―│―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│ ―│―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│
―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│―│―│ ―│―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│
―│ ―│

―│

―│

―│

―│

―│

―│ ―│―│―│ ―│―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│

―│

―│

―│

―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│―│ ―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│ ―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│
―│

―│
―│

―│

―│

―│

―│ ―│―│ ―│―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│

―│
―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│

―│

―│ ―│―│
―│

―│
―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│
―│

―│
―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│―│

―│
―│ ―│

―│

―│

―│

―│

―│

―│ ―│―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│
―│ ―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│
―│ ―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│

―│
―│ ―│―│
―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│―│―│ ―│―│

―│
―│ ―│

―│

―│

―│

―│

―│―│ ―│

―│

―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│
―│ ―│―│
―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│
―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│―│ ―│―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│

―│
―│

―│

―│

―│
―│ ―│―│
―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│
―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│―│―│ ―│―│

―│
―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│
―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│ ―│―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│―│ ―│―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│
―│ ―│―│
―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│

―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│
―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│―│

―│―│ ―│

―│

―│

―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│ ―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│

―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│
―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│
―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│―│ ―│―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│
―│ ―│―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│
―│ ―│―│―│ ―│―│

―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│―│

―│

―│

―│

―│

―│

―│

―│
―│

―│
―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│
―│

―│
―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│

―│

―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│―│

―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│―│ ―│―│

―│
―│

―│
―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│―│

―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│

―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│―│ ―│―│ ―│―│

―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│
―│

―│

―│

―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│

―│
―│ ―│―│ ―│―│

―│―│ ―│―│―│ ―│―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│

―│

―│

―│
―│ ―│―│

―│

―│

―│
―│ ―│―│

―│

―│

―│
―│

―│

―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│
―│ ―│―│ ―│―│

―│
―│ ―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│
―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│
―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│ ―│―│

―│
―│ ―│―│ ―│―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│ ―│―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│―│ ―│―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│

―│
―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│

―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│―│

―│ ―│―│―│ ―│―│
―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│
―│

―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│―│ ―│―│

―│―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│―│ ―│―│

―│

―│ ―│―│―│ ―│―│

―│
―│ ―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│
―│ ―│―│―│ ―│―│ ―│

―│ ―│
―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│―│―│ ―│―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│

―│
―│ ―│

―│

―│

―│

―│

―│
―│ ―│

―│

―│

―│

―│

―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│―│
―│

―│
―│ ―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│ ―│ ―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│ ―│―│ ―│―│ ―│

―│ ―│

―│ ―│

―│

―│

―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│

―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│

―│ ―│
―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│

―│ ―│ ―│
―│ ―│―│

―│

―│ ―│

―│ ―│

―│

―│

―│ ―│―│ ―│

―│ ―│

―│

―│
―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│

―│ ―│
―│ ―│―│―│ ―│

―│ ―│

―│

―│
―│ ―│―│ ―│―│

―│
―│ ―│―│
―│

―│
―│

―│

―│

―│

―│

―│

―│

―│
―│ ―│―│―│ ―│―│ ―│

―│ ―│
―│ ―│―│ ―│―│

―│

―│

―│

―│

―│

―│ ―│

―│ ―│

―│

―│

―│

.
.
... ..

... .
.

.
.
.

. .
. .
.

.
.
. .. ... .
.

.. .... .. . .
.

. ..
. .. .

.
....
..

.
.

.

.

. .. .
.

...
.

.. .
.

.
.

.. .
.

.
.. .

..
.. .

..
.. . .. ..

. ....

.
.

.

.
.

.. . . .
.

.
. .

.
.

..
.

.
. .

.

... .. ...
.

.
.

.
.

.
..

..
.

.

.
.

... ...
.

.
. .. ..

. ..
. .. ..

.
.

.
.. .

.
..

..
.

.
.. .
..
..
.

. ..
..

..

.
...

. .
.

. ..
.

.
..

.
. .
.
.
..
.
.

.
.

. .....
.
.
.
...

.
. .

.
.

...
.. .

...
.

.. .

.
....

..

... ...
..

.
.

.
.

.
. ..
..

... .
.

.
.

!"

!"

!"

!"

!F

!F

!F

!F

!F

!F

!F

!F

!F

!F
!F

▄n

▄n

▄n

▄â@T

▄n

F

F

H

1000

800

10
00

11
00

11
00

11
00

1100

900

700

1200

800

800

900

700

90
0

120
0

800

1000

80
0

700

120
0

1000

800

1100

1100

110
0

1200

800

1000

1000

1100

1100

1100

1000

900

700

1100

1000

700

1000

1200

700

800

1200

900

110
0

100
0

700

1100

700

900

900

1100

900

110
0

12
00

1100

1200

800

1000

900

1000

900

1200

1000

10
00

700

800

900

80
0

800

100
0

70
0

1200

900

110
0

1200

900

900

700

1000

1000

900

900

700

900

700

800

800

700
1000

900

1200

700

800

1100

110
0

90
0

700

900

700
12

00

11
00

800

1200

1000

110
0

900

1000

1000

800

1100

1200

90
0

100
0

900
900

800

1100

11
00

900

900

1100

110
0

1200

1100

10
00

800

1100

10
00

1000

1000

900

1100

800

800

1100

10
00

900

800

1000

800

1200

1000

1100
1000

11
00

70
0

800

900

1100

1000

1200

120
0

900

800

1000

900

1200

900

900

1100

1100

800

110
0

80
0

100
0

800

1000

1000

1200

900

800

1100

1200

1000

800

110
0

1000
11

00

100
0

900

1000

900

110
0

800

1100

900

800

1000

800
1100

1000

1100

900

1000

1100

110
0

1000

9001000 900

900

1100

12001100

900

K
ie

p
s 

Is
la

n
d
 D

ik
e

L
o
w

e
r

D
i v

e
rsi o

n
D

ik
e

R
iv

e
r

B
ot

to

m
Rd

Oxbow Dike

Delta Road

N
a

tu
re

 T
ra

il

VA
LL

EY
 V

IEW
 D

R

PLEASANT VALLEY RD

CLUBVIEW RD

PLEASANT RIDGE RD

HOLLER
H IL LLN

WILSON TWP 5

KN
OL

LW
OO

D
LN

TW
P R

D 3

WHISTLE PASS RD

GA
LE

WS
KI 

RD

CO RD P

KISSINGER RD

JUMBECK LN

PIEPERS VALLEY RD

SCHANK RD

BUFFALO RIDGE LN

BRANDHORST RD

PLATTES VALLEY RD

SCHARMOTA LN

AMANN LN

WHISTLE PASS RD

CO
RD

M

SCHMICKLE VALLEY RD

CO RD G

CO RD J

KLEIN LN

WOODLAND HILLS DR

KR
IES

EL
 LN

LAMBERT RD

CO RD G

RIV
ER

 PI
NE

 D
R

GREAT RIVER RD

£¤14
61

VIS
TA

VIE
W

LN

REFUGE R
D

DE
LA

NE
Y R

D

W PRAIRIE RD

AD
AM

S S
T

HA
MI

LTO
N S

T

E 3RD ST

E 2ND ST

SURA LN
¬«35

¬«43

HIG
H 

FO
RE

ST
 ST

E 4TH ST

BU
CH

AN
AN

 ST

MA
NK

AT
O A

VE

BLUFF SIDING RD

CA
RIM

ON
A S

T

E WABASHA ST

RO
OS

TE
R RID

GE LN

CH
AT

FIE
LD

ST

GREAT RIVER RD

CO HWY 15

ST
EU

BE
N 

ST

CH
IC

KE
N

VA
LL

EY
RD

GRAWE LN

E MARK ST

E KING ST

ZU
MB

RO
 ST

E BROADWAY ST

JE
FF

ER
SO

N 
ST

BRUSKI DR

SHIVE RD

£¤14
61

WILKIE DR

GREAT RIVER RD

8TH ST

£¤14
61

BU
ND

Y B
LV

D

FRONTENAC DR

LA
IRD

 ST
VIN

E S
T

HA
MI

LTO
N S

T

W BURNS VALLEY RD

SO
UT

H 
ST

CO
 R

D 
12

2

HO
ME

R A
VE

¬«35
54

PIEPERS VALLEY RD

THOMAS RD

GO
VE

RN
ME

NT
PO

INT
E R

D

CO
RD

P

CO
HWY 15

BR
EEZ

Y PT RD

¬«35

UPPER MISSISSIPPI RIVER
NATIONAL WILDLIFE
AND FISH REFUGE

UPPER MISSISSIPPI RIVER
NATIONAL WILDLIFE
AND FISH REFUGE

TREMPEALEAU NATIONAL
WILDLIFE REFUGE

UPPER MISSISSIPPI RIVER NATIONAL
WILDLIFE AND FISH REFUGE

TREMPEALEAU CO

WINONA CO

BUFFALO CO

BUFFALO
CO

WINONA CO

TR
EM

PEALEAU
CO

WISCONSINMIN NESOTA

Blacksmith
Slough

Pin
e C

ree
k

Trem

pealeau River

Hom
er 

Cr

Mississippi River

Tamarack Cr

Gilmore Cr

Mississippi River

Trempealeau River

Pleasant Valley Cr

Mud Lake

Pin
e C

r

Mississippi River

Pleasant
Valley Cem

Greenwood Cem

Saint Mary's
Cem of Winona

Piper
Valley Cem

Marshland

West Prairie

Platt Valley

Chicken
Valley

East Winona

Pleasant
Ridge

Heuer Valley

Homer Valley

Sugarloaf

Decker Valley

Pleasant
Valley

La Prairie
aux Ailes

Kleps
Island

Homer

Black
Oak

Island

Buffalo Ridge

Pine Creek
Valley

Piper Valley

Bluff Siding

Homer Ridge

WINONA

Sugarloaf East Burns
Valley

74

75

76

77

78

79

80

81

82

83

84

85

73

4886000mN

74

75

76

77

78

79

80

81

82

83

84

85

4873000mN

86

12 13 14 15 16 17 18 1911 620000mE

12 13 14 15 16 17 18 19611000mE 20

44.0000°

44.1250°

-91.6250° -91.5000°

44.1250°

44.0000°
-91.5000°-91.6250°

6

24

3

16

2

30

23

27

32

18

36

1920

2
2

15

9

4

31

10

33

8

11

24

36

6 5

35

32

26

25

7
11

1

30

23

3

12

11

21

18

22

34

28

1

23

18

4

29

7

31

1417

31

9

6

13

30

12

26

13

24

16

35

19

33

10

5

8

25

T106N R7W

T107N R7W

T106N R6W

T107N R6W

QUADRANGLE LOCATION

WINONA EAST QUADRANGLE
MINNESOTA - WISCONSIN

7.5-MINUTE SERIES

WINONA EAST,  MN, WI
2019

Expressway Local Connector

ROAD CLASSIFICATION

Ramp 4WD

Secondary Hwy Local Road

Interstate Route State RouteUS RouteWX ./ H

U.S. DEPARTMENT OF THE INTERIOR
 U.S. GEOLOGICAL SURVEY

 

This map was produced to conform with the 

National Geospatial Program US Topo Product Standard, 2011.

A metadata file associated with this product is draft version 0.6.18

CONTOUR INTERVAL 20 FEET

NORTH AMERICAN VERTICAL DATUM OF 1988

SCALE 1:24 000

1000 500 0 METERS 1000 2000

21KILOMETERS00.51

1 0.5 0

MILES

1

1000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

FEET

×

Ø
GN

MN

1°0´

18 MILS

1°11´

21 MILS

UTM GRID AND 2019 MAGNETIC NORTH

DECLINATION AT CENTER OF SHEET

XJ

Grid Zone Designation
15T

U.S. National Grid
100,000 - m Square ID

MINNESOTA

1 Fountain City

8 Pickwick

2 Dodge

3 Tamarack

4 Winona West

5 Trempealeau

6 Wilson

7 Witoka

ADJOINING QUADRANGLES

4

6 7

1 2

5

8

3

Imagery.....................................................NAIP, July 2017 - November 2017
Roads......................................... U.S. Census Bureau, 2016 - 2018

Names............................................................................GNIS, 1980 - 2018
Hydrography...............................National Hydrography Dataset, 1899 - 2018

Contours............................................National Elevation Dataset, 1998
Boundaries..............Multiple sources; see metadata file 2017 - 2018
Public Land Survey System................................................BLM, 2017 - 2018

Wetlands.................FWS National Wetlands Inventory 2001 - 2011

North American Datum of 1983 (NAD83)

World Geodetic System of 1984 (WGS84).  Projection and

1 000-meter grid:Universal Transverse Mercator, Zone 15T

Produced by the United States Geological Survey

This map is not a legal document. Boundaries may be

generalized for this map scale. Private lands within government

reservations may not be shown. Obtain permission before

entering private lands.

*
7
6
4
3
0
1
6
3
7
3
5
7
4
*

N
SN

.
7

6
4

3
0

1
6

3
7

3
5

7
4

N
G

A
 R

EF
 N

O
.

U
S

G
S

X
2

4
K

4
9

5
1

8

Project Boundary:
Winona WWTF



 

 

A-2 – National Register for Historic Places Survey Response 
 



 
 

MINNESOTA STATE HISTORIC PRESERVATION OFFICE 

50 Sherburne Avenue ▪ Administration Building 203 ▪ Saint Paul, Minnesota 55155 ▪ 651-201-3287 

mn.gov/admin/shpo ▪ mnshpo@state.mn.us 

AN EQUAL OPPORTUNITY AND SERVICE PROVIDER 

January 10, 2022 
 
 
Susan Danzl 
Short Elliot Hendrickson Inc. 
3535 Vadnais Center Dr 
St. Paul, MN  55110-3507 
 
RE: SEH No WINON  160394  14.00 
 Winona WWTF Improvements Project 

T107 R7 S35, Winona, Winona County 
SHPO Number: 2022-0554 

 
Dear Susan Danzl: 
 
Thank you for the opportunity to comment on the above referenced project. Information received on 
December 27, 2021 has been reviewed pursuant to the responsibilities given the State Historic 
Preservation Officer by the National Historic Preservation Act of 1966 and implementing federal 
regulations at 36 CFR 800, pursuant to the provisions of the Memorandum of Understanding among the 
Minnesota Public Facilities Authority, the Minnesota Pollution Control Agency, and the Minnesota State 
Historic Preservation Office, and pursuant to the responsibilities given the State Historic Preservation 
Office by the Minnesota Historic Sites Act (Minn. Stat. 138.665-666) and the Minnesota Field 
Archaeology Act (Minn. Stat. 138.40). 
 
We have reviewed the documentation included with your submission and based on information that is 
available to us at this time, we have determined that no historic properties will be affected by the 
project as it is currently proposed.  
 
Implementation of the undertaking in accordance with this finding, as documented, fulfills the agency’s 
responsibilities under Section 106. If the project is not constructed as proposed, including, but not 
limited to, a situation where design changes to the currently proposed project diverts substantially from 
what was presented at the time of this review, then the agency will need to reopen Section 106 
consultation with our office pursuant to 36 CFR 800.5(d)(1).  
 

If you have any questions regarding our review of this project, please contact Kelly Gragg-Johnson, 
Environmental Review Program Specialist, at kelly.graggjohnson@state.mn.us.  
 
Sincerely, 

 
Sarah J. Beimers 
Environmental Review Program Manager 
 
cc:   Bill Dunn, MN Pollution Control Agency 



 

 

Appendix B 
Minnesota National Pollutant Discharge Elimination System (NPDES) Permit 

 























































































 

 

Appendix C 
Notifications and Comments from Review Agencies 

 



 

Engineers  |  Architects  |  Planners  |  Scientists 

Short Elliott Hendrickson Inc., 3535 Vadnais Center Drive, St. Paul, MN 55110-3507 
651.490.2000  |  800.325.2055  |  888.908.8166 fax  |  sehinc.com 

SEH is 100% employee-owned  |  Affirmative Action–Equal Opportunity Employer 

December 7, 2021 RE: Winona WWTF Improvements Project 
City of Winona, Minnesota 
SEH No. WINON 160394  14.00 

 
 
 
Sarah J. Beimers 
Environmental Review Program Manager 
State Historic Preservation Office 
50 Sherburne Avenue, Suite 203 
Saint Paul, MN 55155 
 
Dear Ms. Beimers: 
 
We are initiating consultation on this project under Section 106 of the National Historic Preservation Act 
and implementing regulations at 36 CFR 800 and pursuant to the 2016 Memorandum of Understanding 
between the Minnesota Pollution Control Agency and the Minnesota State Historic Preservation Office 
(SHPO). This project is being funded under the Clean Water State Revolving Fund administered by the 
Minnesota Public Facilities Authority and the Minnesota Pollution Control Agency. Below is the 
information about this project: 
 
PROJECT TITLE: WINONA WWTF UPGRADE AND PHOSPHORUS REMOVAL 
Detailed project description:  
This project is comprised of five parts to address new phosphorous limits, improvements to the existing 
digester building and dewatering equipment, rehabilitation of the existing primary clarifiers due to age, 
upsized waste activated sludge thickening, and additional biosolids storage.  
 
Phosphorous Removal: 
The proposed project consists of modifying the existing treatment plant within the existing property area. 
 
The two (2) existing trickling filters and effluent boxes will be removed as part of this project. The filters, 
constructed in 1970, are at the end of their useful life and will not be used as part of the new treatment 
train. The existing splitter structure that directs flow from the primary clarifiers to the trickling filters can 
remain in place and primary effluent can flow through the structure to the screw pumps.  
 
The two (2) existing solids contact tanks will be converted to aeration basins. Each tank currently has two 
internal walls that were constructed in 1996 as part of a past improvements project. One wall in each 
basin will be removed, and a new wall constructed to split the basin into two parts, 75% will be aerated 
and 25% will be anoxic. The basins will also require a new diffuser grid and blowers. 
 
The recirculation pump station is old and is not up to code. The following section describes the addition of 
new equipment in the building, which will require the structure to be brought up to code. This will entail 
several improvements to the HVAC and electrical system. 
 



Sarah J. Beimers 
December 7, 2021 
Page 2 

As the aeration basins require new aeration equipment, the blowers in Blower Building 2 will need 
replacement. As this building is also old and not up to code, it will require electrical and HVAC 
improvements to bring to current code.  
 
New mixers are required in the solids contact combined effluent boxes, WAS, and RAS splitter boxes. 
A new drum screen will be installed in the recirculation pump station following the WAS pumps to retain 
granules produced in the aeration basin. These granules will be pumped back into each aeration basin. 
 
A new chemical feed building is required to provide chemical phosphorous removal redundancy. The 
proposed footprint is 18 feet by 36 feet. The building will contain chemical feed pumps, a 500-gallon 
chemical tank, chemical transfer pump, HVAC, electrical, and controls. 
 
Although limited, there will be some modifications to site piping as a result of the removal of the trickling 
filters and the addition of the rotary drum screen. 
 
Site piping for the new chemical phosphorous removal system will also be required. Piping will be 
provided from the new structure to the aeration basins. 
 
Digester Building and Dewatering Improvements: 
This project includes improvements to the existing digester building. New equipment includes a belt 
press, control panel, polymer feed system, sludge feed pumps, booster pumps, screw conveyor, 
comminutor, recirculation pumps, sludge transfer pumps, and heat exchanger. Minor structural, electrical, 
and HVAC improvements are required to accommodate the new equipment.  
 
Primary Clarifier Rehabilitation: 
The mechanisms of the primary clarifiers are approaching the end of their useful lives and need to be 
replaced. Both primary clarifiers will receive new mechanisms and a walkway above the weirs to allow for 
operators to properly maintain weirs. 
 
Waste Activated Sludge Thickening: 
A DAF thickener is proposed to provide additional thickening for Waste Activated Sludge (WAS). This 
DAF thickener will be a 17-foot diameter circular tank with 8 feet of water depth. A new control building 
will need to be constructed to house electrical equipment, air compressor, chemical feed system, and 
pumps.  
 
Biosolids Storage Expansion: 
Additional storage for biosolids is required. A new 125-foot by 245-foot storage pad will be constructed. A 
membrane cover will also be provided. 
 
Project location (Township-Range-Section): 107-007-36 
Area of Potential Effects (APE) discussion (see enclosed map): 
Area of potential effects is limited to the existing WWTF property. 
 
Identification of historic properties within the APE: 
There are no historic properties within the APE. 
 



Sarah J. Beimers 
December 7, 2021 
Page 3 

Preliminary determination of effect on historic properties: 
No buildings will be demolished as part of this project. There are no historic buildings or roads in the 
project area that will be affected by this project. 
 
These items should be included with your consultation letter: 

☒ Copy of a 7.5 minute USGS map or city map with the APE for the project clearly delineated 

☒ Copy of the project site plan 

☒ Photos of existing site location 

☒ Photos incorporating a 360 degree view from the center of the site 
 
Sincerely, 
 
SHORT ELLIOTT HENDRICKSON INC. 

 
 
Susan Danzl, PE 
Principal | Project Engineer 
(Lic. CA, CO, MN, VA) 
 
dmk 
Attachments 
 
x:\uz\w\winon\160394\4-prelim-dsgn-rpts\43-prelim-dsgn\draft facility plan report\appendices\appendix a - environmental information worksheet\mnhpo letter\mnhpo letter.docx 
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Supplemental instructions for the template letter 

Detailed project description:  Describe the entire project, all components. 

Project location:  City or Township – must include the Township Range and Section(s) of your project area 

Area of Potential Effects (APE):  Define the geographic area or areas within which a project may directly or indirectly cause 
alterations in the character or use of historic properties, if any such properties exist. The area of potential effects is 
influenced by the scale and nature of the project and may be different for different kinds of effects caused by the project 
(direct effects include physical effects to a historic property and indirect effects can include visual effects to a historic 
property, a change in the use or access to a historic property or cumulative effects due to major development, etc.). The APE 
must be delineated and clearly marked on a USGS map or city/county map, depending on the scale of the project. Aerial 
photographs with same APE marked are acceptable as supporting documentation. 

Site plans:  Submit a copy of the project plans or site plan as well as the following: 

1. Site plan showing the footprint/extent of the new construction.
2. Rendering or elevation drawing for any new above ground features.
3. A map showing the location of all currently recorded, historic, or potentially historic, properties within one-quarter

mile of the project site as identified in the database search provided by Jim Krumrie, SHPO Cultural Resources
Information Manager (see below for instructions).

4. A list of any historic properties in the area that are not in the database search, but may be eligible for listing in the
National Register of Historic Places (are 50 years old or older).

5. Photos of all buildings facing the project.
6. Photos of the project from the viewpoint of any identified historic properties with a direct view of the project.
7. A description of the visual impacts, traffic, noise, dust, etc. impacts to each identified historic property within one-

quarter mile of the project.
8. Either a statement that no buildings will be demolished, or the following for each building to be demolished:

a. Photos from all sides
b. Address
c. Age/year of construction
d. Past Uses of the building
e. Building integrity, ability to save or repurpose
f. Any revisions to the building from original construction

Photos:  Submit photos of the project location and photos of the surrounding project area (360 degrees from project 
location). 

Identification of historic properties within the project APE:  Historic properties are defined as any prehistoric or historic 
district, site, building, structure, or object included in, or eligible for inclusion in, the National Register of Historic Places. 

The SHPO has historic structure and archaeological site databases that can help you identify historic properties within your 
project APE. See information regarding SHPO files on the Minnesota Department of Administration’s website at 
https://mn.gov/admin/shpo/about/files/. Database searches can be obtained by contacting Jim Krumrie with the SHPO at 
datarequestshpo@state.mn.us and asking for an “archaeological site and historic structures database search.” Please 
provide Jim with the Township Range and Section(s) for your project area. He will conduct the searches and email you back 
with the results. Please be aware that the database searches and files are for known archaeological sites and historic 
structures only. There may be other historic properties within your project area that have not been previously identified. The 
photos included with your submittal may help with identifying additional, potential historic properties within the project APE. 

Preliminary determination of effect on historic properties:  Any information gathered regarding historic properties within 
the project APE should be incorporated into your review submittal along with an initial determination of whether any of the 
properties will be affected by the proposed project. 

Example project determinations of effect: 

 No historic properties affected:  This determination is made when there are no historic properties located within
the APE for the project.

 No adverse effect:  This determination is made when there are historic properties located within the APE for the
project but they will not be adversely affected by the project.

 Adverse effect:  This determination is made when there are historic properties located within the APE for the
project and the project will have a detrimental impact on historic properties.

Questions:  Please feel free to contact Kelly Gragg-Johnson, Environmental Review Specialist, SHPO at 651-201-3285 or 
kelly.gragghjohnson@state.mn.us with any questions regarding project submittal or the SHPO review process. 
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Photo 1 Preliminary Treatment Building Mechanical Bar Screen and Dewatering 
Unit 

Photo 2 Preliminary Treatment Building Grit Pump 

\\sehinc.com\panzura\pzprojects\UZ\W\WINON\160394\4-prelim-dsgn-rpts\43-prelim-dsgn\DRAFT Facility Plan Report\Appendices\Appendix A - Environmental Information 
Worksheet\MnHPO Letter\Appendix_Treatment Facility Photos.docx



 

 

Photo 3 Preliminary Treatment Building In-Plant Lift Station Pumps 
 

 

Photo 4 Preliminary Treatment Building Primary Sludge Pumps 
 

 



 

 

Photo 5 Preliminary Treatment Building Influent Flow Meter 
 

 

Photo 6 Primary Clarifier Tank 1 
 

 



 

 

Photo 7 Primary Clarifier Tank 1 Drive 
 

 

Photo 8 Trickling Filter Tank 1 
 

 



 

 

Photo 9 Trickling Filter Tank 1 Media 
 

 

Photo 10 Screw Pumps 
 

 



 

 

Photo 11 Solids Contact Tank 1 
 

 

Photo 12 Final Clarifier Tank 1 
 

 



 

 

Photo 13 Primary Anaerobic Digester Cover 
 

 

Photo 14 Secondary Anaerobic Digester Cover 
 

 



 

 

Photo 15 Combination Boiler and Heat Exchanger 
 

 

Photo 16 Boiler 

 



 

 

Photo 17 Digester Recirculation Pump and Grinder 
 

 

Photo 18 Polymer Mixing Tanks No.1 and No. 2 
 

 



 

 

Photo 19 Belt Filter Press 
 

 

Photo 20 Dewatered Cake Conveyor 
 

 



 

 

Photo 21 Wash Water Booster Pump 
 

 

Photo 22 Sludge Storage Beds 
 

 



 

 

Photo 23 Cake Storage Building 
 

 

Photo 24 Administration Building 
 

 
 



 
 

MINNESOTA STATE HISTORIC PRESERVATION OFFICE 

50 Sherburne Avenue ▪ Administration Building 203 ▪ Saint Paul, Minnesota 55155 ▪ 651-201-3287 

mn.gov/admin/shpo ▪ mnshpo@state.mn.us 

AN EQUAL OPPORTUNITY AND SERVICE PROVIDER 

January 10, 2022 
 
 
Susan Danzl 
Short Elliot Hendrickson Inc. 
3535 Vadnais Center Dr 
St. Paul, MN  55110-3507 
 
RE: SEH No WINON  160394  14.00 
 Winona WWTF Improvements Project 

T107 R7 S35, Winona, Winona County 
SHPO Number: 2022-0554 

 
Dear Susan Danzl: 
 
Thank you for the opportunity to comment on the above referenced project. Information received on 
December 27, 2021 has been reviewed pursuant to the responsibilities given the State Historic 
Preservation Officer by the National Historic Preservation Act of 1966 and implementing federal 
regulations at 36 CFR 800, pursuant to the provisions of the Memorandum of Understanding among the 
Minnesota Public Facilities Authority, the Minnesota Pollution Control Agency, and the Minnesota State 
Historic Preservation Office, and pursuant to the responsibilities given the State Historic Preservation 
Office by the Minnesota Historic Sites Act (Minn. Stat. 138.665-666) and the Minnesota Field 
Archaeology Act (Minn. Stat. 138.40). 
 
We have reviewed the documentation included with your submission and based on information that is 
available to us at this time, we have determined that no historic properties will be affected by the 
project as it is currently proposed.  
 
Implementation of the undertaking in accordance with this finding, as documented, fulfills the agency’s 
responsibilities under Section 106. If the project is not constructed as proposed, including, but not 
limited to, a situation where design changes to the currently proposed project diverts substantially from 
what was presented at the time of this review, then the agency will need to reopen Section 106 
consultation with our office pursuant to 36 CFR 800.5(d)(1).  
 

