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Minnesota Environmental Science
and Economic Review Board

April 29, 2005

Bruce A. Nelson, Executive Director
Alexandria Lake Area Sanitary District
MESERB President
2201 Nevada Street
Alexandria, MN 56308-9152

Dear Mr. Nelson:

On behalf of HydroQual, Inc., J am pleased to present to the regular and associate members of
the Minnesota Environmental Science and Economic Review Board (MESERB), the Minnesota
Pollution Control Agency (MPCA), and wastewater treatment operators throughout Minnesota,
the enclosed report, "Wastewater Phosphorus Control and Reduction Initiative."

This report represents the second phase of a three-phase project spanning two years, designed to
assist wastewater treatment professionals with identifying and analyzing low-cost, high
efficiency phosphorus reduction options for a variety of wastewater treatment methods and
configurations. This project is funded by a $296,000 grant from the Minnesota Environment and
Natural Resources Trust Fund, recommended by the Legislative Commission on Minnesota
Resources (LCMR) and reflected in Minn. Laws 2003, Ch. 128, Art. 1, Sec. 9, Subd. 07e.

The first phase of the Initiative, involving data analysis for the 22 facilities participating in the
study and site tours of 17 of those facilities, began in July 2003 and concluded in October 2004.
This report constitutes the second phase of the project. The third phase, involving two seminars
for wastewater treatment professionals, is scheduled to be completed by the end of the project's
funding cycle in June 2005.

In 2003, the Legislature presented a series of questions to the MPCA, among them "how to best
assist local units of government in removing phosphorus at public wastewater treatment plants"
(Minn. Laws 2003, Ch. 128, Art. 1, Sec. 166). While MESERB's project predates this directive,
I hope this report will provide a valuable analytical tool through which local wastewater
treatment engineers and operators can analyze the potential benefits and risks of various
phosphorus removal methods as they relate to parameters such as facility size, treatment type,
influent characteristics, and available financial resources.

It is important to emphasize that this report focuses on process. At its core is a protocol for use
by wastewater treatment professionals having some level of familiarity with phosphorus removal
methods. Although we try to make the report as user-friendly as possible, some technical
understanding of wastewater treatment processes is necessary for the reader to enjoy the full
benefits of this protocol and the results it produces for the 17 plants analyzed in this report.
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To develop and test the protocol, MESERB directed HydroQual, Inc. to select a total phosphorus 
effluent concentration of 1 mg/L as a target, and to utilize site characteristics and data from 
among the 22 participating facilities.  Phosphorus removal options and cost estimates discussed 
in the report were developed by HydroQual, Inc. for purposes of this project, and are not to be 
considered specific treatment recommendations applicable to any identified wastewater 
treatment facility.  Views expressed in this report are not necessarily those of MESERB or its 
members, and this report is not intended to advocate for or against any specific policy with 
regard to phosphorus removal. 
 
Finally, I wish to thank MESERB’s consultants with HydroQual, Inc. for their painstaking 
efforts in researching and preparing this report; the staff at MPCA for their guidance and 
technical assistance; the LCMR and the Minnesota Legislature for their financial support; and 
last but not least, the 22 MESERB member communities who contributed time, money and 
energy to making this report a reality – especially the 17 members who made their facilities and 
data available for site-specific analyses.  Everyone’s efforts are very much appreciated. 
 
If you have any questions regarding this report, please contact me at 320-650-2812. 
 
Sincerely, 
 
 
 
 
Kenneth Robinson, Public Utilities Director, City of St. Cloud 
MESERB Northern Representative and LCMR Project Manager 
 
KRR 
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EXECUTIVE SUMMARY 

BACKGROUND 

 
Phosphorus is an important element in natural water systems because it is an essential 

nutrient (along with nitrogen) required for the growth of aquatic plants including algae.  Its 
concentration is generally limited in rivers and lakes, whereas carbon and nitrogen are more readily 
available.  Therefore, excessive growth of algae and aquatic plants in rivers and lakes can often be 
reduced or prevented by limiting the supply of phosphorus alone.  Waters with high phosphorus 
concentrations are often described as eutrophic, in that they are nutrient rich and support excessive 
algae and aquatic plant growth.  Eutrophication affects the dissolved oxygen (DO) concentration in 
lakes and rivers.  Under sunlight photosynthesis by the algae and plants produces oxygen to elevate 
its concentration, but without light the biological activity associated with plant respiration and decay 
rapidly depletes the DO concentration to very low levels that are detrimental to aquatic life.  Excess 
algae growth may also create unpleasant taste and odors in water supplies.   
 

The Minnesota Pollution Control Agency (MPCA) has been actively involved in developing 
control measures to reduce phosphorus discharges from point and non-point sources to the surface 
waters of the State of Minnesota.  In 1996, the MPCA initiated a phosphorus strategy for controlling 
point and non-point sources of phosphorus involving the following seven action items: 

 
• Develop education/outreach information on environmental impacts of phosphorus; 
• Cosponsor basin-wide phosphorus forums; 
• Use basin management as the main policy context for implementing the phosphorus 

strategy; 
• Broadly implement Minnesota’s point source phosphorus controls;  
• Broadly promote lake protection activities; 
• Address phosphorus impacts on rivers; and 
• Modify water quality standards if necessary. 
 
One of the critical steps in the MPCA phosphorus strategy is the development of 

Phosphorus Management Plans (PMP) as part of a new or renewed permit.  These plans are 
considered by the MPCA as guidance tools for dischargers to determine the phosphorus 
contributions from municipal and industrial treatment plants to the surface waters of the State, and, 
if required, to develop an implementation plan to reduce or remove phosphorus loadings through 
control measures such as source control, pollution prevention or the implementation of phosphorus 
removal methods at the treatment plants.  As part of the PMP process, the MPCA has established 
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guidelines for implementing a phosphorus control plan based on estimated influent and effluent 
total phosphorus concentrations.  For a given concentration range, the MPCA has defined 
excessively high phosphorus levels and listed recommended phosphorus control goals.  These 
guidelines are to assist treatment plants in establishing phosphorus control programs. 

 
The Minnesota Environmental Science and Economic Review Board (MESERB) has also 

been actively involved for a number of years in providing the resources needed to maintain the high 
quality in the surface waters of Minnesota.  In the fall of 2001, MESERB members agreed to 
develop a Phosphorus Initiative to evaluate municipal wastewater treatment phosphorus reduction 
efforts and analyze the costs, level of reduction, and associated improvements to water quality.  The 
MESERB participants in the Phosphorus Initiative project included the cities of Breckenridge, 
Detroit Lakes, Fairmont, Fergus Falls, Glencoe, Grand Rapids, Little Falls, Luverne, Marshall, 
Moorhead, New Ulm, Red Wing, Redwood Falls, Rochester, St. Cloud, Thief River Falls, Wadena, 
Warroad, and Winona.  Other participants include Alexandria Lake Area Sanitary District, Brainerd 
Public Utilities, and the Dover, Eyota, St. Charles Sanitary District (Whitewater River PCF).  In 
2003, MESERB received a grant from the Legislative Commission on Minnesota Resources (LCMR) 
for the Wastewater Phosphorus Control and Reduction Initiative (Phosphorus Initiative).  The 
project will run from July 1, 2003 to June 30, 2005 and has three phases: 

 
• Site examination and data review of the participating facilities; 
• Preparation of a best practices report detailing low-cost, high-efficiency phosphorus 

reduction methods; and 
• Presentation and discussion of the report in two regional seminars. 

 
The technical approach used to address the stated requirements for the three phases 

involved the evaluation of phosphorus removal options for seventeen (17) selected MESERB 
wastewater treatment plants that were cost effective, met an effluent phosphorus target 
concentration of 1 mg/L (the most stringent effluent concentration specified in current MPCA 
regulations) and would have wide application to treatment plants in Minnesota.  To achieve these 
objectives, the engineering analysis involved the following major tasks: 
 

• Characterize, group and select seventeen wastewater treatment plants from MESERB’s 22 
participating plants; 

• Identify and discuss a range of applicable phosphorus reduction and removal technologies; 
• Develop a protocol to systematically evaluate the effectiveness of phosphorus removal 

alternatives for the seventeen wastewater treatment plants; and 
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• Identify the most appropriate cost effective phosphorus reduction strategies for the different 
types of biological treatment processes to meet a monthly average phosphorus discharge 
target of 1 mg/L. 

 
Phosphorus removal from wastewater treatment effluents requires the transfer of phosphate 

from the liquid to a solid form, followed by liquid-solids separation and ultimate removal of the 
phosphorus in the waste sludge.  Two methods are used to transfer phosphorus into a solid form: 
chemical precipitation and enhanced biological phosphorus removal.  Both require effective liquid-
solids separation to minimize the total phosphorus concentration in the WWTP effluent discharge.  
For very stringent low effluent discharge concentrations (less than 0.50 mg/L), filtration is used after 
the secondary clarifiers to remove the phosphorus laden suspended solids concentration to below 2-
5 mg/L. Without filtration, effluent phosphorus concentrations in the range of 0.50 to 2.0 mg/L are 
feasible. 
 

Chemical treatment for phosphorus removal involves the addition of metal salts that react 
with soluble phosphate and form solid precipitates that are removed by solids separation processes 
such as clarification and filtration. Phosphate precipitation normally is achieved by the addition of 
aluminum or iron salts that form sparingly soluble phosphate compounds.  These metal salts are 
most commonly employed in the forms of alum (Al2(SO4)3

.18H20), sodium aluminate (NaAlO2), 
ferric chloride (FeCl3), ferric sulfate (Fe2(SO4)3), ferrous sulfate (FeSO4), and ferrous chloride (FeCl2). 
The required chemical dose is related to the remaining liquid phosphorus concentration.  At 
concentrations above 2 mg/L a dose of 1.0 mole Al or Fe is sufficient per mole of phosphorus.  For 
lower phosphorus concentrations in the range of 0.3 to 1.0 mg/L, the dose can be in the range of 
1.2 to 4.0 mole/mole, respectively.  
 

Phosphorus removal occurs to some degree as a natural step in biological wastewater 
treatment through biomass synthesis as heterotrophic bacteria consume organic substances and 
excess biomass is wasted.  An estimate of the bacteria phosphorus content on a dry weight basis is 
1.5 to 2.0%.  For domestic wastewater treatment with an average influent BOD concentration of 
about 200 mg/L, the average phosphorus removal efficiency based on biomass synthesis is about 
20%.  However, starting back in the mid 1970s, biological processes, now termed enhanced 
biological phosphorus removal (EBPR), were developed and have demonstrated 80 to 90% 
phosphorus removal by biological means. EBPR processes are designed to culture phosphorus 
accumulating organisms (PAOs), which are able to take up and store phosphorus at levels greater 
than required for “normal” heterotrophic metabolic activity in the activated sludge process.  In an 
EBPR process an anaerobic contact zone is added prior to an activated sludge anoxic or aerobic 
zone.  In that zone the PAOs consume organic volatile fatty acids (VFA) contained in the influent 
wastewater or produced by rapid fermentation of soluble readily biodegradable COD (rbCOD) in 
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the wastewater. In the following aerobic zone the PAOs can take up phosphorus to very low 
concentrations.  The excess phosphorus removed in EBPR processes is directed to storage products 
in the cells, which have been shown to be able to accumulate phosphorus at levels of 20 to 30% of 
their dry weight.  Removal of phosphorus from the wastewater EBPR processes occurs through two 
major steps: uptake by phosphorus accumulating organisms and removal, processing, and disposal 
or reuse of the phosphorus-enriched biosolids produced. The design of EBPR processes needs to 
address both of these components. 
 

The various conditions and parameters that impact EBPR efficiency can be grouped into 
three major categories: wastewater characteristics, environmental factors, and design/operating 
parameters.  The wastewater characteristics may be the most important parameter that affects 
phosphorus removal efficiency.  Based on the mechanism described above for phosphorus removal, 
it is clear that as more VFA is supplied to an EBPR system, more PAOs can be grown and thus 
more phosphorus removal is possible. The VFA is supplied in two ways to the anaerobic contact 
zone.  It is contained to some degree in the influent wastewater and is generated from fermentation 
of influent rbCOD in the anaerobic zone. In general, a greater phosphorus removal capacity has 
been correlated with higher influent wastewater BOD/P ratios, which indirectly assumes that more 
rbCOD is available as the influent BOD concentration increases.  However the fraction of rbCOD 
in municipal wastewaters will vary, depending in large part on industrial wastewater contributions.  
General assumptions on EBPR performance, based only on influent BOD/P ratios, may be 
inaccurate. High phosphorus removal efficiency with effluent phosphorus concentrations of less 
than 1.0 mg/L has been associated with very high influent BOD/P ratios in excess of 40:1 for 
domestic wastewaters, but for many wastewaters the ratio is in the 20-30 range.    

 
 Environmental factors that could impact EBPR efficiency include temperature and pH.  
Process design and operating factors included in this evaluation of phosphorus removal include 
anaerobic contact time, diurnal fluctuations, nitrification, side streams processes, and solids retention 
time. 
  
APPROACH 

 
The first step in the evaluation of effective phosphorus removal alternatives was to conduct 

a screening study to select 17 representative wastewater treatment plants from the 22 MESERB 
participating members in the Phosphorus Initiative project.  The objective of the screening process 
was to select plants with a diverse number of biological treatment processes, located throughout the 
State of Minnesota and representative of a broad spectrum of the types of treatment plants in 
Minnesota.  The type of plant data collected during the screening process included plant size, type of 
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plant, permit requirements, existing wastewater characteristics, industrial contributions, and sludge 
handling operations.  The plants selected were: 

 
• Alexandria Lake Area Sanitary District Wastewater Treatment Facility (WWTF) - a 3.25 

MGD (million gallons/day) activated sludge plant with tertiary treatment and chemical 
addition.   

 
• Brainerd and Baxter Wastewater Treatment Plant (WWTP) - a 3.13 MGD Rotating 

Biological Contactor (RBC) treatment plant. 
 

• Detroit Lakes WWTF - a 1.64 MGD trickling filter plant with primary and final clarifiers.   
 

• Faribault WWTF - a 7.0 MGD combined trickling filter and activated sludge system with 
primary and secondary clarifiers.   

 
• Fergus Falls WWTP - a 2.81 MGD Biological Nutrient Removal (BNR) treatment system. 

 
• Glencoe WWTF - a 1.60 MGD combined trickling filter and activated sludge with primary 

and secondary clarification and filters for tertiary treatment.   
 

• Grand Rapids WWTF - a 14.3 MGD activated sludge plant with primary and secondary 
clarifiers and polishing ponds for tertiary treatment. 

 
• Little Falls WWTF - a 2.4 MGD combined trickling filter/activated sludge plant with 

primary and secondary clarification.   
 

• Marshall WWTF - a 3.3 MGD trickling filter/activated sludge plant with industrial 
contributions from several food processing plants.  

 
• Moorhead WWTF - a 6 MGD high purity oxygen wastewater treatment plant with an 

ammonia limit from June to September.   
 

• New Ulm WWTF - a 6.77 MGD activated sludge system with primary and final clarification.   
 

• Redwood Falls WWTP is a 0.824 MGD lagoon system with no industrial contributions and 
discharges to the Minnesota River.   
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• Rochester Water Reclamation Plant (WRP) - a 19.1 MGD high purity oxygen treatment 
system with phosphorus discharge level of 1.0 mg/L and ammonia nitrogen limit of 1.6 
mg/L.   

 
• St. Cloud WWTF - a 13 MGD BNR plant with primary and secondary clarification.  There 

are no permit requirements for nitrogen or phosphorus. 
 

• Thief River Falls WWTP - a 2.57 MGD wastewater treatment lagoon system treating several 
industries. 

 
• Wadena WWTF - a 0.50 MGD oxidation ditch treatment system with primary and secondary 

clarification and filtration is a tertiary treatment step.   
 

• Whitewater River Pollution Control Facility (PCF) - an 0.80 MGD oxidation ditch treatment 
system with no primary clarification.  The plant has a filter following the secondary clarifiers.   
 

Site visits were scheduled during September and October 2003.  The purpose of the site 
visits was to obtain plant information to become familiar with the operations and capabilities relative 
to assessing the treatment requirements for effective phosphorus removals.  At each site, there was a 
presentation on the project goals and approach to evaluate phosphorus removal options, a plant 
tour, a review of plant operations, and the requests for additional plant information. 

 
All unit operations were reviewed during the plant tour including discussions with plant 

personnel on individual treatment units (e.g., secondary treatment, sludge handling, and disposal, 
process return lines), plant operations including plant performance and capabilities, design 
conditions, removal rates, and chemical addition, and existing and future permit discharge limits.  
For each plant, design and actual flows were tabulated along with the monthly averages of the 
influent and effluent parameters: BOD (CBOD5), total suspended solids (TSS), total phosphorus 
(TP) and ammonia-nitrogen (NH4-N).  Permit limits for BOD, TSS, TP and NH4-N were also 
presented for each plant.   A detailed description of each plant and the conceptual design analyses 
conducted on the evaluation of phosphorus removal options are discussed in Section 5.  The plants 
were divided into the following eight biological treatment processes: activated sludge, biological 
nutrient removal (BNR), oxidation ditch, high purity oxygen biological treatment, trickling filter, 
combined trickling filter and activated sludge, lagoons and rotating biological contactors (RBC). 

 
 In this study, a protocol for evaluating phosphorus removal alternatives for representative 
wastewater treatment facilities was developed and applied in a consistent manner.  The process 
involved defining the facility wastewater characteristics, design loads, and site conditions and 
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preparing preliminary conceptual designs to retrofit existing plants leading to planning level cost 
evaluations.  A result of this approach was the recognition that certain conditions could be identified 
that favored the selected phosphorus removal alternative and could meet the treatment goal of 1 
mg/L at the lowest present worth cost. 
 

The conceptual design protocol was developed in Section 4 and applied to evaluate the 
phosphorus removal alternatives for each facility in a systematic and consistent fashion.  The 
protocol is presented on Figure ES-1.  The conceptual designs considered the wastewater 
characteristics, the plant layout and sizing of all unit processes, sludge processing methods, the 
mixed liquor, temperatures, and other treatment requirements such as nitrification. Key steps in the 
EBPR design were the location and sizing of the anaerobic contact tank, selecting the design solids 
retention time (SRT), incorporating and sizing an anoxic tank for nitrate removal if nitrification is 
used, determining the amount of phosphorus removed by the EBPR process, and determining the 
final effluent phosphorus concentration.  Key points in the chemical addition only alternative 
included biological treatment nutrient requirements, identify chemical dose points, determine 
chemical dose, and determine chemical sludge production.  For cases where the design procedure 
showed that the EBPR process alone could not meet effluent requirements, chemical treatment 
design steps were incorporated.  These included determining the chemical dose for different 
chemical addition points and the amount of chemical sludge production. In Section 4, key 
assumptions and design relationships are summarized.  

 
The basis for the preliminary planning level costs was discussed in Section 4.  The cost 

estimates were based on a compilation of cost information from USEPA reports, trade journals, 
vendors quotes and internal project data.  Section 4 describes the capital costs elements included and 
not included in the preliminary analysis for the EBPR and chemical precipitation systems, presents a 
summary of the budgetary O&M costs associated with each phosphorus removal alternative and 
discusses the planning level capital and O&M cost used in the analyses. Alum was used as the 
chemical for phosphorus precipitation for all the evaluations to provide consistent comparisons.  
The operating costs were converted to a present worth cost using a 20-year time period and an 
average interest rate of 5.0 percent, which was based on the December 2004 Minnesota municipal 
bond information. 
 

Conceptual designs were developed for each facility in Section 5 so that the performance of 
the possible phosphorus removal alternative could be evaluated and relative cost determined.  The 
conceptual designs determined required tank volumes, additional reactor mixing requirements, 
primary, secondary, and chemical sludge production rates, internal recycle rates where necessary, the 
acceptability of other unit process loadings such as secondary clarifiers, chemical dose requirements, 
the amount of biological phosphorus removal, and changes in alkalinity concentrations. 
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Figure ES-1 – Phosphorus Removal Alternatives Evaluation Protocol 
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For each type of wastewater treatment plant identified for this study, all reasonable 
phosphorus removal technologies were identified in Section 5 and evaluated to determine which 
alternatives were feasible and which were preferred for each of the wastewater treatment facilities 
identified in this study.  All the alternatives involved either chemical addition alone, an EBPR 
process alone, or a combination of chemical addition and an EBPR process to achieve an effluent 
concentration goal of 1.0 mg/L phosphorus. Chemical addition could be applied in some way to any 
of the different types of wastewater treatment facilities, but the feasibility of an EBPR process had 
to be investigated for each facility. Key issues for the EBPR process included the ability to retrofit 
the existing plants to accommodate the tankage needed, and the EBPR phosphorus removal 
efficiency for the particular treatment plant process and wastewater characteristics.  The evaluation 
of phosphorus removal options included an analysis of the cost effectiveness of the conceptual 
designs developed for each technology.  This involved the development of relative costs for each 
plant to compare the effectiveness of the different phosphorus removal alternatives for a specific 
site. 

 
For the EBPR process, improved phosphorus removal is possible for EBPR systems by 

adding readily biodegradable COD generated on site by fermentation of primary sludge, by 
purchasing sugar or acetate, or by adding chemicals for precipitation.  Alum was less expensive than 
sugar addition for all plant sizes, while fermentation was less expensive than alum when the plant 
size exceeded 10 MGD.  As odor control would add more cost to the fermentation alternative, only 
alum was considered for chemical addition methods.  

 
FINDINGS 

 
In Section 5 the results of the conceptual design and preliminary budgetary cost analyses are 

summarized along with a description of the preferred alternative for each wastewater treatment 
facility.  The final alternatives that involved EBPR processes had different variations depending on 
the site and were either EBPR with the anaerobic tank within the existing aeration basin, EBPR with 
a anaerobic contact tank constructed outside the existing aeration basin, EBPR with an anoxic tank 
for denitrification, and any of the EBPR designs with chemical addition to the primary and/or 
secondary clarifiers. The preferred alternative selected for the suspended growth processes were not 
just a function of the type of plant but were affected also by the existing system design and 
wastewater characteristics. 

 
The cost basis for the preferred option is based on the present worth cost comparisons, 

including capital and operating costs. EBPR systems had higher capital costs and lower O&M cost, 
and chemical treatment systems had lower capital cost and higher O&M costs.  The capital and 
O&M costs were preliminary estimates developed to evaluate the different alternatives, to provide a 
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framework to allow a comparison of relative costs at a specific site and to assist individual plants to 
further investigate viable phosphorus removal options. 

 
The EBPR process was the more cost effective phosphorus removal system for six (6) of the 

10 treatment systems evaluated (EBPR was not considered a viable option for trickling filters, 
rotating biological contactors, and lagoon treatment systems).  Fergus Falls was not included in the 
cost evaluation as it was considered a no action alternative, because it is currently meeting a 
phosphorus discharge limit of 1 mg/L with an EBPR system. The present worth cost analyses 
showed that the EBPR process was the most cost effective phosphorus removal alternative for the 
following five plants: New Ulm WWTF, St. Cloud WWTF, Whitewater River PCF, Moorhead 
WWTF, and Marshall WWTF.  The most cost-effective EBPR conceptual designs for these plants 
were: Moorhead with EBPR and an external anaerobic tank; New Ulm and St. Cloud with an 
internal modification to the aeration system for an anaerobic zone and chemical addition; 
Whitewater River and Marshall with EBPR with an external anaerobic tank chemical addition and 
provisions for an anoxic zone or tank. Except for Moorhead and Fergus Falls, the other 4 EBPR 
plants would require chemical addition to the secondary clarifiers. Stand-by chemical equipment 
would be recommended for the Moorhead and Fergus Falls facilities. 

 
Four (4) treatment plants, Alexandria Lake Area Sanitary District WWTF, Wadena WWTF, 

Rochester WRP and Little Falls WWTF were not selected for EBPR.  Alexandria and Rochester are 
currently meeting a phosphorus limit of 1 mg/L using chemical treatment, and the conceptual 
design analysis for Wadena and Little Falls indicated that chemical treatment would be the most cost 
effective phosphorus treatment system.  

 
For five (5) plants (Alexandria Lake Area Sanitary District WWTF, Grand Rapids WWTF, 

Fergus Falls WWTP, Rochester WRP and Detroit Lakes WWTF), the recommendation was to 
continue with their present practices.   These treatment plants are meeting the monthly average 
phosphorus permit target of 1 mg/L using current phosphorus control measures.  Alexandria and 
Rochester currently use chemical treatment.  Grand Rapids provides nutrient addition on site at the 
industrial pretreatment area for the nitrogen and phosphorus deficient paper mill wastewater and has 
the on-site controls required to regulate the concentration of phosphorus entering and leaving the 
treatment plant.  Fergus Falls has an ongoing biological nutrient removal (BNR) treatment system 
that is meeting its ammonia-nitrogen and phosphorus discharge limits without chemical addition.  
Detroit Lakes has a combined storage, spray irrigation, and ground water infiltration system with a 
winter surface discharge after chemical addition for phosphorus removal. 

 
Chemical treatment was the most appropriate phosphorus removal alternative for 10 of the 

15 treatment plants evaluated.  Two plants, Grand Rapids and Fergus Falls, were not included in the 
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analysis.  The evaluation of chemical treatment, as a stand alone phosphorus removal alternative, 
considered both single and two-point chemical addition.  In all cases, the conceptual design analysis 
demonstrated that two-point chemical addition at the primary and secondary clarifiers would be the 
most cost effective chemical precipitation system.  Two-point chemical treatment would result in 
lower alum requirements and smaller chemical sludge production.  Chemical treatment was the 
recommended phosphorus removal alternative for the following ten plants: Alexandria, Wadena, 
Rochester, Detroit Lakes, Faribault, Glencoe, Little Falls, Redwood Falls, Thief River Falls, and 
Brainerd. 

 
In Section 6, factors that favored EBPR or chemical treatment system alternatives for 

retrofitting the various types of plants for phosphorus removal were reviewed and design guidelines 
for retrofit designs for phosphorus removal were summarized for EBPR and chemical treatment 
systems.  Where there was a sufficient amount of soluble BOD available in the influent wastewater, 
the EBPR alternative was in many cases more cost-effective than the chemical treatment alternative 
for facilities with some form of activated sludge treatment. For treatment processes without a 
suspended growth activated sludge process, such as trickling filters, rotating biological contactors 
and lagoon facilities, chemical treatment was the only viable alternative for upgrading existing 
systems for phosphorus removal without making major changes in the treatment system design.  
 

The most important factor affecting the EBPR option was the ratio of the amount of readily 
degradable organic material in the influent wastewater to the amount of phosphorus.  The influent 
BOD/P ratio was used as a general parameter to characterize this parameter for different wastewater 
facilities.  BOD/P ratios of 40 and higher were more favorable for EBPR alternatives. Higher 
influent BOD/P ratios were needed for EBPR process for wastewater treatment processes that were 
operated with a longer SRT, had more nitrate recycled to the anaerobic contact zone or had 
pretreatment processes (e.g. trickling filters) that removed influent soluble BOD.  The influent 
BOD/P ratio can be affected by recycle flows, which can reduce it in some cases to make it more 
difficult for the EBPR process to meet the effluent phosphorus concentration goal.  Facilities with 
anaerobic or aerobic digestion and sludge dewatering equipment can produce recycle streams with 
the highest phosphorus concentration and with minimal BOD to essentially decrease the influent 
BOD/P ratio and increase the amount of phosphorus that the EBPR system has to remove.   Some 
of the Minnesota facilities stored waste sludge without solids dewatering prior to land application of 
the biosolids, which thus helped to minimize recycle phosphorus loads and provide a more 
favorable condition for an EBPR process. 

 

 Retrofitting existing plants for an EBPR process required a means to provide an anaerobic 
contact tank with about a 1.0 hour detention time prior to the aeration basin.  The aeration basin 
layout and configuration and capacity at some facilities provided favorable conditions for installing 
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an anaerobic contact basin at less costs.  Because the EBPR process generally improves sludge 
settling characteristics, existing aeration basins could be designed at higher MLSS concentrations, 
which then led to excess capacity in the aeration basin that could be used for the EBPR anaerobic 
contact tank. When nitrification was required additional tank volume was needed to provide an 
anoxic zone for nitrate removal. Systems with excess aeration tank capacity to accommodate anoxic 
tanks also were more favorable for an EBPR process. For some applications, because of the process 
configuration, the installation of an external tank for the EBPR anaerobic contact zone was 
unavoidable. This was the case for facilities with oxidation ditch and high purity oxygen processes. 
 

The option of an EBPR process with chemical addition appeared to be most favored when 
the EBPR process could provide substantial phosphorus removal, but not enough to meet the 
effluent phosphorus concentration goal of 1 mg/L based on a monthly average. In these cases, 
chemical addition for polishing, usually in the secondary treatment process, added a nominal cost to 
the overall phosphorus removal treatment technology and resulted in a favorable combination.  
Conditions that favored the EBPR process with chemical addition were a moderate influent BOD/P 
(25-35) ratio, a higher variability in the wastewater strength, and additional phosphorus from return 
flows. 
 
 For systems with low wastewater strength, as indicated by a low influent BOD/P ratio (< 
25), an EBPR process was less effective and chemical treatment alone became the more cost-
effective and more reliable alternative.  A system with highly variable influent wastewater BOD/P 
ratios would also have poor or unreliable EBPR performance and thus would favor chemical 
treatment. Wastewaters with higher alkalinity were more favorable for chemical addition, as there 
would be less cost for pH control by purchasing alkalinity to offset the alkalinity consumed by the 
chemical addition.  Though not evaluated specifically in this study, systems with excess capacity for 
handling increased sludge, especially in the primary treatment step, would provide a more favorable 
condition for the chemical treatment option. Site layout conditions could also increase the cost of 
constructing necessary facilities for the EBPR process to thus make chemical treatment more 
favorable. Most systems had convenient locations for chemical addition, either to the primary or 
secondary treatment steps.  Chemical treatment was the only viable option for systems that did not 
have a suspended growth activated sludge process (necessary for EBPR). Secondary treatment 
facilities that fit this category were trickling filters, rotating biological contactors, or lagoons.  
  

Because of the above factors, the results of the facility retrofit evaluations showed that for a 
given type of wastewater treatment facility different phosphorus removal alternatives may be 
selected at different locations due to site-specific issues.  For example, oxidation ditch systems are 
used at the Whitewater and Wadena facilities, but an EBPR alternative was preferred for Whitewater 
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because it had a much higher influent BOD/P ratio, 46 versus 26 for Wadena.  The most cost 
effective alternative for Wadena was chemical treatment only. 

 
More variable results were obtained from the alternative evaluations for the trickling 

filter/activated sludge (TF/AS) processes.  For the four plants evaluated, the alternatives selected 
were either EBPR plus chemicals or chemical treatment.  Two scenarios were evaluated for Glencoe.  
EBPR was not feasible for the Glencoe facility with the dairy operation, which had a very low 
influent BOD/P in the activated sludge system feed flow after the trickling filter treatment.  The 
system also had a very high influent nitrogen concentration, which would result in no BOD available 
for the EBPR process.  Without the dairy operation and bypassing the trickling filter, the EBPR 
process was the preferred alternative for Glencoe.  EBPR and chemical treatment was the preferred 
alternative for the Marshall facility.  For the Marshall facility, a cost-effective EBPR alternative 
involved bypassing the trickling filters, as the existing basins had sufficient capacity for a biological 
nutrient facility including anaerobic anoxic and aerobic treatment zones.  Bypassing the trickling 
filter provided sufficient BOD for the EBPR process.  If a TF/AS process was used to treat a 
typical domestic wastewater, there would not be sufficient BOD to support a downstream EBPR 
process. The high concentration of industrial wastewater to the influent of the Faribault facility 
provides sufficient BOD for EBPR in spite of the trickling filter roughing treatment for BOD 
removal.  This was the case for the Faribault plant.  Plant data indicated low BOD in the trickling 
filter effluent such that chemical treatment would be the preferred phosphorus removal alternative.  
For the Little Falls TF/AS facility, chemical treatment was favored even though there was a high 
influent BOD/P ratio (36).  In this case there was not sufficient tank volume available to easily 
accommodate an EBPR process without a significant amount of tank construction.  
 
GENERAL CONCLUSIONS 

 
In summary, highlights of key general conclusions that can be drawn from this study are 

listed as follows: 
 

• Chemical treatment is the recommended phosphorus removal alternative for plants 
using trickling filters, rotating biological contactors or lagoons for secondary treatment.  

 
• For a given type of activated sludge system, the EBPR retrofit design and the choice of 

EBPR, EBPR with chemical treatment, or chemical treatment can vary depending on 
many site-specific factors. 

 
• Wastewater characteristics must be determined to establish process requirements and 

effectiveness of EBPR. 
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• Wastewater characteristics have a major impact on the feasibility and economics of an 
EBPR retrofit for phosphorus removal.  The influent BOD/P ratio has been used as a 
rough parameter to provide a general indication of the effect of the influent wastewater 
characteristics on EBPR performance. However, the influent soluble readily 
biodegradable COD, which is not commonly measured, is more directly related to EBPR 
performance.  General guidelines for BOD/P ratio are as follows: 

 
- Wastewaters exhibiting BOD/P ratios of greater than 40 may be able to 

consistently achieve an effluent phosphorus of less than 1 mg/L;  
- Wastewaters with ratios between 25 and 35 will need chemical treatment for 

effluent polishing; and 
-  If the BOD/P ratio is less than 25, chemical treatment is typically the most cost 

effective phosphorus removal alternative. 
 
• Stand-by chemical treatment should always be provided with EBPR treatment systems. 
 
• For treatment systems requiring chemical treatment only, two-point chemical addition at 

the primary and secondary clarifiers is the most cost effective system. 
 
• For chemical treatment, the capacity of the sludge processing and handling operations 

should be evaluated during the design of the phosphorus removal treatment system.  
 
• Sludge processing residuals and other plant returns must be characterized to assess their 

impact on phosphorus loads when evaluating phosphorus removal systems, especially 
EBPR. 

 
• Phosphorus monitoring of the raw wastewater, defining influent phosphorus loads,  and 

encouraging industrial pretreatment where appropriate are action items that could be 
considered for defining influent phosphorus loads and developing a management plan 
to control phosphorus. 
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SECTION 1 

1 INTRODUCTION 

Phosphorus is an important element in natural water systems because it is an essential 
nutrient (along with nitrogen) required for the growth of aquatic plants including algae.  Its 
concentration is generally limited in rivers and lakes, whereas carbon and nitrogen are more readily 
available.  Therefore, excessive growth of algae and aquatic plants in rivers and lakes can often be 
reduced or prevented by limiting the supply of phosphorus alone.  Waters with high phosphorus 
concentrations are often described as eutrophic, in that they are nutrient rich and support excessive 
algae and aquatic plant growth.  Eutrophication affects the dissolved oxygen (DO) concentration in 
lakes and rivers.  Under sunlight photosynthesis by the algae and plants produces oxygen to elevate 
its concentration, but without light the biological activity associated with plant respiration and decay 
rapidly depletes the DO concentration to very low levels that are detrimental to aquatic life.  Excess 
algae growth may also create unpleasant taste and odors in water supplies.   

 
Algae can be either suspended (phytoplankton) or attached (periphyton or macrophytes).  

Attached algae are typically more important in shallow streams and suspended algae more important 
in deeper rivers, lakes and estuaries.  Algal growth is dependent upon temperature, ambient light and 
nutrient levels coupled with residence time.  That is, if sufficient light and nutrients are present in 
the water body but there is low residence time, algal growth can be minimal because there is not 
enough time for the algae to grow.  Phosphorus can be present in both particulate and dissolved 
organic forms that subsequently can be converted to inorganic phosphorus (orthophosphate) 
through hydrolysis and mineralization.  The orthophosphate form (PO4) is the phosphorus 
component that is available for algal growth.  The particulate fractions of phosphorus can settle to 
the sediments playing an important role in sediment cycling of phosphorus to and from the water 
column.  Due to the role that phosphorus plays in algal growth and subsequent effects on dissolved 
oxygen (DO) levels, the ultimate impact can be on ambient DO levels or through more aesthetic 
impacts that can include algal blooms, nuisance algal growth or biological imbalances.   
 

Phosphorus occurs in soils and rocks but in forms that are only slightly soluble.  The 
principal sources of phosphorus are from point sources such as domestic and industrial wastewater  
treatment plant effluents and from natural runoff (non-point) sources from surrounding uses such 
as land application of fertilizers and farming operations.  Many state regulatory agencies have 
implemented phosphorus reduction and removal programs to limit the discharge of phosphorus to 
waterbodies.  These control programs have included establishing specific discharge permit limits for 
total phosphorus (TP).  
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Phosphorus enrichment in receiving waters associated with wastewater treatment plant 
(WWTP) discharge is a concern in many regions within the United States.  These include the Great 
Lakes Drainage Basin, the Lower Susquehanna River Basin including the Chesapeake Bay, estuaries 
along the Florida coast, the Lake Tahoe area, and drainage basins for many states including 
Minnesota, New Jersey and Colorado.  Historically, WWTP effluent TP discharge limits of 1.0 to 2.0 
mg/L have been broadly applied.  Currently a more systematic approach to protecting water quality 
is being used involving total maximum daily load (TMDL).  This approach is based on model 
evaluations of receiving water and pollutant inputs to determine WWTP pollutant discharge levels 
and non-point source loads that can be present and not impair the water quality, including 
phosphorus concentrations. TMDLs can result in stricter limits for phosphorus control in WWTPs 
at more locations in the U.S.  TMDL limits often apply only seasonally and may only apply during 
low flow conditions. 
 

Based on TMDL studies, a greater number of WWTPs are required to implement 
phosphorus removal technologies. Effluent discharge permit levels vary widely, with many effluent 
phosphorus concentration values at 1.0 mg/L or less.  In most cases the new limits are applied to 
existing wastewater treatment plants.  The phosphorus removal technology and design that is most 
appropriate, based on economics, feasibility, and reliability considerations, varies as a function of the 
process, design and wastewater characteristics of the existing WWTP.   These factors that affect the 
control of phosphorus discharges to surface waters have been a concern to the Minnesota Pollution 
Control Agency (MPCA) for many years.  The MPCA has been actively involved in developing 
control measures to reduce phosphorus discharges from point and non-point sources to the surface 
waters of the State of Minnesota.  In 1996, the MPCA initiated a phosphorus strategy for controlling 
point and non-point sources of phosphorus involving the following seven action items: 

 
• Develop education/outreach information on environmental impacts of phosphorus; 
• Cosponsor basin-wide phosphorus forums; 
• Use basin management as the main policy context for implementing the phosphorus 

strategy; 
• Broadly implement Minnesota’s point source phosphorus controls;  
• Broadly promote lake protection activities; 
• Address phosphorus impacts on rivers; and 
• Modify water quality standards if necessary. 

 
One element of this ongoing program for phosphorus reduction and control is the 

development by the MPCA of a phosphorus control strategy involving the National Pollutant 
Discharge Elimination System (NPDES) permits for all dischargers to the waters of the State.  The 
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purpose of the NPDES phosphorus strategy is to provide a basic process for the MPCA to select 
and incorporate reduction and/or control measures that would be included in the NPDES permits.  
The MPCA has developed a decision tree which provides a procedure to allow the MPCA to decide 
on the approach and what measures for phosphorus control should be included in a permit.  
Control measures listed in the decision tree include establishing specific limits for phosphorus, 
implementing a 5 year monitoring program for effluent phosphorus, and recommending or 
requiring a phosphorus management plan as an essential section of the permit. 
 
 One of the critical steps in the MPCA phosphorus strategy is the development of a 
Phosphorus Management Plan (PMP) as part of a new or renewed permit.  These plans are 
considered by the MPCA as guidance tools for dischargers to determine the phosphorus 
contributions from municipal and industrial treatment plants to the surface waters of the State and if 
required, to develop an implementation plan to reduce or remove phosphorus loadings through 
control measures. Control measures would include source control, pollution prevention or the 
implementation of improved wastewater treatment methods.  As part of the PMP process, the 
MPCA has established guidelines for implementing a phosphorus control plan based on estimated 
influent and effluent total phosphorus concentrations.  For a given concentration range, the MPCA 
has defined excessively high phosphorus levels and listed recommended phosphorus control goals.  
These guidelines are to assist treatment plants in establishing phosphorus control programs.  The 
MPCA guidelines for influent phosphorus concentrations are presented in Tables 1.1 and 1.2 for 
influent municipal total phosphorus and industrial contributions to municipal plants, respectively.  
The tables present a range of influent total phosphorus from less than 4 mg/L to greater than 8 
mg/L with an associated evaluation level and recommended goals for each influent phosphorus 
range.  The MPCA phosphorus strategy, PMP program, and phosphorus management planning 
guidance are discussed in detail on the MPCA web site (www.pca.state.mn.us/). 

 
Table 1.1 - MPCA Guideline for Municipal Wastewater Influent Total Phosphorus 

 
Concentration Evaluation Recommended Goal 

< 4 mg/L Low Maintain or improve performance. 
4-8 mg/L Medium Determine if high-concentration industries exist.  Take 

corrective action where needed. 
> 8 mg/L High Identify high-concentration industries.  Take correction 

action where needed. 
Source:  MPCA Phosphorus Strategy:  NPDES Permits (March 2000) 
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Table 1.2 - MPCA Guideline for Industrial Total Phosphorus Contributions to Municipal WWTF or 
Lift Stations (Phosphorus Management Plan) 

 

Concentration Evaluation Recommended Goal 
< 4 mg/L Low Maintain or improve performance. 
4-8 mg/L Medium Corrective action may be needed, depending on flow. 
> 8 mg/L High Pretreatment needed. 

Source:  MPCA Phosphorus Strategy:  NPDES Permits  (March 2000) 
 
 The Minnesota Environmental Science and Economic Review Board (MESERB) has also 
been actively involved for a number of years in providing the resources needed to maintain the high 
quality of the surface waters of Minnesota.  MESERB is a joint powers board organized in 1997 
dedicated to the research, study and analysis of environmental issues important to Minnesota.  
MESERB members share a common goal of keeping Minnesota’s waters clean, while working to 
ensure that environmental regulations are based on sound research.  MESERB accomplishes this 
objective by supporting scientific research, providing technical expertise, working with the regulators 
to develop cost effective and scientifically valid regulations, and reviewing wastewater permit 
applications for individual members. 
 
 In the fall of 2001, MESERB members agreed to develop a Phosphorus Initiative to evaluate 
municipal wastewater treatment phosphorus reduction efforts and analyze the costs, level of 
reduction, and associated improvements to water quality.  The location of the 22 MESERB 
wastewater treatment plant participants in the Phosphorus Initiative project is shown on Figure 1.1.  
The participants include the cities of Breckenridge, Detroit Lakes, Faribault, Fergus Falls, Glencoe, 
Grand Rapids, Little Falls, Luverne, Marshall, Moorhead, New Ulm, Red Wing, Redwood Falls, 
Rochester, St. Cloud, Thief River Falls, Wadena, Warroad, and Winona.  Other participants include 
Alexandria Lake Area Sanitary District, Brainerd Public Utilities, and the Dover, Eyota, St. Charles 
Sanitary District (Whitewater River PCF). 
 

MESERB submitted a work plan to the State of Minnesota for a grant to study effective 
phosphorus removal techniques at wastewater treatment plants.  In 2003, MESERB received a 
$296,000 grant from the Legislative Commission on Minnesota Resources (LCMR) for the 
Wastewater Phosphorus Control and Reduction Initiative (Phosphorus Initiative).  The project will 
run from July 1, 2003 to June 30, 2005 and has three phases: 

 
• Site examination and data review of the participating facilities; 
• Preparation of a best practices report detailing low-cost, high-efficiency phosphorus 

reduction methods; and 
• Presentation and discussion of the report in two regional seminars. 
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 The technical approach used to address the stated requirements for the three phases 
involved the evaluation of phosphorus removal options for selected MESERB wastewater treatment 
plants that were cost effective, met an effluent phosphorus target concentration of 1 mg/L and 
would have wide application to treatment plants in Minnesota.  To achieve these objectives, the 
engineering analysis involved the following major tasks: 
 

• Identify and discuss a range of applicable phosphorus reduction and removal technologies; 
• Characterize, group and select seventeen (17) wastewater treatment plants from MESERB’s 

22 participating plants; 
• Develop a protocol to systematically evaluate the effectiveness of phosphorus removal 

alternatives for the 17 selected wastewater treatment plants; and 
• Identify the most appropriate cost effective phosphorus reduction strategies for different 

types of biological treatment processes studied in this project to meet a monthly average 
phosphorus discharge target of 1 mg/L. 

 
In this study, a protocol for evaluating phosphorus removal alternatives for representative 

wastewater treatment facilities was developed and applied in a consistent manner.  The process 
involved defining the facility wastewater characteristics, design loads, and site conditions and 
preparing preliminary conceptual designs to retrofit existing plants leading to planning level cost 
evaluations.  A result of this approach was the recognition that certain conditions could be identified 
that favored the selected phosphorus removal alternative and could meet the treatment goal of 1 
mg/L at the lowest present worth cost. 

 
The study was designed to develop a protocol to evaluate phosphorus removal alternatives 

for a wide range of biological treatment processes.  Conceptual designs of phosphorus removal 
alternatives were developed for the 17 MESERB plants.  These plants served as example treatment 
facilities to illustrate the use of the phosphorus removal protocol for a wide range of treatment 
plants in Minnesota.  Wastewater characterization data, plant design flows and loads, process flow 
diagrams (PFD) and the type of biological treatment process served as the basic technical 
information and to develop the conceptual designs.  The evaluation also included an analysis of 
relative cost at each plant to compare the cost for the different phosphorus removal alternatives at a 
specific site.  Based on the plant evaluations presented in Section 5, pertinent process factors and 
process design guidelines were summarized in the report providing additional engineering and 
technical information needed for a detailed evaluation of phosphorus removal options. 
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This report includes the following sections: 
 

• Section 1 presents an overview of the basis for the Phosphorus Initiative including a 
summary of the ongoing MPCA phosphorus strategy to control phosphorus levels in the 
discharge from wastewater treatment plants. 

• Section 2 describes the basic principles of chemical treatment and biological treatment based 
on enhanced biological phosphorus removal (EBPR).  The section presents a summary of 
the commonly used wastewater treatment plant configurations for phosphorus removal 
including full-scale plant examples.  The potential impact of aluminum and iron based 
phosphorus compounds on allowable land application rates of biosolids are also discussed. 

• Section 3 discusses the screening process used to develop preliminary treatment plant data 
and to select the 17 MESERB plants for the evaluation of phosphorus removal alternatives. 

• Section 4 presents a description of the phosphorus removal alternatives applicable to the 
various types of biological treatment processes selected.  The protocol developed to evaluate 
phosphorus removal alternatives is discussed.  The advantages and disadvantages of each 
phosphorus removal alternative are presented along with the basis for the preliminary 
budgetary cost estimates. 

• Section 5 presents a summary of the conceptual design analysis conducted to evaluate 
phosphorus removal alternatives for each plant.  The analysis are based on the protocol 
developed in Section 4 and are presented to illustrate the usefulness of this procedure to 
effectively evaluate phosphorus removal alternatives.  Included in this section are a 
description of each plant and a summary of plant performance, a discussion of the 
conceptual design modifications used for the analysis and an evaluation of phosphorus 
removal options based on technical and economic considerations. 

• Section 6 presents a discussion on the results of the plant evaluations, reviews and compares 
the treatment alternatives selected, summarizes the process factors affecting the selection of 
a phosphorus removal alternative and discusses the process design guidelines for 
phosphorus removal processes. 

• Section 7 presents the conclusions and recommendations. 
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SECTION 2.0 

2 PHOSPHORUS REMOVAL TECHNOLOGIES 

Phosphorus occurs in municipal wastewaters from domestic, commercial and industrial 
activities. The industrial and commercial sources of phosphorus are highly variable and can greatly 
affect the actual influent wastewater phosphorus concentration at a given municipal facility. The 
approximate contributions of phosphate from major sources to domestic wastewater are estimated 
in kilograms phosphorus/capita/year (kg P/capita/yr) as 0.60 from human wastes, 0.30 kg from 
laundry detergents with no restrictions on phosphorus content, and 0.10 kg from household 
detergents and other cleaners (Sedlak, 1991).  Phosphorus occurs in wastewater as various forms of 
phosphate in dissolved or particulate materials.  Most of the phosphorus in municipal wastewater 
treatment plants (WWTPs) is as dissolved phosphate. Without significant commercial or industrial 
loads, the influent concentration of total phosphorus may range from 6–8 mg/L P.  About 50% is as 
orthophosphate, 35% is as condensed phosphates (e.g., pyrophosphate, tripolyphosphate, 
trimetaphosphate), and 15% is as organic phosphates (e.g. phospholipids, nucleotides).  When 
restrictions on the use of phosphorus detergents are imposed, the influent concentrations to 
domestic wastewater treatment plants will be lower and in the range of 4-5 mg/L.  
 

 Phosphorus removal from wastewater treatment effluents requires the transfer of phosphate 
from the liquid to a solid form, followed by liquid-solids separation and ultimate removal of the 
phosphorus in the waste sludge.  Two methods are used to transfer phosphorus into a solid form; 
chemical precipitation and enhanced biological phosphorus removal.  Both require effective liquid-
solids separation to minimize the total phosphorus concentration in the WWTP effluent discharge.  
For very stringent, low effluent discharge concentrations (less than 0.50 mg/L), filtration is used 
after secondary clarifiers (tertiary treatment) to remove the phosphorus laden suspended solids 
concentration to below 2-5 mg/L. Without filtration, effluent phosphorus concentrations in the 
range of 0.50 to 2.0 mg/L are feasible.   
 

In this section the basic principles of chemical treatment and biological treatment with 
enhanced biological phosphorus removal (EBPR) are described, including commonly used treatment 
configurations and full-scale application examples.  

 

2.1 CHEMICAL TREATMENT 

 Chemical treatment for phosphorus removal involves the addition of metal salts that react 
with soluble phosphate and form solid precipitates that are removed by solids separation processes 
such as clarification and filtration. Phosphate precipitation is achieved by the addition of metal salts 
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that form sparingly soluble phosphate compounds.  The common metals used are aluminum, iron 
and calcium. These salts are most commonly employed in the forms of lime (Ca(OH)2), alum 
(Al2(SO4)3), sodium aluminate (NaAlO2), ferric chloride (FeCl3), ferric sulfate (Fe2(SO4)3), ferrous 
sulfate (FeSO4), and ferrous chloride (FeCl2). Simplified versions of chemical precipitation reactions 
are shown as follows for illustrative purposes (Tchobanoglous et al., 2003). 
 
Phosphate precipitation with aluminum: 
 Al2(SO4)3

.18H2O+ 2H3(PO4)   =  2Al(PO4) + 3H2SO4 + 18H2O  (1) 
 
Phosphate precipitation with iron: 
 FeCl3 + H3(PO4)   =  Fe(PO4) + 3HCl3      (2) 
 
Phosphate precipitation with calcium: 
 10Ca(OH)2 + 6H3(PO4)   =  Ca10(PO4)6(OH)2  +  18H2O   (3) 
 
 Equations 1 and 2 suggest that one mole of aluminum or iron will precipitate one mole of 
phosphate, but the reactions are much more complex than that.  Along with these reactions, 
complex aluminum hydroxide and ferric hydroxide compounds are formed.  Thus the precipitation 
reaction is not stoichiometric.  Where the final phosphate concentration is high, the reaction is 
closer to the 1:1 stoichiometric ratio, but when low final effluent phosphorus concentrations are 
required (< 1.0 mg/L) there are more competitive reactions with the hydroxide formations and the 
molar ratio metal salt to phosphorus removal substantially increases.  For the evaluation of 
phosphorus removal in this report, a relationship between the molar ratio of metal salts to 
phosphorus versus the effluent soluble phosphorus concentration is used to estimate the chemical 
dose, and was based on typically reported observations from studies with wastewater.  
 
 The pH value is also an important factor for efficient removal of phosphorus using alum or 
other salts, as the solubility of their precipitates various with pH.  For alum, minimal solubilities 
occur in the pH range of 5.0 to 7.0 and for ferric in the range of 6.5 to 7.5.  Iron and aluminum 
phosphate-containing sludges have been reported to be treated successfully in anaerobic digestion 
and sludge dewatering processes without phosphate release (Sedlak, 1991). The addition of alum and 
ferric salts consumes alkalinity.  Therefore, for some wastewaters, depending on their initial 
alkalinity, alkalinity addition may be necessary to offset the alkalinity consumption by the metal salts 
to maintain the pH level required for the wastewater treatment processes. An alternative for alum is 
polyaluminum chloride, which does not consume alkalinity, but is more expensive than alum.  
 
 For lime addition, Equation 3 shows that the calcium reacts with phosphate to form calcium 
apatite (Ca10(PO4)6(OH)2). The formation and precipitation of apatite requires a high pH, and thus 
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the reaction of lime with the wastewater first includes a water softening step in which calcium 
carbonate is formed, producing large amounts of sludge. Because of scaling problems associated 
with using lime, the large amount of sludge production, and the impact on pH, lime addition is 
seldom used for phosphorus removal in wastewater treatment.  Thus the evaluations and alternatives 
in this report focus on using metal salt addition.  Though the evaluations are based on alum 
addition, both metal salt will be equally effective and the choice depends mainly on local pricing. 
 
 Phosphorus precipitation using metal salts can be done at a number of different locations in 
WWTPs.  Depending on the location for the chemical addition the phosphorus removal is classified 
as 1) pre-precipitation, 2) coprecipitation, and 3) postprecipitation (Tchobanoglous et al., 2003).  
The addition of chemicals to the raw influent wastewater in the primary sedimentation process is 
termed pre-precipitation.  The precipitated phosphorus is removed with the settled primary sludge. 
In coprecipitation, chemicals can be added to 1) the effluent from the primary clarifier, 2) the mixed 
liquor in the activated sludge process, or 3) the effluent from a biological treatment process before 
the secondary clarifier. In all these cases, the precipitated phosphorus is removed along with the 
waste biological sludge.  Postprecipitation involves the addition of chemicals to the effluent after the 
secondary clarification.  Usually this is done in separate flocculation tanks and sedimentation 
facilities or in effluent polishing filters. In many cases the filter backwash is returned to the influent 
for settling and removal of the chemical sludge along with the settled primary sludge. 
 
 In many applications, a multiple-point addition procedure is followed for the most efficient 
use of chemicals for phosphorus precipitation. A common approach is the addition of chemicals 
before the primary clarifier and then again before the secondary clarifier.  At the primary clarifier 
step, the amount of chemical addition is close to stoichiometric with a primary effluent phosphorus 
concentration at that point typically above 2 mg/L. The secondary clarifier chemical addition is 
normally well above the stoichiometric ratio in order to achieve low effluent phosphorus 
concentrations. It should also be noted that the efficiency of phosphorus removal by chemical 
addition to the primary clarifier is also limited by the fact that much of the polyphosphates have not 
yet been converted to orthophosphate, which occurs in the secondary treatment biological process.  
With two point chemical addition (primary and secondary clarifiers), a general practice for the 
primary metal salt dose is to achieve a primary effluent phosphorus concentration of about 2.0 
mg/L, with the final phosphorus removal goal met with chemical addition in the secondary clarifiers 
(USEPA, 1987). Site-specific conditions will determine the most optimal two point chemical 
addition scheme. In Section 4, different chemical addition points are included in the various 
alternatives for phosphorus removal for different types of wastewater treatment systems. 
 
 The addition of chemicals to the primary clarifier also improves the suspended solids and 
biochemical oxygen demand (BOD) removal efficiencies.  In addition to increasing the efficiency of 
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primary clarification it reduces the organic load to the secondary biological process.  The magnitude 
of the increased efficiency in primary treatment is proportional to the chemical dose.  However, with 
the increased efficiency, a higher sludge production will occur in the primary clarifier step. 
 
 With chemical addition the amount of sludge production will increase in the wastewater 
treatment unit process where the chemical is applied. Results from a survey conducted on 185 
WWTPs in Canada (USEPA, 1987) showed that to reach an effluent total phosphorus concentration 
of 1.0 mg/L, the sludge production increased by an average of 40% in primary treatment plants and 
26% in activated sludge plants.  However, it has been noted (USEPA, 1987) that generalizations 
about the sludge production are not possible, because it is related to site-specific wastewater 
characteristics and the treatment processes employed.  
 
 Certain guidelines can be used in assessing the amount of sludge production with chemical 
treatment.  In primary treatment, increased sludge production is related to three factors: 1) the 
increased solids removal due to the effect of chemical treatment on suspended solids (TSS) removal 
efficiency, 2) the solids production due to the formation of the metal-phosphorus precipitate, and 3) 
the solids production from the metal hydroxide formation.  The specific quantities can be calculated 
on a site by site basis based on the increased TSS removal efficiency in the primary clarifier, and the 
amount of metal-phosphorus formed and metal hydroxide formed.  The latter two components are 
based on the amount of metal salt added and the amount of phosphorus removed. This fundamental 
approach is applied in the alternatives evaluation for phosphorus removal for the various types of 
WWTPs evaluated in this study.   
 