If you have any questions regarding our review of this project, please contact Kelly Gragg-Johnson, 
Environmental Review Program Specialist, at kelly.graggjohnson@state.mn.us.  
 
Sincerely, 

 
Sarah J. Beimers 
Environmental Review Program Manager 
 
cc:   Bill Dunn, MN Pollution Control Agency 
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Engineers  |  Architects  |  Planners  |  Scientists 

Short Elliott Hendrickson Inc., 10901 Red Circle Drive, Suite 300, Minnetonka, MN 55343-9302 

952.912.2600  |  800.734.6757  |  888.908.8166 fax  |  sehinc.com 

SEH is 100% employee-owned  |  Affirmative Action–Equal Opportunity Employer 

MEMORANDUM 

TO: Brian DeFrang & Paul Drazkowski (City of Winona), Corey Hower (MPCA) 
 
FROM: Susan Danzl (Lic. MN, CA, CO, VA) 
 
DATE: August 3, 2021 
 
RE: Flow Conditions 
 SEH No. WINON 160394  14.00 
 
SEH has updated the flow and loading summary with data from 2018 through 2021, as the Solids 
Preliminary Design Report used data up through part of 2018 only.  The Solids Preliminary Design Report 
noted that the flows were well below the design capacity and no growth was anticipated. However, this 
more recent flow data shows that 2019 was a peak flow year, which differed vastly from the 2016-2018 
data reviewed previously. This memorandum reviews the flow conditions, evaluates the 2019 river level 
conditions, and evaluates the historical basis for the flow projections for the Winona wastewater treatment 
facility (WWTF).   
 
In considering this historical data, it is important to not oversize the wastewater treatment facility, as this 
results in poor treatment performance under normal conditions and is more costly than correcting 
infiltration/inflow (I/I) within the collection system. Based on the data summarized herein, SEH 
recommends that the plant capacity remain unchanged, and the City continue to work to address I/I.      
 

INFLUENT WASTEWATER DATA SUMMARY 

Table 1 below summarizes the annual influent wastewater flows each year, from 2016 through part of 
2021.  The 2019 average annual flow and maximum day flow were significantly greater than the previous 
years because of a sustained spring flood event where there were 39 consecutive days with influent flows 
greater than 10 million gallons per day (MGD) (between April 2 and May 10).  The peak month flow 
(determined by the greatest 30-day rolling average) is also reported. In 2019, the peak month flow was 
12.01 MGD.  This is significant because the MPCA bases facility capacity upon the Average Wet Weather 

(AWW) or peak month flow, and the facility is currently rated at an AWW design capacity of only 
9.6 MGD. 
 

Table 1: Influent Flow Summary by Year 

Year Unit Avg Annual Flow 
Avg Dry 

Weather Flow 

Avg Flow during 

max 30 days of 

flow 

Max Daily Flow 

2016 MGD 3.39 3.12 4.14 4.95 
2017 MGD 3.76 3.08 5.97 6.74 
2018 MGD 4.46 3.36 6.81 7.35 
2019 MGD 6.228 3.683 12.01 13.05 

2020 MGD 4.01 3.88 6.61 7.82 
2021 (Jan-Mar) MGD 3.027 2.955 3.16 3.44 

Permitted Design 
Capacity 

MGD 
 

6.74 9.60 
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2019 CONDITIONS 

Winona experienced a flood event in spring 2019, which was less than a 50-year flood event based on 
the Mississippi River discharge at Winona.  The 50-yr discharge for the area is 214,000 cubic feet per 
second (cfs).  Figure 1 below shows data from USGS for 2019 – 2020, with spring of 2019 showing a 
discharge just under 200,000 cfs.   
 

Figure 1: Mississippi River at Winona Discharge in 2019 

 
 
The period of high influent wastewater flow in 2019 correlates with the Mississippi River stage and 
discharge volume, refer to Figures 2 and 3, respectively.  The wastewater influent flow (blue line in 
Figures 2 and 3) trends closely with both the river stage and discharge volume. This shows that the 
wastewater influent volume is directly related to the river level/discharge and also strongly points to 
infiltration as a source of the high flows. 
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Figure 2: Mississippi River at Winona Stage and Wastewater Influent Flow 

 
 

Figure 3: Mississippi River at Winona Discharge and Wastewater Influent Flow 

 
 
During this 2019 event, the facility maintained compliance with its permit limits.  The facility is sized to 
handle a peak hour/peak instantaneous flow of 15.0 MGD, and did not bypass in order to treat this 
sustained high flow.  Further, the facility maintained compliance with permit limits during this sustained 
peak event.   
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Table 2: Flood Event Effluent Quality 

Parameter Limit 
Max from April 2, 2019 to 

May 10, 2019 

BOD, Carbonaceous 5 Day 40 mg/L 28 mg/L 

Fecal Coliform 200 #/100 mL 200 

TSS 45 mg/L 13 mg/L 

 
 

OTHER FLOOD EVENTS 

The duration of the 2019 high flow event stands out compared to other similarly sized flood events. USGS 
River discharge data available back to 1994 was reviewed.  The recorded river discharge exceeded the 
10-yr discharge event (151,000 cfs) four times since 1994.  Table 3 summarizes these events.  In 2001, 
there was a flood event where the river discharge volume exceeded the 10-year event for 26 days. Figure 
4 compares the river discharge from January 1 – July 1 for both 2001 and 2019.  From this, one can see 
that while the 2001 event had a higher discharge, the duration was shorter. 
 

Table 3: Historical Flood Events 

Event Start Event End Duration, days 
Average Discharge, 

cfs 

4/7/1997 4/21/1997 14 178,309 
4/12/2001 5/8/2001 26 200,607 
4/10/2011 4/18/2011 8 161,110 
3/28/2019 4/30/2019 33 156,601 

 
 

Figure 4: River Discharge from January 1 to July 1 in 2001 and 2019 
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Using the MPCA Wastewater Data Browser, the wastewater influent flows during the 2001 flood were 
evaluated.  The maximum month flow occurred May 2001 with an average daily flow of 7.12 MGD.  The 
maximum day during this flood was 8.946 MGD, compared with 13.01 MGD during the 2019 flood.  While 
the 2001 flood event was 20 years ago, population change is not likely contributing to this flow difference, 
as there is estimated to be less than 1% population growth over these 20 years (2000 population: 27,069; 
2019 population estimate: 27,252). While the 2001 flood event had a higher river discharge than 2019, 
the duration was shorter and the WWTF did not see the same significant prolonged flows experienced in 
2019.  
 
In working to understand other differences between the 2001 flood and the 2019 flood, the only difference 
the City noted was that they replaced the influent flow meter in February 2018.  The previous meter, a 
doppler meter, did not read accurately when the influent was clear, as occurs when there is significant I/I. 
The new meter is a mag meter and staff report that the flows are much more accurate, this based on flow 
meters at lift stations in the collection system, which were not in place for comparison in 2001. 
 

DATA OBSERVATIONS 

Based on the information above, the wastewater influent flow correlates with the Mississippi River level, 
not a specific storm event. This means the collection system is more significantly influenced by infiltration 
(groundwater) rather than inflow (stormwater). 
 
The 2019 flood was a significant event which has 2-10 percent chance of occurring in any given year (10 
to 50-yr flood event). However, the duration of this flood event, which caused the prolonged high flows at 
the wastewater plant, makes this event even more unique.  The duration of this event was so significant 
that it impacts the average annual flow (Table 1). 
 
It is not possible to estimate the recurrence of an event equivalent to the flood of 2019, with its duration 
and magnitude, but it should be less than the 2-10 percent chance of occurrence based on magnitude 
alone.  For comparison, the MPCA guidance for estimating peak instantaneous flows considers storm 
events that have a 4-20% chance of occurring in any given year (25-year and 5-year rain events). For this 
reason, SEH believes that the 2019 data should not be used in determining the existing average annual 
or average wet weather flows to the facility. 
 

INFLOW/INFILTRATION DETERMINATION 

The MPCA defines inflow and infiltration as follows: 

Inflow: water other than wastewater that enters a sewer system directly from sources such as roof 
leaders, foundation drains, yard drains, manhole covers, cross connections between storm 
sewers and sanitary sewers, catch basins, storm water runoff and other drainage structures. 
Excessive inflow means the quantity of flow during storm events that results in chronic 
operational problems related to hydraulic overloading of the treatment system or that results in a 
total flow of more than 275 gpcd (domestic and industrial base flow plus infiltration and inflow). 
Chronic operational problems may include surcharging, backups, bypasses, and overflows. 

Infiltration: water other than wastewater that enters the sewer system from the ground through 
defective pipe, pipe joints, and manholes. Excessive infiltration means the quantity of flow that is 
more than 120 gpcd (domestic base flow and infiltration). 
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The MPCA Design Flow and Loading Determination Guidelines state that the inflow and infiltration should 
be calculated using hourly flow data. The City of Winona provided SCADA screenshots for specific days 
as requested. The MPCA Guidelines direct that 24-hour data from three days be overlayed to determine 
the inflow, infiltration, and peak hourly flow. The three days are described as Curves X, Y, and Z which 
are defined as: 

• Curve X: A day with normal groundwater levels and no precipitation for at least seven days. 
• Curve Y: A day with high groundwater levels and no precipitation for at least seven days. 
• Curve Z: A day with high groundwater levels and high precipitation.  

 
2020 data was used to include recent increases in industry flows. The curves were selected on days 
within a steady flow period (preceding and following days had similar average day flows and 
precipitation). Based upon the MPCA guidance, the curves were labeled as follows: 

• The Peak Hourly Dry Weather Flow (Point 1) is the maximum point on Curve X.  
• The Peak Hourly Wet Weather Flow (Point 2) is the max point on Curve Y. Normally, this would 

occur at the same time as the peak of Curve X. Comparing the curves, it appears that the peaks 
of Curve Y occur slightly earlier than the peaks of Curve X. As the time between the two peaks is 
not significantly different, the Peak Hourly Wet Weather Flow was assumed as the max of Curve 
Y.  

• Peak Infiltration is defined as the difference between Points 1 and 2. 
• Point 5 is the maximum flow on Curve Z. 
• Point 6 is the corresponding flow on Curve Y at the same instant in time as Point 5. 
• Peak Inflow is the difference between Points 5 and 6.  

 
The above points, values, and data for 2020 are presented in Figure 5. 
 

Figure 5: Plot of 24-Hour Flow Data for Three Representative Days in 2020 

 
 
As 2019 experienced record flooding, understanding the flow, inflow, and infiltration during that time is 
vital to understanding how flooding affected I/I. Using the same criteria, a 24-hour flow plot was created 
using 2019 data (Figure 6). 
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Figure 6: Plot of 24-Hour Flow Data for Three Representative Days in 2019 

 
 
The values of Peak Hourly Flow, Inflow, and Infiltration for 2019 and 2020 are compared in Table 4: 
 

Table 4: Comparison of flows, inflow, and infiltration 

 Units 2019 2020 

Peak Hour Dry Weather Flow MGD 5.0 4.0 

Peak Hour Wet Weather Flow MGD 11.2  4.5 

Infiltration MGD 6.2  0.5 

Inflow MGD 2.0 3.0 

 
On a per capita basis, the 2019 infiltration values exceed the MPCA guidance for infiltration, but not in 
2020.  Inflow estimates are less than the MPCA guidance thresholds. 
 
The City has been working to reduce I/I and will continue to do so. Approximately 75% of the City’s 
collection system is vitrified clay pipe, installed with short pipe sections.  Each pipe joint is an opportunity 
for infiltration to enter the collection system. Much of the oldest part of the collection system has trunk 
mains that are below groundwater.  Below are the steps the City has taken to address I/I: 

• Budget annually for approximately 1,000 LF ($100.000 - $150,000) of cured-in-place pipe lining of 
the City’s deepest mains. 

• Starting in 2020, implemented a strategy to televise one of the seven sewer districts each year.  
First the city cleans the pipe, then televises noting roots, cracks, lateral issues, etc. Issues are 
corrected that year and then re-televised. 

• Manholes with known issues have been sealed. 
• Install flow metering a lift stations.  Adding flow measurement allows the City the ability to 

strategically target I/I reduction strategies. 
• In 2020, the City completed the airport lining project, where 1200 ft of sewer was lined.  This has 

reduced the infiltration during normal groundwater conditions by approximately 200,000 gpd, and 
is expected to have contributed possibly up to 400,000 gpd of infiltration during the 2019 flood. 
The lift station serving this area was also redone in 2019, so there is some metering data to 
support these reduction estimates. 



Memorandum 
August 3, 2021 
Page 8 
 
 

Going forward, the City plans to: 

• Install flow measurement at smaller lift station in subdivisions.  This will help identify areas where 
drain tiles are plumbed into the sanitary sewer. This would precede and help focus any home 
inspection program. 

• Move forward with collection system flow monitoring to better understand problem areas. 
Advancements in technology allow for cloud-based monitoring with temporary meters that can be 
moved around in the collection system. This will further allow the City to focus I/I reduction efforts. 

• Once problem areas are identified, use smoke testing, manhole scanning, and/or televising to 
pinpoint the specific area to be corrected. 

• Prioritization of City pipe and manhole rehabilitation projects based on flow monitoring and 
investigation findings. 

• Address remaining combined sewer. While the combined sewer mostly impacts inflow, a large 
inflow event stacked on top of infiltration does cause high short-duration flows.  

 

RECOMMENDATIONS 

While the peak month flow was 12.01 MGD in 2019, sizing the wastewater treatment plant for this as an 
average wet weather capacity would be grossly oversizing the facility, particularly given the average 
annual flow is only 4.46 MGD (if excluding 2019).   
 
The peak hour design capacity of the facility is 10,500 gpm (15 MGD) and hydraulically, the facility was 
able to pass the sustained high flows in 2019 while providing effective treatment. 
 
Based on the flows reported in Table 1, SEH recommends that the facility capacity remain unchanged, as 
summarized in Table 5. 
 

Table 5: Recommended Design Conditions 

Year Unit 
Avg Annual 

Flow 

Avg Dry 

Weather 

Flow 

Average Wet 

Weather Flow 

Max Daily 

Flow 

Peak Hour/Peak 

Instantaneous 

Flow1 

       
2016 MGD 3.39 3.12 4.14 4.95  
2017 MGD 3.76 3.08 5.97 6.74  
2018 MGD 4.46 3.36 6.81 7.35  
2019 MGD 6.228 3.683 12.01 13.05 11.2 
2020 MGD 4.01 3.88 6.61 7.82 4.5 

2021 (Jan-Mar) MGD 3.027 2.955 3.16 3.44  

Historical Basis MGD 4.46 3.36 6.81 7.82  

Future Growth MGD 4.552  6.902   

       

Recommended 
Design 

Conditions 
MGD 

 
6.74 9.60 

 
15.0 

1 Peak Hour Wet Weather Flow from Table 3 
2 Based on an estimated industry increase of 0.09 MGD and no increase in residential flows. 
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The current facility capacity is adequate to treat the current and expected future flows assuming: 

• Future I/I reduction measures are effective at reducing I/I entering the system 
• The flows experienced in 2019 due to flooding were a rare occurrence and are not expected to 

contribute regularly to the plant influent 
• No significant increase in population or water usage from industry. 

 
 
dmk 
 
c: Eden Wilcox – City of Winona 

Celina Tragesser – SEH 
x:\uz\w\winon\160394\1-genl\14-corr\m_ww influent flows_2021 08_03.docx 
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State Environmental Review Process 
(SERP) Mailing List Form  

Clean Water State Revolving Fund Program 

Minnesota Rules 7077.0272, subp. 2.a.A. 
Minnesota Rules 7077.0277, subp. 3.B. 

Doc Type: Wastewater Point Source 

Instructions:  This is the complete mailing list that the Minnesota Pollution Control Agency (MPCA) will use to public notice the 
Environmental Summary or other environmental review documents. Please type names and addresses on this form and return to 
the MPCA staff engineer. This list should be considered minimum. If a more substantial mailing list is available for the Public 
Participation Program, it should be added to this mailing list. Please return this mailing list in MS Word format only. 

Example address blocks: 
The Honorable Mark Anderson 
Minnesota State Senator 
135 State Office Building 
St. Paul, MN  55113 

Marv Johnson, City Administrator 
City of Willmar 
236 Oriole Avenue 
Willmar, MN  55699 

 
Municipality name: City of Winona Project number:       
Contact name: Brian DeFrang Phone number: 507-457-8237 
 (person completing the form)   

Public notice address information 
1. The Honorable State Senator: 6. City Administrator/Clerk: 

 The Honorable Jeremy Miller 
Minnesota State Senator 
95 University Avenue W. 
Minnesota Senate Bldg., Room 3113 
St. Paul, MN 55155 

 Monica Hennessy Mohan 
City Clerk 
207 Lafayette Street 
Winona, MN 55987 

2. The Honorable State Representative: 7. Engineering Consultant: 

 The Honorable Gene Pelowski 
Minnesota State Representative 
491 State Office Building 
St. Paul, MN 55155 

 Susan Danzl, PE 
Short Elliott Hendrickson Inc. 
3535 Vadnais Center Dr 
St. Paul, MN 55110 

3. The Honorable County Board Chair: 8. County Planning and Zoning Office: 

 The Honorable Chris M. Meyer 
First District County Board 
322 High Forest Street 
Winona, MN 55987 

 Kay Qualley 
Planning and Environmental Services Director 
202 W Third Street 
Winona, MN 55987 

4. The Honorable Mayor: 9. Watershed District (if established): 

 The Honorable Scott D. Sherman 
Mayor 
631 West King Street 
Winona, MN 55987 

  

5. Township Board Clerk:* 10. Regional Development Commission: 

    

*Include if any portion of the project (including the facility, interceptor, influent or outfall lines) will be located in the township(s). 
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To add rows, place your cursor in the last row of the second column and hit tab. 

Interested citizens: 
Interested groups: (i.e., homeowners associations, 
environmental, business, civic, etc., organizations) 
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To add rows, place your cursor in the last row of the second column and hit tab. 

Property owners: 
Property owner list should include all property owners of the site to be, or which has been previously acquired. For pond systems, 
include the property owner(s) of the pond site, spray irrigation site(s) and all property owners of homes within one-fourth mile of the 
pond site and any clusters of homes within one-half mile of the pond site. 
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Federal agencies:  State agencies: 
ATTN:  Field Supervisor  
U.S. Fish and Wildlife Service 
Twin Cities Field Office 
4101 American Boulevard East 
Bloomington, MN  55425-1665 
 

 ATTN:  Environmental Review Supervisor 
MN Department of Natural Resources 
Division of Ecological and Water Resources 
500 Lafayette Road, Box 25 
St. Paul, MN  55155 -4025 
 

ATTN:  Environmental Compliance Chief 
U.S. Army Corps of Engineers 
St. Paul District 
180 Fifth Street East, Suite 700 
St. Paul, MN  55101-1678 
 

 ATTN:  Manager of Government Programs and Compliance  
MN Historical Society 
Minnesota Historic Preservation Office 
345 West Kellogg Boulevard 
St. Paul, MN  55102-1906 
 

ATTN:  Regional Environmental Officer 
Federal Emergency Management Agency 
Region V Office 
536 South Clark Street, 6th Floor 
Chicago, IL  60605 
 

 ATTN:  Cultural Resource Director 
MN Indian Affairs Council 
161 St. Anthony Avenue, Suite 919 
St. Paul, MN  55103 

MPCA regional office(s):  
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SEWER AND SEWER SERVICE

27.00 PURPOSE AND POLICY

Thissection sets forthuniform requirements fordischarges intotheCity'swastewater
disposal system andenables theCitytocomply withallStateandFederal laws.  

Theobjectives ofthissection are:  

a)  toprevent theintroduction ofpollutants intothewastewater disposal system
whichwill interfere with theoperation ofthesystemortheuseordisposal of
sludge;  

b)  toprevent theintroduction ofpollutants intothewastewater disposal system
whichwillpassthrough thesystem inadequately treated intoreceiving watersor
theatmosphere orotherwise beincompatible with thesystem; and

c)  toimprove theopportunity torecycle andreclaim wastewater andsludge from
thesystem.  

Thissection provides fortheregulation ofdischarges intotheCity'swastewater disposal
system through enforcement oftherequirements, authorized monitoring and
enforcement activities, andrequires user reporting.  

27.01 DEFINITIONS

Forthepurposes ofthischapter, thefollowing wordsandphrases shallhave the
meaning respectively ascribed tothembythissection:  

a)  CityManager:  Thecitymanager orhisdesignated representative.  

b)  Notice:  Awritten notification sentbyfirstclassorcertified mail fromthecity
manager toaperson.  

c)  Sanitary Sewerage System orSewerage System:  Thecitysystemofpipesand
appurtenances collecting andtransferring sanitary sewage, not including surface
run-offwaters.  

d)  Property:  Alot, parcelorland, orrealestate, building orpremise inthecity.  

e)  Sanitary Sewer:  Apublic sewerorotherwastewater conveyance devicewhich is
partofthesanitary sewerage system.  

f)  Owner:  Owner, lessee, occupant oragent.  

g)  Sewage Service Charge orService Charge:  Thecharge madebythecityforthe
purposes ofproviding fundsasprovided inSection 27.19.  

h)  Domestic Sewage:  Thewaste fromwater closets, lavatories, sinks, bathtubs,  
showers, household laundries, cellar floordrains, soda fountains, cuspidors,  
refrigerator dripsanddrinking fountains.  

Lastupdated 1/2017Chapter 27 – Page 1
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i)  Wastewater Disposal System:  Thecombined sanitary sewerage system and
wastewater treatment plant, including sludge treatment anddisposal facilities.  

j) Wastewater Treatment Plant (Sewage Treatment Plant):  Thefacilities which
process thewastewater discharged tothesanitary sewersystem.  

k) SingleandTwo-Family Dwellings:  Singleandtwo-familydwellings arethose
dwellings meeting thedefinition giveninSection 43.01.  

l)  Agreement:  Agreement isawritten contract between thecityandaperson.  

m)  Industrial User:  Aperson whodischarges orintends todischarge non-domestic
wastewater intothesanitary sewersystem.  

n)  Pretreatment:  Theprocess ofreducing theamount ofpollutants, eliminating
pollutants, oraltering thenature ofpollutant properties inwastewater toaless
harmful statepriortoorinlieuofdischarging orotherwise introducing such
pollutants intotheCity'ssanitary sewerage system.  Thereduction, elimination,  
oralteration maybeobtained byphysical, chemical, orbiological processes,  
process changes, orothermeans, except asprohibited bySection 27.23.  

o)  Sludge:  Thesolids removed fromthewaste watersandtreatedatthewastewater
treatment plant.  

p)  Wastewater (Sewage):  Theliquidandwater-carried industrial ordomestic
wastes fromdwellings, commercial buildings, industrial facilities, andinstitutions,  
whether treatedoruntreated, which isdischarged intoorpermitted toenter the
city'ssanitary sewerage system.    

Ord. No. 3452 05/15/00

q)  NPDES orNational Pollution Discharge Elimination System:  Permit issued
through Minnesota Pollution Control Agency tothecity'swastewater treatment
plant fordischarge totheMississippi River.  

r)  Biochemical Oxygen Demand (BOD):  Thequalityofoxygen utilized inthe5

biochemical oxidation ororganic matterunderstandard laboratory procedure in
five (5) daysat20 Centigrade expressed intermsofweight andconcentration.  

s)  Milligrams perliter:  mg/l.  

t)   Interference:  Theinhibition ordisruption ofthecity'swastewater disposal system
processes oroperations whichcauses orsignificantly contributes toaviolation of
anyrequirement ofthecity'sNPDES Permit.  Thetermincludes prevention of
sewage sludgeordisposal bythecity.  

u)  Non-Contact Cooling Water:  Thewaterdischarged fromanyusesuchasair
conditioning, cooling orrefrigeration, orduringwhich theonlypollutant added to
thewater isheat.  

Lastupdated 1/2017Chapter 27 – Page 2
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v)  pH:  Thelogarithm ofthereciprocal oftheconcentration ofhydrogen ions in
gramsperliterofsolution.  

w)  Suspended Solids:  Thetotalsuspended matter that floatsonthesurface of, oris
suspended in, water, wastewater orother liquids, andwhich isremovable bya
standard glassfiberfilter.  

x)  Composite Sample:  Acombination ofindividual samples, takenbasedontimeor
flow, which represents thewastewater discharged overthesample period.  

y)  GrabSample:  Asinglesample ofwastewater.  

z)  Person:  Includes anyperson, firm, association, organization, partnership,  
business trust, corporation orcompany, andwhereappropriate "owner" asherein
defined.  

aa)  Significant Industrial User:  Asignificant industrial usershall include:  

i) allcategorical industrial users;  

ii) anynoncategorical industrial user thatdischarges 25,000gallons perday
ormoreofprocess wastewater ("process wastewater" excludes sanitary
noncontact cooling andboilerblowdown wastewaters) orcontributes a
process wastestream whichmakes up5percent ormoreoftheaverage
dryweather hydraulic ororganic (BOD, TSS, etc.) capacity ofthe
treatment plantorhasareasonable potential, intheopinionofthecity
manager, toadversely affect thewastewater treatment plant (inhibition,  
pass-through ofpollutants, sludge contamination, orendangerment of
wastewater treatment plantworkers).  

Ord. No. 3021 06/04/90

27.02 SUPERVISION BYCITY ENGINEER

Thecityengineer shallhave thecontrolofthesewers anddrainsofthecityandtheir
connections, andshall takechargeofthebuildings andrepairsofthesameandall
matters inconnection withthesewers anddrainsofthecityexcept incaseswhere the
citycouncil shall, byresolution inwriting, employ someotherperson toperform certain
duties definitely defined insuchresolution relating tosewers anddrains.  

27.03 CONNECTIONS BYLICENSEES ONLY

Noconnection shallbemade withanysewerordrain, exceptbypersons regularly
licensed toperform thatdescription ofworkandnopermit shallbegranted toanyperson
except suchregularly licensed person.  Ifthelicensed person elects tohaveanother
person perform theworkofinstalling orconnecting sewerorwater lines, thelicensee
mustbepresent andoversee critical portions ofthepipeinstallation andbepresent for
final inspection.  Thelicensee shallberequired toguarantee thework foraperiodoftwo
years following completion ofthework.  Anyandallcostsassociated withworknot
completed inaccordance with thestandards setforth inthisCodeorotherplansand

Lastupdated 1/2017Chapter 27 – Page 3
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specifications approved bytheCityshallbebornesolelybythelicensee.  Inaddition,  
anyperson performing workshallberegistered toperform work intheCity’srightofway.  

Ord. No. 4046 01/03/2017

27.04 WATER, SEWER AND DRAIN LAYERS LICENSE

a) Application.   Anypersons desiringalicense tomake connections withwater,  
sewers anddrains inthecityshallmake application inwriting therefor tothecity
engineer, andfurnish thecityengineer satisfactory evidence thatheis, orhasin
hisemploy, aperson regularly trainedandskilled inthebusiness andqualified to
receivealicense.  Ifsatisfied that theapplicant isproperly qualified, thecity
engineer mayissuealicense tohimonhiscomplying withtherequirements
contained inthissection.  Allapplicants musthavealicensed master plumber or
acertified drainlayer onstaffandthatperson mustbeonsiteduring connection
andinstallation ofsewerorwaterpipe.  

Ord. No. 3452 05/15/00 Ord. No. 4046 01/03/2017

b)  BondRequired.  Nolicense shallbeissued toanyperson tomakewater, sewer
ordrainconnections untilheshallhaveexecuted anddeposited intheofficeof
thecityengineer abondtothecityinthesumof $10,000, executed byhimself
andacorporate suretyortwosufficient sureties andapproved bythecity
attorney, conditioned thathewill indemnify andsaveharmless thecityfromall
suits, accidents anddamages consequent thereupon, fororbyreasonofany
opening inanystreet, alleyorpublicground, madebyhimorbythose inhis
employment, formaking anyconnection toanypublicorprivate sewerordrain,  
orforanyotherpurpose orobjectwhatever, andthathewillalsoreplace and
restore thestreet oversuchopening toasgoodastateandcondition ashefound
it, keepguardbydayandredlightsbynightandkeepandmaintain thesamein
goodorder, tothesatisfaction ofthecityengineer forhisacceptance, andshall
conform inallrespects totheordinances relative tothestreets, sewers and
drains, andpayfinethatmaybeimposed uponhimbylaw.   