 Land application of biosolids to be used as fertilizer is a common means of biosolids 
disposal in Minnesota and is used by many treatment plants participating in this study.  Multiple 
resources were researched to determine if these are maximum application rates for aluminum (Al) or 
iron (Fe) for land farming.  So for combined biosolids and chemical solids, Specific application rates 
for Al or Fe could control land application rates of biosolids combined with chemical sludge.  This 
review was undertaken in order to ensure that chemical treatment to remove phosphorus would not 
specifically restrict the amount of biosolids that can be applied to a certain land area.  Federal and 
state regulations were researched including U.S. Environmental Protection Agency, Minnesota 
Pollution Control Agency, Wisconsin Department of Natural Resources, Michigan Department of 
Environmental Quality, New Jersey Department of Environmental Protection, and the New York 
State Department of Environmental Conservation.  Although several metals are regulated, there are 
no federal or state mandated regulations governing the concentration of aluminum or iron in land 
applied biosolids at the time of this report.  Information received from the Northwest Biosolids 
Management Association and Oregon State University indicated that it is unlikely that 
concentrations of aluminum and iron will be regulated in biosolids land application due to the fact 
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that soils are largely composed of alumino-silicate minerals and iron oxides.  Conversations with the 
Director of Regulatory Affairs at the Association of Metropolitan Sewerage Agencies (AMSA) 
confirmed that there are no regulations governing the land application of alum and ferric sludges.  
They did indicate, however, that the phosphorus is less available for nutrient uptake if it is bound in 
particulate form by either aluminum or iron.  This was also supported by the information provided 
by Sedlak (1991) that no phosphorus was released. 
 
 Also, the potential release of phosphorus into the water column from chemically bound 
alum in pond systems does not appear to be a concern.  Aluminum phosphate is highly stable over a 
wide pH range (4–9), which is typical of municipal wastewater. However, with decreasing pH below 
4.0, phosphoric acid begins to form and at a pH above 9.0 aluminum hydroxide will form, with both 
of these reactions resulting in phosphorus release into the water column.  A study prepared by the 
Technical Support Section of the USEPA Water Compliance Branch reviewed chemical phosphorus 
removal in several lagoon treatment systems in Canada, Minnesota and Michigan.  All plants 
consistently achieved an effluent phosphorus concentration of less than 1.0 mg/L with influent 
concentrations being as high as 15.0 mg/L (Michigan).  The Minnesota plants participating in this 
study had flows ranging from 0.017 – 0.672 MGD and influent total phosphorus levels between 1.5 
mg/L and 6.0 mg/L.  All of these treatment systems consistently met the effluent limit of 1.0 mg/L 
with the addition of liquid alum to the secondary lagoon cells.  The research also showed that none 
of the lagoon systems (in the three study areas) had any problems related to sludge buildup causing a 
release of nutrients (phosphorus or nitrogen) which would increase the effluent concentration of 
phosphorus.  
 

2.2 BIOLOGICAL TREATMENT 

 Phosphorus removal occurs to some degree as a natural step in biological wastewater 
treatment.  In biological treatment processes for wastewater treatment, excess biomass is produced 
and wasted as a result of biological conversion of organic substances to new biological growth.  The 
biological organisms require phosphorus for a number of cell components, including DNA, 
nucleotides such as adenosine triphosphate (ATP) used in energy transfer, and phospholipids 
storage products. An estimate of the bacteria phosphorus content on a dry weight basis is 1.5 to 
2.0%.  For domestic wastewater treatment with an average influent BOD concentration of about 
200 mg/L, the average phosphorus removal efficiency based on biomass synthesis is about 20%.  
However, starting back in the mid 1970s, biological processes, now termed enhanced biological 
phosphorus removal (EBPR), have been developed and have demonstrated 80 to 90% phosphorus 
removal by biological means. EBPR processes are designed to culture bacteria which are able to take 
up and store phosphorus at levels greater than required for “normal” heterotrophic metabolic 
activity in the activated sludge process. The excess phosphorus removed in EBPR processes is 
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directed to storage products in the cells, which have been shown to be able to accumulate 
phosphorus at levels of 20 to 30% of their dry weight.  Removal of phosphorus from the wastewater 
EBPR processes occurs through two major steps: uptake by phosphorus accumulating organisms 
(PAOs) and removal, processing, and disposal or reuse of the phosphorus-enriched biosolids 
produced. The design of EBPR processes needs to address both of these components. 
 

2.2.1 Enhanced Biological Phosphorus Removal (EBPR) 

 The following conditions have been defined as essential for excess biological phosphorus 
uptake and storage (Barnard, 1976; Stensel, 1991): 
 

• Exposing the activated sludge bacteria to influent wastewater in an anaerobic contacting 
zone, followed by an aerobic (or anoxic) zone; 

• Minimizing the amount of nitrate or oxygen fed to the anaerobic zone; and  
• Availability of volatile fatty acids (VFAs), such as acetate and propionate or a source of 

readily biodegradable organic substrate in the anaerobic zone that can be fermented to VFA. 
 
These conditions support the EBPR biochemical mechanisms described below, which have 

been defined by Wentzel, (1986), Comeau et al., (1989), Mino et al., (1994), and Smolders et al 
(1994):  In the anaerobic zone, fermentation of complex and readily biodegradable Chemical Oxygen 
Demand (COD) to acetate and propionate occurs, the PAOs assimilate the acetate and propionate 
and convert them to intracellular polyalkanoates, such as polyhydroxybutyrate (PHB), and 
degradation of stored polyphosphate and glycogen provides energy for PHB formation.  With the 
phosphorus release a milliequivalent release of associated cations, such as magnesium, potassium, 
and calcium also occurs. The amount of phosphorus released is directly related to the amount of 
VFA taken up in the anaerobic zone with 0.4 to 0.5 mg of phosphorus released per mg of acetate 
consumed.  
 
 In the aerobic zone, growth of PAOs occurs with subsequent uptake and storage of 
phosphorus.  The excess biomass is wasted with the secondary sludge and thus removed 
phosphorus is carried out of the system. PAO growth results from the metabolism of the stored 
PHB with a portion of it being oxidized to provide energy and a larger portion used for catabolism 
for new cell production. Part of the PHB is also converted into glycogen.  The energy is captured by 
the production of polyphosphate storage granules in the cell and results in phosphate and cation 
uptake from the liquid.  Similar PHB oxidation and phosphorus uptake can occur in “anoxic” 
following the anaerobic zone.  Anoxic is defined as biological respiration with nitrate or nitrite in 
lieu of oxygen.   
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 Other bacteria can compete with the PAOs for the assimilation of organic substrates in the 
anaerobic zone.  When these competing bacteria are present acetate and other soluble substrates are 
assimilated in the anaerobic phase without phosphorus release, and without polyphosphate storage 
and enhanced phosphorus removal in the aerobic phase. These non-phosphorus-accumulating 
organisms can deplete the VFA available for phosphorus accumulating organisms and impair 
phosphorus removal efficiency. This type of metabolism was first reported by Cech and Hartman 
(1990, 1993) as a result of laboratory studies on EBPR.  Investigators termed the bacteria G bacteria 
due to their ability to convert the acetate consumed in the anaerobic zone to glycogen. They also 
identified them microscopically at 1000X as tetrad coccoid bacteria. Since then a number of other 
organisms have been found without the same morphological characteristics, and have been 
identified through molecular probes and termed GAO bacteria (Crocetti et al., 2000 and 2002).  The 
conditions that appear to favor these bacteria are a pH in the anaerobic and aerobic zones below 7.2 
(Felipe et al., 2001a and 2001b), warm temperatures, long solids retention time (SRTs), and excess 
acetate in the anaerobic zone (high VFA/P ratio).  Of these, low pH and high VFA/P ratios have 
been the most significant parameters. 
 

2.2.1.1 Recycle Streams with Phosphorus 

 The prediction of phosphorus removal by EBPR must consider the fate of the waste sludge. 
Since soluble phosphorus becomes bound in the intracellular polyphosphates through EBPR, 
phosphorus is actually removed from the system by the removal of excess biomass containing PAOs 
in sludge wasting from the secondary treatment step.  The fate of the sludge waste stream in the 
solids-handling processes for thickening, stabilization, and dewatering can affect the overall 
phosphorus removal efficiency for the WWTP.  For certain thickening processes, such as gravity 
figures, anaerobic conditions can be developed in the sludge and the PAOs will release some of the 
stored phosphorus.  In anaerobic sludge digestion, phosphorus release also occurs, and about 30 to 
40% of the phosphorus in anaerobic digestion can be released back into solution and returned with 
the liquid following sludge dewatering.  In aerobic digestion, phosphorus is also released in direct 
proportion to the breakdown and mass destruction of the aerobic biomass, again at levels in the 
40% range. When such solids handling processes are applied, the design must account for 
phosphorus return from the sludge processing.  The effect of the recycle stream is to essentially 
increase the influent phosphorus concentration to the WWTP. Some solids handling processes have 
little impact on phosphorus release and return. Thickening by dissolved air flotation will prevent 
phosphorus release and for thickening by gravity belt filters, phosphorus release is minimal.  When 
solids are reused by composting or by holding and direct hauling with dewatering the phosphorus 
return is minimized also.  
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2.2.1.2 Factors That Affect EBPR Phosphorus Removal Efficiency 

 The various conditions and parameters that impact EBPR efficiency can be grouped into 
three major categories: wastewater characteristics, environmental factors, and design/operating 
parameters.   
 
 The wastewater characteristics may be the most important parameter that affects 
phosphorus removal efficiency.  Based on the mechanism described above for phosphorus removal, 
it is clear that as more VFA is supplied to an EBPR system, more PAOs can be grown and thus 
more phosphorus removal is possible. The VFA is supplied in two ways to the anaerobic contact 
zone.  It is contained to some degree in the influent wastewater and is generated from fermentation 
in the anaerobic zone of soluble readily biodegradable COD that is in the influent wastewater.  
Soluble readily biodegradable COD (rbCOD) is truly soluble degradable organic compounds that are 
easily consumed by bacteria.  In contrast, colloidal and particulate biodegradable substances require 
hydrolysis by extracellular enzymes before being available for biodegradation.  In general, a greater 
phosphorus removal capacity has been correlated with higher influent wastewater BOD/P ratios, 
which indirectly assumes that more rbCOD is available as the influent BOD concentration increases.  
However the fraction of rbCOD in municipal wastewaters will vary, depending in large part on 
industrial wastewater contributions.  General assumptions on EBPR performance, based only on 
influent BOD/P ratios, may be inaccurate. High phosphorus removal efficiency with effluent 
phosphorus concentrations of less than 1.0 mg/L has been associated with very high influent 
BOD/P ratios in excess of 40:1 for domestic wastewaters, but for many wastewaters the ratio is in 
the 20-30 range.    

 VFAs or rbCOD in the influent wastewater needed for EBPR and thus phosphorus removal 
efficiency may be decreased in direct proportion to the amount of oxygen and nitrate entering the 
anaerobic zone.  Bacteria that can use oxygen or nitrate as electron acceptors will consume the 
influent rbCOD and VFA at a faster rate than that for fermentation and uptake of VFAs by PAOs.  
The wastewater plant process configuration must be addressed to minimize the amount of nitrate 
that may enter the anaerobic zone.  EBPR process designs that address nitrate removal are presented 
below. Methods that result in aeration of the wastewater prior to feeding to the anaerobic contact 
zone, such as aerated grit chambers, screw pumps, and aerated feed channels must be minimized to 
prevent rbCOD uptake before the anaerobic contact zone or feeding oxygen into the anaerobic 
contact zone.  
 
 Certain treatment processes may remove rbCOD and VFAs ahead of EBPR process.  Fixed 
film processes, such as trickling filters and rotating biological contactors, are in this category and it 
makes the application of EBPR more problematic as will be shown for alternatives presented in 
Section 4.  
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 The VFA supply can be augmented. In many communities, especially those with combined 
sewer systems or short travel times in the sewer, the influent readily biodegradable COD 
concentrations can be relatively low. To increase the readily biodegradable COD, some treatment 
plants add VFAs chemically by the purchase of acetate or sugar or operate primary sludge 
fermenters to produce the VFAs needed for EBPR.  
 
 Environmental factors such as temperature and pH have been shown to have some impact 
on EBPR efficiency. Recent research (Filipe et al., 2001a; Filipe et al., 2001b) has documented an 
optimum pH range of 7.0 to 7.5 for PAOs, with decreasing activity at lower pH values. Temperature 
impacts the process as it relates to VFA generation in the anaerobic zone (Stensel, 1991). No 
impairment of PAO metabolism has been reported for low temperature operation other than 
decreasing the rate of VFA production and phosphorus uptake.  However the minimal SRT for 
PAOs is less than that for nitrification showing that they are impacted by temperature at about the 
same level as many heterotrophic bacteria. 
 

A number of process designs have been developed to apply EBPR and these are described in 
Section 2.2.1.3. In all of these an anaerobic contact basin is essential and this may be followed by 
anoxic or aerobic basins. Important process design and operating factors related to these designs are 
described as follows.  

Anaerobic contact time can determine the amount of VFAs available to support EBPR. Longer 
anaerobic contact times can result in a greater conversion of colloidal and particulate biodegradable 
substances to VFAs to increase phosphorus removal efficiency.  However, some research has shown 
that if PAOs are held under anaerobic conditions too long without a steady VFA, phosphorus can 
be released without any PHB formation (Barnard, 1984). This phenomenon, termed “secondary 
release”, is detrimental to EBPR because the released phosphorus is not taken up under aerobic 
conditions as it was not associated with VFA uptake and PHB storage.   
 
Diurnal fluctuations in hydraulic and organic loading rates can lead to wide fluctuations in 
anaerobic and aerobic contact times and the amount of VFA available for the PAOs. A more 
uniform and steady supply of VFA improves EBPR performance. In bench-scale reactor research 
using synthetic wastewater, Stephens and Stensel (1995) showed that EBPR performance could be 
negatively affected by periods of low food or VFA availability. 
 
Nitrification can have an impact on EBPR by increasing the nitrate concentration in the return 
activated sludge (RAS) stream.  This results in more VFA consumption in the anaerobic contact 
zone for nitrate reduction, leaving less VFA for the PAOs that causes a reduction in EBPR 
efficiency.  
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Sidestream processes may help or hinder EBPR efficiency. Sludge thickening processes that 
produce VFAs can produce intermittent loads that may benefit phosphorus removal performance, 
while other sludge processing operations, such as digestion, may return phosphorus to the liquid 
treatment system to essentially increase the influent phosphorus loading. This may result in 
increased effluent phosphorus concentrations if sufficient readily degradable COD is not available 
for the PAOs.  
 
Solids retention time (SRT) is a fundamental design parameter for activated sludge systems and 
the SRT used is usually dictated by requirements of BOD removal, ammonia removal, or 
denitrification. However, the design SRT could impact phosphorus removal performance. At longer 
SRTs, a greater proportion of the PAOs that are produced are lost to endogenous decay, resulting in 
less PAOs in the waste sludge, and thus a lower phosphorus removal efficiency (Stensel, 1991; 
Whang and Park, 2001 and 2002). 
 

2.2.1.3 EBPR Process Descriptions 

 The advent of a new generation of activated sludge treatment technology occurred in the 
mid 1970s when Barnard (1974) recognized key process requirements that promoted enhanced 
biological phosphorus removal (EBPR) in activated sludge processes. The key process configuration 
proposed was termed the Phoredox process and involved the use of an anaerobic contact basin with 
a relatively short hydraulic retention time (45-60 minutes) prior to the aerobic treatment reactor 
(Figure 2-1). This process is commonly referred to today as the A/O process. 
 
 Influent wastewater and return activated sludge are mixed in the anaerobic reactor prior to 
an aeration tank. Nitrate and oxygen input to the anaerobic reactor must be minimal, so that one of 
the main metabolic conditions for substrate utilization is anaerobic fermentation. Barnard (1974) 
noted that nitrate or oxygen into the anaerobic contact zone would consume substrate that would 
otherwise be used for EBPR. The process configuration promotes the selection of bacteria that are 
capable of removing and storing phosphorus at high levels in the aeration zone, and are referred to 
as phosphorus accumulating organisms (PAOs). Phosphorus is removed from the system via excess 
sludge production rich in stored phosphorus. Other process configurations have been developed to 
maximize phosphorus removal efficiency using the concept of anaerobic contacting preceding 
aerobic treatment. 
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Figure 2.1 - Anaerobic/Aerobic Process (A/O) for Enhanced Biological Phosphorus Removal 
(EBPR) 

 

 Other process configurations that incorporate the A/O process are presented in Figures 2-2 
through 2-5. They show different designs that were developed to minimize the amount of nitrate 
that may enter the anaerobic contact zone in the return activated sludge. For systems in which 
nitrification occurs, the simple A/O treatment scheme shown in Figure 2-1 is not appropriate 
because the nitrate in the return activated sludge flow will result in decreased EBPR efficiency. For 
the anaerobic/anoxic/aerobic (A2O) process in Figure 2-2, 75–85% of the nitrate produced by 
nitrification in the aerobic zone is removed by an internal recycle of nitrate to a preanoxic zone, 
where nitrate provides an electron acceptor for BOD removal in lieu of aerobic respiration.  

Figure 2.2 - Anaerobic/Anoxic/Aerobic (A2O) Process for EBPR with Nitrification 

 Thus, a lower concentration of nitrate is directed to the anaerobic reactor in the return 
activated sludge (RAS) stream. In the modified Bardenpho Process (Figure 2-3) the RAS nitrate 
concentration is minimized further by the addition of an anoxic zone after the aeration zone. 
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Figure 2.3 - Modified Bardenpho Process for EBPR and to Minimize Nitrate 

 Processes that result in none or very little nitrate feed to the anaerobic zone are described by 
Figures 2-4 and 2-5; the University of Capetown (UCT) and Johannesburg (JHB) processes, 
respectively. In the UCT process the RAS is directed to an anoxic zone first for nitrate removal. The 
anoxic zone mixed liquor, with a minimal nitrate concentration, is recycled to the anaerobic zone to 
provide mixed liquor to the reactor. Another version of the UCT process is the modified UCT 
(MUCT) process in which the anoxic zone is staged with return of mixed liquor from the last stage 
to the anaerobic contact zone to assure minimal nitrate to the anaerobic zone. 

 

Figure 2.4 - University of Capetown (UCT) Process for EBPR with Minimal Nitrate Feed to the 
Anaerobic Zone 

 The JHB process (Figure 2-5) has a simpler operation and less recycle systems than the UCT 
or MUCT, but also assures minimal nitrate feed to the anaerobic contact zone by holding the RAS in 
a mixed anoxic tank prior to the anaerobic zone. All of these processes have the necessary anaerobic 
contact zone to provide EBPR. 
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Figure 2.5 - Johannesburg (JHB) Process for EBPR to Minimize Nitrate in Influent to the 
Anaerobic Contact Zone by Denitrification of RAS 

 For the evaluation of alternatives incorporating EBPR at existing facilities in Section 5, the 
commonly used A2O process shown in Figure 2.2 will be used as a representative EBPR process as 
it is one that is commonly used.  A detailed engineering design analysis for a specific site application 
would be needed to select between the available processes to find the optimal phosphorus removing 
process for a particular WWTP. 
 

2.3 EXAMPLES OF FULL-SCALE APPLICATION AND PERFORMANCE 

In this section performance data is summarized for the various types of phosphorus removal 
treatment systems to demonstrate their application and effectiveness. Chemical treatment facilities 
are presented first followed by EBPR systems. 

 

2.3.1 Chemical Treatment Systems 

Chemical treatment is the most common method used for phosphorus removal and 
numerous plants employ chemical addition, as alum or iron salts, with primary and/or secondary 
treatment to meet effluent phosphorus concentrations below 1.0 mg/L.  Some examples are shown 
here in a series of tables for chemical addition to primary, secondary, and to both primary and 
secondary treatment steps of activated sludge plants.  An example is also provided for a lagoon and 
trickling filter system. Phosphorus removal performance for a large number of plants achieving 
effluent P concentrations less than 1.0 mg/L are summarized in the EPA technology transfer 
manual on retrofitting POTWs for phosphorus removal in the Chesapeake Bay Drainage Basin 
(USEPA, 1987). 
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2.3.1.1 Chemical Treatment to Primary Treatment 

Phosphorus removal at the South Shore WWTP (Table 2.1) was accomplished by the 
addition of waste pickle liquor (ferrous sulfate) to the primary clarifier influent.  Chlorine addition 
was also necessary to oxidize the ferrous to ferric iron, which is needed for effective phosphorus 
precipitation.  The operating results for one year showed that with a dose of about 1.7 mole 
Fe/mole P, the final effluent phosphorus concentration following primary treatment and activated 
sludge treatment was in the range of 0.8 to 0.9 mg/L on a monthly average basis.  The use of 
chemicals in the primary treatment step improved the primary treatment efficiency and reduced the 
BOD and suspended solids loading to the secondary treatment process. 
 

Table 2.1 - Chemical Addition with Primary Treatment at Milwaukee, WI South 
Shore WWTP (1986) 

 

Parameter Units Value 
Influent Flow MGD 100 
Influent Total BOD mg/L 138 
Influent TSS mg/L 169 
Influent Total P mg/L 5.0 
Chemical Type  Ferrous sulfate 
Chemical Dose lb as Fe/lb P 1.0 
Monthly Average Effluent P mg/L 0.80 to 0.90 

 

2.3.1.2 Chemical Treatment to Activated Sludge System 

 Phosphorus removal by alum addition to the activated sludge influent is practiced at the Port 
Huron, MI WWTP.  An example of performance under cold temperature operating conditions is 
shown in Table 2.2.  The alum dose averaged about 4.0 mole Al/mole P and the effluent P 
concentration averaged about 0.70 mg/L. Polymer addition was used in the secondary clarifier to 
improved solids capture with alum treatment.  
 

2.3.1.3 Chemical Treatment with Two-Point Dosing 

 Ferric chloride is added to the influent of the primary and secondary treatment systems at 
the lower Potomac Fairfax County WWTP to meet very low effluent phosphorus concentrations.  
The data are summarized in Table 2.3.  After secondary treatment polishing filters were used to 
improve the effluent solids removal, which reduces the effluent phosphorus concentration.  For 
1987, the effluent phosphorus concentration averaged 0.12 mg/L.  About half of the iron dose was 
added to the primary treatment step, and for the long-term operation, the iron dose averaged around 
4.0 mole Fe per mole P removed. The dose was higher than that which could have been used to 
meet an effluent, phosphorus concentration of 1.0 mg/L.  

  



2-15 

 
 

Table 2.2 - Chemical Addition with Secondary Treatment at Port Huron,  
MI WWTP (Winter 1986) 

 
Parameter Units Value 
Influent Flow MGD 11.8 
Influent Total BOD mg/L 89.2 
Influent TSS mg/L 75.6 
Influent Total P mg/L 2.7 
Chemical Type  Alum + polymer 
Chemical Dose lb as Al/lb P 3.6 
Monthly Average Effluent P mg/L 0.70 

 
  
 

 
Table 2.3 - Chemical Addition to Primary and Secondary Treatment Steps at the Lower Potomac 

WWTP (1987) 
 

Parameter Units Value 
Influent Flow MGD 33.0 
Influent Total BOD mg/L 177 
Influent TSS mg/L 215 
Influent Total P mg/L 7.0 
Chemical Type  Ferric 
Chemical Dose lb as Fe/lb P 2.5 
Monthly Average Effluent P mg/L 0.12 

 
 

2.3.1.4 Chemical Treatment with Trickling Filters 

An example of chemical addition for a trickling filter secondary treatment system at 
Elizabethtown, PA is shown in Table 2.4. The effluent limit was 2.0 mg/L P concentration and the 
plant averaged 1.2 mg/L, with an average alum dose to the secondary clarifier of 2.2 mole Al/mole 
P.  Polymer was added at 0.80 mg/L and the secondary clarifier effluent TSS concentration averaged 
15 mg/l.  
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Table 2.4 - Chemical Addition to Trickling Filter WWTP at Elizabethtown, PA (1987) 
 

Parameter Units Value 
Influent Flow MGD 1.7 
Influent Total BOD mg/L 133 
Influent TSS mg/L 223 
Influent Total P mg/L 7.3 
Chemical Type  Ferric 
Chemical Dose lb Al/lb P 2.5 
Monthly Average Effluent P mg/L 1.2 

 

2.3.1.5 Chemical Treatment with Lagoons 

Alum treatment by batch addition to lagoons using a boat for to provide the alum feeding 
and mixing has been reported for Isle and Belle Plaine, Minnesota. An effluent P concentration of 
less than 1.0 mg/L P was achieved with alum applications of 2.0 and 3.0 lb Al/lb P removed (1.7 
and 2.6 mole Al/mole P, respectively). With this batch feeding operation monitoring methods are 
needed to determine when the lagoon phosphorus concentration is reduced to acceptable levels 
before the chemical dosing is temporarily stopped. 

 

2.3.2 Enhanced Biological Phosphorus Removal (EBPR) Systems 

Compared to chemical treatment, a wider range of design and operating conditions are 
possible for EBPR systems and these affect the effluent P concentration that can be produced. The 
variables in system design and operation include the aerobic SRT, the method to remove nitrate (e.g. 
A2O, JHB, Bardenpho), the influent BOD/P ratio, and the addition of metal salts for phosphorus 
precipitation in conjunction with EBPR.  Some examples of wastewater designs and performance 
are shown in this section to illustrate EBPR applications for a variety of situations.  

 
 Many facilities that employ EBPR processes also use some form of chemical addition to 
assure that the effluent phosphorus concentration required can be met. Based on the results of a 
recent survey on existing EBPR facilities, it was found that most plants used some form of chemical 
addition, either metal salts for phosphorus precipitation or VFA addition, to achieve effluent 
phosphorus concentrations below 1.0 mg/L.  The results of this survey are illustrated in Figure 2.6. 
For the EBPR plants without VFA or chemical addition, only 40% of them could achieve an annual 
average effluent phosphorus concentration of 1.0 mg/L or less.  The need for VFA or chemical 
addition, is related more to the influent wastewater characteristics than to the EBPR process design. 
Thus, the EBPR performance experiences presented in the following sections are very site-specific, 

  



2-17 

and are presented to demonstrate the phosphorus removal abilities of EBPR processes with and 
without chemical addition. 
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Figure 2.6 - Plant Survey Results for EBPR Wastewater Treatment Plants Showing Ability to 
Achieve P Concentration < 1.0 mg/L  (Annual Average Data) 

 

2.3.2.1 Conventional Activated Sludge Process with Anaerobic Contact Zone for EBPR 

An example of converting a conventional activated sludge process to an EBPR system by 
the addition of an anaerobic contact zone is provided by results reported for the East Boulevard 
plant at Pontiac, Michigan.  The system consisted of primary treatment followed by a secondary 
treatment activated sludge process.  The HRTs of the anaerobic contact zone and activated sludge 
aeration basins were 1.7 and 6.4 hours, respectively.  The results in Table 2.5 show that the EBPR 
system could achieve a very low effluent phosphorus concentration in the range of 0.30 – 0.90 
mg/L, even though the anaerobic zone received a significant nitrate in the return sludge recycle. The 
system was operating at high enough SRTs to support nitrification and no anoxic treatment zone 
was provided to remove nitrate.  However, a key factor related to the high phosphorus removal 
performance was the influent BOD/P ratio, which had an average value of 70.  A value of 40 is 
considered a good level to promote EBPR. At the high BOD/P ratio available excess rbCOD was 
available for biological phosphorus removal.  
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Table 2.5 - EBPR Process with Conventional Activated Sludge – Anaerobic/Aerobic Process at 
Pontiac, MI WWTP (Results for 1987) 

 
Parameter Units Value 
Influent Flow MGD 3.5 
Influent Total BOD mg/L 228 
Influent TSS mg/L 213 
Influent TKN mg/L 22 
Influent Total P mg/L 3.2 
Aeration MLSS mg/L 2500-3000 
SRT days 11 – 20 days 
Influent BOD/P g/g 71 
Monthly Average Effluent P mg/L 0.30 – 0.90 

 

2.3.2.2 A2O Process for EBPR 

Treatment performance results for the operation of the A2O process at the York River 
WWTP are shown in Table 2.6 and illustrates the effect of a relatively low BOD/P ratio on EBPR 
performance.  With the A2O process the effluent NO3-N concentration ranged from 4–6 mg/L, but 
the effluent total P concentration averaged 4.2 mg/L for a 3 month sampling period from August 
through October. The relatively low influent BOD/P ratio suggest that there not a sufficient 
amount of  rbCOD in the feed to the anaerobic zone to support enough PAO growth to remove P 
to effluent concentrations below 1.0 mg/L.  

 
Table 2.6 - Summary of EBPR Performance for the York River WWTP Operated with A2O Process 

(Results for 1986) 
 
Parameter Units Value 
Influent Flow MGD 5.9 
Influent Total BOD mg/L 206 
Influent TSS mg/L 93 
Influent TKN mg/L 25 
Influent Total P mg/L 12.8 
SRT Days 10-12 days 
Influent BOD/P g/g 16 
Monthly Average Effluent P mg/L 4.2 
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2.3.2.3 A2O Plant with Primary Sludge Fermentation for EBPR 

The Durham Oregon WWTP uses an A2O process for biological nitrogen and phosphorus 
removal.  The design has included other provisions to further enhance its phosphorus removal 
efficiency. A primary sludge fermenter is operated to provide additional volatile fatty acids (rbCOD) 
to the influent to the anaerobic contact zone, and alum is added before the secondary clarifier to 
control the effluent phosphorus concentration to a target of 0.50 mg/L. On the negative side 
concerning factors that can affect the performance for EBPR, anaerobic digested sludge is 
dewatered by centrifugation and a phosphorus rich centrate stream is recycled back to the influent 
of the secondary treatment system. The plant has demonstrated consistently low effluent 
phosphorus concentrations with this operation, which is only required in the summer months.  The 
results for the year 2002 are shown in Table 2.7.  
 