Ord. No. 3452 05/15/00

c)  RecordofLicense.  Every person licensed shallhaverecorded inthecity
engineer'sofficehisplaceofbusiness, thenameunder which thebusiness is
transacted, andshall immediately notify thecityengineer ofanychanges.  

27.05 SEWER CONNECTION PERMIT

a) Required.   Noconnection shallbemadewithanysewers withoutapermit from
thecityengineer.  Noopening orconnection shallbemadeintoanysewer inany
manner different fromthespecifications prescribed forsuchopening or
connection bythischapter.  

Nopermit shallbegranted toanyperson totaporconnect withanysewerwhen
theproperty sought tobedrained issituated without theboundary linesofthe
sewerdistrictasestablished bythecitycouncil.   Asignificant industrial user, as
defined above, shallobtainawastewater discharge permit fromthecity.  

Anewindustrial useroranewsignificant industrial usershall submitastatement
tothecityproviding typicalwastewater discharges anticipated.  All industrial
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usersshallpromptly notify thecitymanager inadvance ofanysubstantial change
inthevolume orcharacter ofpollutants intheirdischarge. Anyexisting industrial
user intending toalter itswastewater shallobtainanewpermit fromthecity.  

Ord. No. 3021 06/04/90

b)  Payment ofFee.   Nopermit required bythissection shallbegranted until the
person applying forsuchpermit haspaidtothecitytreasurer afeeforsuch
permit.  

c)  Assessment orAccess Fee.   TheCityengineer shall issueapermit fora
sanitary sewerconnection iftheproperty hasbeenassessed forasanitary sewer
orifanaccess feeispaidinlieuofassessment.  

Ord. No. 3501 09/04/01
Ord. No. 3698 6/19/06

Theaccess feeshallbeestablished annually bytheCityCouncil andshallbeset
forthinSection 51.01ofthisCode.  ThefeeshallbepaidtotheCity treasurer.  

Ord. No. 3501 09/04/01
Ord. No. 3698 06/19/06

Iftheperson requesting thepermitmustconstruct asewer lateralpast the
frontage ofanother person'sproperty, heshall receive aremoval credit tobe
deducted fromtheaccess fee.  Theremoval credit shallbecalculated by
multiplying thefrontage infeetoftheotherperson'sproperty by $6; provided,  
however, that theremoval creditshallnotexceed theaccess fee.  

Ord. No. 3452 05/15/00
Ord. No. 3698 06/19/06

d)  WorkAuthorized byPermit.   Anapplication forapermit toperform workunder
thischapter shallbemadebytheperson employed todothework, andshall
statethelocation, nameoftheowner, number ofbuildings tobeconnected, and
howoccupied.  Noperson shallextend anyprivate drainbeyond thelimitsofthe
building orproperty forwhich thepermithasbeengiven.  

Ord. No. 2793 03/17/86

27.06 SPECIFICATIONS FOR SEWER CONNECTIONS

a) Allconnections withthepublicsewers shallbemadewithductile ironorPVC
schedule 40pipehavingaminimum internal diameter of4inches.  Nosewer
pipeconnecting withanypublicsewer shallhaveafalloflessthan6inchesper
hundred feet for6inchpipeand12inchesperhundred feet for4inchpipe.  All
drainsandsoilpipeswithinabuilding andwhere thesame passes through the
wallsofabuilding shallbeofiron.    

Ord. No. 3452 05/15/00

b)  Allpipeshallbeinspected bythecityengineer before thesame islaidandbe
subject tohisapproval.  Subject totheabove limitations allpipeshallbelaidand
alljointsshallbemadeasdirected bythecityengineer, andallworkthereon
shallbedoneonlybyalicensed person asprovided inthischapter.  All
connections withpublicmains, whether theyaresanitary, storm, orwater, shall
beleftuncovered until theyareinspected andapproved.  TheEngineering
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Department mustbenotified atleast twohourspriortotimeofinspection.   
Notification mustbemade duringnormal business hours.  Inspections willbe
doneduringnormal business hours.  Normal business hoursare7:00a.m. to
4:00p.m.  Monday through Friday, except holidays.  Property owners arefully
responsible foranyproblems thatoccurafter inspection.   

Ord. No. 3452 05/15/00
Ord. No. 3497 07/02/01

c)  Thestreet shallbeopened andthepavingandearthdeposited insuchamanner
thatwilloccasion theleast inconvenience tothepublic, andprovide forthe
passage ofwater along thegutters; onehalfofthestreet shallbeleftclearforthe
passage ofvehicles andbridge-waysprovided onsidewalks forfootpassengers;  
inrefilling thetrench, theearthshallbelaidinlayers notmore than12inches in
depth, andeach layer thoroughly tamped toprevent settlement.  Thepaving,  
flagging andsidewalks shallberestored toatleastasgoodcondition asprevious
totheexcavation, andallrubbish andsurplus earthshallbeimmediately
removed.  

Ord. No. 3452 05/15/00

27.07 STANDARDS FOR EXTENDING DRAINS INTO OR UNDER BUILDINGS

Noperson shallconstruct orextend anydrainforthereception ofsewerage orwaste
waterunderorintoanydwelling oranybuilding, ortoconnect thesamewithanypublic
sewer, unless thedrainshall initsplanandconstruction, conform tothefollowing
requirements andbeapproved bythecityengineer;  

a) There shallbeinthedrainatrap, soconstructed astobarthepassage ofair
frombeyond thetrapintothehouse, byanobstacle equal toatleastoneinchin
depthofwater.  

b)  Between thetrapandthefootofthesoilpipe, thereshallbeconnected with the
drain, aninletpipeofthesamediameter asthedrain fortheadmission offresh
airandthesoilpipewithin thehouse shallbecontinued above theroofand
undiminished insizetosuchheightasmaybedirected bythecityengineer, not
lessthantwofeet, andleftopensothat thewhole drainmaybethoroughly and
constantly ventilated.  

27.08 DRAIN COURSE PLAN

Whenaperson desires toconstruct ahouse drainormakeanyaddition toanydrain
whichmaybealready laidasfarastheproperty line, ormakeanyextension oralteration
ofthedrainage inanybuilding, intended tobeconnected withordischarge intoany
sewer, heshall, before beginning workupon thesame, givethecityengineer aplan
thereof, whichshallshowthewholecourse ofthedrain, fromitsconnection with the
sewer toitsterminus within thehouse, with thelocation ofallbranches, trapsand
fixtures connected therewith; suchplanorcopythereof tobeleftonfileintheofficeof
thecityengineer.  If, upon inspection oftheplan, thecityengineer shall findthat theplan
doesnotconform totherequirements ofthischapter, heshallnot issueanypermit forits
construction, extension oralteration orconnection withanysewer.  

27.09 RIGHT TO ENTER PREMISES
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Thecitymanager, thecityengineer andtheirauthorized agents shallhave theright to
enterupon thepremises drained byanyhousedrainandconnected withanypublic
sewer, atallreasonable hours, toascertain whether theprovisions ofthiscodeorany
otherordinances inregard tohouse drains havebeencomplied with, andifheshall find
that thedrainoritsattachments donotconform totheprovisions oflawinregard
thereto, heshallnotify theownerofthepremises ofthisfact.  Itshall thereupon bethe
dutyoftheowner tocause thedrainoritsattachments tobealtered, repaired, or
reconstructed soastomakethemconform totherequirements oflawinregard thereto,  
within15daysfromthetimeofreceiving suchnotice.  

27.10 NOTICE TO INSPECT

Notice inwriting mustbegiventothecityengineer athisoffice, bytheperson whoisto
maketheconnection withanysewerordrainwhensuchworkwillbereadyfor
inspection, atsuchstages during theprogress ofsuchworkasthecityengineer may
direct.  

27.11 CONNECTING BUILDINGS ON LOTS ABUTTING STREETS WITH PUBLIC SEWERS

a) DutytoConnect.   Everyownerofabuilding constructed afterOctober 1, 2001,  
andlocated uponalotorparceloflandinthecity, which lotorparcelofland
abutsastreetoralleyinwhich thereislocated apublic sanitary sewer, shall
properly connect suchbuilding orcausesuchbuilding tobeconnected withsuch
publicsanitary sewer inthemanner setforthinthischapter sothatallsewage
fromsuchbuilding maythereafter becarried intothepublicsanitary sewers of
thecity; provided, that theuseforwhichsuchbuilding istobeputrequires or
makes necessary aprovision forthedisposal ofsewage orhuman excrement.  

Ord. No. 3501 09/04/01

b) Ordering Connection withSewer.  Thecitymanager isempowered, whenever
thereisasanitary sewer inthepublic highway orpublicground uponwhich any
property abuts, tocause theowner toconnect suchproperty withsuchsanitary
sewerbyasufficient sanitary sewerwhenever inhisjudgment thesamemaybe
necessary forthepreservation ofthepublic health.  Heshallgivenotice tothe
ownerspecifying thedatewhensuchsewerconnection orconnections mustbe
completed, andifsuchownerneglects tocomplete thesame within thetime
specified, thecitycouncil maycause thesametobedoneandmayeither
recover thewhole amountoftheexpense thereofbyanaction against theowner
inthenameofthecitybefore anycourthaving jurisdiction thereoforcertify the
sametothecounty auditor pursuant toMinnesota Statutes, Section 444.075.  

c ) Everyownerofaproperty containing anindividual sewage treatment system
shallsubmit totheCityEngineering Department acertificate ofcompliance with
Statestandards, prepared byanindividual licensed andregistered bytheState
toperform inspections.  Thecertificate shallbevalid forthreeyears following the
dateofitsissuance.  Anewcertificate ofcompliance shallbeobtained andbe
filedwith theCityevery3years thereafter untilsuch timeashookup tothepublic
sanitary sewer system occurs.  

Ord. 3501 09/04/01
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27.12 CONNECTION OFSTEAM EXHAUST TOSEWERS

Nosteamexhaust orblowoff shallbeconnected withanysoilorwasteplant, ordrain
whichcommunicates withapublic sewer.  

27.13 CESSPOOLS PROHIBITED WHERE SEWERS AVAILABLE

Allprivyvaultsandallcesspools andotherarrangements forthereception ofhuman
excrement andsewage, notconnected withapublicsanitary sewerandlocated onlots
orparcelsoflandinthecityabuttingastreetoralley inwhich there islocatedapublic
sanitary sewer, aredeclared tobeahealthnuisance andthebuilding, maintenance or
permitting suchstructure toremain isprohibited.  Existing individual sewage treatment
systems meeting Statestandards arenotincluded inthisprohibition.  Every suchvault,  
cesspool andotherarrangement forthereception ofhuman excrement andsewage
located inthecityuponpremises notcapable ofbeingconnected withapublicsanitary
sewer shallbedestroyed andthecontents thereof disposed ofwithin30daysaftera
publicsanitary sewer shallhavebeen fullyconstructed inapublicstreetoralley,  
adjacent tosuchpremises.  

Ord. 3501 09/04/01

27.14 LEAKY OR UNUSED SEWERS

Noownerofrealestate served withasanitary orstorm sewerconnected toapublic
sewershall:  

a)  Permithissewer toleakafteraleakhasbeendiscovered.  

b)  Keephissewer connected tothepublic sewer whenthereisnoneedforthe
connection. Itshallbepresumed thereisnoneedifnosewage orwater iscarried
through theowner'ssewer foraperiodof300consecutive days.  

27.15 INDIVIDUAL SEWAGE TREATMENT SYSTEMS AND HAULED WASTEWATER

a) Definitions.  Forthepurpose ofthissection thefollowing words andphrases shall
havethemeanings respectively ascribed tothembythissection:  

Empty:  Empty, cleanorremoved.  

Individual Sewage Treatment System:   Asewage treatment system, orpart
thereof, servingadwelling thatusessubsurface soiltreatment anddisposal, ora
holding tank.  

Hauled Wastewater:  Liquidofwater-carried industrial ordomestic sewage which
istransported fromtheplaceoforigin totheplaceofdischarge.  

b)  Offensive orHazardous.   Noperson shallsufferorpermitanindividual sewage
treatment system uponanypremises belonging tohimoroccupied byhimto
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overflow, become uncovered, become foul, emitodorsoffensive toanyperson in
theneighborhood orbecome hazardous tothepublic health.  

c)  Declaration ofNuisance andAbatement.   Anindividual sewage treatment
system isanuisance ifitoverflows, becomes uncovered, becomes foul, emits
odors offensive toanyperson intheneighborhood orifitbecomes hazardous to
thepublic health.  Theownerofsuch individual sewage treatment system shall
abate thesameonorderofthecitycouncil andinthemanner directed bythecity
council.  

d)  License toProvide Service toIndividual Sewage Treatment Systems.  Noperson
shallmaintain, pump, inspect orprovide service toanindividual sewage
treatment system unless licensed todosobytheStateofMinnesota.  

e)  PermitRequired forDischarge toCity’sWastewater Treatment System.  No
person shalldischarge hauled wastewater, septage oranyotherwastewater,  
material orsubstance, obtained fromanindividual sewage treatment system or
anyothersource, intotheCity’swastewater system without firstobtaining a
Permit toDischarge Hauled Wastewater fortheCityofWinona Wastewater
Treatment Plant (WWTP).  Theapplication foraPermit toDischarge Hauled
Wastewater maybeobtained fromthecityclerk.  

Ord. No. 3885 11/7/2011

27.16 EMPTYING HOLDING TANKS ON TRAVEL TRAILERS

Aperson whoownsoroperates atravel trailerorself-contained vehicle whichhasa
holding tankonboardmayempty thecontents thereof intothecityfacilityatPrairie
Island.  

27.17 DISCHARGE OFWASTES INTO PUBLIC WATERS

Noperson shalldischarge orplaceorpermit tobedischarged orplaced intoanypublic
waterorwaterway within thecorporate limitsanynauseous ordangerous substance or
objectoranysubstance whichwillpollute ortendtopollute water, including, butnot
limited to, garbage, offal, rubbish, bodyofadeadanimal, oiloranoilderivative, sewage,  
achemical, metal, plastic, mortar, brick, rock, stoneorglass.  

27.18 PRIVY VAULTS OUTSIDE CITY

Nolicensee shalldumpthecontents ofaprivyvault, whichcontents havebeen taken
fromaprivyvaultoutside thecity, unless specific written consent tosodumphasbeen
givenbythecity.  

27.19 SEWER SERVICE CHARGES

a) Purpose.  Forthepurpose ofproviding funds tomeetthecostsofoperating the
sewerage system andsewage treatment plant, thefacilities connected therewith
andthepayment ofcapital charges represented bybonds, certificates of
indebtedness orotherwise whichmaybeissued tofinance thecostofsuch
treatment facilities andthepayment ofallothercostsallowed bylaw, thereis
hereby imposed uponeachowneroftheproperty asewerservice chargeas
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hereinafter provided.  Thesewerservice charge isacharge against theowner,  
lesseeandoccupant; asewer service charge unpaidanddelinquent onAugust
15ofeachyearmaybecertified tothecounty auditor with taxesagainst the
property served forcollection pursuant tolaw.  Whereasanitary sewer is
available andwrittennotice hasbeengiventoanowner toeliminate aprivate
sanitary sewerage system which doesnotcomply withtheordinances ofthecity
orlawsorregulations ofthestateandtoconnect tothesanitary sewer, asewer
service charge maybemadeatthenextbilling periodeven though physical
connection isnotimmediately made tothesanitary sewer.  Prior tosubmission of
theassessment tothecounty onthedate theassessment isconfirmed bythe
citycouncil, thecouncil shalladdanadministrative feeof15percentofthe
amount thendue.  

Ord. No. 3851 9/20/2010

b)  BasisofService Charge.  Exceptasotherwise hereinprovided, theservice
charge shallbebaseduponthequantity ofwaterusedattheproperty asthe
water ismeasured bythewater meter orwatermeters thereinuse.  The
minimum sewage service charge toaproperty ownerusingaprivate water
supplyshallbethesameascharged toaperson usingcitywater.  

c) Industrial User.  Aproperty withwatermeters oftwoinchorovershallbe
considered anindustrial user, regardless oftheuseofproperty.    

Ord. 3538 07-01-02

d)  Property Outside City.  Property outside thecitywhich isservedbyandusesthe
sewerage system andwhichproduces domestic orclass1industrial sewage
shallpaydouble theamount oftheservice charge prescribed intheabove
schedule foraproperty inside thecity.  Aservice charge foraproperty outside
thecity limitswhich isservedbyacollection system maintained byanother
governmental subdivision shallbethesubject ofanagreement between thecity
andsuchothergovernmental subdivision.  Acharge foraproperty outside the
citylimitswhich isservedbyanduses thesewerage system andwhich produces
class2industrial sewage shallbebasedontheamount andstrength ofsewage
contributed tothesystem andshallbethesubjectofanagreement between the
cityandtheowner.  

e)  Computation ofAmount ofCharge.   Theamount duefortheservice charge shall
becomputed inaccordance with theprovisions ofcityordinances andstatements
rendered atthesametimeandonthesamebillwiththecitywaterstatement.  A
sewerservice charge statement isrendered under thesame conditions asa
waterstatement andtheitemsarenotseparable inpayment.  Ifaproperty
supplies itsownwater, abillwillberendered forsewerservice only.  

f)  Deposit ofFunds.  Themonies received fromthecharges herein established
shallbedeposited inaseparate fundofthecity.  

27.20 METERING WATER SOURCES

Intheeventanyproperty discharging sanitary sewage, industrial wastes, waterorother
liquids intothesewerage system ofthecity, eitherdirectly orindirectly, issupplied in
wholeorinpartwithwaternotobtained fromthecity, theownerofsuchproperty shall
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causetobeinstalled necessary metering equipment approved bythecitymanager to
measure thequantity ofwaterpumped orused, andsewerservice charge shallbe
basedonthequantity ofwatersomeasured. Theownershall installandmaintain such
metering equipment ingoodworking condition athisownexpense.  Whenever the
owner failstoinstall suchmetering equipment orwhere itisnotpracticable tomeasure
thewater consumed ontheproperty byameterormeters, thecitymanager shall cause
tobedetermined insuchmanner andbysuchmethods asmaybepracticable,  
considering conditions andattendant circumstances ineachcase, theestimated volume
ofwater fromprivate sources whichdischarge intothesewerage system andsuch
estimates shallbeusedinlieuofthemeter volumeofwater fromprivate sources to
determine theservice charge.  

Thecitymanager mayauthorize saleofmeters purchased bythecity, andsuchsales
maybemadeatcosttothecity.  Thecitymanager mayauthorize payment forameter
tobespread overequal, ornearly equal, payments, thesametobeadded tothewater
bill; provided, however, that thepurchaser authorizes billing inthemanner prescribed at
thetimethemeter ispurchased.  

27.21 TESTING STRENGTH OF INDUSTRIAL SEWAGE

a) Indetermining thestrength ofindustrial sewage, actual testsshallbeconducted
asdirected bythecitymanager, thecost tobepaidbytheowner requesting or
required tohavesuch test.  Eachtestshallbeperformed inaccordance with
methods described inthecurrent edition of "Standard Methods Examination of
WaterandWasteWater" published bytheAmerican Public HealthAssoc., the
American WaterWorks Association andtheWater Pollution Control Federation
latestedition, orasapproved bytheU.S. Environmental Protection Agency
and/ortheMinnesota Pollution Control Agency.  

b) Ifdirected bythecitymanager, theowner shallconduct routine analyses ofthe
sewage andshall submit theresults inperiodic reports asrequired bythe
Federal Pretreatment regulations and/orasrequired bythecitymanager.  

27.22 ENTERING MANHOLE

Noperson shallenterasewermanhole oropenthesameforanyperson whatever
unlessauthorized bythecitymanager orthecitycouncil.  

27.23 PROHIBITED DISCHARGES

Noperson shalldeposit ordischarge anypollutant which wouldcause thecitytoviolate
itsNPDES Permit, anypollutant inconcentrations exceeding StateorFederal limitations,  
oranyofthefollowing, whichever ismorestringent:  

a) Anywastewhich willphysically damage thesewerage system, sewage treatment
plantorfacilities connected therewith, orinterfere with thetreatment process
standards required bytheMinnesota Pollution Control Agency.  

b) Anywastewater havingatemperature greater than150degrees F. or65.6
degrees C. orcausing, individually orincombination withotherwastewater, the
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influentatthewastewater treatment plant tohaveatemperature exceeding 104
degrees F. or40degrees C.  

c) Waterorwaste containing morethan100partspermillion byweight offat, oilor
grease.  

d) Pollutants whichcreateafireorexplosion hazard intheWastewater Disposal
System, including butnotlimited to, wastestreams withaclosedcupflashpoint of
lessthan140degrees Fahrenheit or60degrees Centigrade usingthetest
methods specified in40CFR261.21, July24, 1990. Prohibited materials include,  
butarenotlimited to, gasoline, kerosene, naphtha, benzene, toluene, xylene,  
ethers, alcohols, ketones, aldehydes, peroxides, chlorates, perchlorates,  
bromates, carbides, hydrides, andsulfides.  

Ord. No. 3042 11/05/90

e) Garbage, eitherhousehold orcommercial, thathasnotbeenshredded, sothat
thegarbage particles aresmaller than3/8inchintheir largest dimension.   
Adequate water flowvolume towashsuchgarbage through thesewers shallbe
provided.  

f) Ashes, hair, peelings, refuse, rages, sticks, cinders, earth, mortarorconcrete,  
feathers, glass, metal, animal orpoultry solids, plastics, oranysolidorviscous
matter capable ofcausing obstruction intheflowofasanitary sewer reduction in
thecapacity ofasanitary sewer, orinterference with theproper operation ofthe
sewerage system.  

g) Waterorwaste containing anacidoftoxicorradioactive orpoisonous substance
insufficient quantity toinjureorinterfere with thetreatment process orcausea
hazard tohumans, animals oraquatic life, inthereceiving waters ofthe
sewerage system.  

h) Wastecontaining suspended solidsofsuchcharacter andquantity thatspecial
attention orexpense isrequired tohandle suchmaterials through thesewerage
system.  

i) Noxious ormalodorous gasorsubstance capable ofcreating anuisance.  

j) Anywastewater havingapHlessthan5.0, orhigher than11.0, orhaving any
othercorrosive property capable ofcausing damage orhazard tostructures,  
equipment, andpersonnel ofthesanitary sewerage system.  

Ord. No.  3488 04/02/01

k) Roof, groundorsurface water, non-contact cooling waterormeans ofintroducing
suchwater intothesewerage system.  

l) Anyslug load, whichshallmeananypollutant, including oxygen demanding
pollutants (BOD, etc.) released inadischarge ofsuchvolumeorstrength asto
cause inhibition ordisruption inthesanitary sewerage system.  Innocaseshalla
slugloadhaveaflowrateorcontain concentrations orquantities orpollutants
thatexceed foranytimeperiod longer thanfifteen minutes morethanfivetimes
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theaverage twenty-fourhourconcentrations, quantities, orflowoftheuserduring
normal operation.  

m) Anywastewater havingaBOD-5greater than210mg/lorhavingasuspended
solidsconcentration greater than180mg/l.  Sewage withgreater concentrations
maybedischarged onlythrough aspecial usepermit.  Charges willbelevied for
wastewater havingastrength greater than210mg/1BOD-5or180mg/l
suspended solids.  

Ord. No. 3291 05/20/96

n) Anywastewater havingaconcentration greater than:  

Zinc  ( Total)  6.0mg/l
Chromium ( Total)  8.0mg/l
Cadmium ( Total)  2.0mg/l
Copper ( Total)  3.5mg/l
Lead  ( Total)  1.0mg/l
Nickel  ( Total)  6.0mg/l
Cyanide ( Total)  1.8mg/l
Mercury ( Total)  0.040mg/l
Silver  ( Total)  10.0mg/l

Ord. 3544 9/03/02

o) Anywastewater having total toxicorganics (TTO) exceeding 2.13mg/lforany
oneday. TTOisdefined intheFederal Register 40CFR433.11(e) ofVol. 48, No.  
137/Friday July15, 1983/RulesandRegulations as "thesummation ofall
quantifiable values greater than0.01milligrams perliterintheabovecited
Federal Register".  

Ord. No. 2978 06/19/89

p) Garbage, discarded material andgrease fromnon-domestic sources which
results fromthehandling, processing, storage, preparation, serving and
consumption offood, when theeffectofsuchdisposal intopublic sewers isthe
avoidance ofoff-sitesolidwastedisposal.    

Ord. No. 3138 07/20/92

q) Wasteantifreeze orcoolant.  Thisprohibition shallnotapply tothesmall amount
ofantifreeze orcoolant thatmaybeinthewaterusedtoflushaheating/cooling
system aftertheantifreeze orcoolant hasbeendrained downandcaptured.   

Ord. No. 3368 07/06/98

r) TheCitymaydevelop BestManagement Practices byordinance, ingeneral
permits, inindividual wastewater permits, ortoestablish standard practice, to
implement local limitsandtherequirements ofChapter 27.  

Ord. No. 3833 3/15/2010

27.24 GREASE TRAPS

Noownerofahotel, restaurant, school, foodhandling establishment, processing plantor
manufacturing planthandling foodstuff orgreasy materials shallhaveasewer
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connection that isnotequipped withagrease trapofstandard andadequate design.   
Eachgrease trapshallbeproperly constructed andmaintained tofunction properly at
theexpense oftheowner.  

7.25 NOTIFICATION OF SPILLAGE OR NONCOMPLIANCE2

a) Intheeventofaspillage intothesanitary sewersystem ofanywastewhich could
beharmful topersons orthewastewater disposal system, theperson responsible
forthespillage shall immediately, onbecoming awareofthespillage, notify the
citymanager ofthequantity andcharacteristics ofthespilled material.  The
person responsible forthespillage shallalsorepeat sampling andanalysis and
submit theresultoftherepeatanalysis tothecitymanager within30daysafter
becoming awareofthespillage.  

b) Intheeventofnoncompliance withtherequirements ofSection 27.23, any
person, uponbecoming awareofthenoncompliance, shallnotify thecity
manager within24hoursofbecoming awareofthenoncompliance.  Theperson
responsible forthenoncompliance shallalsorepeat sampling andanalysis and
submit theresultsoftherepeat analysis tothecitymanager within30daysafter
becoming awareofthenoncompliance.  

c) Theperson responsible forthespillage ornoncompliance shall submit, inwriting,  
tothecitymanager thedescription, cause, periodofoccurrence, correction
procedures, andprocedures forprevention ofreoccurrence ofthespillage or
noncompliance.  

Ord. No. 3021 06/04/90

27.26 PRETREATMENT FACILITIES

Pretreatment facilities shallbeprovided where required tomeet thedischarge limitations
addressed underSection 27.23.  Anowner, discharging waste, shallsubmit tothecity
manager aschedule outlining thesteps tobetakentoprovide therequired pretreatment
facilities.  Pretreatment facilities shallbeproperly constructed andmaintained atthe
owner'sexpense.  

a) Grease, Oiland/orSand Interceptors.  Grease, oilandsand interceptors shallbe
provided when, intheopinion oftheCityManager, theyarenecessary forthe
properhandling ofliquidwastes containing floatable oilorgrease inanexcessive
amount, orsandorotherharmful ingredients.  All interceptors shallbeofatype
andcapacity approved bytheCityManager, andshallbelocated soastobe
readily accessible forcleaning andinspection.  Theusershallcleanandmaintain
these interceptors asrequired tomaintain efficient removal ofgrease, oiland/or
sand.  Inmaintaining these interceptors, theowner(s) shallberesponsible forthe
proper removal anddisposal byappropriate meansofthecaptured material, and
shallmaintain records, whicharesubject toreviewbytheCityManager, orthe
datesandmeans ofdisposal, including manifests, ifused.   

Ord. No. 3368 07/06/98

27.27 SLUDGE, ETC.  
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Noperson shalldispose ofsludge, floats, skimmings, etc., generated byapretreatment
system intothecity'ssanitary sewerage system.  Suchsludgeshallbecontained,  
transported, anddisposed ofinaccordance withallFederal, Stateandlocal regulations.  

27.28 CONTROL MANHOLES

Thecitymayrequire acontrol manhole tobebuiltonthebuilding sewerattheowner's
expense tofacilitate observation, sampling, inspection andmeasurement ofwastes;  
whenrequired, suchmanhole shallbeaccessible, safely located andbuilt inaccordance
withcitystandards forsewermanholes.  Thenecessity foracontrol manhole willbe
basedonsewage volume, whether itisaprocessing wasteoranindustrial waste and
whether thewaste requires control within theoperation tomeetacceptable conditions for
discharge tothesewerage system.  