Table 2.7 - Summary of EBPR Performance for the Durham, Oregon WWTP Operated with A2O 

Process and Primary Sludge Fermentation (Results for 2002)  
 

Parameter Units Value 
Influent Flow MGD 20.0 
Influent Total BOD mg/L 221 
Influent TSS mg/L 210 
Influent TKN mg/L 35 
Influent Total P mg/L 7.8 
SRT Days 10 days 
Influent BOD/P g/g 28 
Monthly Average Effluent P mg/L 0.50 

 

2.3.2.4 EBPR with a Trickling filter/Activated Sludge System 

A unique design and operation was required to accomplish EBPR for the trickling 
filter/activated sludge system at the Chapel Hill Mason Farm WWTP. Initial attempt at achieving 
biological phosphorus removal was made by placing an anaerobic contact zone between the trickling 
filter effluent and activated sludge aeration basins.  This was unsuccessful because a substantial 
amount of the influent BOD was removed by the trickling filter, which was operated at an organic 
loading normally used to achieve a secondary treatment effluent.  Thus, another source for rbCOD 
was sought to allow EBPR treatment. This was obtained by using primary sludge fermentation with 
decanting of fermenter liquor rich in volatile fatty acids, which provided rbCOD in a feed stream to 
an anaerobic contact zone installed in the activated sludge recycle line. After contacting the return 
sludge with the rbCOD the anaerobic contact zone effluent was mixed with the trickling filter 
effluent before the activated sludge aeration basin.  The necessary anaerobic-aerobic activated sludge 
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contacting for EBPR was provided by this unique flow schemes. The results for testing in January 
1990 as shown in Table 2.8 indicate that effective EBPR treatment was possible.  
 

Table 2.8 - Summary of EBPR Performance for the Chapel Hill Mason Farm Trickling 
Filter/Activated Sludge WWTP with Primary Sludge Fermentation (Results for January, 1990)  

 
Parameter Units Value 

Influent Flow MGD 6.0 
Influent Total BOD mg/L 185 
Influent TSS mg/L 200 
Influent Total P mg/L 7.1 
Trickling Filter Loading lb/d-1000 ft3 35 
Aeration SRT Days 5 days 
Monthly Average Effluent P mg/L 0.70 
   

2.3.2.5 EBPR with Oxidation Ditch Treatment 

The Elburg, Netherlands WWTP has an EBPR process with an oxidation ditch and with 
alum addition.  The plant flow scheme consists of primary treatment, an anaerobic contact zone 
with a 2.4 hour HRT, an oxidation ditch with about a 24 hour HRT, and secondary clarifiers.  Only 
20% of the return sludge flow is directed to the anaerobic contact tank which consists of 4 stages.  
Alum is added to the last stage of the anaerobic contact tank to control the effluent phosphorus 
concentration.  The results are presented in Table 2.9.  The average alum dosing rate has been about 
0.40 mole Al/mole P. This appears to have overcome a relatively low influent BOD/P ratio and 
provides a reported average effluent P concentration of 0.60 mg/L.  
 

Table 2.9 - Summary of EBPR Performance for Elburg, Netherlands WWTP Operated with an 
Oxidation Ditch and Anaerobic Contact Zone Process (Average results for 1995-1998)  

 
Parameter Units Value 

Influent Flow MGD 4.76 
Influent Total BOD mg/L 226 
Influent TKN mg/L 49 
Influent Total P mg/L 12.9 
SRT Days 25 days 
Influent BOD/P g/g 18 
Monthly Average Effluent P mg/L 0.60 
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SECTION 3.0 

3 FACILITIES SELECTED FOR EVALUATION 

A screening process was developed to select 17 representative wastewater treatment plants 
from the 22 MESERB Phosphorus Initiative participants.  The selected plants would be examined 
to evaluate phosphorus removal practices to control the discharge of phosphorus in the final 
effluent.  The objective of the screening process was to select plants with different biological 
treatment processes, located throughout the State of Minnesota and representative of a broad 
spectrum of the types of treatment plants in Minnesota.  This section presents a summary of the 
screening process conducted.  Included in Section 3 are a discussion of the screening process, a 
general description of the wastewater treatment plants selected and a summary of the site visits. 

 

3.1 TREATMENT PLANT SCREENING PROCESS 

 The type of plant data considered for the screening process included plant size, type of plant, 
permit requirements, existing wastewater characteristics, industrial contributions, and sludge 
handling operations.  A four page wastewater facility screening form was developed to obtain 
preliminary wastewater treatment plant data.  The screening form was reviewed and approved by 
MESERB and submitted to the 22 participating wastewater treatment plants.  An example screening 
form is included as Appendix 1.1.  The form was divided into the following six categories: 1. General 
Plant Information such as plant name, contact, and plant size; 2. Discharge Permit Information 
including permit limits, actual discharge concentrations and sample type and frequency; 3. Liquid 
Process Description Section requesting information on the type and size of pretreatment units, 
primary treatment, secondary treatment, secondary clarifiers, tertiary treatment and disinfection; 4. 
Sludge Processing/Ultimate Reuse or Disposal information on primary and secondary thickening, 
sludge digestion, dewatering and sludge storage, and disposal; 5. Additional Information on 
industrial contributions and collection system; and 6. Plant Sampling and Analysis of influent and 
effluent type and frequency of sampling and in-plant laboratory capabilities.  
 

3.2 SELECTED WASTEWATER TREATMENT PLANTS 

The completed screening forms were reviewed and the data summarized into two categories, 
general plant information and treatment processes.  Three plants did not submit a screening form 
and were not considered for the evaluation.  The 19 plants were grouped into the following eight 
biological treatment processes: activated sludge, biological nutrient removal (BNR), oxidation ditch, 
high purity oxygen biological treatment, trickling filter, combined trickling filter and activated sludge, 
lagoons, and rotating biological contactors (RBC).  These biological processes are discussed in detail 
in Section 4, Application of Phosphorus Removal Technology for Upgrading Plants.  Two plants, 
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Warroad and Winona, had treatment characteristics similar to other plants in the study and were not 
selected.  Warroad is a 0.37 million gallon per day (MGD) lagoon treatment system and is one of 
three pond wastewater treatment systems participating.  Winona is a 6.5 MGD activated sludge 
treatment system similar to the other biological treatment systems.  The completed forms are 
included in Appendix 1.2.  The following treatment plants were selected: 

 
• Alexandria Lake Area Sanitary District Wastewater Treatment Facility (WWTF) is a 3.25 

MGD activated sludge plant with tertiary treatment and chemical addition.  The plant has a 
phosphorus limit of 1.0 mg/L and discharges to Lake Winona. 

• Brainerd and Baxter Wastewater Treatment Plant (WWTP) is a 3.13 MGD Rotating 
Biological Contactor (RBC) treatment plant with primary and secondary clarifiers and 
discharges to the Mississippi River.  The plant has no limits for phosphorus or ammonia 
nitrogen. 

• Detroit Lakes WWTF is a 1.64 MGD trickling filter plant with primary and final clarifiers.  
The plant has a phosphorus discharge limit of 1.0 mg/L and the final effluent discharges 
into Lake St. Clair. 

• Faribault WWTF is a 7.0 MGD combined trickling filter and activated sludge system with 
primary and secondary clarifiers.  There are several food industries discharging wastewaters 
into the plant.  The plant is required to monitor for phosphorus and ammonia nitrogen.  The 
plant discharges to the Cannon River. 

• Fergus Falls WWTP is a 2.81 MGD Biological Nutrient Removal (BNR) treatment system 
with primary and final clarifiers.  The plant has a phosphorus discharge limit of 1 mg/L and 
an ammonia nitrogen (NH4-N) discharge limit of 4.3 mg/L.  The effluent is discharged to 
the Otter Tail River. 

• Glencoe WWTF is a 1.60 MGD combined trickling filter and activated sludge with primary 
and secondary clarification and filters for tertiary treatment.  The plant has total nitrogen 
discharge limits and the final effluent discharges to Buffalo Creek.  The plant has no permit 
requirements for phosphorus. 

• Grand Rapids WWTF is a 14.3 MGD activated sludge plant with primary and secondary 
clarifiers and polishing ponds for tertiary treatment.  The major industrial contributor is a 
paper mill which discharges nutrient deficient wastewater to the treatment plant.  This 
requires the addition of ammonia and phosphorus at the treatment plant.  The plant 
discharges to the Mississippi River.  The plant is required to monitor for phosphorus.  There 
are no permit requirements for nitrogen. 

• Little Falls WWTF is a 2.4 MGD combined trickling filter/activated sludge plant with 
primary and secondary clarification.  The plant monitors for phosphorus and ammonia 
nitrogen and discharges to the Mississippi River. 
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• Marshall WWTF is a 3.3 MGD trickling filter/activated sludge plant with industrial 
contributions from several food processing plants. The plant has no permit requirements for 
phosphorus or ammonia nitrogen and discharges to the Redwood River. 

• Moorhead WWTF is a 6 MGD high purity oxygen wastewater treatment plant with an 
ammonia limit from June to September.  The plant samples for phosphorus and ammonia.  
The plant discharges to the Red River of the North. 

• New Ulm WWTF is a 6.77 MGD activated sludge system with primary and final 
clarification.  There are at least two industries that discharge into the New Ulm system.  The 
plant discharges between 4 and 5 mg/L phosphorus into the Minnesota River.  Monthly 
monitoring for phosphorus in the effluent is required.  There are no permit discharge limits 
for phosphorus or nitrogen. 

• Redwood Falls WWTP is a 0.824 MGD lagoon system with no industrial contributions and 
discharges to the Minnesota River.  The plant monitors for phosphorus and ammonia in the 
effluent and has a discharge limit for ammonia nitrogen. 

• Rochester Water Reclamation Plant (WRP) is a 19.1 MGD high purity oxygen treatment 
system with phosphorus discharge level of 1.0 mg/L and ammonia nitrogen limit of 1.6 
mg/L.  The plant discharges to the Zumbro River. 

• St. Cloud WWTF is a 13 MGD BNR plant with primary and secondary clarification.  There 
are no permit requirements for nitrogen or phosphorus.  The plant discharges less than 1 
mg/L phosphorus into the Mississippi River. 

• Thief River Falls WWTP is a 2.57 MGD wastewater treatment lagoon system treating several 
industries.  The treatment system has no permit limits for phosphorus or nitrogen.  Total 
nitrogen and phosphorus is monitored in the effluent prior to discharging to the Red Lake 
River. 

• Wadena WWTF is a 0.50 MGD oxidation ditch treatment system with primary and 
secondary clarification and filtration is a tertiary treatment step.  The plant is required to 
monitor for phosphorus and data indicated effluent levels at 2 mg/L.  There are three 
different seasonal ammonia nitrogen (NH4-N) discharge limits for December through 
September.  The plant discharges to Union Creek. 

• Whitewater River Pollution Control Facility (PCF) serving the Dover, Eyota and St. Charles 
Sanitary District is a 0.80 MGD oxidation ditch treatment system with no primary 
clarification.  The plant has a filter following the secondary clarifiers.  The plant has no 
permit limits, monitors for phosphorus and ammonia nitrogen and discharges into the South 
Fork of the Whitewater River. 

 
A summary of the general plant information and preliminary treatment process data 

collected from the screening forms is presented in Tables 3.1 and 3.2, respectively, for the selected 
plants.  These data were used specifically for the selection and grouping of the treatment plants. 

 



3-4 

 

 

* Design Existing 
* Permit
Limit *Effluent

*NH4-N
Permit Limit

NH4-N 
Effluent

Activated Sludge 

Alexandria Lake WWTF 3.25 2.60 1.0 0.33 MO NA Lake Winona
Northern Food and Dairy, Nordic Asceptic, 
3M (Abrasives) 

Grand Rapids WWTF 14.3 9.00 MO NA
(July-Sept) 

8 NA Mississippi River
Paper Mill (provides nutrient deficit which 
requires the addition of N/P)

New Ulm WWTF 6.77 2.60 MO 4-5 NA Minnesota River Kraft Foods, Schell Brewing Co.
Biological Nutrient Removal  
(BNR) 

St. Cloud WWTF 13.0 9.74 MO 0.97 NR NA Mississippi River Metal finishers, commercial laundry

Fergus Falls WWTP 2.81 1.90 1.0 0.66 (July-Sept) 4.3 1.0 Otter Tail River None 
Oxidation Ditch 

Wadena WWTF 
0.50 (dry)  
0.75 (wet) 0.35 MO 2

Seasonal Limit, 
see Table 3.3 Union Creek

Metal finishing, car washes, laundromat, dry 
cleaner, hospital, nursing home

Whitewater River PCF 0.80 0.68 MO 6.9
Seasonal Limit, 
see Table 3.3 0.24

South Fork, 
Whitewater River North Star Foods, Inc

High Purity Oxygen (HPO) 
Moorhead WWTF 6.0 4.2 MO 3.9 MO 2.2

Red River of the 
North Malt House, paper packaging, railway yard

Rochester WRP 19.1 13.7 1.0 0.8 1.6 0.1 Zambro River Dairy, cannery, cheese processing 
Trickling Filter 
Detroit Lakes WWTF 1.64 1.30 1.0 5 MO NA Lake St. Clair None 
Trickling Filter/Activated  
Sludge 
Faribault WWTF 7.0 4.5 MO 4 MO 6 Cannon River

Faribault Foods (cannery), Turkey Store 
(turkey processing), Protient (soy protein)

Marshall WWTF 3.3 2.4 NR 7.5
Seasonal Limit, 
see Table 3.3 NA Redwood River

Corn processing, ice cream & convenience 
food plants 

Glencoe WWTP 1.6 0.85 MO NA
Seasonal Limit, 
see Table 3.3 Buffalo Creek Dairy 

Little Falls WWTF 2.4 1.3 MO 2.5 MO 10 Mississippi River Ethanol Plant (does not pre-treat)
Lagoons 

Redwood Falls WWTP 1.3 0.79 NR 0.65-5.85
Seasonal Limit, 
see Table 3.3 0.08-33.0 Minnesota River None 

Thief River Falls WWTP 2.6 1.53 MO 5 MO NA Red Lake River Food processing, recreational vehicles
Rotating Biological  
Contactors 

Brainerd Area WWTP 3.13 2.70 MO 17.5 MO 2.4 Mississippi River
Acrometal, North Star Plating (metal 
anodizing) 

NR = No Requirement 
NA = Not Available/Not Known 
MO = Monitor Only 
*All treatment plant drainage areas are separate sewers with the exception of Little Falls which has a few blocks of combined sewer systems 

Treatment Plants by Process  
Category 

Phosphorus (mg/L) Ammonia-Nitrogen (mg/L)

Table 3.1 - General Plant Information

(Screening Form Data and Permit Information)

Industrial Contributions
Receiving Water 

Body

Flow (MGD) 
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Primary/  
Secondary  
Thickening Digestion Dewatering Disposal

Activated Sludge 

Alexandria Lake WWTF 
Self-cleaning bar screens,  
comminutor, aerated grit  
removal, other grit removal Clarifiers AS

Sand/Anthracite 
filters

Chlorinination/
Dechlorination Primary Tanks Aerobic Centrifuge Land Application

Grand Rapids WWTF Self-cleaning bar screen Clarifiers AS Polishing Ponds Chlorine
Primary  

Tanks/Gravity None Belt Filter Press Landfill

New Ulm WWTF 
Bar screen, comminutor,  
aerated grit removal Clarifiers AS None

Chlorinination/
Dechlorination Gravity ATAD Land Application

Biological Nutrient Removal (BNR) 

St. Cloud WWTF 
Self-cleaning bar screen, other  
grit removal Clarifiers AS BNR None

Chlorinination/
Dechlorination

Gravity, Belt  
Thickener, DAF Anaerobic Land Application

Fergus Falls WWTP 
Self-cleaning screens, aerated  
grit removal Clarifiers AS BNR None

Chlorinination/
Dechlorination

Primary Tanks,  
Gravity Anaerobic Belt Filter Press Land Application

Oxidation Ditch 

Wadena WWTF 
Comminutor, Aerated Grit  
Removal, Hydro gritter Clarifiers OD

Traveling carriage 
filter

Chlorinination/
Dechlorination None Anaerobic Land Application

Whitewater River PCF 
Self-cleaning screens, Vortex  
grit removal system Final Only OD Sand/Coal Filter

Chlorinination/
Dechlorination None None None Land Application

High Purity Oxygen (HPO) 
Moorhead WWTF 

Self-cleaning bar screen,  
aerated grit removal Clarifiers O2 None

Chlorinination/
Dechlorination DAF Anaerobic Land Application

Rochester WRP 
Self-cleaning screens, aerated  
grit removal Clarifiers O2 None

Chlorinination/
Dechlorination Belt Thickeners Anaerobic 

6% thickened on 
gravity belt 
thickeners Land Application

Trickling Filter 
Detroit Lakes WWTF 

Bar screen, Aerated Grit  
Removal Clarifiers TF None Chlorine Gravity Anaerobic None Land Application

Trickling Filter/Activated Sludge 
Faribault WWTF 

Self-cleaning bar screens,  
aerated grit removal Clarifiers TF+AS None

Chlorinination/
Dechlorination Gravity Anaerobic None Land Application

Marshall WWTF Comminutor, Vortex Clarifiers TF+AS
Traveling Bridge 
Filter Ultraviolet None Anaerobic None Land Application

Glencoe WWTP 
Bar screen/washer packer,  
Cyclone grit removal Clarifiers TF+AS Sand/Coal Filter

Chlorinination/
Dechlorination

Primary  
Tanks/DAF Anaerobic Drying Beds Land Application

Little Falls WWTF 
Self-cleaning bar screens,  
aerated grit removal, other grit  
removal Clarifiers TF+AS None

Chlorinination/
Dechlorination Gravity Anaerobic None Land Application

Lagoons 

Redwood Falls WWTP None None L None None No Sludge No Sludge No Sludge No Sludge
Thief River Falls WWTP Bar screen None L None None No Sludge No Sludge No sludge No Sludge

Rotating Biological Contactors (RBC) 

Brainerd Area WWTP 
Self-cleaning screens, aerated  
grit removal w/ auger, grit  
pump Clarifiers RBC None

Chlorinination/
Dechlorination Gravity Anaerobic None Land Application

BNR = Biological Nutrient Removal 
RBC = Rotating Biological Contactor 
TF = Trickling Filter 
L = Lagoon 
OD = Oxidation Ditch 
F = Effluent Filter 

AS = Activated Sludge 

Treatment Plants by Process Category 

Table 3.2 - Preliminary Treatment Process Information

(Screening Form Data Only)

Secondary

Sludge Handling Operations

Pre-Treatment 
Primary/

Final Tertiary Disinfection
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Data in these tables were reviewed with plant personnel during the site visits and updated where 
appropriate.  Completed updated plant data sets are presented in Appendix 2, and pertinent plant 
information from the Appendix was used for the plant evaluations in Section 5. 

 
Table 3.1 presents a summary of the general plant information for each plant including 

design and existing flows, permit limits and effluent concentration for phosphorus, ammonia 
nitrogen (NH4-N) and total nitrogen, the receiving water body, and industrial contributions.  The 
data on Table 3.1 show that the wastewater design flows range between 0.5 MGD to 19.1 MGD.  
Of the 17 plants evaluated, 15 sample for phosphorus, 8 sample for ammonia nitrogen and 14 plants 
receive wastewater from industrial operations.  Four plants, Alexandria, Fergus Falls, Rochester, and 
Detroit Lakes have a phosphorus discharge limit of 1.0 mg/L.  Eight plants, Grand Rapids, Fergus 
Falls, Wadena, Whitewater River, Rochester, Marshall, Glencoe, and Redwood Falls have permit 
limits for ammonia nitrogen.  

 
The preliminary treatment process information is presented in Table 3.2.  The table includes 

a list of the treatment units for each plant including pretreatment steps, primary and final 
clarification, secondary biological treatment, tertiary treatment (e.g., filtration), disinfection, and 
sludge handling operations.  The plants are grouped by biological process category.  There are three 
activated sludge plants, two biological nutrient removal plants (BNR), two oxidation ditch facilities, 
two high purity oxygen plants, one trickling filter plant, four combined trickling filter and activated 
sludge systems, two lagoon systems, and one rotating biological contactor (RBC) plant.  Also, there 
are five plants that have a filtration step after final clarification (tertiary treatment), five plants 
dewater the waste sludge, and all plants except Grand Rapids and the two lagoon treatment systems, 
Redwood Falls and Thief River Falls, land apply the stabilized biosolids.   
 

3.3 SITE VISITS 

The site visits were scheduled during September and October, 2003, as follows: 
 

• week of September 15 – St. Cloud, Whitewater, Rochester, Faribault, and Glencoe 
• week of October 6 – Grand Rapids, Brainerd, Wadena, and Little Falls 
• week of October 20 – Alexandria, Fergus Falls, Detroit Lakes, Thief River Falls, 

Moorhead, Marshall, New Ulm, and Redwood Falls 
 
 The purpose of the site visits was to obtain plant information to become familiar with the 
operations and capabilities relative to assessing the treatment requirements for effective phosphorus 
removals.  At each site, there was a presentation of the project goals and approach to evaluate 
phosphorus removal options, a plant tour, and a review of plant operations and the need for 
additional plant information.   
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The visits began with a brief presentation on the Phosphorus Initiative project.  The 
presentation focused on the different types of plants selected for the evaluation, a review of the 
approach and factors affecting different phosphorus removal technologies, and the need for 
additional plant data and a review of different biological phosphorus removal and chemical 
treatment systems.  A copy of the presentation is included in Appendix 1.3.  Copies of the 
presentation were provided to plant personnel.  Details on the approach and procedure used to 
evaluate different phosphorus removal options is discussed in Section 4. 

 
All unit operations were reviewed during the plant tour including discussions with plant 

personnel on individual treatment units (e.g., secondary treatment, sludge handling and disposal, 
process return lines), plant operations including plant performance and capabilities, design 
conditions, removal rates, chemical addition, and existing and future permit discharge limits.  Plant 
personnel at all facilities were very cooperative and helpful in reviewing plant operations and 
capabilities and in providing requested information promptly.  The information requested included 
the following: 

 
• Permit information such as discharge limits, seasonal requirements and sample type and 

frequency; 
• Plant design data such as design flow, carbonaceous biochemical oxygen demand (CBOD5) 

and total suspended solids (TSS) loadings, and size of treatment units; 
• Latest facility plan report including process flow diagrams; 
• Plant performance reporting data including discharge monitoring reports; 
• Plant monitoring data on individual treatment units (e.g., pH, temperature, mixed liquor 

suspended solids (MLSS), dissolved oxygen (DO)); 
• Influent wastewater characterization data for CBOD5, TSS, ammonia, phosphorus; 
• Sludge handling and disposal activities such as thickening, dewatering, digestion, disposal, 

return lines; and 
• Sample collection methods and laboratory capabilities. 

 
The influent and effluent wastewater characteristics and pertinent permit information are 

summarized on Table 3.3.  For each plant, design and actual flows are presented along with the 
monthly averages of the influent and effluent parameters; BOD (CBOD5), TSS, total phosphorus 
(TP) and ammonia-nitrogen (NH4-N).  Permit limits for BOD, TSS, TP and NH4-N are also 
presented for each plant.  These data along the preliminary plant data summarized on Tables 3.1 and 
3.2 were used with additional treatment plant information collected during the site visits to develop 
conceptual designs for the evaluation of phosphorus removal.  A detailed description of each plant 
and the analyses conducted on the evaluation of phosphorus removal options are discussed in 
Section 5. 
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Plant Name
Design Actual CBOD5 TSS TP NH4-N CBOD5 TSS TP NH4-N CBOD5 TSS TP NH4-N

Activated Sludge 
Alexandria Lake WWTF 3.25 2.6 240 191.6 6.6 NA 3.1 2.1 0.4 NA 25 30 1.0 MO
Grand Rapids WWTF 14.3 8.8 307 268 NA NA 2.7 11.4 0.6 NA 25 30 MO 8(1) * NR = No Requirement
New Ulm WWTF 6.77 2.5 387 273 8.9 NA 3.5 4.2 4.8 <0.13 25 30 MO NR (1) - Limit is July - September
Biological Nutrient Removal (BNR)
St. Cloud WWTF 13 10.8 144 153 5.2 21.1 5.7 7.8 1.1 12.0 25 30 MO NR (2) - Dec - March = 15 mg/L
Fergus Falls WWTP 2.81 1.76 184 217 5.9 19.8 3.0 6.7 0.6 7.2 25 30 1.0 4.3(1)     - April - May = 8.0 mg/L
Oxidation Ditch      - June - Sept = 2.0 mg/L
Wadena WWTF 0.50 0.32 153 204 6.9 22.9 2.3 1.5 6.2 2.1 10 30 MO (2)
Whitewater River PCF 0.80 0.66 463 344 10.4 NA 2.7 5.0 7.0 0.3 5 30 MO (3)
High Purity Oxygen (HPO) (3) - June - Sept = 1.3 mg/L
Moorhead WWTF 6 3.9 267 187 6.3 20.4 8.7 7.0 3.9 19.4 12 30 MO MO      - Oct - Nov = 4.3 mg/L
Rochester WRP 19.1 13.2 376 212 9.4 18.8 3.2 6.0 0.8 0.1 14 20 1.0 1.6      - Dec - March = 10.8 mg/L
Trickling Filter      - April - May = 3.2 mg/L
Detroit Lakes WWTF 1.64 1.06 191 168 5.5 NA 24.1 22.5 4.3 NA 20 20 1.0 MO
Trickling Filter/Activated Sludge (4) - June - Sept = 1.1 mg/L
Faribault WWTF 7 4.1 345 241 7.6 14.6 8.8 16.0 4.7 7.3 25 30 MO MO      - Oct - Nov = 2.3 mg/L
Marshall WWTF 3.3 2.1 387 455 13.7 14.9 2.5 4.7 5.8 0.6 5 30 NR (4)      - Dec - March = 9.4 mg/L
Glencoe WWTP 1.6 0.8 317 349 15.1 NA 2.9 4.6 9.2 0.7 25 30 MO (5)      - April - May = 2.4 mg/L
Little Falls WWTF 2.4 1.5 133 170 3.5 26.4 10.5 15.7 2.2 11.4 25 30 MO MO
Lagoons (5) - Dec - March = 7.7 mg/L
Redwood Falls WWTP 0.824 0.76 200 297 NA NA 8.3 32.7 2.9 7.2 25 45 MO (6)      - April - May = 4.0 mg/L
Thief River Falls WWTP 2.6 1.4 260 207 11.1 NA 5.7 24.3 2.7 4.1 15 45 MO MO      - June - Sept = 1.0 mg/L
Rotating Biological Contactors (RBC)      - Oct - Nov = 4.3 mg/L
Brainerd Area WWTP 3.13 2.61 167 152 5.6 NA 11.4 8.2 2.9 17.7 25 30 MO MO

(6) - June - Sept = 7.5 mg/L
     - Oct - Nov = 9.7 mg/L
     - Dec - March = 94 mg/L
     - April - May = 64 mg/L
     - Un-ionized Ammonia - Jan - 
      Dec = 1.0 mg/L

Permit Summary

* MO = Monitor Only

     - October-November = 8.0 mg/L

Appendix 2 contains the detailed data summaries for each plant.
NA - No Available Data

Table 3.3 - Summary of Influent and Effluent Wastewater Characteristics and Permit Information

Flow (MGD) Influent (mg/L) Effluent (mg/L) Permit Limit (mg/L)
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SECTION 4 

4 APPLICATION OF PHOSPHORUS REMOVAL TECHNOLOGY 
FOR UPGRADING WASTEWATER TREATMENT FACILITIES 

One of the main goals of this project was to determine the most applicable technologies for 
upgrading secondary treatment processes in the state of Minnesota to achieve phosphorus removal 
to reach a target monthly average effluent concentration of 1.0 mg/L.  Since the discovery of 
activated sludge treatment in the late 1890s, a wide range of biological secondary treatment 
processes have been developed and applied.  All of these processes in different forms are 
represented at various locations in the state of Minnesota, and include activated sludge, activated 
sludge with biological nutrient removal, oxidation ditch, high purity oxygen activated sludge, 
trickling filters, rotating biological contactors, trickling filter/activated sludge, and lagoons.  A 
number of alternatives exist for converting existing facilities to phosphorus removal and these 
depend to a large part on the type of secondary process used and the influent wastewater 
characteristics.  

 
In this section for each type of secondary treatment process the basic mechanisms of the 

process are described and the feasible alternatives that can be used to convert the process to achieve 
phosphorus removal to a monthly average target concentration of 1.0 mg/L or less are presented 
along with advantages and disadvantages.  This section also includes a discussion of the process 
evaluation and design protocol used to evaluate phosphorus removal at the treatment facilities.  The 
basis for the cost estimates used to select the phosphorus removal alternative is also summarized in 
this section. 
 

4.1 PHOSPHORUS REMOVAL ALTERNATIVES 

As described in Chapter 2, the two basic approaches for phosphorus removal are chemical 
precipitation and enhanced biological phosphorus removal (EBPR).  These two approaches can be 
applied singularly or in combination to upgrade existing treatment facilities.  For existing facilities in 
which the wastewater treatment process consumes all or most of the influent BOD before it can be 
made available to an EBPR process, chemical precipitation will clearly be the phosphorus removal 
alternative selected. For cases where the influent wastewater is at sufficient strength relative to the 
influent phosphorus loading and where the anaerobic contact zone for the EBPR process can be 
easily incorporated into the existing system, the use of EBPR will be favored.  With these 
considerations the phosphorus removal alternatives possible for the various types of existing 
wastewater treatment facilities evaluated in this study are described below. 
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4.1.1 Conventional Activated Sludge Process and Activated Sludge with Biological 

Nutrient Removal (BNR) 

The conventional activated sludge process along with schematics of various alternatives for 
phosphorus removal are shown in Figure 4.1a through Figure 4.1f.  The basic process shown in 
Figure 4.1a consists of an aeration tank (AT) in which microorganisms that remove organic 
substances from the influent wastewater are kept in suspension and aerated.  A secondary clarifier 
(SC) is used for liquid-solids separation prior to discharge of a clarified effluent, and the settled 
thickened solids from the clarifier are returned to the activated sludge aeration basin. A portion of 
the settled sludge recycle flow is wasted to remove excess suspended solids from any residual 
influent nonbiodegradable particulates from the primary clarifiers and from the biomass produced in 
the aeration system.  Typical values for the AT hydraulic retention time (HRT), mixed liquor 
suspended solids (MLSS) and solids retention time (SRT) are 4-6 hours, 2000 – 3000 mg/L, and 5-8 
days, respectively. For most applications primary clarification precedes the activated sludge process. 
 
 Table 4.1 provides a brief description of the phosphorus removal alternatives shown in 
Figures 4.1b through 4.1f and summarizes the factors that favor each of the alternatives. The 
conventional activated sludge process is suitable for both chemical and enhanced biological 
phosphorus removal processes. Site-specific conditions will determine which of these or a 
combination of these is most appropriate for cost-effective phosphorus removal.  The major factors 
that favor the selection of EBPR alone are a high influent BOD/P ratio and excess capacity in the 
aeration tank which may be used for the EBPR anaerobic contact zone.  A BOD/P ratio of 40 or 
greater would be needed to support EBPR alone.  On the other hand, a weak organic wastewater 
strength (BOD/P < 25) relative to the influent phosphorus concentration would favor chemical 
treatment.  In between these BOD/P ratios, a combination of EBPR and chemical addition is more 
likely to be appropriate.  
 

Activated sludge BNR systems are conventional activated sludge systems that already have 
process designs similar to those shown in Figure 4.1c through Figure 4.1f. In such cases, the 
alternative evaluation involves evaluating the existing process performance and determining process 
design or operating changes that can improve the level of phosphorus removal, if necessary.  It 
could involve modifying the tank sizes or internal recycle rates for Alternative (c) as shown in Figure 
4.1. Or it could involve adding chemicals to convert the existing activated sludge BNR process to 
Alternative (e) shown in Figure 4.1.  Depending on the cost of an exogenous carbon source the 
activated sludge BNR process could be converted to that shown in alternative (d) in Figure 4.1.  
Thus, alternatives for activated sludge BNR processes will be very site-specific and will depend on 
the operation and performance of the existing system. 
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Figure 4.1- Conventional Activated Sludge Phosphorus Removal Alternatives 
(PC-primary clarifier, SC-secondary clarifier, AT- aeration tank, WPS-waste primary sludge, 

WAS-waste activated sludge, AN-anaerobic tank, ANX-anoxic tank, IR-internal recycle flow) 
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Table 4.1 - Summary of Phosphorus Removal Alternatives for the Conventional Activated Sludge 
Process and Factors that Favor each Alternative 

 
Alternative Brief Description Favorable factors for alternative 

4.1b - Chemical 
Treatment only 

Al or Fe salts are added to the PC and 
SC for phosphorus precipitation 

-low influent BOD/P ratio 
-variable influent BOD with low influent rbCOD at 
times 
-secondary process has limited excess volume to 
enable adding EBPR anaerobic tank 
- can be easily and rapidly implemented 

4.1c –EBPR A portion of the aeration tank can be 
converted to a mixed anaerobic tank with 
a detention time of about 1.0 hour (hr) 

-the wastewater has a high influent BOD/P ratio 
- volume is available in existing aeration tank for 
conversion to an anaerobic contact zone.  

4.1d –EBPR with COD 
addition 

A portion of the aeration tank can be 
converted to a mixed anaerobic tank with 
a detention time of about 1.0 hour and 
an exogenous organic source such as 
sugar or acetic acid  (i.e. COD) is 
purchased and added to the anaerobic 
process 

-the cost of the exogenous carbon must be less than 
the cost of adding metal salts for phosphorus 
precipitation.  

4.1e -EBPR with 
chemical precipitation 

A portion of the aeration tank can be 
converted to a mixed anaerobic tank with 
a detention time of about 1.0 hour and 
chemicals are added to the PC and SC 

-the wastewater has a moderate influent BOD/P 
ratio and some variability 
- volume is available in existing aeration tank for 
conversion to an anaerobic contact zone.  

4.1f – EBPR with 
nitrification 

Nitrification is required in the activated 
sludge process so an anoxic contact zone 
is used to remove nitrate (A2O process is 
one option) 
-option can be used also with chemical 
addition 

-Sufficient influent BOD/P to promote effective 
EBPR treatment.  

 

4.1.2 Oxidation Ditch Activated Sludge Process 

The oxidation ditch activated sludge process (Figure 4.2 with phosphorus removal 
alternatives) was developed in Europe in the 1950s and was intended to be a simple, cost-effective 
process for small treatment facilities.  In contrast to the conventional activated sludge process, the 
oxidation ditch normally does not have primary treatment and has a relatively long aeration tank 
HRT and SRT, typically 24 hours and 30 days, respectively. Mixed liquor suspended solids 
concentrations are typically in the range of 3000-4000 mg/L and conservative hydraulic application 
rates have been used for the secondary clarifiers. The long liquid and solids retention times used 
provide a system that can handle wide variations in flow and loadings.  The process is designed to 
produce an aerobic well-stabilize sludge for land application.  However, based on today's 503 
biosolids regulations, the typical SRT used in oxidation ditches is not sufficient to meet a Class B 
biosolids classification.   
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Figure 4.2 - Oxidation Ditch System and Phosphorus Removal Alternatives 
(SC-secondary clarifier, AT- aeration tank, WAS-waste activated sludge, AN-anaerobic tank, 

ANX-anoxic tank, IR-internal recycle flow) 
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As in the conventional activated sludge process, the phosphorus removal alternatives include 
chemical precipitation alone, EBPR alone, EBPR with chemical precipitation, and EBPR with 
additional BOD added via the purchase of sugar or acetic acid or a waste source for BOD. Primary 
sludge fermentation is not a viable option for an additional volatile fatty acid (VFA) source, as the 
process does not normally have primary treatment. Table 4.2 provides a brief description of the 
phosphorus removal alternatives shown in Figures 4.2b through 4.2f and summarizes the factors 
that favor each of the alternatives. 
 

Two major considerations for the use of EBPR with the oxidation ditch are that an external 
anaerobic contact tank must be installed and the ditch must be operated to accomplish a high level 
of nitrate removal, so that minimal nitrate is added with the activated sludge recycle to the anaerobic 
zone located ahead of the ditch.  To accomplish nitrate removal, the oxidation ditch system must be 
operated with some type of dissolved oxygen (DO) control strategy. A typical approach is to use 
DO control methods that can vary the aeration output with influent loading changes, so that the 
DO concentration in the channel downstream from the aeration zone reaches zero within 50 to 75% 
of the ditch volume. This is done by locating a DO concentration probe at an appropriate location 
upstream of the zero DO concentration zone. The remaining downstream volume is anoxic and the 
mixed liquor consumes nitrate in lieu of oxygen. Another control method uses oxidation-reduction 
potential (ORP) control technology with an on/off aeration operation. 
 

Because of the longer SRT employed in oxidation systems the EBPR phosphorus removal 
efficiency for the oxidation ditch process is less than that for a conventional activated sludge 
process.  At the longer SRT more endogenous respiration occurs and less biological phosphorus 
removal is possible due to the lower net biomass production. Another factor that reduces the EBPR 
phosphorus removal efficiency for oxidation ditch processes is the effect of the variable loading 
normally experienced for smaller size wastewater treatment systems. In the late evening and early 
morning hours the influent BOD concentration is much lower than during the day and the lack of 
steady food decreases the efficiency of the PAOs.  This problem has been observed but is difficult 
to quantify in process models or design approaches. 

 
For Alternative (f) on Figure 4.2 the oxidation ditch system is converted to a conventional 

EBPR process with separate reactors for aeration, anaerobic contact (AN) and nitrate removal 
(ANX). This approach requires considerable modifications to the existing tankage and piping.  For 
the A2O system treatment scheme shown, the system SRT is lower than for the oxidation ditch 
operation.  Because of the lower SRT the system treatment capacity for the oxidation ditch 
conversion can be increased considerably, by 25 to 75%. This alternative is favored for design 
modifications that are intended to also increase the treatment system capacity in addition to meeting 
phosphorus removal requirements.  To meet the increased capacity other modification would be 
needed within the plant, and may include additional secondary clarification, headworks, and sludge 
processing tankage and equipment. 
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Table 4.2 - Summary of Phosphorus Removal Alternatives for the Oxidation Ditch 
System and Factors that Favor each Alternative 

 
Alternative Brief Description Favorable factors for alternative 

4.2b - Chemical 
Treatment only 

Al or Fe salts are added to the ditch 
influent and SC for phosphorus 
precipitation 

-low influent BOD/P ratio 
-variable influent BOD with low 
influent rbCOD at time 
-space and layout make it difficult to 
anaerobic tank for EBPR 
- can be easily and rapidly implemented 

4.2c -EBPR An external anaerobic tank with a 
detention time of about 1.0 hour 
(hr) is added before the ditch.  

-the wastewater has a high influent 
BOD/P ratio 
- site layout and space make the 
anaerobic tank addition feasible 
-the variability in wastewater load is 
minimal 

4.2d -EBPR with 
chemical precipitation 

An external anaerobic tank with a 
detention time of about 1.0 hr is 
added before the ditch. Chemicals 
are added to the ditch and SC 

-the wastewater has a moderate to high 
influent BOD/P ratio and some 
variability 
- site layout and space make the 
anaerobic tank addition feasible.  

4.1e - EBPR with COD 
addition 

An external anaerobic tank is added 
as in 4.2c and an exogenous organic 
source such as sugar or acetic acid is 
purchased and added to the 
anaerobic process 

-the cost of the exogenous carbon must 
be less than the cost of adding metal 
salts for phosphorus precipitation.  

4.1f - EBPR with 
nitrification 

The system design is changed to an 
A2O process  
-option can be used also with 
chemical addition 

-Sufficient influent BOD/P to promote 
effective EBPR treatment.  
-there is need to increase the treatment 
plant capacity as well 

 

4.1.3 High Purity Oxygen Activated Sludge Process 

The high purity oxygen (HPO) sludge process (Figure 4.3 with phosphorus removal 
alternatives) is a staged activated sludge process with its aeration tank consisting of 3 to 4 stages in 
series.  High purity oxygen is added to the first stage and the headspace gas and mixed liquor flow 
concurrently from stage to stage.  The high oxygen partial pressure in the headspace provides for a 
much higher oxygen transfer rate to the mixed liquor, and thus allows a higher treatment capacity 
per unit volume of aeration tank compared to that for the conventional activated sludge process.  In 
view of this the aeration tank HRT and SRT are much lower than conventional activated sludge, and 
are in the range of 1-2 hours and 2-3 days, respectively.  Because of the staged tank configuration 
the application of an EBPR process requires the addition of an external anaerobic contact tank as 
shown by alternative (c) in Figure 4.3. 
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Figure 4.3 - High Purity Oxygen Activated Sludge Phosphorus Removal Alternatives 
(PC-primary clarifier, SC-secondary clarifier, AT- aeration tank, WPS-waste primary sludge, 

WAS-waste activated sludge, AN-anaerobic tank, ANX-anoxic tank, IR-internal recycle flow) 
 
 
 
The phosphorus removal alternatives for the HPO activated sludge process (Alternatives (d) 

and (e) on Figure 4.3) are similar to that shown in Figure 4.1 for the conventional activated sludge 
process with the exception of Alternative (f).  Because the HPO activated sludge process is operated 
at a low SRT nitrification does not occur and thus there is no requirement for an anoxic reactor for 
nitrate removal.  The alternative descriptions and factors that favor each alternative are summarized 
in Table 4.3.  The lower operating SRT for the HPO activated sludge process provides for a slightly 
higher efficiency for EBPR. 
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Table 4-3 - Summary of Phosphorus Removal Alternatives for the HPO Activated 
Sludge Process and Factors that Favor each Alternative 

 
Alternative Brief Description Favorable factors for alternative 

4-3b - Chemical 
Treatment only 

Al or Fe salts are added to the 
PC and SC for phosphorus 
precipitation 

-low influent BOD/P ratio 
-variable influent BOD with low influent 
rbCOD at times 
- can be easily and rapidly implemented 

4-3c – EBPR An external anaerobic tank with 
a detention time of about 1.0 
hour (hr) is added before the 
aeration tank. 

-the wastewater has a moderate to high influent 
BOD/P ratio 
- site layout and space make the anaerobic tank 
addition feasible 

4-3d - EBPR with 
COD addition 

An external anaerobic tank with 
a detention time of about 1.0 
hour is added before the 
aeration tank and an exogenous 
organic source such as sugar or 
acetic acid is purchased and 
added to the anaerobic process 

-the cost of the exogenous carbon must be less 
than the cost of adding metal salts for 
phosphorus precipitation  

4-3e - EBPR with 
chemical precipitation 

An external anaerobic tank with 
a detention time of about 1.0 
hour is added before the 
aeration tank and chemicals are 
added to the PC and SC 

-the wastewater has a moderate influent 
BOD/P ratio and some variability 
- site layout and space make the anaerobic tank 
addition feasible 
 

 

4.1.4 Fixed Film Biological Treatment Processes 

Two types of commonly used fixed film biological treatment processes are used in the state 
of Minnesota.  These are the trickling filter process and the rotating biological contactor process 
(Figure 4.4).  These are both unsubmerged fixed film biological reactors that use rock (trickling filter 
only) or plastic packing material over which wastewater is distributed continuously.  Treatment 
occurs as the liquid flows over the attached biofilm and oxygen is supplied by aeration that occurs 
by natural convection or forced air with blowers. Primary clarification is normally used before either 
of these fixed film processes to prevent clogging of the media by influent debris and high solids 
concentrations. Secondary clarification is used for liquid-solids separation of the biomass and solids 
that continuously slough off of the fixed film packing material.  

 
The only alternatives shown for phosphorus removal (Figure 4-4b) with these fixed film 

processes is chemical precipitation with chemical addition to the primary and secondary clarifiers. 
An EBPR process is not feasible with the processes because the EBPR  process  requires that readily 
biodegradable COD (rbCOD) be in the influent wastewater added to the EBPR anaerobic contact 
tank.  For the fixed film systems the logical location for the anaerobic contact tank is directly 
downstream of the trickling filter or rotating biological contactors, which will have already removed 
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the rbCOD.  Thus there would not be sufficient carbon available for a successful EBPR operation.  
Therefore the alternative of choice is the use of chemical precipitation for phosphorus removal. 
 

 

 

 
 

Figure 4.4 - Chemical Precipitation for Trickling Filter (TF) and Rotating Biological 
Contactor (RBC) Processes 

 
 

4.1.5 Lagoon Treatment Process 

Lagoons are long-retention time (20-40 days) holding ponds that use natural processes for 
wastewater treatment.  Processes involved are biological oxidation, sedimentation, photosynthesis, 
and anaerobic degradation in the lagoon sediment layers. They may be non-aerated or facultative 
lagoons with an upper aerobic zone and bottom anaerobic zone, partially aerated, or fully aerated 
basins. They normally consists of at least two cells in series with the secondary cell(s) utilized for 
storage and final settling.  The secondary cell  is designed at a minimum of about 1/3 the volume of 
the entire lagoon system.  For primary cells, the state requirement is one acre of water surface for 
each 100-120 design population with a BOD loading of less than or equal to 22 lbs/acre-day. 
Typically, the cells should have sufficient capacity to store wastewater for a minimum detention 
period of 180 days to handle the winter season and transitory spring period. 
 

Chemical precipitation is the only feasible process for phosphorus removal for lagoon 
systems (Figure 4.5). Alum is the chemical of choice as it will assure a more stable alum phosphate 
precipitate in the lower pH zones in the lagoon sediment.  Because of the relatively long detention 
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time in the lagoon, alum can be added on a batch basis using motor boats which can also provide 
mixing with the alum addition. This approach can be managed to assure that the effluent discharge 
meets the phosphorus concentration requirement. In addition to this chemical feed equipment can 
be use to add alum on a flow-paced basis with the influent wastewater. 
 

 

 

 
 

 

Figure 4.5 - Chemical Precipitation is the Phosphorus Removal Alternative for Lagoons 
 
 
 

4.1.6 Trickling Filter/Activated Sludge Treatment Process 

A trickling filter/activated sludge (TF/AS) process is a combined biological treatment 
process that employs a fixed film trickling filter reactor ahead of the activated sludge (Figure 4.6). 
Normally the trickling filters are preceded by primary clarification to protect the media from debris 
and plugging due to high solids concentrations.  In most cases the trickling filter effluent is fed 
directly to the activated sludge process without intermediate clarification and the return activated 
sludge from the secondary clarifier is directed to the activated sludge aeration basin.  The most 
common application for the TF/AS process is for the trickling filter designed as a roughing filter for 
40 to 70% BOD removal.  This process is attractive for treating higher strength municipal 
wastewater with constant or seasonal industrial wastewater addition.  The trickling filter is an 
efficient, low-energy method for removal of BOD and also improves the sludge settling 
characteristics for the activated sludge process.  The activated sludge process provides a better 
quality effluent and efficient nitrification in contrast to operating a trickling filter system only.  A 
number of alternatives are shown in Figure 4.6 for upgrading the TF/AS process to phosphorus 
removal. Table 4.4 describes the various alternatives and summarizes factors that favor the particular 
alternative.  Alternative 4.6b is easy to implement and does not involve any changes in the TF/AS 
design or operation. 
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Figure 4.6 - Trickling Filter/Activated Sludge Process and Phosphorus Removal Alternatives 
(PC-primary clarifier, WPS-waste primary sludge, SC-secondary clarifier, TF-trickling filter, AT- 
aeration tank, WAS-waste activated sludge, AN-anaerobic tank, ANX-anoxic tank, IR-internal 

recycle flow) 
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 Table 4.4 - Summary of Phosphorus Removal Alternatives for the TF/AS Process 
and Factors that Favor each Alternative 

 

Alternative Brief Description Favorable factors for alternative 
4.6b - Chemical Treatment only Al or Fe salts are added to the 

primary and secondary clarifiers. 
-little BOD remaining after trickling filter to support EBPR 
-variable influent BOD with low influent rbCOD at time 
-space and layout make it difficult for an anaerobic tank for 
EBPR 
- can be easily and rapidly implemented 

4.6c – EBPR An anaerobic tank with a detention 
time of about 1.0 hour (hr) is added 
before the aeration basin. Ability to 
bypass the PC effluent to the 
anaerobic tank is provided 

-the wastewater has a high influent BOD/P ratio 
- site layout and space make the anaerobic tank addition 
feasible 
-excess capacity in aeration basin allows using a portion of it 
for the anaerobic contact zone 
-the variability in wastewater load is minimal 

4.6d - EBPR with chemical 
precipitation 

An anaerobic tank with a detention 
time of about 1.0 hour is added 
before the aeration basin. Ability to 
bypass the PC effluent to the 
anaerobic tank is provided. 
Chemicals are added to the primary 
and secondary clarifiers 

-the wastewater has a moderate to high influent BOD/P ratio 
and some variability 
- excess capacity in the aeration basin allows using a portion of 
the basin for the anaerobic contact zone 

4.6e - Nitification is required. 
EBPR only 

The activated sludge system is 
converted to an A2O process by 
dividing the existing basin or 
additional external tanks are added. 
Bypass of PC effluent to anaerobic 
contact zone is possible. 

-Excess tankage capacity is available in the existing aeration 
basin to use for anoxic and anaerobic tanks.   
 

4.6f - Nitification is required. 
EBPR with chemical 
precipitation 

The same conversion as in 4.6e but 
with chemical addition to primary 
and secondary clarifiers 

- Excess tankage capacity is available in the existing aeration 
basin to use for anoxic and anaerobic tanks. 
-Influent BOD/P is moderate to weak and variability is 
significant. 
 

  
 For Alternative 4.6c an EBPR process is incorporated into the TF/AS system. This 
approach could be attractive provided that there is excess capacity in the aeration tank so that a 
portion can be used for an anaerobic contact tank.  A consideration with regard to the simplicity and 
costs for such a conversion is the configuration or layout of the aeration tank.  If it is a plug flow 
basin, for example, the conversion can be simple and may only require the addition of a baffle wall 
and a mixer for the anaerobic contact zone.  
 

The potential for using an EBPR process in a TF/AS system depends on how much soluble 
BOD remains in the liquid after the trickling filter treatment. For high strength wastewaters, possibly 
due to industrial inputs, and for higher volumetric organic loadings to the trickling filter (lb 
BOD/1000ft3-d) more soluble BOD will be available for an EBPR process. Where the TF BOD 
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removal efficiency is too high, consideration should be given for bypassing a portion or all of the TF 
influent to the EBPR process.   

 
Alternative 4.6d is the same as Alternative 4.6c with the addition of chemical precipitation in 

the primary and secondary clarifiers. Compared to Alternative 4.6c, this alternative is attractive if the 
influent wastewater is weaker or more variable requiring the need for chemicals to offset a lower 
phosphorus removal efficiency from the EBPR process at times of lower wastewater strength. 

 
 The last two alternatives in Figure 4.6, Alternatives (e) and (f), are for applications where 
nitrification is required and EBPR is to be used for phosphorus removal. In this case an anoxic 
reaction zone is necessary for nitrate removal to minimize the amount of nitrate fed to the anaerobic 
contact zone. Thus these two alternatives are only feasible if there is sufficient excess tank capacity 
in the aeration basin to incorporate an anoxic zone.  If not, Alternative 4.6b is more favorable.  
Anoxic zone detention times for this A2O process application are in the range of 1.5 to 2.0 hours. 
The difference between alternatives 4.6e and 4.6f is the use of chemical additions in Alternative 4.6f, 
which would be favored for applications with a weaker and more variable influent wastewater 
strength. Both systems have bypass capability around the trickling filter to provide rbCOD to the 
anaerobic contact tank. 
 

4.2 PROCESS EVAUATION AND DESIGN PROTOCOL USED TO EVALUATE 

EXISTING FACILITIES 

The phosphorus removal alternatives presented in the previous section for each type of 
wastewater facility were investigated to determine which alternatives were feasible and which were 
preferred for each of the wastewater treatment facilities identified in this study.  All the alternatives 
involved either chemical addition alone, an EBPR process alone, or a combination of chemical 
addition and an EBPR process.  Chemical addition could be applied in some way to any of the 
different  type of  wastewater treatment  facilities, but the feasibility  of an  EBPR process  had to be 
investigated for each facility. Key issues for the phosphorus removal alternatives evaluations were as 
follows: 
 

• Is there sufficient volume available in the existing facility to accommodate an anaerobic 
contact tank needed for EBPR? 

• Is the plant layout and aeration tank configuration favorable for the installation of an 
anaerobic contact tank?  

• Can a sufficient amount of phosphorus removal be accomplished to justify the cost 
associated with installing an EBPR process in the facility? 

• For nitrification facilities, can the existing facility be modified to accommodate an anoxic 
tank for nitrate removal to enable the performance of an EBPR process? 
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To determine which of the possible phosphorus removal alternatives was most applicable 
for a given facility, it was necessary to develop conceptual designs so that a relative cost comparison 
could be done. All the conceptual designs were done with the goal of meeting current discharge 
permit effluent concentrations plus phosphorus removal to a monthly average target concentration 
of 1.0 mg/L or less. The conceptual designs determined required tank volumes, additional reactor 
mixing requirements, primary, secondary, and chemical sludge production rates, internal recycle rates 
where necessary, the acceptability of other unit process loadings such as secondary clarifiers, 
chemical dose requirements, the amount of biological phosphorus removal, and changes in alkalinity 
concentrations. The designs did not evaluate the existing aeration equipment and capacities.  

 
A conceptual design protocol was developed to evaluate the phosphorus removal 

alternatives, and it was applied to the different types of wastewater treatment facilities selected in 
this study.  The protocol and site specific conceptual designs were useful for identifying and 
incorporating key design information and assumptions, and the integration of primary treatment, 
secondary treatment, polishing filters where necessary, and recycle loads.  Commercial computer 
software packages based on International Water Association Activated Sludge Models are available 
but were not used due to their lack of flexibility for addressing the entire plant treatment system, and 
more importantly because of their inability to accurately model biological phosphorus removal 
without specific site calibration procedures.   

 
The protocol developed was based on providing broad based procedures to evaluate 

phosphorus removal at wastewater treatment plants for use throughout the State of Minnesota.  
This section presents a detailed description of the phosphorus removal alternatives protocol 
developed for this project. 
 

4.2.1 Alternative Evaluation Protocol 

The general protocol for the alternative evaluations is illustrated on Figure 4.7. The three 
basic types of phosphorus removal alternatives (EBPR plus chemicals, EBPR only, and chemicals 
only) are indicated and each has its own design pathway.  For many existing facilities, it was 
necessary to develop preliminary designs for all three basic approaches.  However, for plants with 
only trickling filters, rotating biological contactors or lagoons for secondary treatment, the chemical 
only alternative is the only applicable alternative as explained in Section 4.1.  The first step in the 
evaluation protocol for any of the phosphorus removal alternatives type was to obtain and organize 
the information shown under the key design inputs on Figure 4.7. Each of these is described, along 
with their relative importance on the design and performance of the phosphorus removal 
alternatives. 
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Figure 4.7 – Phosphorus Removal Alternatives Evaluation Protocol 
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4.2.1.1 Design Inputs 

 Plant layout and unit process sizing information was obtained on the treatment system layouts 
and unit process sizing and loadings from site visits and design summary documents.  These data 
were critical for eventually determining what reasonable facility modifications could be made, where 
chemical addition could be applied, and how the existing facility loadings and operation might affect 
the performance of EBPR and chemical treatment processes. 
 
 Influent wastewater characteristics are critical for the design and evaluation of any nutrient 
removal process. Table 4.5 lists the key influent wastewater parameters and their impacts on the 
phosphorus removal alternatives designs. The plant ultimate design flow rates were used for all the 
analyses.  The actual plant influent wastewater sampling and analyses results for the one-year period 
(e.g. October 2002-October 2003) were used to establish the design concentrations of the influent 
wastewater parameters.  Where data were lacking for critical influent wastewater constituents, 
assumptions were made based on the concentrations measured for other related parameters and the 
information provided on industrial wastewater sources.  In addition to influent flow rate, the main 
influent wastewater parameter affecting the chemical treatment design was the influent phosphorus 
concentration. As the chemical dose is directly related to the amount of phosphorus removed, 
higher influent phosphorus concentrations required a greater chemical consumption. Subsequently 
with more chemical consumption and chemical precipitation, a greater amount of chemical sludge is 
produced. 
 
 For the EBPR process alternatives many other influent wastewater parameters in addition to 
the influent phosphorus concentration are important in affecting the process design and expected 
performance. The most critical of these is the influent readily biodegradable COD (rbCOD), which 
is the dissolved biodegradable organic material that is quickly consumed by the phosphorus 
accumulating organisms (PAOs) in the anaerobic contact zone. For EBPR processes the rbCOD 
will be preferentially consumed by the PAOs, because the anaerobic contact zone is the first 
activated sludge reactor in which the influent wastewater is applied to the mixed liquor. The amount 
of phosphorus removal is directly proportional to the amount of rbCOD available for the PAOs.  
Information on the influent wastewater rbCOD concentration was not available for any of the 
facilities, as this is not a conventional parameter normally monitored at wastewater plants.  For final 
engineering designs for EBPR systems a sampling program is necessary to characterize the influent 
rbCOD concentration among other important wastewater characteristics.   
 