27.29 SPECIAL AGREEMENTS WITH CITY FOR HANDLING OF CERTAIN WASTES

Nothing inthischapter requires thecitytoprovide sewerserviceatpublished rateswhen
anownerdeposits waste inthesewerage systemorcauses ahigher thannormal
expense intheoperation ofthesewerage system.  Nothing inthischapter prohibits the
cityfromthehandling ofdeleterious wastes, requiring pretreatments orsettingaservice
charge higher thanthepublished ratesonanagreement basis.  Suchanagreement
shallbemadebythecityandtheownerafterconsidering theproblems inhandling the
effectonthesewerage system andthecostofhandling thewaste, among other things,  
butnotlimited to, feesforindustrial discharge andpretreatment monitoring, inspections,  
andsurveillance procedures.  

27.30 DAMAGE TO SEWERAGE SYSTEM

Noperson shall causedamage tothesewerage system.  Acontractor employed ona
citycontract oraplumber orotherperson engaged inworkwhere there ifapossibility of
damage tothesewerage system, shallexercise particular caretoprevent suchdamage
andtheentrance offoreign material intothesystem andshallperform allwork ina
workmanlike andneatmanner.  Uponafailure tocomply, thecitymanager maycause
thedamage toberepaired, thematerial toberemoved orthework toberedone atthe
expense oftheperson responsible; provided, that thecitymanager shallgivea5-day
writtennotice totheperson ofthecity'sintention toproceed beforeacting, except inan
emergency situation whenhemayproceed without suchnotice.  

27.31 DISCHARGE OF SURFACE WATER

a) Noperson shall connectaroof, ground waterorsurface waterdrain tothe
sanitary sewerage system.  Water usedforcooling andcondenser purposes
whichdoesnotexceed 25partspermillionBODandother industrial ordomestic
waterwhichdoesnotcontain discoloration, harmful chemicals, sediment, solids,  
noxious odorsanddoesnotexceed 25partspermillionBODmaybedischarged
directly intothestormsewersystem, andifmetered, shallbededucted fromany
service charge.  

b) Within30daysafternotice givenbythecitymanager, theownerhavingaroof,  
ground waterorsurface waterdrainconnected withthesewerage system shall
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disconnect thesame.  Theopening inthesewerage system shallbeclosed ina
neatandworkmanlike manner.  

c) Theownerofabuilding withoutayardreasonably adequate toabsorb surface
waterontheproperty shallequip thebuilding withapropermetallic leaderor
leaders toconduct suchwater tothestreetoralleygutterandshallconnect such
leaderorleaders toastorm sewerwhenever thereissuchasewer within50feet
ofsuchbuilding.  

d) Ifaresidential dwelling unithasasumppitinthebasement, asump pumpshall
beinstalled. Thedischarge fromthesumppump shallbetotheoutsideofthe
building.  Thedischarge shallnotbetothesanitary sewer.  

Ord. No. 2946 10/17/88

27.32 ADDITIONAL REMEDIES

Inaddition toanyother remedy provided bylaw, thecitymanager isauthorized todo
oneormoreofthefollowing:  

a) Tocause collection ofadelinquent sewer chargebycivilaction inacourtof
competent jurisdiction;  

b) Tocause thewater supply and/orsewerservice furnished toaproperty tobe
closedoffuntil theexpense ofclosingoffthewaterand/orsewerservice and
restoring itispaidandcompliance with thischapter isassured;  

c) Tocause tobedonewhatever isrequired bythischapter andisnotdonebyan
ownerandtocausecollection ofthecost thereof inthesame manner usefor
collection ofasewer charge asprovided forinthischapter.  

d) SlugorAccidental Discharges.  Thecitymanager may immediately suspend the
sanitary sewerage service ofaperson usingtheservice whensuchsuspension
isnecessary, intheopinion ofthecitymanager, inorder tostopanactualor
threatened discharge whichpresents ormaypresent animminent orsubstantial
endangerment tothehealthorwelfareofpersons.  Thecitymanager may
suspend thesanitary sewerservice ofaperson using theservice afterwritten
notice, inorder tostopadischarge whichcouldbeathreat totheenvironment,  
thesanitary sewersystem, thewastewater treatment plant, orwouldcause the
citytoviolateanycondition ofitsNPDES orStateDisposal System Permit.  

e) LegalAction.  Ifanyperson discharges sewage, industrial wastes, orother
wastes intothecity'ssanitary sewerage system contrary totheprovisions ofthis
ordinance, Federal orStatepretreatment requirements, oranyorderofthecity,  
thecityattorney maycommence anaction forappropriate legaland/orequitable
relief, including injunctive relief.  

f) Annual Publication.   Alistofpersons whoweresignificantly violating applicable
pretreatment requirements ornational categorical pretreatment standards during
thetwelve (12) previous months, which resulted inthecitymanager exercising
hisemergency enforcement authority under thisordinance, maybeannually
published bythecityinalocalnewspaper.  Thenotification shall summarize any
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enforcement actions taken against theuserduring thesametwelve months.  For
thepurposes ofthisprovision, significant violations wouldbethose violations
whichremain uncorrected 45daysafternotification ofnoncompliance, which are
partofapatternofnoncompliance overatwelve month period, orwhich involve a
failure toaccurately report noncompliance.  

27.33 NATIONAL CATEGORICAL PRETREATMENT STANDARDS

National Categorical Pretreatment Standards promulgated bytheU.S. Environmental
Protection Agency, incorporated hereinbyreference, shallbemetbyallpersons who
aresubject tosuchstandard, astheygointoeffect, unless thecitymanager has
obtained approval tomodify thestandards fromtheMinnesota Pollution Control Agency.   
Thecitymanager shalldenyanynew, changed orincreased discharge whichdoesnot
meet therequirements ofanynational categorical pretreatment standard.  Schedules for
installation ofpretreatment treatment facilities, where required, willbesubmitted for
approval bythecitymanager.  

27.34 DILUTION

Noperson shall increase theuseofprocess wateror, inanyway, attempt todilutea
discharge asapartialorcomplete substitute foradequate treatment toachieve
compliance withthelimitations contained herein, contained intheNational Categorical
Pretreatment Standards, orcontained inanyStaterequirements.  

27.35 INSPECTION AND SAMPLING

Thecitymanager shall inspect thefacilities ofanyperson toascertain whether the
purpose ofthisordinance isbeingmetandallrequirements arebeingcomplied with.  An
ownerofpremises where wastewater iscreated ordischarged shallallow thecity
manager readyaccess atallreasonable times toallpartsofthepremises forthe
purposes ofinspection, sampling, records examination orintheperformance ofanyof
theirduties.  

27.36 CONFIDENTIAL INFORMATION

Information anddataonaperson obtained fromapplications, permits, monitoring
programs andinspections shallbeavailable tothepublicorothergovernment agencies
without restriction unless theperson specifically requests andisabletodemonstrate to
thesatisfaction ofthecitymanager that thereleaseofsuchinformation would divulge
information, processes ormethods ofproduction entitled toprotection astradesecretsof
theperson. When requested bytheperson furnishing areport anduntilsuch timeasthe
information isdetermined nottobeconfidential, theportions ofareport which might
disclose tradesecretsorsecret processes shallnotbemade available forinspection by
thepublicbutshallbemadeavailable uponwritten request togovernmental agencies for
usesrelated tothisordinance, theNPDES Permit, StateDisposal System Permit and/or
thepretreatment programs; provided, however, thatsuchportions ofareport shallbe
available forusebytheStateandanyStateagency injudicial review orenforcement
proceedings involving theperson furnishing thereport.  Wastewater constituents and
characteristics willnotberecognized asconfidential information.  Information accepted
bythecitymanager asconfidential shallnotbetransmitted toanygovernmental agency
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ortothegeneral publicbythecitymanger untilandunlessaten-daynotification isgiven
totheperson providing theinformation.  

27.37 NOTIFICATION OF VIOLATION

Whenever thecitymanager findsthatanyperson hasviolated orisviolating any
prohibition, limitation orrequirements contained herein, thecitymanager mayserve
uponsuchpersonawrittennotice stating thenature oftheviolation.  Within 30daysof
thedateofthenotice, unlessashorter timeframe isnecessary duetothenature ofthe
violation, aplanforthesatisfactory correction thereof shallbesubmitted tothecityby
theuser.  

27.38 FALSIFYING INFORMATION

Anyperson whoknowingly makesanyfalsestatements, representation orcertification in
anyapplication, record, report, planorotherdocument filedorrequired tobemaintained
pursuant tothisordinance orWastewater Discharge Permit, orwhofalsifies, tampers
with, orknowingly renders inaccurate anymonitoring deviceormethod required under
thisordinance, shall, uponconviction, bepunished byafineorbyimprisonment orby
both.  

27.39 PENALTIES

Anyuserwhohasfailed tocomply withanyprovision ofthischapter andtheorders,  
rules, regulations andpermits issued hereunder, shallbefinednot lessthanOne
Hundred Dollars ($100.00) normore thanFiveThousand Dollars ($5,000.00) foreach
offense.  Eachdayonwhichaviolation shalloccurorcontinue shallbedeemed a
separate anddistinct offense. Inaddition tothepenalties provided herein, theCitymay
recover reasonable attorneys’ fees, courtcosts, court reporters' feesandotherexpenses
oflitigation byanappropriate action against theperson found tohaveviolated this
chapter ortheorders, rules, regulations, andpermits issued hereunder.  

Ord. No. 3138 07/20/92
Ord. No. 3833 03/15/10

27.40 PORTABLE RESTROOM UNITS AND HAULED WASTEWATER

a) License Required forPlacement.  Noperson, contractor ororganization shall
placeaportable restroom (aunitthat istemporary, mobile andaboveground) on
city-owned property orright-of-way, unless saidperson, contractor or
organization hasbeengranted alicense todosofromthecity.   

b) Application forLicense.  Anapplication foralicense under thischapter shallbe
madetothecityclerkonaformprovided bythecity. Theapplication shall
contain thefullnameoftheapplicant, theapplicant'sresidential andbusiness
addresses andtelephone numbers, thenameandnature ofthebusiness for
which thelicense issought, andanyadditional information thecitydeems
necessary. Upon receiptoftheapplication, thecityclerkshall forward the
application tothePublic WorksDepartment forreviewandapproval.  Ifthe
application isfoundtobeincomplete, thecityclerkshall return theapplication to
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theapplicant withnoticeoftheinformation necessary tomaketheapplication
complete.   

c) Approval orDenial.  TheCityCouncil mayeither approve ordeny thelicense
required under thischapter. IftheCityCouncil approves thelicense, the
applicant shallenter intoalicense agreement withtheCitywhichshallsetforth
thetermsandconditions ofthelicense including, butnot limited to, required
insurance coverage, indemnification provisions, andsiteapproval.  IftheCity
Council denies thelicense, noticeofthedenial shallbegiventotheapplicant by
thecityclerk.   

d) Fees.  Nolicense shallbeissuedunder thischapter until theappropriate license
feeshallbepaid infull. Thelicense feeshallbetheamount dulyestablished by
ordinance ofthecitycouncil fromtimetotime. Thelicense feeshallnotbe
prorated forlicenses issued forlessthanafullyear.   

e) Term.  Alllicenses issuedunder thischapter shallbevaliduntilDecember 31of
theyearofissue.   

f) Renewal.  Therenewal ofalicense issuedunder thischapter shallbehandled in
thesamemanner astheoriginal application. Therequest forarenewal shallbe
madeatleast30daysbutnotmorethan60daysbefore theexpiration ofthe
current license. Theissuance ofalicense under thischapter shallbeconsidered
aprivilege andnotanabsolute rightoftheapplicant andshallnotentitle the
holder toanautomatic renewal ofthelicense.  

g) Transferability.  Every license issued under thischapter shallbevalidonly forthe
person, contractor ororganization towhom thelicense wasissued.  Notransfer
ofanylicense toanother location orperson shallbevalidwithout thepriorwritten
approval oftheCityofWinona.   

h) Revocation orSuspension.  Anylicense issued under thischapter maybe
revoked orsuspended asprovided inchapter 51ofthiscode.   

i) Payment ofRealEstate Taxes, Assessments andOther Charges.  Allrealestate
taxesdueandpayable inthecalendar yearpreceding thetermofthelicense,  
andassessments payable therewith andapplicable tothelocation ofthe
applicant’sbusiness towhomthelicense issought, aswellasallpending
assessments forunpaid municipal charges, andallotherunpaid municipal
charges applicable tothelocation oftheapplicant’sbusiness towhomthelicense
issought, shallbepaidinfullprior toissuance totheapplicant ofanylicenseor
renewal license pursuant tothischapter.  

j)  NoticeofViolation.  Nolicense pursuant tothischapter oraPermit toDischarge
Hauled Wastewater shallbeissued toaperson, contractor ororganization who
hasanoutstanding andincomplete noticeofviolation issuedbythecityandthe
termsofwhichhavenotbeenreleased inwritingbythecity.   

k)  PermitRequired forDischarge.  Noperson, contactor ororganization shall
discharge hauled wastewater obtained fromaportable restroom unitoranyother
source intothecity’swastewater treatment system without firstobtaining a
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Permit toDischarge Hauled Wastewater fromtheWinona Wastewater Treatment
Plant (WWTP). Alicense toplaceaportable restroom unitoncityowned property
orright-of-wayasprovided inthischapter doesnotconstitute apermit to
discharge intothecity’swastewater treatment system, unless thelicense
includes asanattachment thepermit required hereby.  Anapplication fora
Permit toDischarge Hauled Wastewater maybeobtained fromthecityclerk.  

l)  BasisofDenial.  Thefollowing shallbegrounds fordenying theissuance or
renewal ofalicenseorpermit required under thischapter, provided that, except
asmayotherwise berequired bylaw, theexistence ofanyparticular ground for
denialdoesnotmeanthat thecitymustdeny thelicenseorpermit:   

1)  Theapplicant isunder theageof18years.  

2) Theapplicant hasbeenconvicted ofacrimewithin thepastfiveyearsof
anyviolation ofafederal, state, orlocal law, ordinance, orother
regulation relating tothepurpose forwhich thelicenseorpermit is
sought.   

3) Theapplicant hashadalicenseorpermit under thischapter revoked, or
suspended formorethan30days, within thepreceding 12months ofthe
dateofapplication.   

4) Theapplicant fails toprovide anyinformation required ontheapplication
orprovides falseormisleading information.  

5) Theapplicant isprohibited byfederal, state, orother local law, ordinance,  
orother regulation fromholding suchalicense orpermit.  

6) Theapplicant fails totakecorrective action asrequired bythecityforthe
citytocomplete andrelease anoutstanding noticeofviolation issuedby
thecitytotheapplicant.  

Ord. No. 3885 11/07/2011
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Appendix I 
Signed SIU Agreements 

 







































































































































































 

 

Appendix J 
Project Priority List Application 
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Project Priority List (PPL) 
Wastewater Application 

 
 
1. Applicant name:  City of Winona 

  Project area:  Winona, MN 

  Town/city:  Winona, MN 

  Population:  26,854 

  County:  Winona 

2. Contact person:  Brian DeFrang 

  Address: 207 Lafayette Street, Winona, MN 55987 

  Phone: 507.457.8237  Fax:        

  E-mail: BDeFrang@ci.winona.mn.us 

3. Project consultants/Firm name (if applicable):  SEH 

  Contact name:  Susan Danzl 

  Address: 3535 Vadnais Center Dr, St. Paul, MN 55110 

  Phone: 651.280.0884  Fax:        

  E-mail: sdanzl@sehinc.com 
 
4. Project area description:  Sewered:    Unsewered (submit map of project area) 

 a.  Number of existing households:   15,620         

 b.  Number of non-residential users: 1,650       

 Need or problem project   Failing on-site systems  # of failing systems:       
 addresses:   Connection to an existing system   Expansion of existing treatment plant 
 (Check all that apply)   Rehab of an existing facility   New treatment and/or collection system 
    Rehab collection system   Advanced treatment 

5. Please indicate if this project may be a Green Project Reserve (GPR) which are wastewater projects that are either 
categorical or non-categorical and have components or the entire project is applying to be determined GPR eligible. 

 The U.S. Environmental Protection Agency (EPA) provided a guidance document listing examples of projects that will qualify 
for Green Project Reserve dollars. Below is a list of those examples. If the proposed project matches one or more of the 
examples, check the box next to the example that describes the project. For more information, see CW Green Guidance at 
http://www.pca.state.mn.us/water/wastewater-financial.html. 

Categorical eligible project types 

 1. Water Efficiency 
 a. Installation of water meters (applies only to drinking water distribution systems – contact the Minnesota 

Department of Health) 
 b. Retrofit or replacement of water using fixtures, fittings, equipment or appliances 
 c. Efficient landscape or agricultural irrigation equipment 
 d. Systems to recycle gray water 
 e. Reclamation, recycling, and reuse of existing rainwater, condensate, degraded water, stormwater, and/or 

wastewater streams. 
 f. Collection system leak detection equipment 
 g. Development and initial distribution of public education materials 
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 2. Energy Efficiency 
 a. Energy efficient retrofits and upgrades to pumps and treatment processes 
 b. Leak detection equipment for treatment works 
 c. Producing clean power for 212 treatment works on site (wind, solar, hydroelectric, geothermal, biogas powered 

combined heat and power) 
 d. Pro-rata share of capital costs for offsite publicly owned clean energy facilities that provide power to a treatment works. 

 3. Green Infrastructure  
 a. Implementation of comprehensive street tree or urban forestry programs, including expansion of tree box sizes to 

manage additional stormwater and enhance tree health. 
 b. Implementation of green streets (combinations of green infrastructure practices in transportation rights-of-ways), for 

either new development, redevelopment or retrofits 
 c. Implementation of water harvesting and reuse programs or projects, where consistent with state and local laws and 

policies. 
 d. Implementation of wet weather management systems for parking areas which include: the incremental cost of porous 

pavement, bioretention, trees, green roofs, and other practices that mimic natural hydrology and reduce effective 
imperviousness at one or more scales. 

 e. Establishment and restoration of riparian buffers, floodplains, wetlands and other natural features. 
 f. Downspout disconnection to remove stormwater from combined sewers and storm sewers. 
 g. Comprehensive retrofit programs designed to keep wet weather out of all types of sewer systems using green 

infrastructure technologies and approaches. 

 4. Environmentally Innovative Projects 
 a. Green Infrastructure/Low Impact development stormwater projects  
 b. Decentralized wastewater treatment and/or reuse projects that reduce energy consumption, recharge aquifers and 

reduce water withdrawals and treatment costs 
 c. Projects that employ development and redevelopment practices that preserve or restore site hydrologic processes 

through sustainable landscaping and site design.  
 d. Projects that use water balance approaches (water budgets) at the project, local or state level that preserve site, local or 

regional hydrology. Such an effort could pilot and show-case efforts to plan and manage in a concerted manner, surface 
and groundwater withdrawals, stream base flow (aquatic species protection), wetland and floodplain storage, 
groundwater recharge and regional or local reuse and harvesting strategies using a quantified methodology. 

 e. Projects that demonstrate the energy savings and climate change implications of sustainable site design practices and 
the use of green infrastructure such as green roofs, increased tree canopy, reduced water consumption and potable 
water use due to sustainable site designs, rainwater harvesting and reuse and reductions in hard or infrastructure 
needed to manage stormwater and Combined Sewers Overflow (CSOs). 

 f. Projects that demonstrate the differential uses of water based on the level of treatment and potential uses as a means to 
reducing the costs of treating all water to potable water standards. 

 g. Projects that identify and quantify the benefits of using integrated water resources management approaches. 

 5. Non-categorical (describe) 
        

        
 

6. Possible solution and cost estimates (if known):        

  Phosphorus Treatment and Upgrades, $20,000,000 

7. Current project status:   pre-planning 

8. Desired construction start date, if financing is available (month/year):  8/2024 

NOTE:  Required attachments for unsewered area projects.  A map of the project service area which has an identifiable 
scale, identifies all the structures with wastewater flows, and has the maximum impact zone clearly encircled. 

On behalf of an eligible project as their authorized authority, I hereby submit this application for placement on the PPL: 

Print Authorized 
Representaive Name:  Brian DeFrang  Signature:  

Title:  Director of Public Works  Date:  3/5/2021 

For more information, contact:   
Bill Dunn, Clean Water Revolving Fund Coordinator at 651-757-2324 or bill.dunn@state.mn.us 

www.pca.state.mn.us/water/wastewater-financial.html 
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PPL Wastewater Existing Facility 
 Improvements Scoring Worksheet 

Project Priority List (PPL) 

Minnesota Rule Chapter 7077.0117 

Doc Type:  PPL Points Determination 

 MPCA Use Only 
Facility Information (please print)  

      
Project name: Winona WWTF Upgrades  Project Number 

Applicant name  
(if different): City of Winona  

      
Staff Engineer 

Contact name: Brian DeFrang Title: Director of Public Works  
      

Total Points 

E-mail address: BDeFrang@ci.winona.mn.us Phone:        
      

Date 

Instructions:  This worksheet is used to score all requests for state financial assistance for wastewater improvement projects for 
Minnesota Pollution Control Agency (MPCA) permitted facilities. Scoring is based on the environmental criteria contained in 
Minnesota Rule Chapter 7077. The result of scoring is a ranked list called the Project Priority List (PPL) from which projects will be 
selected for funding. 

Applicants must complete their sections of the worksheet and submit it with their requests for placement on the PPL. As part of 
completing the worksheet, the applicant must provide sufficient documentation to support the award of points. Complete application 
information is located on the MPCA website at http://www.pca.state.mn.us/ppl. 
Complete this form if your proposal includes improvements to wastewater collection and/or treatment facilities that have an existing 
National Pollutant Discharge Elimination System (NPDES) Permit or a State Disposal System (SDS) Permit. 

For more information, contact:  Bill Dunn, Clean Water Revolving Fund Coordinator at 651-757-2324, Fax 651-297-8324, or 
bill.dunn@state.mn.us.  

Applicant completes questions 15-40 and 85; MPCA completes 45-80, 90-95 Points 

[15] Existing and proposed stabilization ponds located in karst areas and SDS facilities with high ground water table 
[subp. 6] 

15.1 Does this project replace or rehabilitate stabilization ponds located over karst areas?  Yes    No  
15.2 Does this project replace or rehabilitate wastewater treatment facilities having a disposal site 

(spray irrigation, rapid infiltration, etc.) with less than three feet of vertical separation from the 
treated wastewater discharge point to the seasonally high ground water table or to bedrock? 

 Yes    No  

If Yes to either 15.1 or 15.2, enter 20 points       

[20] Existing facility at or above 85% capacity [subp. 1] 

 Complete 20.1 if project improves only the treatment facility or improves both the treatment facility and the collection facilities. 

20.1 Is this treatment facility at or above 85% of either its permitted hydraulic flow or organic loading 
capacity as determined by the last 12 month average wet weather flow (AWW) or average annual 
discharge, and will the project proposal appropriately resolve capacity issues either through 
expansion of treatment capacity or reduction of loadings?   

 Yes    No  

 Permitted hydraulic and/or organic loading capacity:         
 Actual hydraulic and/or organic loading capacity:         

 Complete 20.2 if project improves only the collection facilities. 
20.2 Is this collection facility at or above 85% of the design peak instantaneous wet weather flow 

(PIWW) or provide documentation of other physical conditions, such as by-passing to show the 
peak flow has exceeded the design PIWW, and will the project proposal appropriately resolve 
capacity issues through expansion of collection facility capacity? 

 Yes    No  

 Design PIWW:         
 Documented peak flow:         

If Yes to either 20.1 or 20.2, enter 5 points       
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Project name: Winona WWTF Upgrades Points 
[25] Existing age of treatment or collection facilities within the proposed project service area [subp. 2]   

(Age is determined by the construction year of all or a substantial portion of the existing facility addressed by project.) 

25.1 Last significant construction year of treatment or collection facilities, which are proposed to be 
repaired or replaced within the service area? 

 Yes    No  

 Enter Year: 1970  

25.2 Are the facilities 20 years or more old? If yes, attach documentation of last significant construction year.  Yes    No  
If Yes, enter 20 points 20 

[30] Existing excessive infiltration/inflow (i/i) with proposed reduction plan [subp. 3] 
30.1 Does this facility have excessive infiltration or inflow? (Minn. R. 7077.0105, subp. 12 and 13)   

 Calculate infiltration:       gallon/capita/day  Greater than 120 gallon/capita/day?  Yes    No  

 Calculate inflow:       gallon/capita/day  Greater than 275 gallon/capita/day?  Yes    No  
30.2 Does the proposal include measures to correct excessive infiltration or inflow?  Yes    No  

If Yes to both 30.1 and 30.2, enter 15 points       

[35] Existing or proposed land (including sub-surface) discharge [subp. 4] 
35.1 Does the facility currently land discharge treated wastewater effluent, will it continue to land 

discharge, and not create or contribute to known ground water nitrate levels over 10 mg/L? 
 Yes    No  

35.2 Does the proposed alternative call for the consumptive use (nitrogen or volume) spray irrigation or 
on-land disposal systems, that are required by permit to denitrify (nitrate limit)? 

 Yes    No  

If Yes to either 35.1 or 35.2, enter 20 points       

[40] Existing stringent limit that exceeds secondary treatment [subp. 5] 
40.1 Is the existing facility currently subject to CBOD or TSS permit limits that are more stringent than 

secondary treatment (25 mg/l and 30 mg/l), or has an ammonia, total nitrogen or phosphorus 
limit? (Minn. R. 7050.0211)  Exclude facilities discharging to Class 7 waters that are subject to 15 
CBOD. 

 Yes    No  

If Yes, enter 10 points 10 

[45] Existing effluent discharge violations (Enforcement staff) [subp. 7] 
45.1 Is the existing facility on the Significant Noncompliance List (CFR, title 40, section 123.45, 

appendix A) and would the proposed project designed to eliminate the problem? 
 Yes    No  

If Yes, enter 5 points       

[50] Existing repeated facility failures (Enforcement staff) [subp. 8] 
50.1 Has the existing treatment or collection facility experienced bypasses, overflows and/or 

surcharges during two or more storm events within a 12-month period when operating at less than 
“peak instantaneous wet weather flow” and is the proposed project designed to eliminate such 
failures? 

 Yes    No  

If Yes, enter 10 points       

[55] Existing discharge to outstanding resource value water (ORVW) or impaired water (Effluent Limits Coord.) [subp. 9] 
55.1 Does the existing facility currently discharge into an ORVW or Impaired water?  Yes    No  

 If Yes, enter 5 points       

55.2 If yes, does the existing facility also have existing acute/chronic effluent discharge standards 
violations?  (see question 45.1 or subp. 7)? 

 Yes    No  

If Yes to both 55.1 and 55.2, enter 5 points       
55.3 If yes, does the existing facility also have existing chronic failures? (see question 50.1 or subp. 8)  Yes    No  

If Yes to 55.1, 55.2, and 55.3, enter 5 points       

[60] Existing discharge near potable water intake (Effluent Limits Coordinator)  [subp. 10] 
60.1 Is there potable water intake within 25 miles downstream of the existing facility discharge?  Yes    No  

If Yes, enter 5 points       
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Project name: Winona WWTF Upgrades Points 
[65] Existing endangered or threatened species (Effluent Limits Coordinator)  [subp. 11] 

65.1 Does the receiving water downstream from the existing facility discharge support any 
endangered or threatened species? 

 Yes    No  

If Yes, enter 5 points       

[70] Proposed introduction of more stringent discharge limits for an existing facility (Effluent Limits Coordinator) [subp. 12]  
Does this existing treatment facility need to meet more intensive and/or extensive wastewater treatment standards because of: 

70.1 More stringent facility discharge limits as incorporated into MPCA permit revisions?  Yes    No  
70.2 Discontinuation of an existing permit variance?  Yes    No  
70.3 Need to treat additional hydraulic or organic loading capacities without increasing either the 

permitted frozen effluent mass limit or concentration of discharges to the receiving waters? 
 Yes    No  

If Yes to 70.1, 70.2 or 70.3, enter 10 points       

[75] Existing receiving water classification (Effluent Limits Coordinator) [subp. 13]  

Only the most strict classification can be used, 7 points maximum 
75.1 Receiving water classification is 2A  Yes    No  

If Yes to 75.1, enter 7 points       
75.2 Receiving water classification is 1, 2Bd  Yes    No  

If No to 75.1 and Yes to 75.2, enter 5 points       
75.3 Receiving water classification is 2B, 2C, 2D  Yes    No  

If No to 75.1 and 75.2 and Yes to 75.3, enter 3 points       
75.4 Receiving water classification is 7  Yes    No  

If No to 75.1, 75.2 and 75.3 and Yes to 75.4, enter 1 point       

[80] Project facility effluent to stream impact dilution ratio (Effluent Limits Coordinator) [subp. 14] 

For all discharges to rivers, streams, or ditches (flowing receiving water), calculate the facility effluent low flow by averaging 
the influent flow reported on the monthly discharge monitoring reports (DMRs) for the three consecutive months with the 
lowest influent flow in three climatic years, April 1 to March 31. 