 In this project an alternative approach was needed to approximate the influent rbCOD 
concentration for the different facilities in this study. The rbCOD concentration was based on an 
estimate of the influent soluble BOD concentration. The soluble BOD test measures the 
biodegradability of a filtered sample that contains both truly dissolved and colloidal organic material. 
A value of 0.70 was used for the ratio of truly dissolved rbCOD to the soluble BOD concentrations, 
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Table 4.5 - Influent Wastewater Characteristics and Their Effect on 

Phosphorus Removal Alternatives 
 

Wastewater Parameter Impact On Ebpr Design 

 
Impact On Chemical Treatment 

Design 
 

Design influent flow rate All facility tank and equipment sizes Chemical dose 

Total CBOD5 
Secondary process tank sizes and equipment 
and sludge processing 

- 

TSS 
Increase secondary aeration tank size and 
more sludge production 

Increases sludge production for 
chemical treatment in primary 
clarifiers 

Total phosphorus Effluent phosphorus concentration possible 
Chemical dose and sludge 
production 

BOD/P ratio 
Lower phosphorus concentration generally 
found with higher BOD/P ratios 

- 

Readily biodegradable COD 
(rbCOD) 

More P removal as rbCOD increases - 

TKN/NH3 
Where nitrification is required, increased 
concentration can decrease EBPR efficiency 

- 

Loading variations 
High diurnal and daily variations can 
decrease EBPR efficiency 

- 

BOD/TKN 

For BOD/TKN ratios < ~ 4.0 insufficient 
nitrate removal occurs for systems with 
nitrification and the EBPR efficiency is 
lower 

- 

Temperature 
Increased tank volumes needed at lower 
temperature 

- 

 
 
 

which is a conservative assumption.  Though the influent soluble BOD concentration also was not 
measured for these facilities in this study, it could more easily be estimated based on knowledge of 
the industrial wastewater sources and characteristics.  A soluble BOD to influent total BOD ratio of 
0.25 to 0.40 is common for municipal wastewater plants receiving mostly domestic wastewater.  
Information on industrial wastewater inputs was available for most of the facilities in this study, and 
based on the type of industrial wastewater contained in the facility influent wastewater a soluble 
BOD concentration was estimated.  Thus, using this information, the soluble BOD concentration of 
the influent wastewater was estimated as some fraction of the total BOD concentration that was 
measured for each facility.  From this, a design rbCOD concentration was determined and used to 
evaluate the EBPR phosphorus removal efficiency.  This approach was useful to account for 
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different wastewater characteristics, but for an actual design appropriate wastewater characterization 
would be necessary.  
 
 Data was available for most of the facilities to enable a calculation of the influent wastewater 
BOD/P ratio.  For many full-scale EBPR systems the phosphorus removal efficiency has been 
generally correlated with the influent BOD/P ratio.  The influent BOD/P ratio was determined for 
each facility and was used as an indicator for the expected EBPR phosphorus removal efficiency.  
Reports on full-scale EBPR facilities have clearly indicated good phosphorus removal efficiency 
(effluent P < 1.0 mg/L) when the influent BOD/P ratio is greater than 40.  
 

Table 4.5 also indicates that the influent flow and loading variability can affect the EBPR 
phosphorus removal efficiency.  In Section 2, the negative effects of periods of low influent rbCOD 
concentrations on EBPR process performance was discussed.  It is necessary to note this is an 
important factor that affects phosphorus removal and EBPR processes, but the intensive influent 
wastewater characterization program needed to address this issue was beyond the scope of this 
study.  This factor was not addressed for the conceptual designs developed in this study and would 
have to be investigated further with more wastewater information when preparing final EBPR 
designs. 
 
 The influent TKN concentration is an important parameter related to EBPR process 
efficiency for systems in which nitrification is needed to meet an effluent ammonia concentration in 
the discharge permit.  In these systems an anoxic zone is used in the process to remove 85% or 
more of the nitrate produced. For wastewaters with higher TKN concentrations larger anoxic tank 
volumes are needed for nitrate removal.  To keep the EBPR process alternatives evaluation at a 
manageable level, only the A2O process was designed for systems with nitrification, but other 
nitrogen removal alternatives, such as the UCT processes and JHB process, would be considered for 
design optimization in any final engineering study. The influent BOD/TKN ratio is also an 
important wastewater characteristic parameter that can be related to the EBPR process efficiency.  
At BOD/TKN ratios below about 4.0, there is insufficient organic material for removal of most of 
the nitrate produced in a nitrification system. When that happens more nitrate remains in the system 
and is recycled to the anaerobic contact zone, where it has a negative effect on the EBPR process 
efficiency. The nitrate removes rbCOD in the anaerobic contact zone that could otherwise be 
consumed by the PAOs.  
 
 The discharge permit effluent concentrations for each facility for regulated parameters were used in 
the analysis with the addition of producing an effluent phosphorus concentration of 1.0 mg/L or 
less. For a few plants an effluent phosphorus concentration of less than 1.0 mg/L was already being 
met by chemical addition.  In these cases, the potential of an EBPR process modification was 
compared to the existing chemical treatment system.  A nitrification design was required for facilities 
with low ammonia effluent concentration permit values, which then required that the EBPR 
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preliminary design include the A2O process.  Discharge permits at a few facilities required low 
effluent TSS concentrations and in such cases polishing filters had been installed.  The effect of 
filtration was accounted for in the design alternatives as it improved phosphorus removal 
efficiencies by removing phosphorus associated with effluent suspended solids. 
 
 Information on the sludge processing methods was obtained and included in the evaluation of the 
EBPR removal alternatives.  The main impact concerned the release of phosphorus during 
processing waste activated sludge containing PAOs.  About 20 to 40% of the phosphorus removed 
by EBPR can be released in anaerobic or aerobic digestion processes.  If the digested sludge is 
dewatered on-site, the filtrate or centrate from the dewatering operation could result in a recycle 
stream that, in essence, adds an additional phosphorus load to the influent wastewater.  Sludge 
thickening processes that create anaerobic conditions can also result in phosphorus release and 
recycle for facilities with phosphorus rich waste activated sludge from EBPR processes. 
 
 The ultimate sludge reuse or disposal method was obtained for all the study facilities. This also was 
an important factor in evaluating the potential phosphorus removal efficiency of an EBPR process 
application.  Many of the facilities in this study were unique in that digested or process sludge was 
not further dewatered, but was instead held in holding tanks or lagoons prior to land application. 
With this practice, the release and return of phosphorus removed by an EBPR process was generally 
avoided. 

4.2.1.2 EBPR Design Components 

 Important key steps in the development of preliminary designs for the EBPR process 
alternatives are shown on Figure 4.7, but a comprehensive design approach for the primary and 
secondary liquid treatment processes was necessary in all cases.  The key steps for the EBPR process 
designs are the location and sizing of the anaerobic contact tank, selecting the design SRT, 
incorporating and sizing the anoxic tank for nitrate removal if nitrification is used, determining the 
amount of phosphorus removed by the EBPR process, and determining the final effluent 
phosphorus concentration.  For cases where the design procedure shows that the EBPR process 
alone can not meet effluent requirements, chemical treatment design steps are incorporated.  These 
involve determining the chemical dose for different chemical addition points and the amount of 
chemical sludge production.  Key aspects of these design steps are described here, and then the key 
assumptions and relationships used are described in more detail in Section 4.2.2 below. 
 
 The anaerobic contact zone tank size was based on a typical HRT of 1.0 hour. The plant layout, 
aeration tank configurations, and the potential for excess existing aeration tank capacity was 
considered to determine if the contact tank could be incorporated into an existing tank or if the 
construction of an external anaerobic contact tank was required. 
 

 



4-21 

 The design SRT was in important parameter for determining the required aeration volume 
needed. This was the first step towards determining the aeration volume requirements. It was 
controlled by one of two factors; the SRT needed for the PAOs or the SRT needed for nitrification.  
Both of these are a function of the wastewater temperature as shown in Section 4.2.2.  
 
 Once the SRT was selected, the required aeration tank volume was determined based on a 
solids yield which was a function of the wastewater characteristics and SRT and an assumed MLSS 
concentration.   EBPR processes produce very good settling sludge, so for the EBPR process design 
a MLSS concentration of 3,500 mg/L was used.  For the chemical only treatment systems, a lower 
MLSS concentration was used, typically within 2,500 to 3,000 mg/L. In both cases an adequate 
secondary clarifier design is assumed present.  
 
 An anoxic zone design was required for EBPR processes in which nitrification occurred.  The 
A2O process was the default system used for nitrate removal. For retrofit designs some portion of 
the existing aeration tank volume had to be used for an anoxic zone or additional external tank 
volume was required. The required anoxic zone volume was based on the amount of nitrate 
produced in the activated sludge system, the assumed nitrate concentration in the effluent (5-8 
mg/L), and a denitrification rates in the anoxic zone.  The amount of nitrate produced was the 
difference between the influent TKN and the nitrogen used for biomass growth (function of BOD 
removed) and the effluent ammonia nitrogen concentration.  The denitrification rate was 
determined using a common empirical relationship that correlates the specific denitrification rate (g 
NO3-N reduced/g MLSS-d) to the anoxic zone BOD food to mass ratio loading.  For oxidation 
ditch designs the anoxic zone occurs in a section of the ditch channel that is downstream of the 
aeration zone after the oxygen is depleted and the denitrification rate is driven by the endogenous 
respiration of the biomass.  A relationship was used to account for the denitrification rate for this 
type of nitrate reduction also (Tchobanoglous et al., 2003). 

 
The amount of biological phosphorus removal by the EBPR process was a major process design 

issue for assessing the feasibility and performance of the EBPR process design. The removal was 
related to the amount of rbCOD that was available in the anaerobic contact zone for given facility 
design and the system SRT.  The amount of rbCOD available in anaerobic contact zone was a 
function of the assumed value for the influent sBOD concentration and its fraction as rbCOD, the 
amount of rbCOD used to biologically reduce nitrate entering the anaerobic contact zone, the 
amount of rbCOD removed in processes prior to the anaerobic contact zone, and the amount of 
rbCOD produced from the biodegradation of particulate BOD material entering the anaerobic 
contact zone in the influent wastewater. Typical biomass growth yield and cellular phosphorus 
content values for PAOs were used for this calculation.  The calculated results agreed well with 
biological phosphorus removal efficiencies observed for full-scale facilities at similar influent 
BOD/P ratios.  
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 For most of the facilities, the secondary treatment process was preceded by primary 
treatment, which would not affect the rbCOD content of the influent wastewater as only particulate 
material was removed in the primary treatment step. However, for one type of facility, the trickling 
filter/activated sludge system (TF/AS), rbCOD is removed before the EBPR process.  For the 
TF/AS plants trickling filter BOD removal design models were used to determine the rbCOD 
remaining in the trickling filter effluent before the EBPR process.  The amount remaining was a 
function of the trickling filter volumetric organic loading; higher loaded trickling filters had less 
BOD removed and had less of an impact on the EBPR process.   
 

4.2.1.3 Chemical Treatment Design Components 

 The chemical treatment design approach was more straightforward than that required for the 
EBPR processes, and consisted of a mass balance between the chemical addition, the stoichiometry 
between the chemical added and phosphorus removed, and the phosphorus concentration after the 
chemical addition.  For the preliminary design analyses alum was used as the metal salts for chemical 
precipitation.  Similar types of treatment responses would also occur with iron addition, which is a 
viable precipitation alternative, and the cost comparisons would be similar. 
 
 The chemical dose in mg/L was based on the amount of phosphorus to remove with chemical 
precipitation, the equilibrium phosphorus concentration after the chemical reaction, and a 
relationship shown in Section 4.2.3 between the stoichiometric alum dose and equilibrium 
phosphorus concentration. Chemical addition was evaluated in general for two scenarios; for 
effluent polishing in the secondary process and for two-point addition, with chemical applied in 
both the primary clarifier feed and secondary treatment steps.  For chemical addition in the 
secondary treatment process, the chemical addition point to the mixed liquor stream was assumed to 
be just before the secondary clarifier.  When alum or ferric is added to the primary treatment step, 
the BOD and TSS removal efficiencies are increased at some proportion related to the chemical 
dose.  This effect was accounted for in the spreadsheet design approach.  Without chemical 
addition, typical primary treatment BOD and suspended solids removal efficiencies of 33 and 65%, 
respectively, were used. A relationship was used in the spreadsheet designs that increased these 
efficiencies as a function of the chemical dose. 
 
 The chemical sludge production was based on the stoichiometry between alum addition and the 
formation of aluminum phosphate and the formation of aluminum hydroxide. Where alum was 
added at the stoichiometric amounts for phosphorus precipitation, little hydroxide sludge would be 
formed.  Where it was added in excess of the stoichiometry amount needed for phosphorus 
precipitation, the amount of alum as aluminum hydroxide sludge was calculated. 
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 Alum or iron addition also results in alkalinity destruction.  The amount of alkalinity consumed 
due to alum addition was accounted for by the stoichiometric reactions of aluminum sulfate in water 
and the amount of alum added. 
 

4.2.2 Design Assumptions and Relationships Used in the EBPR Preliminary Process 

Designs 

Key design assumptions and equations used in the spreadsheet design procedures are 
summarized in this section.  The spreadsheet design followed the fate of BOD, rbCOD, suspended 
solids, nitrogen, phosphorus and biomass by mass balances to account for their consumption, 
production and concentrations. 
 

4.2.2.1 Design Solids Retention Time (SRT) 

The minimal design SRTs applied for the activated sludge design was based on that needed 
for EBPR, but if nitrification was required at the facility, it was based on that needed for 
nitrification.  The SRT required for nitrification is much greater than that needed for EBPR. The 
required SRT for both processes is a function of temperature.  For systems with just chemical 
treatment for phosphorus removal, and without the need for nitrification, a conventional SRT of at 
least 5 to 7 days was used for BOD removal. 
 

Based on reported SRTs for EBPR process operations, the following relationship (Equation 
1) was used in the spreadsheet designs to relate the required SRT to the operating temperature for 
the EBPR designs. At a temperature of 10°C the required SRT is 5.14 days, for example.  
 
EBPR SRT = (19.5)T-0.5793 (1) 
 
where:  T = temperature, oC 

 
The required SRT for nitrification designs was based on nitrification kinetics and accounted 

for the expected aeration tank dissolved oxygen (DO) concentration and the required effluent NH4-
N concentration as well as temperature and nitrification kinetics. The equations used to calculate the 
design SRT in the spreadsheet designs are shown below as Equations 3 and 4, for the specific 
growth rate as a function of the maximum specific growth rate for nitrifying bacteria, the half-
velocity coefficient, Kn, and decay coefficient, bn, as a function of temperature, the aeration tank 
DO concentration, the effluent NH4-N concentration, and safety factor (typically 1.5) for a 
completely-mixed single staged aeration tank.  For some facilities staged aerobic reactors may be 
present and the nitrification efficiency for these is greater.  However a single stage system was 
assume in this preliminary design analysis.  A more detailed nitrification design would be determined 
for a more detailed engineering analysis for a final design. The temperature dependence equation 
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(Equation 2) is given as follows.  Table 4.6 gives the temperature coefficient and 200C values for the 
key nitrification kinetic parameters.  
 

( )o
(T 20)

T 20 C
R R θ −=  (2) 

 
where: T  = temperature, oC 
  θ  = temperature correction coefficient 
  RT  = reaction rate at temperature T 
  R   = reaction rate at 20oC o20 C

 
Table 4.6 - Nitrification Kinetic Coefficients and Temperature Dependence 

 
Coefficient Definition 200C Value Temperature Coefficient, θ  

µm maximum specific growth rate, g/g-d 0.80 1.072 
Kn Half-velocity coefficient, mg/L 0.50 1.053 

bn 
Nitrifying bacteria decay coefficient, 
g/g-d 

0.17 1.029 

 
The specific growth rate at a given condition is given as follows: 

 =  + + 
m

m

µ N DOµ   -bn                                                                                       (3)
Kn N Ko DO

where: 
       µ = nitrifying bacteria specific growth rate, g/g-d
       µ = nitrifying bacteria maximum specific growth rate, g/g-d
       N = NH4-N concentration, mg/L
     DO = aeration tank dissolved oxygen concentration, mg/L
      Ko = DO half-velocity coefficient, mg/L
      bn = nitrifying bacteria endogenous decay coefficient, g/g-d

 

 
The design SRT is a function of the specific growth rate and a design safety factor.  A safety 

factor value of 1.5 was used for the analysis to account for variations in loading and operations 
variability.  
 

factorsafety SF      
 :where

(4)                                                                                                                    
µ
1SFSRT

=

=
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4.2.2.2 Aeration Tank Volume 

The required aeration tank volume is a function of the sludge production, SRT and MLSS 
concentration (Tchobanoglous et al, 2003), and was determined using the following two equations.  
The first equation determines the amount of daily sludge production in the aeration tank and the 
second determine the aeration volume as a function of the SRT and MLSS concentration. Typical 
design values were used for Y and b, of 0.60 g TSS/g BOD and 0.08 g/g-d.  The value of Xi varies 
with the level of pretreatment.  For primary treatment a value of 0.20 g inert TSS/g BOD (g/g) was 
typically used, and for no primary treatment a value of 0.50 g/g was used. With chemical addition to 
primary treatment a greater capture of inert solids occurs, so the Xi value in that case was 0.10 to 
0.15 g/g.  A key design assumption in Equation 6 is the MLSS concentration.   
 
 

= +
+

YPx Q(So)8.34 XiQ(So)8.34                                                                     (5)
(1 bSRT)

where:
       Px = sludge production, lb/d
       Y = synthesis yield, g TSS/g BODremoved
       b = endogenous decay coefficient, g/g-d
       Q = flow rate, MGD
       So = BOD removed, mg/L
       Xi = inert solids yield fraction, g nbTSS/g BODremoved
               nbTSS is non biodegradable influent TSS,mg/L

 

 
Px(SRT)V                                                                                                            (6)

MLSS(8.34)

where:
       V        aeration tank volume, Mgal
       SRT    solids

=

=
=  retention time, days

       MLSS  mixed liquor suspended solids concentration, mg/L=

 

4.2.2.3 Specific Denitrification Rate in Anoxic Zone 

The specific denitrification rate (SDNR) used to determine the nitrate reduction rate on the 
anoxic zones, and thus the size of the anoxic zones, based on the amount of nitrate fed to the 
anoxic zone and the MLSS concentration was based on a commonly used empirical equation 
(Tchobanoglous et al. 2003) shown as follows. This equation provides a more conservative rate but 
is adequate for this conceptual design approach. 
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SDNR     0.03(F/M) 0.029                                                                                        (7)

where: 
         F/M BOD food to mass ratio to anoxic zone based on activated sludge 

= +

=
                     influent loading, lbBOD/lb MLSS-day
      SDNR  specific nitrate utilization rate, g NO3-N/g MLSS-d=

 

 

4.2.2.4 Phosphorus Removal Stoichiometry 

The amount of phosphorus removed by the EBPR process in mg/L was based on the 
rbCOD consumption, the biomass growth of the PAOs, and the phosphorus content of the PAOs, 
which was related to the activated sludge SRT, as shown by Equations 8 and 9. The effect of SRT 
on the phosphorus content of the PAOs was done empirically to account for the fact that EBPR 
processes are less efficient at longer SRT. At short SRTs the phosphorus content of the PAOs was 
25% based on dry weight.  
 

PAOs
PAO

PAOs

PAO

Y(rbCOD removed, mg/L)Q(8.34)R                                                              (8)
(1 b SRT)

where: 
        R  rate of PAO biomass production, lb/d
          b endogenous decay

=
+

=
=  rate of PAOs, g/g-d

 

 

(9)                                                       
Q

]0.002(SRT)-[0.25Rmg/L  removal,P Bio PAOs=  

 
The amount of phosphorus removal due to heterotrophic biomass synthesis was also 

calculated based on the influent BOD removal, other than the rbCOD taken up by the PAOs.  The 
same synthesis yield and endogenous decay coefficients, as shown in Equation 5, were used to 
determine the biomass production rates. The phosphorus content of the heterotrophic biomass was 
assumed to be 1.5%, based on dry weight. This synthesis phosphorus removal pathway was also 
applied in the chemical treatment only systems to account for phosphorus removal by biomass 
production. 
 

For some designs with high influent BOD/P ratios, the amount of phosphorus removed by 
the EBPR process was greater than the amount of soluble phosphorus in the influent to the EBPR 
process.  For these cases, a soluble phosphorus concentration of 0.30 mg/L was assumed. 
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Biological phosphorus removal does slightly increase sludge production above that normally 
observed for BOD removal. Besides the amount of phosphorus removed certain cations (K, Mg, 
and Ca) are also contained in the biomass such that the total amount of these cations is equal to the 
equivalence of phosphorus removal. The resulting sludge production due to phosphorus and cation 
removal is 1.93 g biomass/g P removed. This does not show up as a sludge handling problem or 
additional cost, because the overall sludge resulting from EBPR processes is denser and thickens 
more readily. 

 

4.2.2.5 Trickling Filter Removal of rbCOD 

Tricking filter design procedures described in Tchobanoglous et al. (2003) were used to 
calculate the amount of total and soluble BOD removed by the existing trickling filters in the 
facilities with TF/AS processes. In this approach the settled BOD for the trickling filter effluent is 
calculated using Equation 10.  The effluent soluble BOD is based on the assumption that 50% of 
the settled BOD is soluble. Where intermediate clarifiers are not used the solids degradation and 
biomass production is accounted for to estimate the solids load to the activated sludge process. The 
degradation coefficient was corrected for temperature, media depth, and influent wastewater BOD 
concentration according to the procedures in Tchobanoglous et al. (2003) and these correction 
relationships are included here in Equations 11 and 12, respectively.  
 

n(-kD/q ) Se Soe                                                                                                          (10)

where: 
             Se settled effluent BOD, mg/L
             So influent B

=

=
=

0.5 2

2

OD, mg/L

              k treatability coefficient, gpm /ft
              D media depth, ft

              q  hydraulic application rate, gpm/ft
              n hydraulic coefficient, 0.50

=
=

=
=

 

 

= Θ

=

T-20
20

0 0.5
20

k k ( )                                                                                                              (11)

where: 

             k treatability coefficient at 20 C, 0.071 gpm /ft
=

2

                Θ temperature coefficient, 1.035
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=    

   

0.5 0.5

2 1
2 2

2

20 150k k                                                                                                  (12)
D S

where: 

               k = treatability coefficient corrected for d

2

2

site 

0.5 2

0.5 2
1

epth and influent BOD, gpm /ft

               k = treatability coefficient, k, gpm /ft
                D = media depth, ft
               S = site trickling filter influent BOD concentration, mg/L

 

 

4.2.3 Design Assumptions and Relationships Used in the Chemical Treatment Preliminary 

Process Designs 

The relationship used in the spreadsheet design approach to determine the chemical doses 
for phosphorus removal and effect on the primary clarifier BOD and suspended solids removal 
efficiency are described.  

 

4.2.3.1 Alum Dose  

It is well established that the molar ratio of alum to phosphorus increases at lower soluble 
phosphorus concentrations due to reactions forming aluminum hydroxide. Based on literature 
values, a relationship between the molar alum to P ratio versus soluble P concentration was 
developed and is shown on Figure 4.8.  The figure shows that at above a soluble phosphorus 
concentration of 1.0 mg/L the molar Al/P ratio approaches the stoichiometric value of 1.0 for the 
formation of AlPO4. The relationship in Figure 4.8 was fitted with an equation that was used in the 
design spreadsheets to calculate the alum dose as a function of the soluble P concentration after the 
alum addition points. For alum addition in the primary clarifier step, for example, the procedure was 
as follows: 1) the amount of phosphorus removed by chemical precipitation in mg/L is selected, 2) 
this was subtracted from the influent phosphorus concentration to obtain the final soluble 
phosphorus concentration, and 3) the relationship in Figure 4.8 was used to calculate the alum dose 
by using the Al/P ratio at the given soluble P concentration and multiplying it by the phosphorus 
removed. The dose as alum was determined from the molar Al amount by multiplying it by the 
molecular weight of alum (666) and dividing it by the molecular weight of aluminum (27). The 
equation in the spreadsheet model used to represent the relationship in Figure 4.8 was as follows: 
 

=

=

-0.4437Molar Al/P ratio 1.75(P )                                                                                 (13)

where: 
            P soluble phosphorus concentration, mg/L
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Figure 4.8 - Alum Dose as Molar Al/P Ratio versus Soluble P Concentration 
 

4.2.3.2 Alum Sludge Production and Alkalinity Consumption 

Based on a stoichiometric balance for the formation of aluminum phosphate precipitate with 
alum or aluminum hydroxide the chemical sludge production was calculated based on a ratio of 3.93 
g sludge/g P removed by alum and 0.23 g aluminum hydroxide sludge/g of alum used.  The 
alkalinity consumption was 0.45 g alkalinity as CaCO3 used per g of alum applied.   
 

4.2.3.3 Effect of Alum Dose on Primary Treatment Efficiency 

Alum addition improves flocculation in primary clarifiers which increases the BOD and TSS 
removal efficiencies.  Based on reported removal efficiencies a relationship between the alum dose 
and BOD and TSS removal efficiencies was developed and used in the spreadsheet designs to 
determine the primary effluent BOD and TSS concentrations as a function of the influent 
wastewater characteristics and chemical dose.  The equations used are as follows:  
 
EBOD    EBODo(0.0065Al  1.0)                                                                             (14)
where: 
                    Al alum dose, mg/L
            EBOD BOD removal efficiency with

= +

=
=  alum added, %

          EBODo  BOD removal efficiency with no alum added, 33%=
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ETSS    ETSSo(0.0021Al  1.0)                                                                                 (15)
where: 
                  Al alum dose, mg/L
            ETSS TSS removal efficiency wi

= +

=
= th alum added, %

          ETSSo  TSS removal efficiency with no alum added, 65%=

 

 
At an alum dose of 150 mg/L, for example, the BOD and TSS removal efficiencies are 

estimated to be 65 and 85%, respectively.  At high alum dose the upper limit for the BOD and TSS 
removal efficiencies was set at 70 and 90%, and the primary effluent and influent soluble BOD 
concentration remained equal.   
 

4.3 BASIS FOR PRELIMINARY COST ESTIMATES 

 Based on the variation in treatment processes, plant size and plant loadings, a select number 
of phosphorus removal techniques were considered for retrofitting the MESERB plants.  As 
discussed previously in this section, phosphorus removal at treatment plants is typically achieved by 
two technologies, EBPR and chemical treatment.  Capital and operations and maintenance (O&M) 
costs are factors along with the technical feasibility of a specific treatment scenario that was used in 
the evaluation of phosphorus removal alternatives.   
 

The preliminary costs presented in Section 5 are based on the conceptual designs of 
biological and chemical precipitation (treatment) systems to meet an effluent phosphorus target of 1 
mg/L.  The costs are planning level estimates developed to evaluate the different alternatives, to 
provide a framework to allow comparison of relative costs, and to assist individual plants to further 
investigate viable phosphorus removal options.  The cost estimates are based on a compilation of 
cost information from USEPA reports, trade journals, vendor’s quotes and internal project data.   
 

Included in this section are a description of the capital cost elements for the EBPR and 
chemical precipitation systems, a summary of the annual cost factors associated with the budgetary 
O&M costs, and a discussion of the preliminary cost estimate methodology used to develop capital 
and annual costs for the phosphorus removal alternative for each wastewater treatment plant. 

 

4.3.1 Capital Costs 

 The preliminary capital costs included component costs (installed equipment cost and 
miscellaneous structures), non-component costs (piping, electrical, instrumentation and site 
preparation) and non-construction costs (engineering and construction supervision, contractor profit 
and contingencies).  The capital costs assumed that land needed for siting any new tankage was 
already owned by the municipality and the cost to acquire land was not included.  Potential costs 
items that were not taken into account in this evaluation included the following factors: specific site 
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conditions such as land acquisition, layout constraints for tanks, equipment or piping; treatment 
system upgrades due to normal tank or equipment wear or age; chemical requirements for alkalinity 
consumption; additional sludge handling and disposal equipment for chemical phosphorus removal; 
and potential hydraulic constraints such as limited capacity of existing pumps and/or piping or the 
potential impact of additional tanks or equipment on the existing hydraulic profile or piping routes.  
All dated cost information was scaled up to present day costs using Engineering News Record 
(ENR) Construction Cost Index (CCI - 20 city average) for October 2004 (ENR CCI = 7314).  RS 
Means and recent vendor information were considered current and not scaled up.    
 

The potential impact of the chemical sludge generated from chemical treatment for 
phosphorus removal on sludge handling and disposal operations was reviewed for several plants.  
The preliminary analysis considered both the combined EBPR and chemical addition process and 
chemical addition only.  The analysis indicated that the increase in waste sludge from chemical 
treatment would range between 5 and 25 percent for the plants based on design flows and loadings. 
Sludge handling design parameters such as anaerobic digester residence time of 15-20 days, sludge 
thickening to 4 to 5 percent and the periodic return of supernatant from the digester or sludge 
storage tank were used to assess the need for additional sludge handling tanks or equipment.  The 
screening analysis concluded that the estimated chemical waste sludge would have a minor impact 
on sludge handling and disposal operations.  Based on this assessment, the cost for additional sludge 
handling and/or disposal operations was not included in the preliminary cost analysis presented in 
Section 5.  Similar to the wastewater analysis wastewater, future consideration of phosphorus 
removal for any treatment plant must include a detailed review of the existing sludge handling 
operations and the potential impact of increased waste sludge from chemical treatment on sludge 
disposal.     
 

While additional alkalinity may be required, the cost for feed equipment was not included in 
this conceptual design analysis for the phosphorus removal options.  This cost would be included 
during any detailed engineering analysis of chemical feed systems for a specific plant.   
 
 The capital cost components associated with EBPR include tankage (new tankage or baffling 
of existing tankage if excess capacity is available), mechanical mixing in the form of surface or 
submersible mixers and recycle pumping.  Tankage requirements assumed the need for both 
anaerobic and anoxic zones, however, the anoxic zone was only required for plants that nitrify.  A 
detention time of 1 hour was used for the anaerobic and anoxic tank sizing.  For plants with 
sufficient excess capacity, a retrofit of the existing tankage is the most cost effective means to 
convert a plant to EBPR.  This would include tank baffling, installation of mixing equipment in the 
unaerated portions of the biological system for an anaerobic zone and effluent recycle pumping.  
Plants with limited air distribution control would require air system modifications to regulate air 
flow to individual treatment zones. For plants without sufficient excess tank capacity, new tanks 
would be required.  Unit costs for tankage retrofit costs ranged from $10 to $20 per square foot of 
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baffle wall/curtain installed.  New tankage costs had a wide range from $0.31 per gallon for concrete 
tanks greater than 5 MG to $1 to $2 per gallon for steel tanks less than 0.05 MG. 
 
 Mixing and recycle horsepower requirements were assumed at 50 hp per million gallon of 
tank volume and 200 percent (of influent flow) recycle at 10 feet of head, respectively.   Mixing 
could be accomplished using either top entering, bridge mounted mixers or submersible style mixers 
with submersible mixers commonly used for EBPR.  Pumped-flow mixing systems would also be 
available but were more expensive than mechanical mixers (and were not considered in this cost 
analysis) but may be more cost competitive as the required recycle flow increases.   Mechanical 
mixing equipment costs were on the order of $1,000 to $2,000 per horsepower.  Recycle pumping 
equipment costs ranged from $6,500 to $5,000 per MGD of pump capacity.  
 

 Chemical treatment capital costs included the feed equipment, storage tank and chemical 
treatment building.  The largest portion of the equipment (bare) cost was the building (60-65%) used 
to house the chemical storage tanks and the feed equipment.  A building cost of $92 per square foot 
was used for the chemical feed building.  Storage tank costs varied from $6,500 to $40,000 while 
feed equipment costs based on a vendor quote ranged $19,000 to $25,000 for 1 and 10 MGD plants, 
respectively.   
 

4.3.2 Operation and Maintenance (O&M) Costs  

 The operation and maintenance costs included the cost for chemicals, power, labor, and 
chemical sludge disposal.  Chemical costs included chemicals required for chemical precipitation as 
well as EBPR.  Liquid alum costs (delivered) ranged from $0.06 to $0.20 per pound of liquid while 
local ferric chloride costs ranged from $0.14 to $0.21 per pound of liquid plus the cost of 
transportation.  Screening of chemical costs for alum and ferric chloride indicated similar costs for 
either coagulant.  Alum is safer to handle and less corrosive than ferric chloride and alum was 
selected as the appropriate chemical for the chemical precipitation alternative.  The use of ferric 
chloride may be more favorable than alum in some cases e.g., when waste pickle liquor is available 
locally or complex sludge handling is practiced.  Both coagulants should be investigated during the 
detailed design of chemical phosphorus removal facilities.  The alum cost selected for plant design 
O&M costs was assigned at $0.10 per pound.  Based on wastewater characteristics and process 
kinetics, EBPR may require the addition of alkalinity.  Alkalinity costs were based on the use of soda 
ash at a cost of $0.303 per pound of alkalinity.   
 
 Energy requirements were based on the mixing/pumping horsepower required for EBPR 
only.  Mixing requirements were based on 50 hp per million gallons of tank volume while recycle 
pumping requirements were based on 200 percent of influent flow at a head of 10 feet.  Power 
requirements for chemical feed equipment were found to be minor and, therefore, not included.  
Electrical rates for commercial customers and how they are applied vary greatly from place to place 
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(i.e., straight use vs. base use plus demand charge).  In lieu of a detailed electrical cost review, the 
electrical rate used for economic review was taken as $0.08 per kilowatt-hour.  An additional energy 
requirement that was not considered in the O&M costs but should be included in a detailed 
engineering analysis, is chemical storage building heating. 
 

Labor rates for MESERB plants based on conversations with plant operators ranged from 
$16 to $25 per hour.  A labor rate of $20 per hour was assumed for O&M analysis.  Local MESERB 
plant labor rates that may be higher should be scaled up accordingly. 
 
 The cost of biosolids disposal was also an important factor in the selection of a phosphorus 
removal alternative.  Nearly all of the MESERB study plants use land application for biosolids 
disposal.  Grand Rapids was the only plant that practiced landfilling of biosolids.  Since Grand 
Rapids owns and operates the landfill their biosolids disposal costs were the lowest ($36 per dry ton) 
of any of the plants that provided disposal cost information.  A review of the plants land applying 
biosolids indicated a range in costs from $120 to $200 per dry ton with an average cost of $180 per 
dry ton. 

4.3.3 Methodology for Preliminary Cost Estimates 

This section presents a discussion of the methodology used to estimate the preliminary 
budgetary capital and O&M costs for retrofitting the existing wastewater treatment plants for EBPR 
and/or chemical treatment processes.  The three cost curves presented are for the preliminary 
capital and O&M costs for the EBPR process, and for the preliminary capital costs for chemical 
treatment.  The cost curves are presented as a function of plant design flow rate and are based on 
September 2004 US dollars.  

 
Figure 4.9 presents the preliminary capital costs for retrofitting the A2O and AO biological 

processes into existing plants to convert these treatment plants to an EBPR process.  These 
processes were discussed in detail in Sections 4.1 and 4.2.  The cost curves presented on Figure 4.9 
represent the addition of external tankage and equipment for plant conversion to the A2O process 
and two scenarios for AO process conversion, new external tankage and retrofit of existing tankage 
with internal baffling.  The A2O process is for those plants that are currently nitrifying or will be 
required to nitrify.  The cost curve for this option assumes conversion will require external tankage 
for both anoxic and anaerobic treatment.  The A2O process option assumed a 1.0 hour anaerobic 
and 1.0 hour anoxic zone detention times, 200% activated sludge process effluent recycle and new 
external tankage.   
 

The cost curve for the second biological scenario, the AO process, was developed for those 
plants that do not have to nitrify.  Two cost curves are presented for the AO process.  The cost 
curves were based on conceptual designs of the AO process using a 1.0 hour anaerobic zone 
detention time.  The upper curve labeled “AO Retrofit w/External Tanks” is for those wastewater 
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treatment plants whose existing tank capacity is limited and new external tankage would be required 
for process conversion to EBPR.  The lower curve labeled “AO Retrofit w/ Existing Tanks 
Baffled” is for those treatment plants whose aerobic biological process has enough excess capacity 
to convert a portion their existing tankage to an anaerobic zone with a 1.0 hour detention time.  In 
this case, a portion of the tank would be isolated with a baffle wall, air supply to this zone would be 
turned off and mechanical mixing would be added to keep the mixed liquor in suspension.  In all 
three scenarios presented, a mixing requirement of 50 hp per million gallons of unaerated tankage 
was assigned in the conceptual designs. 

 
As shown on Figure 4.9, the A2O process would have the highest capital cost based on the 

larger tank volumes and mixing required and the extra recycle pumping that is required of the A2O 
process.  Based on the fact that tank baffling is a fraction of the cost of new external tankage, the 
lowest capital costs would be for the AO process utilizing available tankage at the plants. 
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Figure 4.9 – Preliminary Budgetary Retrofit Capital Costs – Enhanced Biological Phosphorus 

Removal 
 

 
The EBPR process O&M costs are summarized on Figure 4.10 as a function of plant design 

flow.  The cost curves are presented in a similar manner as the preliminary capital costs.  The costs 
include electric costs for the installed equipment to provide the horsepower for mixing and recycle, 
as applicable, and the labor cost estimated at two percent of the retrofit capital cost.  The A2O 
process would have the highest estimated O&M cost based on the larger equipment required.  The 
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AO design scenarios would have identical electric costs since they would have the same installed 
equipment requirements but the labor would be lower for a baffled system. 
 

Preliminary capital cost for chemical treatment is presented on Figure 4.11 as a function of 
design flow.  It represents the line of best fit for either one or two stage chemical addition.  The cost 
curve was developed from the sources of chemical costs previously discussed.  The cost includes 
feed equipment and chemical storage facilities with allowances for piping, instrumentation, electrical 
and site work as well engineering, profit and contingencies.   

 
 The annual O&M costs for chemical treatment were based on three cost factors, chemical 
requirements, labor and sludge disposal costs.  Power requirements for feed equipment were 
estimated to be minor.  Chemical costs include alum addition and alkalinity replacement. Calculated 
alum requirements to meet effluent phosphorus goals were used assuming alum costs at $0.10 per 
pound.  When alum addition resulted in alkalinity consumption in excess of 100 mg/L, the need for 
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Figure 4.10 – Preliminary Budgetary O&M Costs – Enhanced Biological 

Phosphorus Removal 
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Figure 4.11 – Preliminary Budgetary Retrofit Capital Costs – Chemical Precipitation 
 
 
supplemental alkalinity addition was recognized. Soda ash was used for supplemental alkalinity at a 
cost of $0.303 per pound of alkalinity as CaCO3. Costs for soda ash were based on replacing the 
portion of alkalinity above 100 mg/L.  Increased sludge disposal costs for chemical precipitation 
were based on calculated alum sludge production and a sludge disposal cost of $180 per ton.  Labor 
costs were based on operational hours estimated for chemical treatment and a labor rate of $20 per 
hour. 

 
A present worth cost analysis was used to compare the retrofit cost for the phosphorus 

removal alternatives for each plant to illustrate the most cost effective alternative for each site.  The 
present worth represents the equivalence of any future amount to any present amount.  In this case, 
the present worth cost was used for the O&M cost for each alternative.  The analysis considered a 
20-year time period and an average interest rate of 5 percent which was based on December 2004 
Minnesota municipal bond information.  Total present worth cost was the sum of the capital cost 
and the O&M present worth cost.  The analysis is discussed in Section 5 for each treatment plant. 

 

4.4 COMPARISON OF USING FERMENTATION TO ALUM ADDITION TO 

INCREASE PHOSPHORUS REMOVAL  

As was discussed in Section 2.3, many facilities using EBPR processes can provide a 
significant amount of phosphorus removal, but may not have enough influent rbCOD to remove 
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phosphorus to a concentration below 1.0 mg/L without some type of chemical addition. There are 
three options available for providing additional chemicals for phosphorus removal. The options are: 
 

• Providing VFA from an on-site fermenter using primary clarifier sludge; 
• Purchasing rbCOD via sugar or acetic acid; and 
• Purchasing alum to remove additional phosphorus by chemical precipitation. 

 
 The chemical addition alternatives were evaluated using the current cost of $0.18/lb of sugar 
addition and $0.10/lb of alum addition. For sludge fermentation, the main cost is the capital cost of 
the fermenter in contrast to operating costs for chemical addition.  The capital cost was estimated 
for fermenters for different plant sizes and then was converted to an equivalent annual operating 
costs based on a present worth calculation using 5% interest for a 20 year period.  The fermentation 
unit was designed based on the following conditions, which are representative of fermenter 
applications in EBPR systems: 
 

1. Influent TSS concentration of 200 mg/L to primary clarifier and 65% TSS removal 
efficiency; 

2. Solids thickening to 3% concentration in the primary clarifier; 
3. A 3-day SRT for sludge fermentation in a gravity thickener;  
4. A VFA production of 0.15 g VFA/g TSS applied; 
5. An elutriation efficiency of 70% for return of VFA to the influent of the EBPR anaerobic 

contact zone; and 
6. A ratio of 12 pounds (lb) of P removed per pound of additional VFA to the EBPR process. 
 

The required fermenter volumes would range from 9,000 gallons for a 1 MGD plant to 
90,000 gallons for a 10 MGD plant. The cost analysis and design did not include odor control 
facilities.  

 
Using the cost estimates and the estimate for the additional P removal per mg of VFA 

produced, the cost of P removal in $/lb was determined as a function of plant size.  This is 
compared to the cost of adding alum for P removal at a $0.10/lb of alum.  The alum dose was 
assumed at 1.0 mole Al/mole of P.  
 

Sugar or acetic acid can be purchased to provide rbCOD for EBPR.  Sugar is less expensive 
than acetic acid and was used as the preferred exogenous carbon source to improve biological 
phosphorus removal.  Its cost was estimated at $0.18/lb and the necessary dose was at 12 lb 
phosphorus removed per lb sugar added, similar to VFA addition.  
 

 

The cost comparison between alum addition, sugar addition, and the investment for a 
fermenter installation is shown in Figure 4.12.  For a plant size below 5.0 MGD, alum addition is 
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clearly much less expensive than the cost of phosphorus removal by obtaining COD from a sludge 
fermenter. However, the cost of phosphorus removal using COD from a fermenter becomes more 
competitive compared to purchasing alum to improve phosphorus removal as the plant size 
increases. At a 10 MGD plant size, the cost of using fermentation is about 72% of that for alum 
purchase, and, at a 20 MGD plant size, the cost is about 55% of purchasing alum.  However, these 
costs do not include the cost for odor control and maintenance costs related to the fermenter 
operations.  The cost comparison also shows that the addition of sugar or acetic acid is more 
expensive than using alum for phosphorus precipitation. 
 

Based on this preliminary cost analysis, fermenters were not considered in the conceptual 
design evaluations for retrofitting the selected wastewater treatment facilities as many of the plants 
were below the 10 to 20 MGD plant sizes.  Also, if there were a cost savings by using fermentation, 
the magnitude in the savings was not sufficient to offset other cost uncertainties related to odor 
control and plant operations.  It should also be noted that less than 10% of EBPR systems 
throughout the country use fermenters. 
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SECTION 5 

5 PLANT EVALUATIONS 

This section presents a summary of the treatment analysis conducted on phosphorus 
removal alternatives for each treatment plant.  The section is divided into eight subsections based on 
the different biological treatment processes. Within each category, a summary of the phosphorus 
removal analysis is presented for each treatment plant.  The summary includes plant operations and 
performance analysis, design modifications used for phosphorus removal analysis and an evaluation 
of the different phosphorus removal options based on technical and economic considerations. 

 

The purpose of the analysis was to evaluate appropriate phosphorus removal systems that 
were cost effective, met a monthly average phosphorus discharge target of 1 mg/L (the most 
stringent effluent concentration specified in current MPCA regulations) and would have application 
to a wide range of treatment plants in the State.  Conceptual designs were developed for each facility 
so that the performance of possible phosphorus removal alternative could be evaluated and relative 
cost determined.  The conceptual designs determined required tank volumes, additional reactor 
mixing requirements, primary, secondary, and chemical sludge production rates, internal recycle rates 
where necessary, the acceptability of other unit process loadings such as secondary clarifiers, 
chemical dose requirements, the amount of biological phosphorus removal, and changes in alkalinity 
concentrations. 

 

The basis for the evaluation was the plant data collected from the screening forms and site 
visits in September and October 2003.  The plant data reviewed included the completed screening 
forms which summarized plant operating data and treatment sizes discharge monitoring reports for 
one year (October 2002-September 2003) NPDES permit; plant design data from plant records and 
engineering reports on design flows and loadings, treatment unit sizes and process flow diagrams 
and information received during the site visits and follow up calls with plant personnel.   

 

Monthly averages of the plant data were used for the influent and effluent characterization, 
biological process design data summaries, and plant performance evaluations.  The influent and 
effluent characterization included the following conventional parameters: wastewater flow in million 
gallons per day (MGD), carbonaceous 5-day biochemical oxygen demand (CBOD5), total suspended 
solids (TSS), ammonia nitrogen (NH4-N), nitrite and nitrate nitrogen (NO2-N and NO3-N), total 
phosphorus (TP), temperature, and pH. 
 

Plant information and the data analyses for each plant are summarized in Appendix 2.  
These summary tables are divided into the following categories: Plant Design Parameters including 
flows, CBOD5 and TSS loadings, overflow rates and detention time, treatment unit sizes and sludge 
handling; NPDES Permit Limits and Requirements; Biological Secondary Treatment Process Design 
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Information; Wastewater Characterization (influent and effluent); Plant Performance (as percent 
removed); and Probability Analysis of key wastewater parameters (e.g., TSS, CBOD5, TP, NH4-N, 
NO3-N).  These data were the basis for the phosphorus removal alternatives analysis.  Key 
parameters from these tables such as food to microorganism ratio (F/M), mixed liquor suspended 
solids (MLSS), hydraulic residence time (HRT) and solids retention time (SRT) were used in the 
analysis and are summarized in tables in the discussion of phosphorus removal options for each 
plant.   

 
Conceptual designs were developed of appropriate phosphorus removal treatment systems 

to evaluate the effectiveness of retrofitting the existing treatment plants to meet a phosphorus 
discharge target of 1 mg/L in the final effluent.  Process design parameters and the process 
evaluation protocol developed in Section 4 served as the basis for the evaluation of the phosphorus 
removal options.  Two basic phosphorus removal treatment systems were considered in this 
analysis, enhanced biological phosphorus removal (EBPR) and chemical treatment.  The 
phosphorus removal options include a no action alternative, source control, enhanced biological 
phosphorus removal (EBPR), chemical treatment, and a combined EBPR and chemical addition 
system.   

 
Preliminary budgetary capital and operation and maintenance (O&M) costs were developed 

for each alternative based on cost information discussed in Section 4.  The preliminary capital costs 
included component costs (installed equipment cost and miscellaneous structures), non-component 
costs (piping, electrical, instrumentation and site preparation) and non-construction costs 
(engineering and construction supervision, contractor profit and contingencies).  The capital costs 
assumed that land needed for siting any new tankage was already owned by the municipality and the 
cost to acquire land was not included.  Potential costs items that were not taken into account in this 
evaluation included the following factors: specific site conditions such as land acquisition, layout 
constraints for tanks, equipment or piping; treatment system upgrades due to normal tank or 
equipment wear or age; chemical feed equipment for alkalinity consumption; additional sludge 
handling and disposal equipment for chemical phosphorus removal; and potential hydraulic 
constraints such as limited capacity of existing pumps and/or piping or the potential impact of 
additional tanks or equipment on the existing hydraulic profile or piping routes.  A present worth 
analysis was used to compare the cost effectiveness of the phosphorus removal alternatives. 

 

5.1 ACTIVATED SLUDGE 

Three activated sludge plants were evaluated for phosphorus removal; the 3.25 MGD 
Alexandria Lake Area Sanitary District WWTF, 14.3 MGD Grand Rapids WWTF, and the 6.77 
MGD New Ulm WWTF.  The following summarizes the evaluation of each plant. 
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5.1.1 Alexandria Lake Area Sanitary District WWTF 

The Alexandria Lake Area Sanitary District Wastewater Treatment Facility (Alexandria Lake 
WWTF) is a 3.25 MGD conventional activated sludge plant with primary treatment followed by 
tertiary multimedia filtration, chlorination and dechlorination. The plant was constructed in 1977 
and most major mechanical components have been replaced or upgraded. The most recent 
improvement was an upgrade to fine bubble aeration in 1999. The plant is now operating at 2.6 
MGD which is about 80% of its design limit.  
 

An effluent discharge permit phosphorus limit of 1.0 mg/L has been imposed since 1977 
because the plant effluent ultimately impacts a lake.  The discharge limit has been met (and 
exceeded) through ferrous sulfate addition to the aeration basin effluent.  
 

5.1.1.1 Plant Description and Performance 

A process flow diagram for the wastewater treatment process and sludge handling is 
presented on Figures 5.1.1.1a and 5.1.1.1b.  Preliminary treatment consists of mechanically cleaned 
bar screens and aerated grit removal. Following pretreatment the wastewater is split between two 11-
ft deep and 45-foot diameter primary clarifiers.   The primary clarifier overflow rate is near its design 
limit, and is about 820 gpd/ft2 at the average annual influent flow rate. After primary treatment the 
wastewater is split between two plug flow (92 ft long by 10 ft wide) 103,000 gallon activated sludge 
aeration tanks with fine bubble aeration and 15-ft operating depth.  At the annual average flow rate, 
the HRT is 1.9 hours.  The mixed liquor volatile suspended solids (MLVSS) concentration is 
typically in the range of 2,400 mg/L. The F/M ratio loading to the aeration tank is about 0.50 g 
BOD/g MLVSS-d and the SRT varies from 5 to 7 days based on plant data provided for the year 
2002.  
 

The mixed liquor from the aeration tanks flows into two 55-ft diameter secondary clarifiers, 
which operate at an overflow rate of about 550 gpd/ft2 at the annual average flow rate. The settled 
secondary sludge is returned to the activated sludge process and a portion of it is wasted to the 
primary clarifier where it is removed in combination with primary sludge.  After clarification the 
effluent is treated with dual-media (coal/sand) filtration (2.0 to 3.0 gpm/ft2) and chlorinated for 
disinfection, and dechlorinated with sulfur dioxide before discharge. 

 
The combined primary and secondary waste sludge is digested in two aerobic digesters with 

a volume of 410,000 gallons for each tank.  The digester solids retention time is between 40 to 50 
days. The digested sludge is dewatered using centrifugation and the final sludge is stored at an offsite 
facility. It is then land applied twice per year to leased farm fields as Class B Biosolids.  Sludge 
disposal costs were given at about $200 per dry ton (information obtained at site visit) and the plant 
reportedly produces 850 dry tons per year.  Figure 5.1.1.2 is a photo of one of the two aeration tank 
channels. 
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Figure 5.1.1.1a - Schematic Process Flow Diagram, Alexandria Lake WWTF 
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Figure 5.1.1.1b – Schematic Process Flow Diagram, Alexandria Lake WWTF 
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Figure 5.1.1.2 - WWTP Aeration Tank Channel, Alexandria Lake 

 
Influent and effluent plant data were collected and reviewed to develop raw wastewater 

characteristics for the phosphorus removal analysis and to observe the present plant performance.  
Influent wastewater characteristics are summarized in Table 5.1.1.1 for the period of January 2002 
through December 2002.  These data represent the monthly average values for flow, CBOD5, TSS, 
ammonia nitrogen and total phosphorus concentrations. Industrial sources contribute approximately 
10% of the plant flow and the sources are a dairy (Nelson and Northern Food and Dairy), personal 
health care company (Nordic Antiseptic) and metals related (TWF Industries, Douglas Metals, 
Alexandria Extrusion and 3M) industries. The two dairies discharge high phosphorus concentrations 
(20 to 50 mg/L phosphorus, respectively), but they also discharge appreciable BOD so that the 
influent BOD/P ratio for these are 31 and 59, respectively. 
 

Table 5.1.1.1 - Monthly Average Raw Wastewater Characteristics 
Alexandria Lake WWTF 

 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) BOD/P 

2.6 240 192 N/A 6.6 37 

N/A – not available 
 

  
 There was a significant variation in the influent wastewater strength based on monthly 
average data.  For February, the influent CBOD5 concentration was 326 mg/L, while it was down to 
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202 mg/L for May.  The wide range of monthly average CBOD5 concentration values is most likely 
due to variations in industrial wastewater inputs. For EBPR applications an important wastewater 
characteristic that relates to phosphorus removal performance is the influent BOD/P ratio, and an 
influent BOD/P ratio of greater than 30 is desired to produce effluent P concentrations in the 1 to 2 
mg/L range.  For all months, the monthly average influent BOD/P ratio for Alexandria Lake was 
above 30. The annual average influent BOD/P ratio was 37, while it was highest (50) when the 
higher BOD concentration occurred in February (50) and was only lowered to 33 for the weaker 
wastewater strength in May. These results indicated that the industrial wastewater inputs had 
substantial BOD along with their phosphorus discharge.  There was less variation with the effluent 
TSS concentration, with monthly averages ranging from 170 to 213 mg/L. 
 

The plant effluent characteristics are summarized on Table 5.1.1.2 below along with permit 
requirements and percent removals for CBOD5, TSS and phosphorus.  The plant has effluent permit 
limits for CBOD5, TSS, and total phosphorus.  Monthly monitoring is required for ammonia.  The 
plant is operating well within permit limits of 25 mg/L monthly averages for CBOD5 and 30 mg/L 
for TSS.  The plant achieved about 99% removal of CBOD5 and TSS with average effluent 
concentrations of 3.1 mg/L and 2.1 mg/L, respectively.  The low values are enhanced by effluent 
filtration.  

 
Table 5.1.1.2 - Monthly Average Treatment Performance Summary 

January 2002 – December 2002 
Alexandria Lake WWTF 

 
 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) NO3-N (mg/L) TP (mg/L) 

Average Performance 2.6 3.1 2.1 NR NR 0.4 
Permit Requirements 3.25 25 30 NR NR 1.0 
Percent Removal NA 98.7% 98.9% NR NR 93.7% 

 

See Appendix 2.1.1 for detailed monthly plant data analysis 
NR – Not required 

 
The facility has had no problem meeting the current phosphorus effluent discharge limit of 

1.0 mg/L.  Since the early 1990s the plant had voluntarily targeted an effluent phosphorus 
concentration of 0.3 mg/L. To get to this concentration the ferrous sulfate dosage was doubled 
compared to that used previously to achieve an effluent phosphorus level of 0.7 mg/L.  For 2002, 
the average effluent phosphorus concentration was 0.41 mg/L, representing a 93.7% removal 
efficiency.  Influent phosphorus concentration ranged from 6.0 to 7.5 mg/L and averaged 6.6 mg/L. 
The plant currently uses approximately 300 gallons per day of 10% ferrous sulfate at an annual cost 
of $120,000. The ferrous sulfate solution is supplied by FE3 of Missouri.  
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5.1.1.2 Design Basis for Modifications for Phosphorus Removal 

For the phosphorus removal alternatives evaluation, the return flow from solids processing 
and dewatering were estimated and included as part of the influent characteristics prior to primary 
clarification. For the Alexandria Lake WWTP aerobic digestion, with an SRT of 50 days or more, 
and centrifuge dewatering is used prior to hauling the solids offsite. The assumptions used to 
calculate return flow rate and concentrations of BOD, nitrogen and phosphorus are summarized in 
Table 5.1.1.3.   Only the general assumptions used are shown as the amount of waste sludge varies 
with the phosphorus removal alternative. The return flow rate is affected by the amount of solids 
production, the solids concentration of the waste sludge from the primary or secondary treatment 
steps, the amount of volatile solids destruction in the digestion process, and the solids concentration 
after the solids dewatering step. Because the waste activated sludge is returned to the primary 
clarifier for removal with the settled primary sludge for the Alexandria Lake WWTP, a lower than 
normal thickening concentration of 3% was assumed for the primary clarifier waste sludge.  For the 
chemical treatment alternatives for phosphorus removal, lower value of 2.5% was assumed due to 
the production of the lighter hydroxide sludge. Based on the long SRT in the aerobic digester a 
volatile solids destruction efficiency of 40% was assumed.  Aerobically digested sludge is more 
difficult to dewater and a conservative solids content of 20% was assumed after centrifugation. 
 
 An important design issue for phosphorus removal systems is the amount of phosphorus in 
the return flows.  For chemical treatment methods the phosphorus precipitate formed in the liquid 
processing and contained in the waste sludge is assumed to be stable and remain as precipitated 
phosphorus with no phosphorus release in the digestion or dewatering process.  However, for 
phosphorus removed via biological steps, including cell synthesis associated with BOD removal and 
cellular phosphorus storage for EBPR, phosphorus is released as the solids are degraded under 
aerobic or anaerobic digestion.  The amount of phosphorus released is theoretically proportional to 
the amount of biological solids destroyed in the digestion process and the amount stored in PAOs. 
 
Table 5.1.1.3 - Assumptions Used to Estimate Return Flow Volume and Parameter Concentrations 

Alexandria Lake WWTF 
 

 
Parameter 

Chemical Treatment 
Alternative 

 
EBPR Alternative 

Waste Solids Concentration   
     Primary (% solids) 2.5 3.0 
         Secondary (% solids)   
Sludge Digestion Method Aerobic Aerobic 
% VS Destruction in Digestion 40.0 40.0 
Type of Dewatering Centrifuge Centrifuge 
Dewatering Solids Conc. (%) 20.0 20.0 
Dewatering Solids Capture (%) 99.0 99.0 
Released Phosphorus Available (%) 75.0 75.0 
Approx % of Removed P in Recycle 35 3 
Available TKN of Return Flow, mg/L 2.0 2.0 
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Based on literature results, only a portion of this released phosphorus is returned due to 
precipitation processes that occur at the high phosphorus concentrations in the respective digestion 
processes.  These experiences were used to estimate the amount of phosphorus released and 
remaining in solution for the phosphorus removal alternatives. For the aerobic digestion used for 
the Alexandria Lake WWTP, as shown in Table 5.1.1.3, 75% of the phosphorus released in aerobic 
digestion is assumed to remain as dissolved and available phosphorus in the return stream flow.  The 
table also shows that much more of the phosphorus initially removed in the liquid treatment step is 
recycled in the return flow for the EBPR removal alternative compared to chemical treatment only 
(~35% versus 3%).  