80.1 What is the ratio of the influent low flow of the facility to the 7Q10 flow of the receiving water? 
 Dilution Ratio* = Wastewater Treatment Facility (WWTF) Low Flow (million gallons per day [mgd]) 

/ Receiving water low flow (mgd)  
 (       mgd/       mgd = Dilution Ratio )  Dilution Ratio =        
 *For all “Dilution Ratios” greater than 1.0 or if the 7Q10 receiving water flow = 0 mgd set dilution ratio = 1.0 

Note: Round up calculated value for dilution ratio to the next whole number (e.g., 8.3 = 9). 15 x dilution ratio =       

[85] Proposed project implements corrective measures (Effluent Limits Coordinator)  [subp. 15]   

85.1 Will the project implement corrective measure(s) for problems identified in a study, such as: 
• Clean Water Partnership Project 
• Impaired Water Study 
• EPA-approved Watershed Restoration Action Strategy 
• Equivalent (other) study, e.g., County Water Plan 

 Yes    No  

 Type of Study: Attach supporting documentation and identify relevant sections.   

If Yes, enter 5 points       

[90] Proposed project helps meet a total maximum daily load (TMDL) for a receiving water  (Effluent Limits Coord) [subp. 16] 

90.1 Does this project contribute to the achievement of a TMDL by being designed to reduce the 
discharge of pollutants as required by an Agency approved TMDL implementation plan or does 
the project require an National Pollutant Discharge Elimination System (NPDES) Permit or State 
Disposal System (SDS) Permit that will require the reduced discharge of pollutants based on a 
TMDL? 

 Yes    No  

If Yes, enter 20 points       
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Project name: Winona WWTF Upgrades Points 
[95] Propose project points reduction for new/expanded discharges into specified waters (Effluent Limits Coord) [subp. 17] 
95.1 Does the proposed project involve a new or expanded discharge* to one or more of the following 

specified waters? 
 Yes    No  

 a) Outstanding Resource Value Waters (Minn. R. 7050.0180) 
b) Impaired waters (Section 303(d) of the Clean Water Act) 
c) Classification 2A, lake, or wetland that exceeds 200,000 gallons per day 

* If new permit requirements include frozen effluent mass limits from the existing permit, the 
facility is not defined as expanding and negative points will not be assigned. 

  

If Yes, enter minus 5 points       

[100] Project includes wastewater reuse 

100.1 Does the project include the beneficial use of treated wastewater effluent that will reduce or 
replace the use of a groundwater, surface water, or potable water source? 

 Yes    No  

100.2 Do the project components needed to beneficially use treated wastewater effluent account for at 
least 20% of the total eligible project cost? 

 Yes    No  

100.3 Does the project receive points under item 35 (Minn. R. 7077.0117, subp. 4) for land discharge?  Yes    No  

If Yes to both 100.1 and 100.2, enter 30 points       

Total       
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Flow Diagrams 
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Photo 1 Preliminary Treatment Building Mechanical Bar Screen and Dewatering 
Unit 

 

Photo 2 Preliminary Treatment Building Grit Pump 



 

 

Photo 3 Preliminary Treatment Building In-Plant Lift Station Pumps 
 

 

Photo 4 Preliminary Treatment Building Primary Sludge Pumps 
 

 



 

 

Photo 5 Preliminary Treatment Building Influent Flow Meter 
 

 

Photo 6 Primary Clarifier Tank 1 
 

 



 

 

Photo 7 Primary Clarifier Tank 1 Drive 
 

 

Photo 8 Trickling Filter Tank 1 
 

 



 

 

Photo 9 Trickling Filter Tank 1 Media 
 

 

Photo 10 Screw Pumps 
 

 



 

 

Photo 11 Solids Contact Tank 1 
 

 

Photo 12 Final Clarifier Tank 1 
 

 



 

 

Photo 13 Primary Anaerobic Digester Cover 
 

 

Photo 14 Secondary Anaerobic Digester Cover 
 

 



 

 

Photo 15 Combination Boiler and Heat Exchanger 
 

 

Photo 16 Boiler 

 



 

 

Photo 17 Digester Recirculation Pump and Grinder 
 

 

Photo 18 Polymer Mixing Tanks No.1 and No. 2 
 

 



 

 

Photo 19 Belt Filter Press 
 

 

Photo 20 Dewatered Cake Conveyor 
 

 



 

 

Photo 21 Wash Water Booster Pump 
 

 

Photo 22 Sludge Storage Beds 
 

 



 

 

Photo 23 Cake Storage Building 
 

 

Photo 24 Administration Building 
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Engineers   |   Architects   |   Planners   |   Scientists 

Short Elliott Hendrickson Inc., 1701 West Knapp Street, Suite B, Rice Lake, WI 54868-1350 
SEH is 100% employee-owned   |   sehinc.com   |   715.236.4000   |   800.903.6970   |   888.908.8166 fax 

January 6, 2020 RE: Winona Wastewater Treatment Facility 
Solids Preliminary Design Report 
Winona, Minnesota 
SEH No. WINON 145602  4.00 

Mr. Paul Drazkowski 
City of Winona 
1400 Shives Road 
Winona, MN 55987 

Dear Mr. Drazkowski: 

Attached is the Solids Preliminary Design Report that addresses improvements to biosolids processing 
and biogas production for the Winona Wastewater Treatment Facility. The report has an emphasis on 
thickening improvements to address the poor performance of the existing thickeners. The report also 
addresses other facility needs, including dewatering, sludge storage, primary clarifiers, and pretreatment. 

The objectives of the study were to develop a sequenced plan for implementing improvements and 
develop cost estimates to allow for future planning. This Report provides recommendations, technical 
details for the recommendations, and an approach for sequencing.  

We look forward to working with you to implement the first phases of these improvements. Keep us 
informed of discussions with the MPCA and timing of your revised NPDES permit.  

Si ncerely, 

Susan Danzl, PE 
Project Manager 
(Lic. CA, CO, MN) 

dmk 
s:\uz\w\winon\145602\4-prelim-dsgn-rpts\43-prelim-dsgn\solids preliminary design report_finalv2.docx 
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Solids Preliminary Design Report 
Winona Wastewater Treatment Facility 

Prepared for City of Winona 

1 Introduction 
In 2014 the City of Winona completed a condition Evaluation Study of the City’s wastewater 
treatment facility (WWTF) and lift stations. This report recommended that the City investigate 
other options for sludge thickening to address the poor performance of the existing thickeners. It 
also suggested improvements to the ventilation system in the digester building to comply with 
codes and replacement of the existing belt filter press for biosolids dewatering. These three 
components (thickening, digestion, and dewatering) are all interrelated, and this preliminary 
design report provides a comprehensive evaluation of the biosolids system to provide a clear 
direction and plan of implementation for the City.  

1.1 Purpose 
The objectives of this report are to identify the thickening process best suited for the WWTF, 
while considering the larger solids process train to identify other solutions that can further reduce 
operational costs. These considerations include producing a drier product and increasing the 
biogas production and utilization. This report also identifies a sequencing plan for capital planning 
purposes. This preliminary design report evaluates alternatives for: 

 Modification and replacement of existing thickening and dewatering systems to meet 
current and potential future demands. 

 Evaluation of increased biogas production and utilization from the anaerobic digesters 
including high-strength wastes, gas storage, and gas utilization. 

This report also identifies planning-level costs for improvements to: 
 Pretreatment to address aging equipment and fire-protection standards. 
 Primary clarification to address aging equipment. 
 Digestion to address heating and fire-protection standards. 

1.2 Report Organization 
This report is organized into the following sections: 

 Section 2: Existing Facility Description. This section describes the existing facility and 
solids processing. 

 Section 3: Design Conditions. This section develops the design criteria for the 
thickening and dewatering equipment evaluations, including current conditions and future 
design conditions with treatment for phosphorus removal. 
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 Section 4: Thickening. This section describes the thickening technologies that were 
initially considered and the process of narrowing down to the recommended technology. 
It includes concept layouts for the recommended system. 

 Section 5: Dewatering. This section describes the dewatering technologies that were 
initially considered and those that were evaluated in further detail. It includes concept 
layouts for the recommended technology. 

 Section 6: Digester Complex Improvements. This section describes the improvements 
to the Digester Complex to meet the current National Fire Protection Association (NFPA) 
Standards. These improvements are in addition to the dewatering improvements 
identified in Section 5.  

 Section 7: Site Electrical Improvements. This section addresses the facility’s need for 
additional back-up power. 

 Section 8: Additional Gas Generation and Utilization. This section reviews 
opportunities to increase the biogas production with high-strength wastes. It also covers 
improvements that can better utilize the additional gas produced (increased electrical 
generation capacity and biogas storage). 

 Section 9: Cake Storage. This section reviews the biosolids storage capacities and 
improvements to increase capacity. 

 Section 10: Pretreatment Improvements. This section describes improvement to the 
Pre-Treatment Building to meet the current NFPA standards.  

 Section 11: Recommendations and Phasing Plan. This section summarizes the 
recommendations from Sections 4-10 into a phasing plan to assist with capital 
improvement planning. 

2 Existing Facility Description 
The WWTF was originally constructed as a trickling filter plant in 1970. In 1985, the current 
dewatering belt press and outside sludge storage were installed. In 1996, to increase organic 
capacity, two final clarifiers were converted to solids contact aeration basins and two new 
clarifiers and two digesters were constructed. More recently in 2015, the secondary anaerobic 
digester was converted to a second primary anaerobic digester. A microturbine was also installed 
to utilize the biogas from the digestion process. Figure 1 includes a flow diagram of the facility 
today. As this report is focused on the solids, below is a description of the current solids 
treatment: 

 Primary solids are routed to a sludge clarifier, where they are thickened (along with 
secondary sludge) to 2.5-3.0% solids prior to digestion. 

 Waste activated sludge (WAS) at about 0.5% solids from the two final clarifiers flows 
back to the head of the plant where it is co-settled in the primary clarifiers and then in the 
sludge clarifier. There are two gravity thickeners to thicken the WAS, but challenges with 
these units and lack of performance, resulted in co-settling WAS with primary sludge. 

 The thickened solids are fed to two anaerobic digesters. The digesters are both mixed 
and heated, and have floating covers. 

 Digested solids are dewatered with a belt filter press (BFP). The BFP produces cake that 
is 13% solids on average. The City had manufacturers test newer equipment, without 
significant improvements to percent solids. 

 Biogas generated from the anaerobic digesters is used to fuel a 65kW microturbine. 
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Figure 1 – Process Flow Diagram for Winona WWTF   
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3 Design Conditions 
In evaluating solids improvements, the processes must be designed to handle the current solids 
generated, and be scalable to handle increases in solids generated as the facility takes on 
increased flows/loads and complies with potential future phosphorus limits. Development of 
design conditions for Winona involved: 

 Evaluating historical flows and loads to establish the current conditions. 
 Determining a future service population and associated future flows and loads 

considering input from significant industrial dischargers. 
 Estimating future solids production from either biological or chemical phosphorus 

removal. 

3.1 Planning Period 
The typical planning period for wastewater treatment facilities is 20 years due to the useful 
service life of process equipment. The future hydraulic and load capacity of the facility will be 
based upon whichever of the following is greater: 

 Projections of flow and load to 2040, which will be considered the design year, or 
 The existing permitted design capacity of the WWTF. 

3.2 Service Population 
The facility’s service area includes the communities of Goodview and Minnesota City. The most 
recent population estimates for Winona, Goodview, and Minnesota City reported 2016 
populations of 27,478, 4,151, and 189 respectively.  

Winona is home to both Winona State University and Saint Mary’s University of Minnesota, which 
enroll approximately 7,656 and 1,590 undergraduates respectively, which is highlighted for the 
high-strength waste receiving evaluation in Section 8 of this report. 

The Minnesota State Demographic Center provides population estimates for Counties in the 
State of Minnesota. The Demographic Center predicts an 8.9% reduction in population for 
Winona County between 2016 and 2040. Winona is approximately 54% of the 2016 population of 
Winona County and is assumed to follow the same population growth trend.  

The Winona WWTF receives flow from four categorical and three non-categorical significant 
industrial users (SIUs). In 2016, the seven SIUs discharged a combined 561,591 gallons per day 
(gpd) on average. In 2017, the combined flow decreased 20% to 446,684 gpd. For the purposes 
of this project, the industrial users were not surveyed for future growth. It is assumed that the 
industrial flow will remain consistent with 2017 flows and loads, and any potential increase would 
be offset by the projected population decrease. 

3.3 Current Flows and Loads 
Four operating years of daily monitoring reports (DMRs) (January 2015 to March 2018) were 
evaluated to determine current conditions, and Table 2 summarizes the applicable loads used to 
develop the design conditions for the solids process evaluations. These tables report the current 
conditions and also the design capacity for the facility. 

Definitions of flow conditions used in Table 1 are as follows: 
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Average Dry Weather Flow (ADW): Flow that occurs during dry periods when the groundwater 
level is low or normal, normally apparent in winter months (December, January, and February) 
when there is little to no inflow. 

Average Annual Flow (AA): Daily average flow during the review period of December 2015 
through March 2018. 

Average Wet Weather Flow (AWW): Daily average flow for the wettest 30 consecutive days or 
the largest volume of flow that occurred during a continuous 30-day period, expressed as a daily 
average (also referred to as peak month flow). 

Flow Determination for Winona WWTF 

Parameter Current Conditions and 2040 
Estimated Flows1 

Facility Design 
Capacity 

Average Dry Weather Flow, MGD 3.16 6.74 
Average Annual Flow, MGD 3.53 8.174 

Average Wet Weather Flow, MGD 2 5.973 9.60 
Notes: 
1 With no anticipated growth, current and projected 2040 flows are the same. 
2. Average wet weather flow is equal to average calendar day during May and June due to high seasonal flows to the 

facility while the Mississippi River is at or near flow stage. 
2 5.97 MGD occurred between May 9th, 2017 and June 7th, 2018. 
3 8.17 MGD average annual design flow is average of the permitted ADW and AWW design flows. 

 
Load Determination for Winona WWTF 

Parameter 
Current Condition and 

2040 Estimated 
Flows1 

Calculated Per 
Capita Load 

(ppcd) 

Design 
Capacity 

Carbonaceous 5-Day Biochemical 
Oxygen Demand (cBOD5), mg/L 2 250   

Carbonaceous 5-Day Biochemical 
Oxygen Demand (cBOD5), ppd 7,423 / 8,932 0.23 3 14,605 

Total Suspended Solids (TSS), mg/L 2 195   
Total Suspended Solids (TSS), ppd 6,364 / 10,517 0.18 4 13,936 
Total Phosphorus (TP), mg/L 7.4 / 20.0   
Total Phosphorus (TP), ppd 218 / 398 0.007 5  
Notes: 
1 (Average / Maximum). Maximum load is the largest mass load that occurred during a continuous 30-day period, 

expressed as a daily average. With no anticipated growth, current and projected 2040 loads are the same. 
2 Average concentration based on DMR reported values. 
3 Typical range for per capita cBOD5 loading is 0.11-0.26 ppcd. (Metcalf and Eddy, 4th Edition). Ten State Standards 

suggests 0.17 ppcd BOD or 0.22 ppcd where garbage comminutors are used. MPCA recommends minimum design 
criteria of 0.17 ppcd. Does not include seasonal population in determination. 

4 Typical range for per capita TSS loading is 0.13-0.33 ppcd (Metcalf and Eddy, 4th Edition). Ten State Standards 
suggests 0.20 ppcd or 0.25 ppcd where garbage disposals are commonly used. MPCA recommends minimum 
design criteria of 0.20 ppcd. Does not include seasonal population in determination. 

5 Typical range for per capita TP loading is 0.006-0.010 ppcd (Metcalf and Eddy, 4th Edition). Does not include 
seasonal population in determination. 
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Average flows and loads determined from the DMR data review were compared against the 
service population to determine if the current per capita flow and load contributions are in line 
with published indices. 

 The calculated historic per capita cBOD5 load of 0.23 pounds per capita per day (ppcd) is 
at the higher end of range for typical domestic sewage, however, this is likely a result of 
the industrial contributions. The current facility is designed to treat 14,605 ppd cBOD5, 
which is greater than the current loading, so the existing design capacity will be assumed 
when estimating future solids totals. 

 The calculated per capita TSS load of 0.18 ppcd is at the lower end of the range for 
typical domestic sewage and is lower than the recommended design factors. The current 
facility is designed to treat 13,936 ppd TSS, so the existing design capacity will be used 
when estimating future solids totals. 

 The calculated per capita total phosphorus load is 0.007 ppcd. Metcalf and Eddy (2003) 
Wastewater Engineering suggest a typical design range for total phosphorus of 0.006-
0.010 ppcd. The facility is not currently designed for a TP load, so the calculated per 
capita load of 0.007 ppcd was used to determine the design average load of 218 ppd. 

3.4 Solids Projections 
The facility may be upgraded to either biological phosphorus removal or chemical phosphorus 
precipitation in order to meet a potential future total phosphorus effluent limit of 0.7 mg/L. 
Alternatives were evaluated to ensure proposed solids improvements can have the capacity for 
future solids production resulting from chemical phosphorus precipitation, but still have the ability 
to turn down to both existing conditions and the moderate solids increase resulting from biological 
phosphorus removal. 

Appendix A provides a summary of a biological phosphorus removal system, and further 
examines facility modifications to facilitate that system. Chemical phosphorus precipitation would 
involve the addition of chemical to either the aeration basins or final clarifiers in order to form floc 
which trap and settle phosphorus, and would not change the function of most treatment 
processes. 

Appendix B summarizes the development of sludge production projections from primary settling, 
biological treatment, and chemical phosphorus removal. Quantifying these 3 sludge sources is 
critical to sizing the WAS thickening system as well as the dewatering system, as described in the 
following sections. 

3.4.1 Thickening Basis of Design 
The basis of design for thickening secondary solids at Winona, developed in Appendix B for the 
three design scenarios (current facility, projected biological phosphorus removal, and projected 
chemical precipitation) are summarized in Table 3. 
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Mechanical Thickener Basis of Design 

Parameter 

Design Value 

Current Annual 
Average  

Design Annual 
Average, Bio-P 

Design Annual 
Average, Chem-P 

Sludge Source Waste Activated Sludge 
Average Feed Concentration 0.6% 
Design Thickened Sludge Concentration 4.0% 1 

Minimum Solids Capture 95% 
Volatile Suspended Solids, Average 67% 77% 57% 
Solids Loading, Average 3,440 ppd 6,320 ppd 8,630 ppd 
Notes: 
1 4.0% thickened WAS when blended with 6.0% thickened primary solids from gravity thickener, would result in 

approximately 5.0% solids fed to anaerobic digester. 

 

Operationally, thickening improvements involves modifications to the thickening process train 
such that: 

 Primary solids are gravity thickened in the existing sludge clarifier to 6.0% total solids. 
This performance is achieved before the WAS is co-settled with the primary solids. 

 Waste activated sludge is thickened separately with a new process. 

Depending on the type of mechanical thickening, the existing two secondary sludge gravity 
thickeners can be converted to solids holding tanks to facilitate shift operation of thickening 
equipment.  

Table 4 provides an overview of the daily average solids production, for each of the three design 
scenarios. Three operating scenarios are evaluated: continuous operation, 7 hours per day 3 
days per week and 7 hours per day 5 days per week. A final design feed rate and shift operation 
will be selected based on manufacturer’s equipment capacity described later in this report. 

Thickening Process Feed Rate Determination 

Solids Scenario 
 

Sludge 
Production 

(gpd) 

Shift Operation Feed Rate at 0.6% Solids 

Continuous 
Operation 

(gpm) 

7 hr shift, 
3 days/week 

(gpm) 

7 hr shift, 
5 days/week 

(gpm) 
Current Annual Average 55,496 40 310 185 

Design Annual Average 
for Bio-P Removal 119,100 85 665 400 

Design Annual Average 
for Chem-P Removal 172,600 120 960 575 
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3.4.2 Dewatering Basis of Design 
Determination for the projected solids load for dewatering is based on the minimum volatile solids 
destruction of 38% in the anaerobic digester. Minimum destruction provides the largest solids 
generation, as well as highest dewatering feed VSS fraction for a conservative design estimate.  

Mechanical dewatering units receive pumped flow from the anaerobic digesters at varying flow 
rates based on solids generation, implementation of design scenarios, and shift operation. The 
basic design parameters for the mechanical dewatering process are summarized in Table 5. 

Initial Mechanical Dewatering Basis of Design 

Parameter 

Design Value 

Current Annual 
Average 

Design Annual 
Average, Bio-P 

Design Annual 
Average, Chem-P 

Sludge Source Anaerobically Digested Primary and Waste Activated Sludge 
Average Feed Concentration 3.5% 
Design Thickened Sludge Concentration 13-20% (highest attainable) 

Minimum Solids Capture 95% 
Volatile Suspended Solids, Average 65% 70% 57% 
Solids Loading, Average 5,160 ppd 10,400 ppd 12,380 ppd 

Table 6 provides an overview of the daily average biosolids production for each design scenario 
and the feed rates for two shift operation scenarios. A final design feed rate and shift operation 
will be selected based on manufacturer’s equipment capacity described later in this report. 

Dewatering Process Feed Rate Determination 

Solids Scenario 
 

Sludge 
Production 

(gpd) 

Shift Operation Feed Rate 

7 hr shift, 
3 days/week 

(gpm) 

7 hr shift, 
5 days/week 

(gpm) 
Current Annual Average 17,300 100 60 

Design Annual Average 
for Bio-P Removal 33,500 190 125 

Design Annual Average 
for Chem-P Removal 41,800 240 140 

4 Thickening 
Technology alternatives for WAS thickening were evaluated in two phases. Initially, high-level 
economical and non-economical evaluations were used to narrow down from 5 technologies to 2-
3 for a more detailed evaluation and site visits. The high-level evaluation was presented in a 
workshop with City staff.  
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4.1 Thickening Technologies Evaluated 
Five thickening alternatives were considered: dissolved air floatation, rotary drum, gravity belt, 
centrifuge and disc. The following sections describe each of these technologies. 

4.1.1 Dissolved Air Floatation 
Dissolved air floatation (DAF) thickeners are used to separate solids in situations where the 
specific gravity of the solids are close to that of water, such as wastewater sludge. A recirculation 
flow is diverted from the DAF effluent into a saturation tank where air is dissolved into the 
recirculation stream. Depending on the manufacturer, this can be in a saturation vessel or 
specially designed centrifugal pumps. The recirculation stream is then suddenly released from 
pressure as it is introduced to the influent stream. The sudden release causes the dissolved gas 
to form micro-bubbles that attach to the solids and cause them to float to the top of the tank. A 
collection scraper then diverts floating solids to a beach where some additional water is able to 
drain by gravity prior to the solids being pushed into a collection box. A second solids collector is 
at the bottom of the tank to collect anything that may settle out to the bottom of the DAF tank. 
DAF thickeners come in either circular or rectangular configurations. 

4.1.2 Rotary Drum 
The rotary drum thickener combines a flocculation zone with a multi-stage separation zone. 
Sludge is fed to the interior of the drum and filtered through perforations or wire mesh openings in 
the drum. The flocculation zone creates a low shear environment where polymer is introduced 
with influent sludge to aid in separation. As sludge leaves the flocculator, it enters the first of 
multiple separation zones with gradually increasing mesh openings. Each zone is separated by a 
ring with adjustable weir to control detention time. A rotary drum system is totally enclosed to 
assist with odor control. 

4.1.3 Gravity Belt 
Gravity belt thickeners introduce polymer prior to the thickener to assist in separation, typical fed 
to upstream piping or a flocculation tank. Sludge is then distributed across the width of a filter belt 
where excess water can drain through the porous belt. A series of plows move and turn the 
sludge to assist in separation and to some extent hold back solids to increase filter solids 
retention time. Thickened sludge is discharged at the end of the thickeners and filtrate is 
collected from below the filter. 

4.1.4 Centrifuge 
Centrifuge thickeners introduce polymer prior to the thickener to assist in separation, typically fed 
in upstream piping. Sludge is then introduced into a rapidly rotating conical drum. Centrifugal 
force causes solids to migrate against the drum wall. A scroll rotating slightly slower than the 
drum moves solids towards the smaller end of the conical drum. The scroll operates in a sludge 
pond which is controlled by adjustable weirs at the larger end of the conical drum. Effluent 
overflow the weirs while solids are lifted from the pond at the smaller end of the drum and 
discharged. A centrifuge system is totally enclosed to assist with odor control. 
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4.1.5 Disc 
Disc thickeners introduce polymer into a flocculation tank upstream of the disc thickener. Solids 
are distributed by a baffle plate onto an inclined static screen. A slow rotating arm equipped with 
plows divides and moves the sludge through the cloth screen. Thickened sludge is pushed from 
the screen and collected. Periodic backwashing is required to maintain screen permeability. A 
disc system is totally enclosed to assist with odor control. 

4.1.6 Summary of Thickening Technologies 
Table 7 summarizes the high-level economic evaluation for thickening alternatives and Table 8 
compares the properties of the thickening technologies. For each alternative, the capital, 
maintenance, polymer and electricity costs were estimated based on data provided by 
manufacturers. O&M costs are compared based on a 20-year net present value.  

Additional assumptions include: 
 Capital and operating costs do not include yard piping, utility connections, or intermediate 

pumping from thickening to digesters, as these would be required across all alternatives. 
 Polymer cost is based on current annual average sludge production of 8,007 ppd, $2.81 

per pound active polymer, 42% fraction active polymer. 
 Electrical cost is based on $0.087 per kWh. 
 Facility staffing is estimated at $42.00 per operator hour. 
 20-year net present value assumes 4.0% cost increase applied yearly. 
 Biosolids disposal assumes a contract cost of $0.0349 per gallon disposed. 

Based on costs and non-economic factors summarized in Tables 7 and 8, the dissolved air 
flotation, gravity belt, and centrifuge thickening technologies were selected for further evaluation.  

Initial Thickening Technology Cost Comparison 

Expense 
Dissolved Air 

Flotation 1 
Rotary 
Drum 

Gravity 
Belt Centrifuge Disc 

Construction and Operating Costs 
Capital $ 1,699,000 $ 1,296,000 $ 1,530,000 $ 1,821,000 $ 1,682,000 
Maintenance, $/yr $ 1,800 $ 650 $ 690 $ 5,000 $ 630  
Polymer, $/yr $ 16,400 $ 35,900 $ 30,700 $ 8,200 $ 30,700 
Electrical, $/yr $ 3,400 $ 2,000 $ 700 $ 17,800 $ 300  
20-Year Net Present Value 
Construction $ 1,699,000 $ 1,296,000 $ 1,530,000 $ 1,821,000 $ 1,682,000 
Maintenance $ 24,000 $ 9,000 $ 9,000 $ 68,000 $ 9,000 
Polymer $ 223,000 $ 487,000 $ 418,000 $ 111,000 $ 418,000 
Electrical $ 47,000 $ 27,000 $ 9,000 $ 243,000 $ 4,000 
Staffing $ 208,000 $ 313,000 $ 729,000 $ 313,000 $ 417,000 
Net Present Value $ 2,201,000 $ 2,132,000 $ 2,695,000 $ 2,556,000 $ 2,530,000 
Notes: 

1 DAF thickener technology evaluated was a rectangular system installed in a steel tank. 

 
.
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Summary of Thickening Alternatives 

Parameter Dissolved Air Flotation Rotary Drum Gravity Belt Centrifuge Disc 
Typical Thickened Solids 

Concentration 
3-6% 5-7% 4-13% 3-20% 6% 

Typical Solids Capture Rate 90-99% 98% >98% 95%-99% >95% 
Polymer Use Low, and may not need polymer addition, 

though polymer does improve solids 
capture and is likely some amount will be 

needed when thickening to 4.0% total 
solids. 

Moderate polymer consumption to assist 
in retaining solids through the gradually 

increasing screen opening sizes. 

Moderate polymer consumption to 
assist in retaining solids on the filter 
belt which would otherwise flow off 

May not require polymer for thickening 
depending on the hydraulic loading of the 
centrifuge. Polymer does improve solids 

capture, and it is likely that some polymer will 
be required to achieve 4.0% total solids 

(similar to DAF). 

Moderate polymer consumption 

Power Use Generally energy efficient, with the most 
energy consumption coming from the 

recirculation pumps. Recirculation flow may 
be twice that of the feed flow through the 
DAF tank, and varies with the amount of 

solids being fed to the system. 

Low energy consumption which is 
mainly attributed to a booster pump 
required for cleaning solids from the 

drum screen (similar to DAF) 

Low energy consumption with the 
largest consumption mainly attributed 

to a booster pump required for 
cleaning solids from the filter belt 

High compared to other technologies due to 
the drive motor required to rotate the drum at 

high speeds 

Low energy consumption 

Building Needs Large footprint, unit is open requiring large 
air handling unit to mitigate odors/corrosion. 

Small footprint, Unit is enclosed, 
minimizing odors and corrosion 

Medium footprint, Unit is open unit is 
open requiring large air handling unit  

to mitigate odors/corrosion 

Small footprint, Unit is enclosed, minimizing 
odors and corrosion 

Small footprint, encased system. Limited feed 
rates are available. 

Wash Water Requirements No external water for wash down Required for the booster pump for 
periodic screen cleaning 

Required for the booster pump for 
periodic belt cleaning 

Required for periodic cleaning cycles Required 

Impacts on Other Processes Can operate 24x7, and not shift operated, 
which results in more consistent feed 

regime to the anaerobic digesters. 

Require flocculation tank prior to unit.  Requires good grit removal. Ability to attain 
higher solids capture has benefit 

Require flocculation tank prior to unit. 

Process Stability Typically requires frequent adjustments to 
polymer dose, air, recirculation rate, and 

rake speed to dial in performance 

Adjustment can be made to feed rate, 
polymer dose, and drum speed. 

Adjustment can be made to feed rate, 
polymer dose, belt speed and plow. 

Instrumentation and control packages can 
automate adjustments to meet desired 

operation. Performance is difficult to monitor 
with enclosed system. 

 

Maintenance Relatively low. Maintenance parts of mostly 
outside of tank. Drive motors are low 

horsepower compared to other 
technologies. 

Relatively low. Maintenance parts of 
mostly outside of tank. Drive motors are 

low horsepower compared to other 
technologies. 

Easy to access maintenance items Spare parts are expensive and may have long 
lead times. Equipment is subject to high 
rotating speeds. Maintenance is typically 

provided by manufacturer. 

Has inspection openings to facilitate 
observation and maintenance 

Operation Thickened solids are observable at top of 
floatation tank. May require periodic 

adjustment to saturation tank, recycle, and 
air if feed stock is variable. 

Enclosed system, though solids may be 
observed by opening access cover. 

Flocculation time ahead of thickening 
unit is critical. 

Performance is easily viewed, but 
operator is involved 

Due to the high rate of rotation stopping and 
restarting a centrifuge may require some time 
to allow the centrifuge drum to finish rotation 

prior to restarting. 

Thickened solids are observable is thickening 
tank. Flocculation time ahead of thickening 

unit is critical. 
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4.2 Thickener Technology Site Visits 
To further narrow the selection of technologies, SEH and City staff visited the following 
wastewater facilities to see operational thickening units.  

 Thickening Centrifuge: Kenosha Wastewater Treatment Facility - Kenosha, WI 
 Dissolved Air Flotation Thickener (circular): Owatonna Wastewater Treatment Facility - 

Owatonna, MN 
 Dissolved Air Flotation Thickener (rectangular): Mankato Water Resource Recovery 

Facility - Mankato, MN 
 Gravity Belt Thickener: Moorhead Wastewater Treatment Facility - Moorhead, MN 

After visiting the wastewater treatment facilities, centrifuge thickening was eliminated from further 
evaluation due to the capital expenditure and high ongoing operation and maintenance costs. In 
addition, the long maintenance downtime associated with major and minor rehabilitation of the 
centrifuge would interfere to a greater degree with plant operation and may potentially require 
additional storage. 

Further, the site visits narrowed the DAF thickener selection to a circular unit. The circular DAF 
thickener was preferred over the rectangular DAF thickener based on the added benefits as 
described below. 

Circular DAF Thickener Advantages  Rectangular DAF Thickener Advantages 
 Radial flow provides variable velocities 

which decrease as the flow approaches the 
weir, resulting in greater effluent clarity for 
multiple particle sizes. 

 Circular configuration provides a greater 
surface area for a given footprint than 
rectangular configurations. 

 Single drive unit for both the skimmer and 
scraper assemblies. 

 Skimmer assemblies for circular systems 
have lower operation and maintenance 
than rectangular due to not having a chain 
and flight drive mechanism. 

  Rectangular DAF thickeners have a long 
fluid travel time for a given surface area 
resulting in the potential for better solids 
capture rates. 

 DAF systems installed into steel tanks have 
the majority of maintenance parts 
serviceable from grade outside the tank. 

The gravity belt thickener operates similar to the City’s belt filter press and, therefore, staff have 
significant institutional knowledge on process performance, maintenance, and troubleshooting of 
this type of system.  

4.3 Thickening Technology Selection 
The circular DAF thickening and gravity belt thickening were evaluated in further detail. DAF 
thickening allows for continuous operation, while gravity belt thickening often requires periodic 
operator attention limiting sizing to the shift operation described previously. The mechanical 
thickener basis of design is summarized in Table 9 and is in addition to the initial design 
parameters summarized in Table 3.  
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Manufacturers preliminarily sized the DAF thickener as a 17-foot diameter tank, 8 feet deep for 
continuous operation at future solids volumes. In comparison, the shift operation for the gravity 
belt thickener would require two units (3 meter) for future solids conditions, each approximately 
10.5 ft wide by 19 ft long. 

Table 10 represents the engineer’s estimate for the 20-year net present value for the thickening 
options described above. Capital and operating costs do not include yard piping, utility 
connections, or intermediate pumping from thickening to digesters, as these are necessary for 
both alternatives. 

When focusing on these two technologies, the circular dissolved air floatation thickener has a 
significantly lower 20-year present worth as compared to the gravity belt thickener. The lower 
cost is due largely to the smaller building requirements associated with one circular DAF 
thickener as compared to two gravity belt thickeners, the lower anticipated polymer consumption, 
and reduced staffing requirements associated with the technology. 

The circular dissolved air floatation thickener is the recommended thickening alternative based 
upon the economic comparison. It has a 20-year net present value that is $1.4 M less than the 
gravity belt thickener alternative. Assuming continuous operation of the gravity belt thickeners 
would reduce the number of units and the associated building area, bringing the cost closer to the 
DAF option.  

Mechanical Thickener Basis of Design 

Parameter 

Design Value 

Circular DAF 
Thickener 

Gravity Belt Thickener 

Sludge Source Waste Activated Sludge 
Average Feed Concentration 0.6% 
Design Thickened Sludge Concentration 4.0% 1 

Minimum Solids Capture 95% 
Current Annual Average Solids Loading 3,440 ppd 
Current Annual Average Solids Feed Rate 40 gpm (continuous) 310 gpm, 1 unit (7hr/3d) 
Design Annual Average Solids Loading, Chem-P2 8,630 ppd 
Current Annual Average Solids Feed Rate 120 gpm (continuous) 290 gpm, 2 units (7hr/5d) 
Maximum Air to Solids Ratio 0.02 lb / lb * 
Maximum Hydraulic Loading Rate 2.5 gpm per sqft * 
Belt Width * 3.0 m 
Number of Duty Units 1 duty 1 duty, 1 standby 
Notes: 
Manufacturer scope for DAF system includes: thickening equipment, air compressor, saturation tank, recirculation 
pumps, air control panel, backpressure valve, and local PLC workstation. 
Manufacturer scope for gravity belt system includes: thickening equipment, polymer mixing and injection system, 
solids feed pumps, sludge flow meters, washwater booster pumps, and local PLC control panel. 
* Parameter does not apply to process. 
1 4.0% thickened WAS when blended with 6.0% thickened primary solids from gravity thickener, would result in 

approximately 5.0% solids fed to anaerobic digester. 
2 Design Annual Average Solids Loading, Chem-P utilized as most conservative design condition for sizing of 

equipment 
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Thickening Technology Comparison 

Expense 
Dissolved Air 

Flotation Gravity Belt 
Construction and Operating Costs 

Capital $ 817,000 $ 1,608,000 
Maintenance, $/yr $ 1,800 $ 700 
Polymer Cost, $/yr $ 16,400 $ 30,750 
Electrical Cost, $/yr $ 3,400 $ 700 

20-Year Net Present Value 
Construction Cost $ 817,000 $ 1,608,000 
Present Worth Maintenance Cost $ 24,000 $ 9,000 
Present Worth Polymer Cost $ 223,000 $ 418,000 
Present Worth Electrical Cost $ 47,000 $ 9,000 
Staffing Cost 1 $ 208,000 $ 729,000 

Net Present Value $ 1,319,338 $ 2,773,996 
Notes: 
1 Assumes dissolved air floatation thickening requires operator attention for 20% of a shift and gravity belt 

thickening requires operator attention 70% of a shift. 

 

4.4 Thickening Site Selection 
Modifications to the thickening treatment process include operating the primary thickener to 
thicken only primary clarifier solids, utilizing the current secondary thickeners as process holding 
tanks, and the addition of the recommended circular DAF thickener system. 

The current secondary waste sludge system is capable of pumping waste activated sludge from 
the final clarifiers to the secondary thickeners via the existing recirculation building and series of 
splitter boxes. From the secondary thickeners, solids pumps in the existing blower building can 
pump sludge from the gravity thickeners to the primary digesters, while supernatant can be 
removed via decant tree. 

Ideally a cost-effective modification scheme would prioritize: 
 Locating the new thickening process as close to the primary digesters as feasible, as 

pumping thickened solids is less efficient and may contribute to increased maintenance 
of piping and valves in the forcemain. 

 Utilizing as much existing piping as possible to minimize bypassing and excavation at the 
site. 

 Locating new processes at sites which require the least amount of sequencing to simplify 
construction. 

 Minimizing or eliminating pumping. 

Several potential sites exist for locating a circular DAF thickener which avoid existing structures, 
pipes, and utilities; however, few locations are able to do so while utilizing existing piping and 
minimizing construction. Locating the DAF thickener southwest and between the current 
secondary thickeners reduces impact to treatment at the facility during construction, and 
maximizes reuse of site piping, pumping, and operation similarities. Figure 2 illustrates the 
proposed DAF thickener equipment and location. 



 

SOLIDS PRELIMINARY DESIGN REPORT  WINON 145602 
Page 18 

The preliminary DAF thickener is sized for a circular tank 17 feet in diameter with 8 feet of water 
depth. A control building could be constructed adjacent to the DAF thickener to house ancillary 
equipment including: 

 Electrical equipment, MCCs, PLC, etc., 
 (1) Compressor and air tank, 
 (1) Saturation tank, 
 (1) Polymer blending system, 
 (2) Solids feed pumps (preliminary size:120 gpm), 
 (2) Recirculation pumps (preliminary size: 200 gpm), 
 (2) Tank drain pumps (preliminary size: 120 gpm), 
 (2) Thickened sludge pumps (preliminary size: 275 gpm), 
 Thickened sludge sump, and 
 Valves and piping. 

After modifications, WAS would still be pumped from the existing pump recirculation building to 
the secondary thickeners, allowing flexibility to waste solids at varying rates without impacting 
DAF operation. From the secondary thickener tanks, new solids feed pumps located in the 
proposed control building would feed solids to the DAF thickener. Feed solids would be combined 
with recirculation flow via recirculation pumps and compressed air in the saturation tank prior to 
entering the DAF tank. Floatable solids overflow to a thickened sludge sump. Any solids which 
may settle in the DAF tank are periodically pumped to the thickened sludge sump via tank drain 
pumps. Solids from the thickened sludge sump are pumped to the primary digesters using new 
thickened sludge pumps. Thickened sludge is pumped to the existing sludge pipe between the 
blower building and primary digesters. The existing digester feed pumps can remain as DAF 
bypass pumps. 

4.5 Opinion of Probable Cost for Thickening Improvements 
The preliminary engineer’s opinion of probable cost for the DAF thickening improvements is 
$2,166,000. This cost includes the major capital cost items such as the construction of a 17-ft 
diameter circular DAF thickener system and control building, but it also includes ancillary items 
not previously included in the higher level cost comparisons of the thickening technologies. 
These ancillary items include an in-plant thickened solids lift station and piping. This estimate 
includes 20% contingency and mark-up for engineering and construction administration.  
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Figure 2 – Proposed DAF Thickener Location  
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5 Dewatering 
Similar to the thickening evaluation, technology alternatives for dewatering were evaluated in two 
phases. Initially, high-level economical and non-economical evaluations were used to narrow 
down from 3 technologies to just a couple for a more detailed evaluation and site visits. The high-
level evaluation was presented in a workshop with City staff.  

5.1 Dewatering Technologies Evaluated 
Dewatering alternatives considered include belt filter press, centrifuge, and screw press, as 
described below. 

5.1.1 Belt Filter Press 
Belt filter presses (BFP) employ two filter belts to dewater solids and three operating zones. The 
first zone is a gravity zone, which essentially operates as a gravity belt thickener with polymer 
addition to thicken solids so they do not squeeze out from later pressure zones. The second 
wedge zone is where a second belt sandwiches solids between the belt used in the gravity zone 
and the second belt to assist in pressing. In the third zone, the now sandwiched solids are fed 
between rollers with increasing pressure. The increasing pressure conditions solids so they are 
not lost in higher pressure zones. Similar to a gravity belt, solids are collected as cake at the end 
of the press and filtrate is collected below the press. 

A variation of the BFP is a 3-belt press. This press offers the following: 
 Potential to use a single unit for both thickening and dewatering by diverting solids prior 

to the pressure zone. However, this is challenging because the unit cannot 
simultaneously thicken and dewater two separate waste streams, which extends 
operating shifts. 

 Increased hydraulic loading capacity by providing greater retention time. 
 Potential for better performance due to vertical belt configuration. 

5.1.2 Centrifuge 
Dewatering centrifuges operate very similar to thickening centrifuges. When dewatering, the 
solids and hydraulic loading for a given centrifuge are reduced compared to a thickening 
application and the adjustable weirs are set to maintain a shallower pond depth in the drum. 

5.1.3 Screw Press 
A dewatering screw press introduces polymer to upstream piping or a flocculation tank. The 
screw press is a three-zone system installed horizontally or slightly inclined to promote drainage. 
The first zone, the inlet zone, has a low-pressure free-filter surface to rapidly drain excess water. 
Inlet pressure is maintained at various hydraulic feed rates by the feed pump. Solids are passed 
down the screw press by helical flights. In the dewatering zone, the distance between flights is 
reduced to create pressure to press solids and screen openings are reduced. Last, solids are 
pressed in the press zone by a counter-pressure cone. The helical flights push solids against the 
cone to a discharge chamber. SRT in the screw press can be adjusted by controlling the 
rotational speed of the helical flight screw. A screw press system is totally enclosed to assist with 
odor control. 
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5.1.4 Summary of Dewatering Technologies 
Table 11 summarizes the high-level economic evaluation for dewatering alternatives and Table 
12 compares the properties of the dewatering technologies. For each alternative, the capital, 
maintenance, polymer and electricity costs were estimated based on data provided by 
manufacturers. O&M costs are compared based on a 20-year net present value.  

Additional assumptions include: 
 Capital and operating costs do not include yard piping or utility connections, as these 

would be required across all alternatives. 
 Polymer cost is based on current annual average sludge production of 8,007 ppd, $2.81 

per pound active polymer, 42% fraction active polymer. 
 Electrical cost is based on $0.087 per kWh. 
 Facility staffing is estimated at $42.00 per operator hour. 
 20-year net present value assumes 4.0% cost increase applied yearly. 
 Biosolids disposal assumes a contract cost of $0.0349 per gallon disposed. 

Based on costs and non-economic factors summarized in Tables 11 and 12, belt filter press and 
centrifuge dewatering technologies were selected for further evaluation. 

Initial Dewatering Technology Comparison 

Expense 
2-Belt Filter 

Press 
Centrifuge 1 

(13% solids) 
Centrifuge 1 

(20% solids) Screw Press 
Construction and Operating Costs 
Capital $2,446,000 2 $ 1,926,000 $ 1,926,000 $ 2,912,000 
Maintenance, $/yr $ 5,400 $ 5,000 $ 5,000 $ 2,300 
Polymer, $/yr $ 77,900 $ 110,700 $ 200,800 $ 101,400 
Electrical, $/yr $ 4,000 $ 13,400 $ 13,400 $ 1,500 
20-Year Net Present Value 
Construction $ 2,446,000 $ 1,926,000 $ 1,926,000 $ 2,912,000 
Maintenance $ 73,000 $ 68,000 $ 68,000 $ 31,000 
Polymer $ 1,058,000 $ 1,504,000 $ 2,730,000 $ 1,379,000 
Electrical $ 55,000 $ 182,000 $ 182,000 $ 20,000 
Staffing $ 729,000 $ 313,000 $ 313,000 $ 521,000 
Biosolids Disposal $ 1,442,000 $ 1,442,000 $ 937,000 $ 1,442,000 
Net Present Value $ 5,803,000 $ 5,435,000 $ 6,156,000  $ 6,305,000 
Notes: 

1 The centrifuge technology is capable of achieving a higher cake solids than the other technologies, which 
reduces the biosolids disposal costs. This comes with a higher polymer cost. The 20-year net present value 
shows that it is more cost effective to produce 13% solids than 20% solids. 

2 Cost assumes a new dewatering building as preliminary sizing appears to require 3 units. 
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Summary of Dewatering Alternatives 

Parameter Two-Belt Filter Press Three-Belt Filter Press Centrifuge Screw Press 
Typical Thickened Solids 

Concentration (at Winona) 
10-14% 10-14% 10-20% 10-16% 

Typical Solids Capture Rate 80 to 95% 80 to 95% 90%-99% 80 to 95% 
Polymer Use 12-23 lb. active polymer per lb. dry solids 15-39 lb. active polymer per lb. dry solids 12-23 lb. active polymer per lb. dry solids 12-33 lb. active polymer per lb. dry solids 
Power Use Moderate compared to other technologies due to the 

multi pressure zone belt drives 
Moderate compared to other technologies due to the 

multi pressure zone belt drives 
High compared to other technologies due to the drive 

motor required to rotate the drum at high speeds 
Low compared to other technologies due to the low 

rational rate of the screw. 
Building Needs Large compared to other technologies. Belt press is 

typically open though odor control options are 
available. 

Large compared to other technologies. Belt press is 
typically open though odor control options are 

available. 

Small footprint, Unit is enclosed, minimizing odors 
and corrosion 

Small footprint, Unit is enclosed, minimizing odors 
and corrosion 

Wash Water Requirements Requires constant wash water for filter belt and wash 
down of entire system at end of shift. 

Requires constant wash water for filter belt and wash 
down of entire system at end of shift. 

Required for periodic cleaning cycles. Required for periodic cleaning cycles. 

Impacts on Other Processes Forgiving with grit or rags. Relatively large volume of 
solids lost during process startup. 

Forgiving with grit or rags. Relatively large volume of 
solids lost during process startup. 

Requires good grit removal. Ability to attain higher 
solids capture has benefit 

Forgiving with grit. Relatively large volume of solids 
lost during process startup. 

Process Stability Requires operator attention to make performance 
adjustments. Process is open and easy to observe 

performance. 

Requires operator attention to make performance 
adjustments. Process is open and easy to observe 

performance. 

Instrumentation and control packages can automate 
adjustments to meet desired operation. Performance 

is difficult to monitor with enclosed system. 

Instrumentation and control packages can automate 
adjustments to meet desired operation. Performance 

is difficult to monitor with enclosed system. 
Maintenance There are a large number of bearings and gear 

boxes which require periodic services. Belts require 
adjustment for maximum service life. 

There are a large number of bearings and gear 
boxes which require periodic services. Belts require 

adjustment for maximum service life. 

Spare parts are expensive and may have long lead 
times. Equipment is subject to high rotating speeds. 
Maintenance is typically provided by manufacturer. 

Wiper system is internal to system and requires 
periodic maintenance. Relatively few moving parts 

and low rpm result in low wear of parts. 
Operation Requires operator attention to ensure proper feed 

rate, polymer dose, and flocculation time. 
Requires operator attention to ensure proper feed 

rate, polymer dose, and flocculation time. 
Due to the high rate of rotation stopping and 

restarting a centrifuge may require some time to 
allow the centrifuge drum to finish rotation prior to 

restarting. 

Requires operator attention to ensure proper feed 
rate, polymer dose, and flocculation time. 
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5.2 Facility Site Visits 
SEH and City of Winona staff visited the following wastewater treatment facilities to further 
evaluate dewatering technologies: 

 Dewatering centrifuge: Kenosha Wastewater Treatment Facility - Kenosha, WI 
 Two-belt filter press: Owatonna Wastewater Treatment Facility - Owatonna, MN 
 Two-belt filter press: Mankato Water Resource Recovery Facility - Mankato, MN 

Similar to the centrifuge thickener, dewatering centrifuges were eliminated from further 
consideration due to the capital costs, and maintenance downtime. With significant institutional 
knowledge on process performance, maintenance, and troubleshooting, the belt filter press was 
the identified dewatering technology for further consideration.  

5.3 Dewatering Technology Selection 
The facility currently operates a 2-belt filter press and is familiar with the technology. In 
considering the 3-belt filter press, the operating schedule required to use the units to both thicken 
and dewater is not practical, as both processes would need to occur simultaneously given the 
current operating staff. However, a 3-belt filter press dedicated to dewatering which incorporates 
a vertical pressure zone has the potential to provide a superior dewatered cake solids content 
due to the increased gravity thickening zone and the vertical configuration of the wedge zone. 
This configuration also places the gravity zone at ground level and does not require an elevated 
platform for normal operation and maintenance. 

The mechanical dewatering basis of design is summarized in Table 13 and are in addition to the 
initial design parameters summarized in Table 5. The dewatering system is designed for shift 
operation. 

Mechanical Dewatering Basis of Design 

Parameter 

Design Value 

Current Annual 
Average 

Design Annual 
Average, Bio-P 

Design Annual 
Average, Chem-P 

Sludge Source Anaerobically Digested Primary and Waste Activated Sludge 
Average Feed Concentration 3.5% 
Design Thickened Sludge Concentration 13-20% (highest attainable) 

Minimum Solids Capture 95% 
Dewatering Belt Width 2.0 m 
Number of Duty Units 2 duty, current (2 duty, design) 
Volatile Suspended Solids, Average 65% 70% 57% 
Solids Loading, Average 5,160 ppd 10,400 ppd 12,380 ppd 
Notes: 
Manufacturer scope includes: dewatering equipment, polymer mixing and injection system, solids feed pumps, sludge 
flow meters, washwater booster pumps, and local PLC control panel. 

Given the dewatering parameters presented above, manufacturers have preliminarily sized the 
belt filter press as two 3-belt 2.0 meter units, each approximately 11.5 ft wide by 21.5 ft long and 
sized for shift operation. The belt presses are sized to operate as 2 duty units at current and 
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future solids loading. The two duty units provide greater solids retention time to produce a drier 
cake; however, if one duty unit is inoperable, a single 2.0-m press can handle all solids at current 
and future design but with a lower final solids content in the dewatered cake. The existing sludge 
drying beds may also be able to take some of the load when one unit it out of service. 

The 3-belt filter press is recommended because it has more capacity than a 2-belt system. A 
single 3-belt unit has capacity to process the entire solids flow (at a lower finished solids content) 
in the event one of the two duty systems is down for maintenance. If 2-belt units are to be used, 
three units are recommended, which would require construction of a new dewatering building as 
the current digester complex has space for only two 2.0 m dewatering belt presses. 

5.4 Dewatering Site Selection 
The existing belt filter press is located in the digester building. Space is provided for an additional 
belt press. One duty belt press would be sufficient for current conditions, with two duty belt 
presses operating under future conditions. In lieu of providing a third (redundant) unit for future 
conditions, redundancy can be addressed by increasing the feed rate of the remaining unit 
(decreased cake solids concentration), extending the operating time of the remaining unit, or 
using the existing drying beds.  

The proposed dewatering belt press is sized for a design feed rate of 2,460 dry pounds per hour 
(140 gpm) with two systems operating. Each unit shall be capable of handling 100% of the design 
flow if one unit is out of service (at a reduced dewatered cake solid concentration). The existing 
digester complex is suitable for locating dewatering and ancillary equipment. Ancillary equipment 
for the belt press includes: 

 Electrical equipment, MCCs, PLC, etc., 
 (2) Polymer blending system (preliminary size: 2,400 gph dilution water and 10 gph neat 

polymer, each), 
 (2) Solids feed pumps (preliminary size: 300 gpm each), 
 (2) Booster pump (preliminary size 100 gpm at 50 to 120 psi, each), 
 (2) Hydraulic power units 
 (1) Dewatered cake conveyor system (150 cuft per hour), 
 Valves and piping. 

Modifications to the digester complex are necessary to provide an unclassified space for the belt 
presses and ancillary equipment, these improvements are discussed further in Section 6. 

Operation of the recommended belt filter press units would be similar to the current system. 
Digested solids would be pumped from the primary digesters by new solids feed pumps located 
in the current heat exchanger room. Due to the room classification, the new feed pumps would be 
rated for a Class 1 Division I Group D space. Polymer would be fed into the feed solids by a 
blending system. Filtrate would continue to be collected below the system and returned to the 
liquid treatment stream. Cake would be discharged onto a common sludge conveyor and fed to a 
solids truck to be taken to cake storage. 

The recommended belt filter presses are similar in width, though approximately 6 feet longer than 
the current belt press. Accommodating new presses would require removal of the current filtrate 
collection basin. The new filtrate basin incorporates drain collection pans below each filtrate belt. 
A 22” wide grating system with channel drain surround each filter press to collect additional 
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washwater and filtrate which splashes from the drain collection pans. The grating system is flush 
to the ground, which is less intrusion to operation and movement than the current concrete walls. 

In the proposed layout, shown in Figure 3, the dewatered cake conveyor is on northwest side of 
the filter presses. The current 16-foot overhead door between the belt press room and garage 
would be replaced with a coiling door and narrowed to 10 feet to facilitate the new cake conveyor 
penetration. A multi-section shaftless screw conveyor is recommended as it offers a simpler 
drainage connection and cleaner arrangement than belt conveyors.  

The greatest deviation from current operation would be the recommended replacement of the 
existing dry polymer feed system with a liquid polymer feed system. In general, liquid polymer 
provides better polymerization performance with less operator time required during batching. 
Liquid polymer trades smaller feed units for larger storage requirements. A polymer storage area 
with blending pumps is located on the northwest side of the belt filter press room. A proposed 
12-foot coiling door is added to the northwest wall to allow for delivery of three 275 gallon 
polymer totes. The overhead door will also facilitate removal of the current belt filter press and 
installation of the proposed belt filter presses. 

5.5 Opinion of Probable Cost for Dewatering Improvements 
The preliminary engineer’s opinion of probable cost for the dewatering improvements is 
$3,111,000. This cost includes the major capital cost items including two 3-belt dewatering filter 
press systems, modifications to the digester complex for the drain system, polymer tote storage 
area, polymer blending systems, and controls. This estimate includes 20% contingency and 
mark-up for engineering and construction administration.  
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Figure 3 – Proposed Belt Filter Press Location   
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6 Digester Complex Improvements 
The 2014 Evaluation Study of the WWTF and lift stations recommend improvements to the 
digester building to comply with electrical codes. The following sections describe the conditions 
and recommendations for the digester building beyond those necessary to accommodate new 
belt filter presses. 

6.1 Existing Systems 
6.1.1 Process Equipment 

The existing equipment around the digester tanks are installed to meet the electrical installation 
requirements of a non-hazardous classified location. However, NFPA 820 specifies the areas 
exposed to the digester tank walls on the interior of the building be classified as Class I, Division 
1 Hazardous location. To meet the requirements of this classification, any electrical power and 
control panels must be relocated to outside of the affected space and the process equipment and 
motors need to be replaced with units rated for the hazardous location. 

Process equipment affected include the following: 
 (1) Tube-in-tube heat exchanger and boiler combination rated for 2,125,000 BTU of 

thermal energy, dual fuel of biogas or natural gas, installed in 1982 
 (1) dual fuel boiler using biogas or natural gas, installed in 2012 
 (2) digester recirculation pumps, installed one 1970, one 1982 
 (2) in-line sludge grinders, installed 1970 
 (2) sludge transfer pumps, installed one 1970, one 1982 

6.1.2 Mechanical 
The current ventilation system intakes and exhausts air from all rooms of the digester complex. 
Ductwork, louvers, and vents are original to the building, with a new power ventilation system for 
the belt filter press room. Modification and replacement of ductwork is necessary to create a gas 
separation between classified and non-classified spaces. 

6.1.3 Electrical 
The main electrical service for the Pre-Treatment Building, Administration Building, Recirculation 
Pump Station, and the Digester Building originates from separate feeder breakers in the Cutler-
Hammer Unitrol motor control center (MCC) located in the Digester Building. The service 
equipment is fed from a single utility transformer at 480Y/277-Volt, 3-phase, 4-wire. 

Motors associated with the digester building are also served from the same MCC. This MCC is 
was installed in 1970 and is nearing 50-years of service. 

General power to the facility consist of 480-Volt circuits for large equipment and 120-volt circuits 
for smaller utilization equipment. 

Lighting throughout the facility consist of gasketed, vapor-tight 2-lamp, 4-foot, fluorescent fixtures. 
Fixtures are controlled using wall-mount toggle switches. 

Control system is Allen-Bradley PLC-based located within a NEMA 1 wall-mounted enclosure. A 
door-mounted touchscreen provides interface for the operators. 
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6.2 Recommendations 
6.2.1.1 Process 

It is recommended that the floor plan be modified to separate the interior room around the 
digester tank walls into a separate room, accessed directly from outdoors, and rated for a Class I, 
Division 1 hazardous location. Equipment which can be feasibly relocated to unclassified 
locations should be relocated. Those which cannot be relocated should be replaced with properly 
rated motors and electronics. Figure 4 illustrates an alternative for segregating the digester 
complex to create vapor-tight separation between classified and unclassified spaces. The 
modifications create a Class 1/Division 2 Group D space for the current heat exchanger and 
pump room and gas safety room, and results in declassifying the remaining digester complex. 

The existing combined heat exchanger and boiler is recommended to be replaced with separate 
units, as described below. The facility currently operates two boilers of different size. The second, 
smaller boiler was added as the larger boiler does not have sufficient turndown to operate with 
the existing microturbine.  

 Heat Exchangers: Two new spiral heat exchangers, one per digester, can be located 
where the current combined unit is installed to minimize the length of large sludge 
recirculation piping.  

 Boilers: The boilers would be relocated to the existing maintenance room, which is 
divided to reduce the HVAC demand created by the boilers and limit the length of 
hydronic and biogas piping. The new boiler capacity will need to be coordinated to 
function properly with the existing microturbine.  

The remaining portion of the maintenance room, currently used for hydrating dried polymer, 
would become the new maintenance room. The lower level would be filled to create a more 
usable space. The existing access stairs would be relocated to the eastern door for access. 

The existing sludge recirculation pumps, transfer pumps, and sludge grinders are recommended 
to be upgraded for Class 1 Division 1 group D installation. The replacement at the same location 
minimizes pipe replacement and simplifies construction phasing. 
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Figure 4 – Proposed Digester Complex Modifications  
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6.2.1.2 Mechanical 
As indicated with process recommendation, the existing maintenance room would be modified to 
house the digester boilers. Modifications include blocking closed the access doors to the 
remainder of the building and leveling the floor to provide a single usable room. Isolation of 
boilers from the remainder of the complex allows for better control of heat dissipated into the 
building.  

NFPA recommends a 10-foot envelope of classified space around biogas piping. Placing the 
boilers in a separate space prevents classification envelopes from overlapping into adjoining 
rooms. Gas boilers are inherently safe equipment as they continuously draw in air from their 
immediate vicinity and are suitable to operate adjacent to biogas piping. A combustion air system 
including ducts and fans is necessary for each boiler. Ancillary equipment for the boiler system 
includes new glycol pumps, expansion tanks, air separators, valves, and controls. 

A dedicated ventilation and heat system is recommended to separate the heat exchanger and 
gas safety rooms from other spaces in the digester complex. The heat exchanger and gas safety 
rooms will require installation of Class 1 Division 1 Group D unit heaters, exhaust fans, and 
makeup air units. New stainless steel ducting and louvers are needed for the separate ventilation 
system. Gas monitoring instrumentation will be added in classified spaces to detect the presence 
of unsafe levels of combustible gases. 

The existing ventilation system servicing the remainder of the digester complex (excluding the 
electrical room) shall have an air balance test conducted to determine if it is sufficient to deliver 
six air exchanges per hour. Six air exchanges allows for the declassification of spaces which 
contain process piping that may have the potential to leak gas into the space. For the boiler and 
belt press room, this includes biogas and sludge piping. 

The electrical room will also require the installation of a separate HVAC system capable of 
maintaining a maximum room temperature of 80 degrees Fahrenheit. 

6.2.1.3 Electrical 
The existing main service MCC and wall-mount variable frequency drives (VFD) are 
recommended to be removed. A new electrical room, created in the existing chlorine storage and 
feeder rooms (currently used for the facility’s dual fuel boiler), can house a new main service 
disconnect, automatic transfer switch, switchboard, and MCC. The automatic transfer switch 
would connect the new electrical service to an outdoor pad-mounted generator set located in a 
weatherproof enclosure. The new switchboard would house breakers for the Pre-Treatment 
Building, Administration Building, Recirculation Pump Station, Digester Building, and digester 
building 480V panelboard. The MCC would contain the digester building motor starters and new 
VFDs. 

New electrical feeders shall be routed outdoors between the digester building new switchboard 
and the Pre-Treatment Building, Administration Building, and Recirculation Pump Station. A new 
PLC control panel shall be provided in the new electrical room. 

All interior motor circuits and equipment circuits shall be replaced and new circuits installed to the 
new electrical panels in the new electrical room. 

This location also provides a separate space for electrical systems associated with process 
equipment. The separation reduces the potential for spillage and provides a clean, low dust 
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environment. The smaller space reduces the volume of air which requires conditioning during 
warmer months. 

Lighting in the room surrounding the digester tank walls shall be rated for the classified location, 
LED lighting. Lighting in other areas of the building will be new non-hazardous LED lighting. In 
general lighting shall be controlled by wall switches except for areas such as restrooms or offices 
which would have occupancy controls.  

6.3 Opinion of Probable Cost for Digester Building Modifications and 
Improvements 
The preliminary engineer’s opinion of probable cost for modifications and improvements to the 
digester complex is $2,702,000. Major capital cost items include structural and architectural 
modifications, replacement of process equipment for Class 1 Division I Group D locations, 
relocation of MCCs and controls, and the replacement of dual fuel boilers and heat exchangers. 
The estimate includes 20% contingency and markups for engineering and construction 
administration. The cost excludes the dewatering equipment improvements and is the cost for 
building modifications to comply with NFPA requirements and equipment replacement. 

7 Site Electrical Improvements 
7.1 Backup Electrical Generator 

A second back-up generated is recommended to supply power to the front-half of the plant.  

7.2 Opinion of Probable Cost for New Back-up Generator 
The preliminary engineer’s opinion of probable cost for site electrical improvements is $541,000  
Capital costs includes the generator set, sound attenuating all-weather enclosure, concrete base 
slab, and aluminum stairs and walkway to access the generator enclosure. The estimate includes 
20% contingency and includes engineering and construction administration. 

8 Additional Gas Generation and Utilization 
Along with solids improvements, the City is interested in increasing biogas production in their 
anaerobic digesters by incorporating organic food waste and waste oil and grease (FOG) from 
local businesses and institutions. The City is interested in determining whether the increase in 
biogas production used for electrical generation would offset the cost of constructing a new 
biogas storage system and additional micro turbine generator. 

8.1 Increase Gas Production - High-Strength Waste 
A desktop evaluation was conducted to determine the potential volume of high strength waste 
from fats, oil and grease (FOG) generated in Winona, Goodview and Minnesota City. The 
desktop evaluations consists of identifying food service establishments (FSEs), assigning grease 
production categories of low, medium, high, and very high, and estimating annual FOG 
quantities. Table 14 summarizes this evaluation. 

In addition to business sources, there are ten primary education schools along with Saint Mary’s 
University of Minnesota and Winona State University within the region. Each of these institutions 
provides additional source of waste FOG based on the number of students attending. The FOG 
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from the cafeterias associated with these institutions is estimated at 990 ppd of FOG. A total of 
1,770 ppd of FOG is potentially available in the community. 

FSE Grease Production Estimate for Businesses 

Assumed 
Avg FOG by 

FSE (lb/d) 
FSE 

Category 

Number of FSEs Identified 
Assumed 
Daily FOG 

lb/d 

Assumed 
Total Annual 
FOG (lb/yr) Winona Goodview 

Minnesota 
City 

1.7 low 32 1 1 58 21,000 
5.2 medium 20 2 0 114 42,000 
9.5 high 36 1 0 352 128,000 

25.6 very high 9 1 0 256 93,000 

 Total 97 5 1 780 284,000 
Notes: 
FSEs categories and assumed FOG generation based on the FOG generation estimation methods and experience of 
Yakima, Washington and Portland, Oregon. 

The additional gas generated from the FOG is estimated assuming 100% of the FOG in the 
community is collected and fed to the digesters. 

The existing anaerobic digester capacity was evaluated to determine hydraulic and volatile solids 
(VS) capacity for additional FOG and food waste at current flows and loads.  

 By converting the secondary digester to a primary digester in 2015, the current average 
day VS loading rate is 0.05 pounds volatile solids per cubic foot of digester. The typical 
design range is between 0.05 and 0.16 pounds volatile solids per cubic foot of digester, 
indicating ample volatile solids capacity.  

 The hydraulic loading of the existing anaerobic digesters provides 35 days of hydraulic 
retention time (HRT) at average day flow. Minimum HRT for an anaerobic digester is 15 
days.  

Table 15 compares the anaerobic digester capacity of the existing condition to a scenario with 
the addition of the 1,770 ppd of FOG waste described previously. 

Anaerobic Digester Loading 

Loading Conditions 

Calculated VS 
Loading Rate 
(lb VS/cuft) a 

Calculated 
Digester HRT 

(days) b 

Theoretical Biogas 
Generated 

(cuft/d) 
Current Digester 0.050 35 41,026 c 
Change with Waste FOG Included d +0.012 -1.6 +22,739 e 
Change per Ton of Food Waste +0.003 -0.7 +5,346 f 
Notes: 
a. 0.040 to 0.410 lb VS per cuft of digester recommended by 10 States Standards. 
b. Minimum of 15 days. 
c. Assumes 80% VS fraction, 38% VS destruction, and 15 cuft of biogas produced per lb VS destroyed. 
d. Corresponds to 1,770 ppd of waste FOG added. 
e. Assumes 95% VS solids content of FOG, 90% VS destruction, and 15 cuft of biogas produced per lb VS destroyed. 
f. Assumes 28% VS content of food waste, 74% VS destruction, and 15 cuft of biogas produced per lb VS destroyed. 
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To calculate the value of the FOG, the potential power generated for each loading scenario and 
corresponding 20-year present value of electricity offset by on-site generation is summarized in 
Table 16. The calculations are based on the assumptions below. 

 Energy content of biogas: 600 BTU/hr 
 Electrical generation efficiency for micro turbine: 25% 
 Microturbine up time: 90% 
 Commercial rate power purchased from utility: 0.0873 $/kWhr 
 Annual power rate increase: 3.7% 
 Present worth interest rate: 5.0 % 

Net Present Value of Biogas Generated, as Electricity 

Loading Conditions 
Potential Power Generated 

(kWhr) 
20 Year Present Value 

($) 

Current Solids 1,623 $915,637 
Change with Waste FOG Included 899 +$507,493 
Change per Ton of Food Waste 211 +$119,309 

Utilization of waste fats, oil, and grease will require the construction of a receiving station. The 
purpose of the receiving station is to provide a location where trucks can unload, flow may be 
metered for billing, provide preliminary screening, further separate grease from water, and an in-
plant lift station to pump FOG to the primary digesters. A preliminary cost estimate for a receiving 
station is $1,674,000. This cost is three times more than the 20-year value of the electricity 
generated from these high-strength wastes. For this reason, FOG receiving is not financially 
viable. However, this does not account for tipping frees which may be as high as $0.10/gallon or 
$25,000 per year. 

8.2 Increase Gas Production – Pondus 
Centrisys, one of the manufacturer’s considered for thickening and dewatering centrifuges, has a 
new solids processing system called the Pondus Hydrolysis Process. This thermal-chemical 
process breaks down the cell walls of the microorganisms in waste activated sludge, resulting in 
a sludge that is more digestible in anaerobic digesters. The increased digestibility results in 
greater biogas production and reduced biosolids (due to increased volatile solid destruction).  

A Pondus system or similar could be considered, but drivers for this are usually capacity. The 
technology is relatively new. It may be something to consider for the future, when there are more 
full-scale installations. 

8.3 Improved Gas Utilization 
The WWTF has a 65-kW microturbine that was installed in 2010. A 65-kW microturbine utilizes 
approximately 35,000 cf/d of biogas. In 2017, the facility produced an average of 41,000 cf/d. On 
average, the capacity of the microturbine is maximized. Increased volatile solids destruction, 
either through high-strength waste addition, increased wastewater solids, or improved digestion 
(via Pondus) will increase biogas production. Increases in biogas volumes cannot be beneficially 
utilized without the addition of biogas storage and/or increased cogeneration capacity. 
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The existing microturbine building was designed to accommodate another 65-kW unit. In addition 
to the microturbine, additional controls would be necessary to tie in the new microturbine. 

Another approach to improve biogas utilization is with gas storage. Storing the biogas allows gas 
production in excess of the microturbine capacity to be stored rather than flared. The existing 
floating covers provide limited gas storage. There are a two main types of gas storage: 

 High-pressure spheres which are typically operated at 50-90 psi. This type of storage is 
more robust, providing more storage and longer-service life. But is more costly. 

 Low-pressure membrane storage, either on a digester tank or remote pad-mounted. This 
type of storage has lower costs and operates at low pressures. It has limited storage 
volume, the membrane as susceptible to damage, and typically last only about 10 years. 

Gas storage is often implemented at large facilities with significant biogas volumes and where the 
biogas can be best utilized at certain times of the day to offset electrical usage during peak rate 
times. Costs presented in Section 8.4 include biogas storage. 

8.4 Opinion of Probable Cost for Biogas Improvements 
Table 17 summarizes the preliminary engineer’s opinion of probable cost for gas storage and the 
addition of a second microturbine. 

The current microturbine power generation building was designed for the installation of a second 
turbine. The preliminary estimate for the microturbine assumes installation and controls. 

The biogas storage structure is assumed to be a slab mounted, dual membrane gasholder. 
30,000 cuft of storage was evaluated, however additional gas monitoring during design may be 
used to refine the storage capacity requirements. The capital estimate includes the dual-
membrane system (membrane covers, fans, controls, valves, and instrumentation), concrete slab 
and footings, coatings for slab, gas piping to and from storage, and electrical service. The 
estimate includes 20% contingency and mark-ups for engineering and construction 
administration. 

Preliminary Opinion of Probable Cost for 
Additional Gas Generation and Utilization 

Scenario Probable Capital Cost 
Waste Fats, Oils, and Grease Receiving Station $ 1,674,000 
Slab-Mounted Dual Membrane Biogas Storage $ 800,000 
Microturbine $ 146,000 

Total $ 2,620,000 

Capital costs for additional gas generation and utilization may be compared to the 20-year 
present value of biogas, as electricity in Table 16. Generally, the electrical savings associated 
with increased biogas production do not offset the cost for the infrastructure to increase and store 
biogas.  

9 Cake Storage 
Biosolids produced at the wastewater treatment facility are disposed of through land application. 
180 days of biosolids storage is required in order to store biosolids between spring and fall land 
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application periods. The increase in biosolids production as a result of phosphorus improvements 
will increase the required biosolids storage volume. 

The facility operates three biosolids storage facilities: 
 A covered storage pad approximately 120 feet by 105 feet, which is the primary storage 

location. At an average storage depth of 4 feet, the existing covered storage provides 
50,400 cuft of storage. 

 An uncovered cake storage pad which is approximately 120 feet by 110 feet. At an 
average storage depth of 4 feet, the existing uncovered storage provides 52,800 cuft of 
storage. 

 Sludge drying beds which are intended for dewatering if the belt filter press is inoperable. 
Previous operations have required cake storage utilizing the sludge drying beds, but is 
not desirable as it prevents their use for dewatering biosolids from the digester. There are 
four sludge drying beds which are approximately 110 feet by 36 feet each. At an average 
storage depth of 4 feet, the existing drying beds provide a combined 63,360 cuft of 
storage. 

The facility currently dewaters digested biosolids to approximately 13%. The previous biosolids 
land applications were evaluated for 2014 through 2017 which indicate an average solids content 
of 15% by the time the solids are land applied. 

When possible, it is preferred to utilize covered storage. Covered storage allows for passive 
drying of biosolids while preventing a large portion of rain and snow from re-hydrating biosolids. 
In addition, the sidewalls would be six feet to facilitate cake storage depths of five feet and be 
wide enough to allow for broadcasting biosolids. Broadcasting spreads biosolids into thin layers 
which passively dry more readily than piles created by dump trucks. The increased drying 
reduces hauling costs during land application while maintaining the same dry pounds applied per 
acre. 

Two evaluation scenarios were used for biosolids storage: 
 Only the existing covered and uncovered storage are utilized prioritizing covered storage 

options over uncovered storage. This frees the drying beds to continue to operate as 
backup dewatering for the belt press. The proposed covered storage would be 
approximately 125 feet by 245 ft, providing 122,500 cuft of additional storage capacity. 

 The existing covered, uncovered, and drying beds are utilized prioritizing covered storage 
options over uncovered storage. This would potentially remove the drying beds as an 
option for dewatering if the belt press is inoperable. The proposed covered storage would 
be approximately 125 feet by 120 ft, providing 60,000 cuft of additional storage capacity. 

Tables 18 and 19 summarize the projected biosolids storage demand given a variety of operating 
scenarios. 
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Biosolids Storage Utilization Without Using Drying Beds 

 

Existing solids 
balance 

Current 
conditions with 
improvements, 

chem P 

Design 
conditions with 
improvements, 

bio P 

Design 
conditions with 
improvements, 

chem P 
Storage Demand, cuft 96,565 151,087 183,514 225,161 
Existing Covered 
Storage Utilization Filled Filled Filled Filled 

Existing Uncovered 
Storage Utilization Unused Unused Filled Filled 

Existing Drying Beds 
Utilization Unused Unused Unused Unused 

Proposed Covered 
Storage Utilization 
(125’ x 245’) 

38% 82% 66% Filled 

 
Biosolids Storage Utilization Using Drying Beds 

Storage 
Existing solids 

balance 

Current solids 
balance with 
thickening 

improvements, 
chem P 

Design solids 
balance with 
thickening 

improvements, 
bio P 

Design solids 
balance with 
thickening 

improvements, 
chem P 

Storage Demand, cuft 96,565 151,087 183,514 225,161 
Existing Covered 
Storage Utilization Filled Filled Filled Filled 

Existing Uncovered 
Storage Utilization Unused Filled Filled Filled 

Existing Drying Beds 
Utilization Unused Unused Filled Filled 

Proposed Covered 
Storage Utilization, 
(125’ x 120’) 

77% 80% 28% Filled 

Figure 5 illustrates the size of the proposed biosolids storage facilities for each of the two 
evaluated scenarios with relation to the existing facility. 

9.1 Opinion of Probable Cost for Cake Storage Improvements 
Table 20 provides a summary of the preliminary engineer’s opinion of probable cost for the two 
biosolids storage alternatives evaluated. Each storage alternative includes a membrane cover 
which covers the entire storage pad, and a 25-ft driving isle through the middle of the pad with a 
12-inch concrete trench drain. The storage pad structure consists of cast-in-place concrete 
sidewalls, 6 feet high with a flexible pavement slab. The estimate includes 20% contingency and 
includes mark-ups for engineering and construction administration. 
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Preliminary Opinion of Probable Cost for Biosolids Cake Storage 

Scenario Probable Capital Cost 
245 foot x 125 foot covered biosolids storage $ 1,547,000 
120 foot x 125 foot covered biosolids storage $ 847,000 

The final solids content achievable by broadcasting biosolids rather than storing in windrows 
varies. At 13% total solids, 3,370 cubic yards of biosolids were land applied in 2017. If freeze-
thaw were able to increase cake total solids to 20%, this would reduce the cake volume hauled 
35% and result in 59 fewer 20 cubic yard truck loads. The savings per cubic yard hauled would 
contribute towards offsetting capital costs associated with cake storage improvements. 
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Figure 5 – Proposed Covered Biosolids Storage Location 

fence
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10 Pretreatment Improvements 
10.1 Process 

The existing pre-treatment building was constructed in 1970. The pretreatment building includes: 

 (1) automatic bar screen, installed 1970, 
 (1) manual bar screen, installed 1970, 
 (1) grit washer/classifier, installed 1970, 
 (2) aerated grit tanks with blowers and grit pumps, installed 1970, 
 (1) influent flow meter, 
 (2) in-plant waste pumps, installed 1970 
 (1) in-line sludge grinders, installed 1970, and 
 (2) sludge pumps, installed 2016. 

Pumped influent flows through the influent flow meter and to an exterior box on the upper floor of 
the building. Wastewater then flows by gravity through a screening channel. Screening from the 
automatic screen are fed to a waste trolley. Stop plates can be lowered to direct flow to either the 
automatic bar screen or manual screen. After screening, the influent channel splits to either 
aerated grit tank. Two blowers, one for each grit chamber, are installed on the upper floor. Two 
grit pumps are located in the sub-basement of the pre-treatment building, which pump grit to the 
grit washer/classifier. Grit from the classifier, as well as from the waste trolley, falls through a 
storage hopper into a dump truck. 

The lower level of the pre-treatment building contains a sludge grinder and two sludge pumps. 
The sludge pumps waste primary solids and scum from the primary clarifiers to the sludge 
thickeners. An in-plant waste lift station is also located in the lower level which pumps decant 
from the primary digester and other return flows.  

The facility operators report issues with the grit removal efficiency of the existing aerated grit 
system. The facility operators have observed a buildup of grit in the primary digesters, requiring 
the digester to be taken out of service for cleaning. The existing aerated grit tanks provide 
approximately 32,500 gallons of volume and are undersized for the facility peak flow. 

10.2 Mechanical 
The existing ventilation system in the pre-treatment building is original to construction and 
insufficient to meet NPFA 820 classification requirements, as well as recommended 10 States 
Standard ventilation rates. 

The existing ventilation system draws outside air from above the influent box prior to the 
automatic bar screen. This location proves problematic as there is the potential for gas to enter 
the ventilation system from the influent box. 

There are not combustible gas detectors installed in the pretreatment building. 

10.3 Electrical 
The main electrical service for the pretreatment building is fed from a 400-amp breaker located in 
the Digester Building MCC witch feeds a Cutler-Hammer Unitrol motor control center (MCC) 



 

SOLIDS PRELIMINARY DESIGN REPORT  WINON 145602 
Page 35 

located upper level of the preliminary treatment building. This MCC houses the motor starters 
and feeders for equipment in this building. This MCC is was installed in 1970 and is nearing 50-
years of service. 

General power to the facility consist of 480-Volt circuits for large equipment and 120-volt circuits 
for smaller utilization equipment. 

Lighting throughout the facility consist of gasketed, vapor-tight 2-lamp, 4-foot, fluorescent fixtures. 
Fixtures are controlled using wall-mount toggle switches.  

10.3.1 Summary of Recommendations 
10.3.1.1 Process 

It is recommended that the floor plan be modified to separate open wastewater channels and 
pretreatment equipment into a separate room, accessed directly from outdoors, and rated for a 
Class I, Division 1 hazardous location. Equipment in classified rooms which can be feasibly 
relocated to unclassified locations should be relocated. Those which cannot be relocated should 
be retrofit with properly rated motors and electronics. 

The pre-treatment building may be modified such that only the automatic bar screen and grit 
classifier needs to conform to Class 1 Division 1 Group D requirements. Figures 6 and 7 illustrate 
an alternative for segregating the preliminary treatment building in order to create vapor tight 
separation between classified and unclassified spaces for the upper and lower floors of the 
building respectively. The modifications create a Class 1 Division 2 Group D space for the 
screening room and garage, and results in declassifying the remainder of the pre-treatment 
building. 

The current automatic bar screen is nearly 50 years old and due for replacement. The bar screen 
is recommended for replacement with a washing and compacting unit. The washing and 
compacting unit reduces the amount of organics in screenings to reduce both the volume 
disposed, the amount of wastewater drained onto the floor after entering the waste trolley, and 
the odor generated by screenings. 

The grit classifier is the same age as the automatic bar screen and is recommended for 
replacement. Vortex grit classifiers are relatively similar in design to the existing classifier, though 
new bearings, motors, and wash nozzles would improve electrical efficiency to some degree. 

Replacement of the aerated grit tanks with vortex grit removal was evaluated. The advantage of 
vortex grit is a greater degree of grit removal over aerated systems. The improved grit removal 
may assist in preventing the buildup of grit in the primary digesters of the facility. 

If grit found in the digesters is fine (less than 50 um), it is recommended that the City complete a 
grit characterization study. This study can help to assure that the grit removal technology 
selection and sizing is appropriate for the grit characteristics. The ideal time to complete the grit 
characterization study is during a peak event, when high flows wash grit accumulated in the 
collection system to the facility. 

It is assumed a new vortex grit removal system would be located in a cast-in-place concrete tank. 
During the design phase of these improvements, the City may want to consider the potential 
reuse of the existing aerated grit tanks and further defining a peak instantaneous wet weather 
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flow for process sizing. Figure 8 illustrates a potential layout for a vortex grit removal system 
which was used as a basis for determining costs presented later in this section. 

10.3.1.2 Mechanical 
The existing pretreatment building would be modified to create two separated classified and non-
classified spaces. Modifications include blocking closed the access doors to the electrical room 
and creating a new access from outside the building. The existing stairwell between the ground 
floor and upper floor would be removed and new access to the pumps and sub-basement added. 
The personnel door on the ground level to access the sub-basement from the northwest will also 
be blocked closed. These improvements in conjunction with ventilating to declassify will create 
separate non-classified spaces for the pumps and instrumentation in the sub-basement and 
electrical room. 

A ventilation and heat system shall be installed to separate the garage and screening rooms from 
other spaces in the Pre-treatment building. The garage and screening rooms will require 
installation of Class 1 Division 1 Group D unit heaters, exhaust fans, and makeup air units, and 
will be ventilated with 30 air exchanges upon entry. New stainless steel ducting and louvers will 
need to be installed for the separate ventilation system. Gas monitoring instrumentation will be 
added in classified spaces to detect the presence of unsafe levels of combustible gases. 

The existing ventilation system servicing the remainder of the pre-treatment building shall also be 
replaced. The sub-basement shall have a system installed which can provide six air exchanges 
per hour to declassify spaces which contain process piping that may have the potential to leak 
gas into the space. The electrical room will also require the installation of a separate HVAC 
system capable of maintaining a maximum room temperature of 80 degrees Fahrenheit, as well 
as maintaining positive pressure to prevent the migration of gasses from the adjacent classified 
space. Both the sub-basement and electrical room will have new stainless steel ductwork. 
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Figure 6 – Proposed Pretreatment Building Modifications - Upper Floor 
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Figure 7 – Proposed Pretreatment Building Modifications - Lower Floor 
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Figure 8 – Proposed Pretreatment Building Modifications - Grit Removal 
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10.3.1.3 Electrical 
The existing screening and grit removal equipment on the upper level is installed to meet the 
electrical installation requirements of a non-hazardous classified location. This area is open to the 
lower level via the stairway, and is connected to the electrical room by doorway. It is 
recommended that the door to the electrical room be blocked off, and the access to the stairway 
from the grit removal room be blocked off with a new door leading to the outdoors from the grit 
removal room. A new access stairway would be required from the outdoor lower grade to a new 
door into the electrical room, as shown in Figures 6 and 7. 

The process equipment and motors located in the grit removal room will also need to be replaced 
with units rated for the hazardous location.  

The existing main service MCC shall be removed from the building. The electrical room shall be 
isolated from the grit removal room. The electrical room shall house a new MCC to serve the 
building loads.  

New electrical motor branch circuits will be provided between the loads and the new MCC.  

Lighting in the grit removal room shall be rated for the classified location, LED lighting. Lighting in 
other areas of the building will be new non-hazardous LED lighting. In general lighting shall be 
controlled by wall switches.  

A new PLC control panel will be provided in the new electrical room. 

10.4 Opinion of Probable Cost for Pretreatment Improvements 
Table 21 summarizes the preliminary engineer’s opinion of probable cost for preliminary 
treatment building improvements. 

Major capital cost items to the pretreatment building include replacement of the existing 
automatic bar screen, addition of a washer/compactor for screenings, grit classifier, grit pumps, 
blowers, modifications to the pretreatment building to address NFPA 820 classifications, 
replacement of the existing MCCs controls. Modifications to grit removal include grout filling the 
existing aeration tanks, construction of a new grit vortex tank and splitter structure, grit slurry 
piping to the pretreatment building, and effluent piping to primary clarifiers. The estimates include 
20% contingency and includes engineering and construction administration. 

Preliminary Opinion of Probable Cost for 
Pre-Treatment Building Improvements 

Scenario Probable Capital Cost 
Pretreatment Building Modifications for NFPA 820 
and Equipment Replacement $ 1,787,000 

Grit Removal Modifications $ 694,000 
Primary Clarifiers $ 1,220,000 

Total $ 3,700,000 
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11 Summary of Recommendations 
The previous sections of this report identified improvements to the several components of the 
facility, with an emphasis on solids processes. Improvements were identified for the several 
process areas totaling $23 Million. Below is a summary of these recommendations: 

 New Dissolved Air Flotation (DAF) Thickener - $2,166,000 (Section 4). Install a 17-ft 
circular DAF near the existing thickener tanks. Prior to moving forward, work with DAF 
manufacturer to have solids tested to verify performance. 

 New 3-belt, 2.0-m belt filter presses - $3,111,000 (Section 5). Install two 3- belt filter 
presses within the existing dewatering space and can accommodate future chemical 
sludge volumes. Consider piloting a 3-belt unit to see if performance can be improved 
over a 2-belt system. 

 Digester Complex upgrade to replace aging equipment and address NFPA codes - 
$2,702,000 (Section 6). Reconfigure room layouts, replace select process equipment, 
new electrical and HVAC. 

 New back-up electrical generator - $541,000 (Section 7). Install back-up generator in all-
weather enclosure. 

 Additional gas generation and utilization (Section 8): 
 High-strength waste receiving – Estimated cost for receiving station of $1,674,000 

is not justified by the additional gas produced. 
 Biogas storage – Estimate cost for biogas storage of $800,000 is not justified given 

the gas production. 
 Install second microturbine – Estimated cost for additional microturbine is 

$146,000. This could be added to better utilize current and future gas production. 
 Construction additional cake storage - $847,000 - $1,547,000 (Section 9). Construct 

covered cake storage to supplement existing storage. The cost range represents differing 
sizes. 

 Pretreatment building improvements to replace aging equipment and address NFPA 
codes - $1,787,000 (Section 10). These improvements include replacing the mechanical 
bar screen, new washer/compactor for screening, new grit classifier, new grit pumps, 
new blowers and new electrical equipment. Building modifications are required to meet 
NPFA codes. 

 New grit removal system assuming a single vortex grit removal system - $694,000 
(Section 10). This system would replace the undersized aerated grit removal system. 
Influent grit analysis is recommended, which allows for optimum selecting and sizing of a 
grit removal system. 

 Primary clarifier rehabilitation - $1,220,000. This would replace mechanisms and weirs 
and baffles. 

 Phosphorus removal - $6,369,000. This is estimated assuming biological phosphorus 
removal (greater capital cost). 

11.1 Phasing Plan 
A schedule of phased improvements is presented in Table 22. Some schedule considerations 
include: 

 Strategically implement thickening, dewatering and/or cake storage improvements when 
a phosphorus limit is imposed. Nearly 50% of the total sludge could be associated with 
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chemical phosphorus removal. The Point Source Implementation Grant (PSIG) could 
fund 80%, up to $7 Million, for phosphorus-related costs. 

 Consider prioritizing safety and reliability needs. The proposed phased improvement 
schedule has electrical gear replacement and back-up generation as priorities. 
Addressing these issues early can prevent costly emergency repairs and improve the 
safety at the facility. 

 Consider the size/frequency of projects, recognizing that project costs will increase over 
time and that the identified improvements are the short-term needs.  Improvements are 
necessary after 10 years and equipment repair and replacement will be continuous. 
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Preliminary Opinion of Probable Cost for Identified Improvements 

Item     Description  Prelim. Est.  1‐3 Years  3‐5 Years  5‐10 Years 
1  Pretreatment Building          
      Code and Equipment upgrades  $1,787,000  $1,787,000       

      New Grit Removal System  $694,000     $694,000    

2  Primary Treatment          
      New Clarifier Mechanisms and Drives  $1,220,000    $1,220,000    

3  WAS Thickenering          

      DAFTa  $2,166,000    $2,166,000    

4  Digestion & Dewatering            

      New Electrical Building and Back‐up Generatorb  $1,547,000  $1,547,000       

      New Belt Filter Presses & Equipment Upgradesa,b  $4,807,000     $4,807,000    

5  Cake Storage            

      New Covered Cake Storagea  $1,547,000    $1,547,000    

6  Cogeneration            
      FOG Receiving Station  $1,674,000        $1,674,000 

      Gas Storage  $800,000        $800,000 

      Additional Microturbine  $146,000        $146,000 

7  Phosphorus Limit            

      Biological P Treatment (assumed)a  $6,369,000     $6,369,000    

   TOTAL     $22,757,000  $3,334,000  $16,803,000  $2,620,000 
Notes                   

 

a)  Improvements could be partially funded with Point Source Implementation Grant (PSIG).  Solids load will increase 
with phosphorus removal.  If biological phosphorus removal, additional 10% solids will be generated.  If chemical 
phosphorus removal, an additional 50% solids will be generated. PSIG funds 80% of P‐related costs up to $7 million 

  

b)  Improvements are grouped to address the back‐up power and electrical concerns prior to equipment replacement. 
Costs presented in Sections 5, 6, and 7 comprise these two items. 
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MEMORANDUM 

TO: Paul Drazkowski, City of Winona 
 
FROM: SEH, Susan Danzl and Eric Miller 
 
DATE: June 15, 2018 
 
RE: Winona Biological Phosphorus Removal Preliminary Evaluation 
 SEH No. WINON 145602  14.00 
 
 
The purpose of this memorandum is to provide a preliminary determination of the tank footprint required for a 
biological phosphorus removal treatment process for the Winona, Minnesota wastewater treatment facility 
(WWTF).  Although the WWTF does not currently treat for total phosphorus (TP), the facility anticipates the 
inclusion of a TP limit in the near future.  A potential total phosphorus effluent limit of 0.7 mg/L was used for this 
evaluation.  There are two approaches to treat for phosphorus: biological and chemical.  This memorandum 
focuses on physical space requirements of a potential biological approach, which will be used to locate solids 
treatment improvements so as to not preclude future biological phosphorus treatment. 

The facility operates trickling filters and solids contact tanks as secondary treatment.  A proposed biological 
phosphorus removal process, as described further in this memo, would remove the existing trickling filters (as the 
carbon is required for biological phosphorus removal) and add a three-cell anaerobic selector tank ahead of a 
conventional activated sludge system. 

Evaluation of a potential biological phosphorus removal treatment process was done in three parts:  

• Evaluation of current and future facility flows and loads,  
• Determination of additional tankage required for biological phosphorus removal, and  
• Capacity of existing solids contact tanks to be used for biological phosphorus removal. 
 

Evaluation of Current and Future Facility Flows and Loads 

The most recent population estimate for the City of Winona was 27,478 completed in 2016.  The Minnesota State 
Demographic Center predicts an 8.9% reduction in population for Winona County between 2016 and 2040.  It is 
assumed that the City of Winona and the connected communities of Goodview and Minnesota City will follow the 
County population growth trend.  With no anticipated domestic growth, this evaluation assumes the future design 
condition is the current permitted design flow and organic load to the facility 

For comparison, current flows and loads were determined based upon records from January 2014 through March 
2018, with the most current 27 months providing daily flow and load information.  Table 1 summarizes applicable 
flows and Table 2 summarizes the applicable loads used for preliminary sizing of biological phosphorus removal 
treatment processes.   Phosphorus is not a current design condition for Winona, therefore the existing 
phosphorus load was used for sizing of the biological phosphorous system.  The larger value between current 
conditions and design capacity were used as the basis of design for sizing the biological phosphorus removal 
system. 

Definitions of flow conditions used in Table 1 are as follows: 
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Average Dry Weather Flow (ADW): flow is defined as the flow that occurs during dry periods when the 
groundwater level is low or normal. This flow would include the normal sanitary sewer flows from homes, 
commercial establishments, public institutions, and any industrial facilities. This flow level normally becomes 
apparent in winter months (December, January, and February), when there is little to no inflow. 

Average Annual Flow (AA): AA flow is measured as the daily average flow during the review period.  For Winona, 
the current condition is based on data from January 2016 through March 2018. 

Average Wet Weather Flow (AWW): Peak month flow is measured as either the daily average flow for the wettest 
30 consecutive days or the largest volume of flow anticipated to occur during a continuous 30-day period, 
expressed as a daily average. 

Table 1 
Flow Determination for Winona WWTF 

Parameter Current Condition 
Facility Design 

Capacity 

Average Dry Weather Flow, MGD 3.16 6.74 

Average Annual Flow, MGD 3.53 8.173 

Average Wet Weather Flow, MGD 1 5.972 9.60 
Notes: 
1 The largest maximum calendar month flow was 10.59 MGD during June, 2014. 
2 5.97 MGD occurred between May 9th, 2017 and June 7th, 2017. 
3 8.17 MGD average annual design flow is average of ADW and AWW design flows. 

 
Table 2 

Load Determination for Winona WWTF 

Parameter 

Current 
Condition 

Avg. / Max. 1 

Per Capita 
Load 
ppcd 

Facility 
Design 

Capacity 

Carbonaceous 5-Day Biochemical 
Oxygen Demand (cBOD5), ppd 7,231 / 8,701 0.23 2 14,605 

Total Phosphorus (TP), ppd 218 / 398 0.007 3  
Notes: 
1 Maximum load is the largest mass load anticipated to occur during a continuous 30-day period, 

expressed as a daily average. 
2 Typical range for per capita cBOD5 loading is 0.11-0.26 ppcd (Metcalf and Eddy, 4th Edition), and above 

MPCA recommended minimum design criteria of 0.17 ppcd. 
3 Typical range for per capita TP loading is 0.006-0.010 ppcd (Metcalf and Eddy, 4th Edition). 
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Determination of Additional Tankage Required for Biological Phosphorus Removal 

A biological phosphorus removal treatment system consists of two major components: an anaerobic selector and 
an aeration basin.  The anaerobic selector promotes the growth of phosphate-accumulating organisms (PAOs).  A 
three-cell anaerobic selector located ahead of secondary treatment promotes an anaerobic environment by step-
feeding influent and return activated sludge.  Figure 1 illustrates the anaerobic selector’s cells and feed points. 

Cell 1 
Return activated sludge (RAS) is fed to Cell 1 of the anaerobic selector.  This creates a semi-anoxic zone 
where de-nitrification occurs as carbon is consumed reducing nitrate and nitrite in the RAS stream to 
nitrogen gas.  Ideally, internal plant recycle streams such as decant and dewatering filtrate would be fed 
to Cell 1 because of nitrate and nitrites in the side stream. 

Cell 2 
Influent, which is typically low in oxygen, is fed to Cell 2 and combined with RAS from Cell 1.  Any 
remaining oxygen or constituent contributing to an aerobic or anoxic environment is consumed in Cell 2.  
Most facilities return side streams to the head of the facility and are therefore fed to Cell 2.   

Cell 3 
Once the combined flow enters Cell 3, a true anaerobic environment can be maintained to promote the 
uptake of phosphorus by PAOs.   

The SRT required for biological phosphorus removal will require balancing nitrification with maintaining an 
appropriate MLSS in the aeration basin.  Cell 1 provides an operational buffer to potential excess nitrites and 
nitrates as a result of partial nitrification due to sludge age. 

Submersible mixers are positioned in each cell to maintain solids in suspension and prevent hydraulic short 
circuiting in the tanks.  Submersible mixers are used as they incorporate less oxygen into the system while mixing 
as compared to other technologies. 

This biological phosphorus removal concept assumes average day flow and load conditions.  From Tables 1 and 
2 this corresponds to 8.17 MGD of flow, 10,224 ppd cBOD5 (70% of the influent design capacity with 30% removal 
in the primary clarifiers), and 218 ppd TP at annual average design flows and loads.  Returned side streams, 
including supernatant from thickening, and filtrate from dewatering will also contribute nutrient loads to the 
system.  The combined recycle flow for sizing the biological phosphorus removal system is potentially 
140,000 gpd with all operations occurring simultaneously.  Determination of this return stream volume considers: 

− Dewatering producing between 13% and 20% solids, as determined with pilot testing, resulting in a 
theoretical filtrate flow between 63,200 gpd and 65,800 gpd at design annual average flows and loads. 

− Thickening processes that would produce approximately 5.0% combined solids to be fed to the digesters 
and return 73,900 gpd in decant. 

Cell 1 Cell 2 Cell 3 

Influent 

Return Activated 
Sludge (RAS) 

Aeration 
Basin 

Flow Control 

Submersible Mixer 

Figure 1 - Anaerobic Selector Schematic 
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Selectors for this type of anaerobic/aerobic system (AO) have assumed a typical HRT between 0.5 and 1.5 hours 
for preliminary (Metcalf and Eddy, fourth edition).  For planning, it is assumed 0.5 hours of hydraulic retention time 
per cell, for a total HRT of the selectors of 1.5 hours.  At AA design flow, 0.5 hours of HRT requires 170,300 
gallons or about 22,755 cuft of volume.  It is recommended to provide at least two parallel anaerobic selectors for 
redundancy.  With a 20-foot side water depth, each of the three cells per train are 18’-8” x 10’-2”.  Figure 2 
illustrates the footprint required for the anaerobic selectors under these design conditions.   

 

Suitability of Existing Wastewater Characteristics to be used for Biological Phosphorus Removal 

A first approximation of the suitability for a waste stream to be used for biological phosphorus removal is the 
cBOD5:TP ratio, with a minimum cBOD5:TP ratio of 20:1 (WEF Manual of Practice No. 8) necessary to produce an 
effluent TP of 1 mg/L.  It can be assumed that primary treatment removes approximately 30% of cBOD5 from 
influent waste resulting in a cBOD5:TP ratio of approximately 22:1 being fed to the aeration basin at design annual 
average flows and loads.  This indicates there is potentially a suitable amount of carbon for phosphorus removal 
with just primary treatment, and the trickling filters would detrimentally remove too much carbon for effective 
biological phosphorus removal.   

The aeration basin, which follows the anaerobic selector in a biological phosphorus removal process, is sized 
based on organic loading.  Since Winona does not treat for an ammonia limit, the aeration basin would operate as 
a conventional activated sludge system with a design organic loading of 40 lb. cBOD5 per day per 1,000 cuft of 
tank volume.  The existing solids contact tanks have a volume of 1,157,500 cuft with a water operating elevation 
of 662.50 ft.  The solids contact tanks, reused as-is, would not have enough volume (the organic loading rate 
would be 64.9 lb. cBOD5 per day per 1,000 cuft of tank). 

Figure 2 illustrates two potential secondary treatment scenarios, one where the existing solids contact tanks are 
modified and additional tank added, and the other if new aeration tanks were constructed. 

Modification of Existing Tanks 
The existing solids contact tanks have the potential to be reused by removing the middle block-out 
structure and constructing the anaerobic selectors inside each tank.  A third basin would need to be 
constructed to provide sufficient volume for the design cBOD5 load.  The three basins with anaerobic 
selectors would provide approximately 233,900 cuft of aeration basin at an organic loading rate of 44 lb. 
cBOD5 per day per 1,000 cuft of tank. 
The most likely location for the additional aeration tank is illustrated in Figure 2, and is located east of the 
existing contact stabilization tanks.  This location allows for a centrally located splitter structure after the 
screw pumps and allows the additional tank to flow by gravity to the existing final clarifiers.  Without the 
trickling filters, there is the possibility that the screw pumps could be eliminated, depending on head 
conditions. 
 
New Aeration Basins 
Figure 2 also illustrates the aeration tank volume and anaerobic selectors required if new tanks are 
constructed in lieu of other alternatives.  10,224 ppd of cBOD5 to the secondary treatment process would 
require 255,600 cuft of tank (about 1,912,000 gallons) for 40 lb. cBOD5 per day per 1,000 cuft of tank.  
With an assumed side water depth of 20 feet and four parallel treatment trains, each train would be 28’-6” 
x 114’ at a length to width ratio of 4:1. 
The proposed new tankage would be located north of the existing primary clarifiers due to the footprint of 
the required tankage and need for the existing secondary treatment to remain operational during 
construction.  Wastewater would flow by gravity from the primary clarifiers to the new basins and then by 
gravity to either the existing screw pumps or final clarifiers, depending on head conditions. 
 

SEH recommends evaluating the biological process in greater detail during design of the biological phosphorus 
removal process, considerations include:  
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− Further qualifying suitability of Winona’s wastewater characteristics with respect to soluble carbon and 
volatile fatty acid formation potential 

− Using an alternative secondary treatment process allowing a higher organic loading, or 
− Providing chemical addition to the primary clarifier to increase solids removal prior to secondary 

treatment. 
 
Summary and Recommendations 

Figure 2 shows two alternative site plans that could accommodate a future biological phosphorus removal 
scenario.  SEH recommends these areas be reserved for future potential biological treatment.  The intent of this 
memorandum is not to provide a recommendation of chemical versus biological phosphorus removal, but to 
ensure decisions made for solids treatment improvements do not preclude either of these alternatives.   

Through this preliminary evaluation of biological phosphorus removal, it was observed that with the long SRT 
under current flow conditions, nitrification will limit the biological phosphorus removal treatment.  Preliminary 
process modeling indicates that with careful control of RAS rates, the biological treatment could treat down to 1.5 
mg/L TP at current conditions.  To meet an anticipated limit of 0.7 mg/L, chemical phosphorus removal would be 
necessary to supplement the treatment. 

The decision to pursue biological phosphorus removal over chemical phosphorus removal is unique to each 
facility and should be decided once the actual limit is known.  As part of this evaluation, jar testing is 
recommended to determine the effectiveness and dosage of multiple chemicals available for chemical 
phosphorus removal.  Below is a summary of some of the advantages/disadvantages of the two approaches. 

Chemical Phosphorus Removal: 
− Dose dependent on chemical. 
− Operational costs tied to chemical costs. 
− Chemical properties dictate specific materials of construction and/or storage requirements. 
− Chemicals used may consume alkalinity, potentially challenging biological treatment. 

 

Biological Phosphorus Removal: 
− Reduced dependence on chemicals. 
− Can lead to struvite formation within and downstream of anaerobic digesters requiring additional 

chemical or treatment processes (e.g. struvite harvesting) to prevent. 
− Can be difficult to consistently achieve results if influent loading is variable. 
− P tied up biologically can re-release in an anaerobic environment.  If not addressed, this can lead to 

(1) struvite formation within and downstream of anaerobic digesters requiring addition chemical or 
treatment processes (e.g. struvite harvesting) to prevent and/or (2) high concentrations in return 
streams, which must be considered in the design of the biological system. 

− Process generates alkalinity, which promotes denitrification. 
 
ejm 
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Solids Projections 
1.1 Projected Primary Sludge Production 

Typical primary settling removes between 50% and 70% of total suspended solids, approximately 
80% of which are volatile (WEF Manual of Practice No. 8, 2018).  Similarly, a fraction of the 
cBOD5 load is also removed during primary treatment, and is typically reduced around 30%.  At 
an assumed TSS removal efficiency of 60%, primary sludge generated at design and current 
solid loading would be 8,362 and 4,339 pounds per day, respectively.  The facility currently co-
settles their secondary waste activated sludge in the primary clarifiers, and the combined solids 
are thickened in existing sludge clarifier/gravity thickener to around 2.0%.  The City has operated 
the sludge clarifier with primary solids alone and achieved greater than 6.0% percent solids after 
thickening. 

1.2 Projected Biological Sludge Production 
If biological phosphorus removal were implemented (refer to Appendix A), the sludge production 
would be similar in volume to a conventional activated sludge system.  Sludge production design 
conditions were evaluated under current annual average flows and projected average wet annual 
flows.  Assumed influent loads and flows are summarized in Table 3 for design annual average 
flow and Table 4 for current annual average flow.  The cBOD5 and TSS loading in these tables 
reflect the loading to the secondary treatment process, after primary settling. 

Table 1 – Wastewater Parameters to Determine Solids Projections from Secondary Treatment at 
Design Annual Average Flow 

Parameter Influent Effluent Removal 
cBOD5 after Primary Treatment, mg/L 1 150 10 90% 
cBOD5 after Primary Treatment, ppd 10,224 681  
TSS after Primary Treatment, mg/L 2 44 10 77% 
TSS after Primary Treatment, ppd 2,998 681  
Notes: 
1 Assumes 30% reduction in design cBOD5 from primary treatment.   
2 Assumes 60% reduction in TSS from primary treatment.  Daily load based on average day concentrations from 

DMR reporting for May 1, 2018 through June 8, 2018. 
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Table 2 – Wastewater Parameters to Determine Solids Projections from Secondary Treatment at 

Current Annual Average Flow 

Parameter Influent Effluent Removal 
cBOD5 after Primary Treatment, mg/L 1 175 10 94% 
cBOD5 after Primary Treatment, ppd 5,152 294  
TSS after Primary Treatment, mg/L 2 78 10 87% 
TSS after Primary Treatment, mg/L 2,296 294  
Notes: 
1 Assumes 30% reduction in cBOD5 from primary treatment.   
2 Assumes 60% reduction in TSS from primary treatment.  Daily load based on average day concentrations from 

DMR reporting for May 1, 2018 through June 8, 2018 

Process modeling was utilized to estimate the solids generated with biological phosphorus 
removal and a conventional activated sludge system.  Appendix A provides a summary of a 
concept biological phosphorus removal strategy, which requires additional aeration basin 
capacity due to the organic loading.  Table 5 summarizes the design conditions of this future 
potential aeration basin at both the design annual average flow and current annual average flow 
conditions, and the projected sludge volume generated by secondary treatment. 

Table 3 – Aeration Basin Design Conditions for Sludge Production 

Parameter Design Flow Current Flow 
Hydraulic Retention Time, days 5.1 11.9 
Mixed Liquor Suspended Solids (MLSS), mg/L 1,600 1,600 
Organic Loading, lbs cBOD5 / 1,000 cuft 43.7 22.0 
Summer Sludge Production 

Solids Retention Time, days 4.1 7.8 
Food to Microorganism Ration (F:M) 0.44 0.22 
Waste Activated Sludge (Organic), ppd 4,880 2,010 
Waste Activated Sludge (Total), ppd 5,740 3,010 
Volume of Waste Sludge as 0.5% solids, gpd 105,700 55,500 

Table 5 represents summer conditions with a water temperature of 20 degrees Celsius.  The 
larger winter projected daily sludge production was used for process design.  In both current and 
design annual average flow scenarios, the anticipated SRT indicates the potential for nitrification 
to start occurring.  In summer months, which correspond to higher flow scenarios for Winona, 
nitrification is likely to start occurring but not significantly develop in the aeration basin.  In winter 
months, the lower organic loading causes the system to respond like single-stage nitrification.  
Lower flow also increases the hydraulic retention time in the anaerobic selectors of a biological 
phosphorus removal system allowing for greater denitrification prior to the anaerobic zone.  The 
nitrification and denitrification result in greater sludge production.  Peak sludge generation occurs 
under the winter design annual average flow scenario due to the reduced kinetic growth of 
heterotrophic bacteria at cooler water temperatures, however operationally wasting of solids is 
reduced to maintain a higher mixed liquor concentration in the activate sludge system. 
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In addition to producing more sludge, additional carbon is consumed in the anaerobic selectors.  
This is due to denitrification and may limit the biological phosphorus removal system 
performance.  Due to this nitrification limitation, it can be assumed some degree of chemical 
precipitation is necessary during summer months and potentially during winter months to meet 
the 0.7 mg/L potential phosphorus limit.  For this preliminary design, it was assumed that 
biological phosphorus removal would sufficiently reduce influent phosphorus to 1.5 mg/L and the 
remaining would be removed using chemical addition. 

A variety of chemicals are available for the chemical precipitation of phosphorus from 
wastewater.  Commonly used coagulants include ferric chloride, alum, and polyaluminum 
chloride (PaCl).  As part of the design process, chemical suppliers can conduct jar tests which 
may indicate which coagulant best performs with Winona’s wastewater characteristics.  For the 
purpose of this preliminary design report, solids generation was calculated for both ferric chloride 
and alum.  Table 6 summarizes the estimated required chemical addition and sludge generation 
for chemical phosphorus precipitation following biological phosphorous removal at design 
average annual flow conditions. 

Table 4 – Chemical Phosphorus Polishing after Biological Phosphorus Removal at Design 
Annual Average Conditions and Sludge Production 

Parameter 
Ferric 

Chloride Alum 
Coagulant Solution Dose per Day, gpd 140 281 
Additional Sludge Generated, ppd 585 481 
Volume of Additional Sludge as 0.5% solids, gpd 14,050 11,540 
Increase from Projected WAS, % 1 10.2 8.4 
Notes: 
1 Increase based on 105,654 gpd solids generation at design annual average flow. 

It is projected that ferric chloride will result in greater solids generation at design annual average 
flows when compared with alum.  Chemical precipitation following biological phosphorus removal 
would result in about a 10.2% increase in solids if ferric chloride is used.  The total solids wasted 
at design annual average flow for biological phosphorus removal with ferric chloride used as 
chemical polishing would be 6,320 ppd or 119,100 gpd at 0.6% solids. 

1.3 Projected Chemical Sludge Production 
Instead of using biology to uptake phosphorus, chemical alone can be the primary means of 
achieving a potential phosphorus limit of 0.7 mg/L.  With chemical precipitation, the anaerobic 
selector would not be necessary, but the aeration volume is still necessary for the cBOD5 
removal.  Since the same activated sludge system is used in either alternative, the additional 
sludge generated as a result of chemical addition can be added to the projected sludge volume 
determined as part of the biological phosphorus removal system section.   

The additional sludge generated impacts the solids loading of the final clarifiers.  Final clarifiers 
used for chemical phosphorus precipitation have lower surface overflow rate design parameters, 
1,200 gpd/sqft for conventional and 900 gpd/sqft for chemical addition.  Final clarifier capacity will 
need to be analyzed with any future modifications to the secondary treatment process. 
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Table 7 summarizes the estimated required chemical addition and sludge generation for chemical 
phosphorus precipitation at design average annual flow conditions. 

Table 5 – Chemical Phosphorus Precipitation Design Annual Average Conditions and Sludge 
Production 

Parameter 
Ferric 

Chloride Alum 
Coagulant Solution Dose per Day, gpd 692 1,390 
Additional Sludge Generated, ppd 2,900 2,400 
Volume of Additional Sludge as 0.5% solids, gpd 69,500 57,100 
Increase from Projected WAS, % 1 51 38 
Notes: 
1 Increase based on 115,316 gpd Winter solids generation at design annual average flow. 

It is projected that ferric chloride will result in greater solids generation at design annual average 
flows.  The use of chemical precipitation would result in about a 51% increase in solids if ferric 
chloride is used.  The combined activated sludge and chemical solids wasted under winter water 
conditions at design annual average flow would be 8,630 ppd or 172,600 gpd at 0.6% solids. 

The additional chemical solids resulting from chemical phosphorus precipitation have essentially 
zero volatile fraction aside from what biological component may be encapsulated in the chemical 
floc.  The percent volatile solids being fed to the anaerobic digester is therefore reduced from 
75% to 68% as a result. 
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