 
A minimal amount of available nitrogen was assumed for the return flows, based on the 

assumption that the aerobic digester can be operated with an on/off aeration cycle to accomplish 
nitrate removal during the off cycle, so that no buildup of nitrate occurs in the aerobic digester.  
Another advantage of this operating mode is that it returns alkalinity during nitrate reduction to 
support a higher pH in the aerobic digester.  The return flow suspended solids concentration was 
based on the solids capture efficiency for the dewatering process. 

 
The influent wastewater characteristics used to evaluate phosphorus removal alternatives for 

the Alexandria Lake WWTP were based on the annual average data and are summarized in Table 
5.1.1.4.  The influent CBOD5, TSS, and TP concentrations were taken from the 2002 average 
monthly influent data summary.  No TKN data was available, so an influent TKN concentration of 
35 mg/L was assumed based on typical influent BOD/TKN ratios for domestic wastewater.  The 
amount of soluble BOD (sBOD) in the influent BOD was assumed to be 40%, based on the modest 
amount of industrial input to the wastewater facility.  Without the industrial wastewater inputs, an 
assumed influent soluble BOD ratio would be 33% for these analyses.  The fraction of influent 
soluble BOD is important parameter that affects the predicted performance for the EBPR 
alternative.  The phosphorus removal efficiency and EBPR is related to the amount of the readily 
biodegradable COD (rbCOD), as described in the technology summary in Section 2.0. Because such 
data is not normally measured at wastewater treatment plants, and was not available in this study, the 
rbCOD content was based on a review of the wastewater sources to the facility.  The rbCOD 
content is also some fraction of the influent sBOD concentration.  For these analysis, it was 
assumed that 70% of the influent sBOD was available to the bacteria as truly dissolved organic 
matter or rbCOD. 
 

Dimensions and loading rates for the existing liquid unit processes at the design flows and 
loadings are also summarized in Table 5.1.1.4.  For these analysis, the plant design flow was the 
annual average design flow of 3.25 MGD.  The table shows the units available for a retrofit to 
phosphorus removal and indicates if excess capacities exist.   
 

 



5-10 

At the 3.25 MGD average design flow rate, the primary and secondary clarifiers are 
operating at near their maximum hydraulic capacity.  The aeration tank has a relatively short HRT 
and can only be operated for BOD removal.  The alternative evaluation showed that without the 
present operation of chemical addition to the primary clarifiers, the BOD loading to the aeration 
tanks would be at a high enough level to exceed the available activated sludge treatment capacity. 
Thus, for the EBPR only alternative, an external anaerobic contact tank would need to be installed. 
In addition, with that alternative additional aeration tank volume would be required to handle the 
higher influent BOD concentration resulting from no chemical addition to the primary clarifiers.   
 
 

Table 5.1.1.4 - Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Alexandria Lake WWTF 

 

Flow (MGD) CBOD5 (mg/L) Percent  sBOD TSS (mg/L) TKN (mg/L) TP (mg/L) 
3.25 239 40 192 35 6.6 

 

Process Step Dimensions Design Loading Comment 

Primary Clarifiers 
2 - 45 ft diameter, 11 ft 
deep 

820 gpd/ft2 
Can accept chemical 
addition 

Activated Sludge 
2 – 0.103 MG Plug flow 
aeration tanks 

F/M = 0.5 g BOD/g 
MLVSS-d, 
HRT = 1.9 hrs 

Highly loaded aeration 
tanks. No capacity for 
EBPR anaerobic tank 

Secondary Clarifiers 
2 – 55 ft diameter, 12 ft 
deep 

550 gpd/ft2 
Can accept chemical 
addition 

Dual Media Polishing 
Filters 

Coal/sand filter  2.0 to 3.0 gpm/ft2 
Provides low effluent TSS 
concentration 

 

See Appendix 2.1.1 for summary of the design basis 
 
The aeration tank capacity and operating SRT possible for the existing system is a function 

of the influent BOD concentration, the solids yield assumptions, and the MLSS concentration for 
the system.  In the design alternative analysis an MLSS concentration of 3,500 mg/L was assumed 
for the EBPR system due to the improved settling characteristics associated with EBPR processes 
and the fact that the secondary clarifiers can be operated at conventional overflow rates.  Without 
the EBPR process, the maximum MLSS concentration assumed was 3,000 mg/L due to the 
different settling characteristics expected for a system with chemical sludge and with no anaerobic 
contact tank. 
 

The facility has existing dual media polishing filters following secondary clarification, which 
can produce a low effluent TSS concentration of less than 5.0 mg/L.  The additional solids removal 
by the filters enhances the phosphorus removal efficiency by removing chemically precipitated 
phosphorus or biological solids that contain phosphorus. 
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5.1.1.3 Evaluation of Phosphorus Removal Alternatives 

Phosphorus removal alternatives evaluated for the Alexandria Lake WWTF were EBPR 
alone, EBPR with alum addition with primary treatment, alum addition only to either the primary or 
secondary clarifiers, and alum addition to both the primary and secondary clarifiers.  The effluent 
goal in all cases was between 0.80 and 1.0 mg/L to meet the less than 1.0 mg/L effluent target goal.  
When alum addition to the primary clarifiers was followed by either EBPR or alum addition to the 
secondary clarifiers, the alum dose was set to accomplish about 50% phosphorus removal in primary 
treatment and where the dose was close to stoichiometric requirements (1.0 mole Al/mole P) for 
phosphorus precipitation.  The alternative evaluation process included developing conceptual 
designs followed by preliminary cost estimates for the viable alternatives.  The conceptual designs 
included determining the activated sludge aeration volume requirements to meet the effluent 
treatment, the activated sludge tank volume needed for the anaerobic contact zone of the EBPR 
process, the amount of daily sludge production in both the primary and secondary processes, the 
amount of chemical sludge produced, the amount of phosphorus removed by biomass growth and 
by the EBPR process, the phosphorus content in the waste sludge, and the fate of solids in solids 
processing and the characteristics of return flows.  For the Alexandria Lake WWTP nitrification is 
not required for the effluent discharge and thus it was not necessary to include a nitrate removal 
process such as the A2O process in the EBPR system.  The analysis also showed that the existing 
secondary system does not have sufficient volume to accommodate a long enough SRT for 
nitrification.  
 

The results of the alternative analyses are summarized in Table 5.1.1.5 in terms of the 
effluent phosphorus concentration, chemical requirements (alum and alkalinity), sludge production 
and additional facility modification requirements (tankage, mixers and piping) for each of the 
alternatives that were considered.  For the alternatives with chemical treatment, an effluent 
phosphorus concentration of 0.50 to 1.0 mg/L can be normally expected under varying wastewater 
load conditions. For EBPR only and for wastewater with lower influent BOD/P ratios, the effluent 
phosphorus concentration has been shown to be higher and less resilient to changing plant loadings. 
The average influent BOD/P ratio for Alexandria Lake is 37, which is above average, and suggests 
that an effluent P concentration in the range of 0.75 to 1.5 mg/L is a reasonable expectation. For 
the EBPR-only alternative, where an effluent P concentration of greater than 1.0 mg/L is possible 
the plant would need chemical feed equipment available for polishing the effluent phosphorus 
concentration during times of lower EBPR performance. 
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Table 5.1.1.5 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit 

Needs for Phosphorus Removal Alternatives 
Alexandria Lake WWTF 

 

Option Units 
EBPR 
Only 

EBPR+ Chemical 
Addition to 

Primary Clarifiers

Chemical Addition 
to Primary and 

Secondary Clarifiers

Chemical 
Addition to 

Primary Clarifiers 

Chemical Addition 
to Secondary 

Clarifiers 
Effluent P mg/L 0.75 to 1.5 0.75 to 1.0 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 0 1705 3817 4324 5269 
Additional Sludge 
Production(1) 

lb/d 0 283 753 875 1091 

Alkalinity Used mg/L 0 28 63 71 87 
Increased Tank Volume MG 0.33 0.25 0 0 0 
Additional Mixers Yes/

No 
Yes Yes No No No 

(1)Alum Sludge 
 
 
Chemical addition alone is capable of meeting the effluent phosphorus concentration target 

of 1 mg/L or less.  The three alternatives for chemical addition are compared in Table 5.1.1.5.  The 
two-point addition approach, with chemical addition to both the primary and secondary clarifiers, 
requires less chemical, produces less sludge and consumes less alkalinity.  For the two-point 
chemical addition design, about 50% of the phosphorus removal was accomplished in the primary 
clarification step and alum was added at the stoichiometric ratio of one mole per mole. By adding 
chemical in this way in both the primary and secondary treatment steps, the chemical addition and 
the sludge production was reduced by about 30%, compared to chemical addition to only the 
secondary aeration tank or clarifiers.  Compared to adding chemical to only the primary treatment 
step, the two-point addition approach reduces the chemical addition by about 12% and sludge 
production by about 14%. 
 

The use of EBPR alone required a significant addition to the activated sludge system 
volume, by about 100%.  The existing aeration system had no excess capacity so additional tankage 
was required for the anaerobic contact time for the EBPR process. In addition more aeration tank 
volume was required for the EBPR-only alternative, because without chemical addition in the 
primary clarifiers as in the present operation, less BOD and TSS was removed in the primary 
treatment step, which increases the load on the secondary treatment system.  In addition, the EBPR 
process required a higher SRT than that for BOD removal only, as a longer SRT is needed to 
maintain the phosphorus storing organisms.  Thus about 50% of the additional volume required for 
the EBPR-only alternative was due to the need for additional aeration tank capacity. 
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By combining chemical addition to the primary clarifiers with the EBPR process, the 
additional tank volume requirement was reduced due to more BOD and TSS removal in the primary 
clarification step.  The chemical addition increased the percent BOD and TSS removal efficiencies 
from 33 and 65% without chemicals to 46 and 74%, respectively.  However, this chemical addition 
was not sufficient to remove a sufficient amount of BOD and suspended solids and additional 
aeration volume was still required for the combined EBPR and chemical addition process. The 
addition of the anaerobic contact zone also requires mixers.  The addition of aeration tank volume 
requires some readjustment of the aeration diffuser system to accommodate the different spatial 
oxygen demand.   
 
 When chemical addition occurs in the primary treatment step, enough BOD and TSS 
removal occurs so that additional aeration volume is not needed.  When chemical treatment is only 
done in the secondary treatment step, more aeration volume is needed as shown in Table 5.1.1.6 
because a higher BOD and TSS loading occurs from the primary clarifier effluent.  While chemical 
addition does avoid the need to add more tank volume, it does produce more sludge and consumes 
more alkalinity than processes that include EBPR.  Chemical addition can be accomplished as single 
or two-point addition.  Any retrofit of chemical addition for phosphorus removal should include 
facilities that would permit the feasibility of two-point addition. 
 

For the chemical treatment options the amount of alkalinity destruction, based on the 
influent flow rate of 3.25 MGD ranged from 28 mg/L to 87 mg/L as CaCO3.  Because the facility is 
not required to produce a nitrified effluent, the drop in pH due to this alkalinity consumption may 
not be of concern unless the influent alkalinity is too low and the effluent discharge pH is reduced 
to below effluent standards.  However alkalinity addition to match these alkalinity consumption rates 
would not be required.  A detailed site-specific analysis could more precisely determine the alkalinity 
requirements. For this reason the cost analysis will not include alkalinity costs. 
 

A preliminary cost comparison between the most promising chemical treatment approach 
(two-point addition) and the EBPR processes is presented in Table 5.1.1.6.  The costs were rounded 
to the nearest $1,000.  The capital cost includes the cost for the chemical feed system, the aeration 
tank modifications, and the anaerobic contact tank additions including the mixers.  For the chemical 
treatment system the major operating costs are associated with chemical costs, labor cost and the 
disposal/reuse of the additional sludge production. The alternative with the lowest capital cost is for 
chemical treatment only with chemical addition to the primary and secondary treatment systems.  
However, that alternative has the highest operating costs, which then causes the alternative to have 
the highest present worth cost. The present worth calculation is based on a 5% interest rate and a 
20-year pay back period and no escalation in operation costs such as chemicals and sludge disposal. 
The estimated annual operating cost for the chemical-only alternative is about 9 times that of the 
EBPR-only alternative: $181,000/year versus about $21,000/year.   
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The alternative with the lowest present worth cost would be the EBPR-only system.  
However, the capital costs were about 6 times more than that for the chemical treatment-only 
system.  The combination of primary chemical treatment followed by EBPR would not result in any 
significant cost savings compared to chemical treatment only.  Its operating cost would be about 
half of that for chemical treatment only, but the capital cost was over 6 times more.   
 

 
Table 5.1.1.6 - Preliminary Cost Estimates for Retrofit for Phosphorus Removal 

With Different Process Options 
Alexandria Lake WWTF 

 
 

Parameter 
EBPR 
Only 

EBPR + Chemicals in 
Primary 

Chemicals only, to Primary and 
Secondary Clarifiers 

Preliminary Capital Costs 
          EBPR Tank 
          Aeration Tank Modification 
          Chemical system 

 
$722,000 
$96,000 

$154,000(1) 

 
$722,000 
$48,000 
$154,000 

 
- 
- 

$154,000 
Total Capital Costs $972,000 $924,000 $154,000 
Daily Operating Costs, $/d 
           Alum 
          Sludge disposal 
          EBPR operation 

 
0 
0 
57 

 
171 
25 
57 

 
382 
67 
0 

Annual Labor Cost – Chemicals Only 
Total Annual Operating Costs 

0 
$21,000 

0 
$92,000 

$17,000 
$181,000 

Present Worth Operating Costs 
5% @ 20 years 

$262,000 $1,147,000 $2,256,000 

Total Present Worth $1,234,000 $2,071,000 $2,410,000 
(1)Backup chemical feed system for EBPR 

  
These results suggest that the EBPR process would be the most cost-effective alternative for 

converting the high rate conventional activated sludge system for phosphorus removal.  However, 
the high capital costs may discourage its application in a plant that already has successful chemical 
treatment.  Based on the difference in operating costs between the EBPR-only and chemical 
treatment, if the savings were applied to pay the capital costs of the EBPR system the pay back 
period would be about approximately 13 years.  The feasibility and final cost for the actual 
conversion to an EBPR process would depend on more site-specific evaluations, including 
considerations for the site hydraulic profile, tank access, and site layout.  Since the Alexandria Lake 
WWTF is currently meeting its permit limit of 1 mg/L with chemical addition, no additional 
treatment requirements are recommended and a no action alternative designation was assigned to 
the plant.   
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The preliminary cost information in Table 5.1.1.6 also shows that, for the two EBPR 
alternatives, there is a potential for significant cost saving for a phosphorus discharge concentration 
greater than 1 mg/L (1.5 mg/L) (EBPR only) compared to the target concentration of 1 mg/L 
(EBPR + chemicals in the primary).  The present worth analysis shows that a potential cost saving 
of 1.7 for the EBPR only system compared to the treatment system to meet 1 mg/L. 

 

5.1.2 Grand Rapids WWTF 

 The Grand Rapids Wastewater Treatment Facility (Grand Rapids WWTF) has a design dry 
weather flow of 14.3 MGD and currently receives a daily average flow of 8.8 MGD.  The original 
domestic plant dates prior to 1962 with the industrial waste treatment train added in the mid to late 
1960's and was later upgraded to secondary treatment in the early 1970's. 
 

5.1.2.1 Plant Description and Performance 

 The wastewater treatment plant is an activated sludge system which includes separate 
industrial pretreatment step and screening of the domestic wastewater.  These wastewaters are 
commingled in the primary effluent pump station which pumps the combined effluent to the 
conventional secondary treatment processes and disinfection. A process flow diagram for the 
wastewater and sludge handling is presented in Figure 5.1.2.1.  Industrial flow from the local paper 
mill is screened at the paper mill using a ParksonTM traveling screen before it is pumped through 
6000 feet of 30 inch force main to the industrial pretreatment plant located at the Grand Rapids 
WWTF.  The on-site industrial pretreatment at the Grand Rapids WWTF consists of primary 
clarification and nutrient addition.  The existing diffused air flocculation basins are no longer in 
service.  Primary clarification consists of three 110 foot diameter circular, center feed clarifiers.  At 
the time of the plant visit only one of the three primary clarifiers was in service.  After primary 
clarification, nutrients (nitrogen and phosphorus as a liquid fertilizer) are added to the primary 
industrial effluent and then combined with the screened domestic wastewater in the primary effluent 
pump station.  Primary effluent is then pumped through 4,200 feet of 36 inch force main to the 
secondary treatment plant. 
 
 The secondary plant consists of two aeration basins, three secondary clarifiers and four 
polishing ponds in series.  Disinfection is accomplished through chlorine addition to the influent of 
the third polishing pond.  The activated sludge system includes two 18.7 million gallon (each) 
earthen aeration basins that are equipped with eight air-sparged LightninTM turbine aerators.  The 
activated sludge system is operated as a complete mix process plant.  An upgrade plan includes an 
operational change to the step feed activated sludge process.  A set of aeration basins is not in 
service and is used for sludge storage.   These basins are located between the current aeration basin
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Figure 5.1.2.1 - Schematic Process Flow Diagram, Grand Rapids WWTF 
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and the secondary clarifiers.  The secondary clarification system includes two-100-foot diameter and 
one-185-foot diameter clarifiers.  The clarified effluent is polished in a series of four tertiary ponds 
operated in series.  Each of these ponds is an earthen basin with a 13-foot side water depth and 
provides a one-day detention time in each pond.  At the time of the site visit, only one of the two 
aeration basins and one of the smaller secondary clarifiers were in service while all of the polishing 
ponds were in service.  Figure 5.1.2.2 is a view of one of the two earthen aeration basins with the 
mixing equipment support bridges.  Figure 5.1.2.3 is a view of two of the four tertiary polishing 
ponds, pond number three is on the left and pond four (final) is on the right. 
 

Sludge processing facilities are located on the site of the primary plant. Sludge processing 
consists of three belt filter presses with each press capable of processing of 70 dry tons of sludge per 
day.  Both waste activated sludge and primary sludge are processed by the belt filter press operation 
with dewatered sludge trucked to a local landfill that is owned and operated by Grand Rapids 
Utilities.  

 
 Influent and effluent data were reviewed to develop the raw wastewater and final effluent 
characteristics to evaluate the plant performance, and for the phosphorus removal analysis.  Influent 
wastewater and final effluent characteristics are summarized on Tables 5.1.2.1 and 5.1.2.2 for the 
period of October 2002 through September of 2003.  These data represent the annual monthly 
average flow, CBOD5, and TSS for the combined domestic and industrial plant flow.  Influent 
ammonia nitrogen and phosphorus are not monitored, however the influent is nutrient deficient and 
liquid fertilizer is added to the plant flow upstream of the biological processes.  The local paper mill 
flow and load is on the order of 80 to 90% of the flow and CBOD5 load to the treatment plant, and 
60 to 70% of the total TSS load.  The total plant influent characteristics were as follows: 
 
 

Table 5.1.2.1 - Monthly Average Raw Wastewater Characteristics 
Grand Rapids WWTF 

 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) Total P (mg/L) CBOD5:P 

8.8 307 268 Not Sampled Not Sampled NA 

 
  
 The influent flow and CBOD5 data showed wide variation based on changes related to the 
industrial input for the paper mill.  There was also wide variation in TSS concentration.  These data 
are summarized in Appendix 2.1.2.  The influent flow varied from 6.5 MGD in May to 11.5 in 
November and December with above average flow from October (10.6 MGD) through January
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Figure 5.1.2.2 - Earthen Basin, Grand Rapids WWTF 

 
 
 

 
Figure 5.1.2.3 - Ponds 3 & 4, Grand Rapids WWTF 
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(10.4 MGD).  Influent CBOD5 varied from 214 mg/L in August to 444 mg/L in October.  As with 
flow, October through January saw the highest influent CBOD5 concentrations.  TSS varied 
between 214 mg/L in October to 337 mg/L in June. 
 

The plant’s effluent characteristics are summarized below on Table 5.1.2.2 along with permit 
requirements and percent removals for CBOD5 and TSS.  The plant has monthly effluent limits for 
CBOD5 and TSS with weekly monitoring for total phosphorus without an assigned permit limit.  
The plant is operating well within the monthly average permit limits of 25 mg/L and 30 mg/L for 
CBOD5 and TSS, respectively.  The plant achieved greater than 99% removal of CBOD5 and 95% 
removal of TSS with average effluent concentrations of 2.7 and 11.4 mg/L, respectively.   The 
average phosphorus discharge level was 0.56 mg/L.   
 
 

 
Table 5.1.2.2 - Monthly Average Treatment Performance Summary 

October 2002 - September 2003 
Grand Rapids WWTF 

 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TP (mg/L) 

Average 
Performance 

7.6 2.7 11.4 0.56 

Permit Requirements 
Monitor 

Only 
25 30 

Monitor 
Only 

Percent Removal NA 99.1% 95.7% NA 
 

See Appendix 2.1.2 for detailed monthly plant data analysis 
NA – Not Applicable 

  
 
 

 The Grand Rapids WWTF is able to produce an effluent with a low phosphorus 
concentration because a large portion of its wastewater load is from the paper mill that is nutrient 
deficient (nitrogen and phosphorus are added to support biogrowth for BOD removal).  In this case 
phosphorus removal technologies are not needed.  However, if the industrial wastewater load 
decreases in the future, a phosphorus removal process could be required.  At this point careful 
monitoring of the effluent P concentration and control of the nutrient addition is the appropriate 
course of action. 
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5.1.3 New Ulm WWTF 

The New Ulm Wastewater Treatment Facility (New Ulm WWTF) is a conventional 
wastewater treatment plant providing primary and secondary treatment and disinfection. It has a 
design flow of 6.77 MGD and currently receives a daily average flow of 2.5 MGD. The plant was 
constructed in 1975. In 1996 and a new autothermophylic sludge digestion process (ATSD) was 
added for production of Class A sludge for land application. 

5.1.3.1 Plant Description and Performance 

A process flow diagram for the wastewater and sludge handling is presented in Figure 
5.1.3.1. The plant influent is pretreated at one remote (20th Street and South Street) preliminary 
treatment facility and pump stations. Preliminary treatment consists of mechanically cleaned bar 
screens, grit removal and comminution. The pretreated flow is then pumped to the wastewater 
treatment plant where it receives primary treatment for CBOD5 and TSS in two 65-foot diameter 
primary clarifiers which operate at a design overflow rate of 1020 gpd/sf.  This is followed by 
activated sludge biological treatment in four 810,000-gallon aeration tanks operated in parallel.  The 
design hydraulic detention time of the aeration tanks is 11.5 hours.  As currently operated, the plant 
accomplishes year-round nitrification although it is not required. The mixed liquor from the aeration 
tanks then flows into three 65-foot diameter covered secondary clarifiers which operate at a design 
overflow rate of 680 gpd/sf. The settled secondary sludge is returned to the activated sludge process 
and a portion of it is wasted to the solids balancing tank. After clarification the effluent is 
chlorinated for disinfection, dechlorinated with sulfur dioxide and then discharged to the Minnesota 
River with a secondary discharge outlet in the Cottonwood River.  Figure 5.1.3.2 is a view of one of 
the four aeration tanks with the covered secondary clarifier in the background.  Figure 5.1.3.3 is a 
view of one of the primary clarifiers. 

 
The sludge handling operation consists of aerobic digestion, thickening, autothermophylic 

digestion, storage and land application.  Primary and waste activated sludges are combined in a 
138,000-gallon aerobic digester/solids balancing tank followed by thickening in a 82,000 gallon 
gravity thickener.  The thickened sludge flows to a storage tank and then to the Kruger Autothermal 
Thermophilic Aerobic Digestion (ATAD) process which consists of four 59,000 gallon heated and 
aerated digesters. Digested sludge is stored in four 850,000 gallon storage tanks which provide 
approximately 180 days of storage.  The process produces Class A biosolids which are land applied. 

 
Influent and effluent plant data were reviewed to develop the raw wastewater and final 

effluent characteristics to evaluate the plant performance, and for the phosphorus removal analysis.  
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Figure 5.1.3.1 - Schematic Process Flow Diagram, New Ulm WWTF 
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Figure 5.1.3.2 - Aeration Tank, New Ulm WWTF 

 
 
 
 

 
Figure 5.1.3.3 - Primary Clarifier, New Ulm WWTF 
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Influent wastewater and final effluent characteristics are summarized on Tables 5.1.3.1 and 5.1.3.2 
for the period of September 2002 through September 2003 (excluding October and November 
2002).  These data represent the annual monthly average flow, CBOD5, TSS, ammonia nitrogen 
(NH4-N), and total phosphorus. Industrial wastewater contributions consist of Kraft (foods), 
Schell’s (brewery), Firmenich (seasonings), 3M (abrasives) and AMPI (butter). These industries 
contribute 37% of the plant’s phosphorus load. The plant also receives water treatment sludges 
containing magnesium and aluminum on a relatively continuous basis.  They also receive 
approximately 12,000 gallons per week of caramel/sugar waste that is trucked to the plant from Wis-
Pak in Mankato, MN. The total plant influent characteristics are as follows: 

 
 

 
Table 5.1.3.1 - Monthly Average Raw Wastewater Characteristics 

New Ulm WWTF 
 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) CBOD5/P

2.5 387 273 NR 8.9 43 
 

NR – Not Required 
 
 

 
The influent did not show any large variations in wastewater characteristics.  The CBOD5 

concentration averaged 387 mg/L and ranged from 271 mg/L to 462 mg/L; TSS averaged 253 
mg/L and ranged between 164 and 364 mg/L; and the phosphorus concentration averaged 8.9 
mg/L and ranged between 5.7 and 11 mg/L. 

 
 The plant’s effluent characteristics are summarized on Table 5.1.3.2 below along with permit 
requirements and percent removals for CBOD5, TSS and phosphorus.  The plant has effluent permit 
limits for CBOD5 and TSS.  Monthly monitoring is the only requirement for total phosphorus (TP).  
The plant is operating well within permit limits of 25 mg/L monthly averages for CBOD5 and 30 
mg/L for TSS.  The plant achieved greater than 99% removal of CBOD5 and 98% removal of TSS 
with an average effluent concentration of 3.5 mg/L and 4.2 mg/L, respectively. The 2002-2003 
monthly average discharge concentrations for ammonia was less than (<) 0.13 mg/L and effluent 
NO3-N averaged 42.2 mg/L indicating a high degree of nitrification.  The plant is meeting all permit 
requirements year-round.  The monthly average phosphorus discharge level was 4.8 mg/L. This 
suggests that there is currently a phosphorus reduction of 4.1 mg/L, which is related to existing 
particulate and biological removals. 
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Table 5.1.3.2 - Monthly Average Treatment Performance Summary 
September 2002 – September 2003 

New Ulm WWTF 
 

 Flow(MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) NO3-N (mg/L) TP (mg/L)
Average 
Performance 

2.5 3.5 4.2 <0.13 42.2 4.8 

Permit 
Requirements 

6.77 25 30 NR NR 
Monitor 

Only 
Percent 
Removal 

NA 99.1% 98.4% NR NR 44.4% 
 

See Appendix 2.1.3 for detailed monthly plant data analysis 
NR – Not required 
NA – Not Applicable 
 

5.1.3.2 Design Basis for Modifications for Phosphorus Removal 

 The evaluation of phosphorus removal alternatives was based on the design parameters 
presented in Table 5.1.3.3. This basis was used to assess the feasibility of biological and chemical 
phosphorus removal as well as a combination of both processes.  The table summarizes flow and 
wastewater characteristics used to assess the phosphorus removal alternatives.  It also summarizes 
the facilities available to be retrofitted for phosphorus removal if it is determined that excess 
capacities exists.  The primary and secondary clarifiers can be retrofitted to accept chemical addition 
for phosphorus removal and the activated sludge process can also be retrofitted to provide EBPR. 
 

The design basis does not include any contributions of plant return streams. The only return 
stream at the New Ulm plant is from sludge storage decanting which is practiced two to three times 
per year when 5,000 to 10,000 gallons of decant is returned to the head of the plant. This 
contributes a relatively insignificant phosphorus load relative to the total daily load of approximately 
500 pounds per day.  The design low temperature assigned as 12oC and was used in developing 
biological treatment kinetics. 

 
The New Ulm wastewater is a relatively high strength wastewater due to industrial 

contributions.  The influent wastewater contains 387 mg/L CBOD5 and 8.9 mg/L phosphorus 
which produces a CBOD5 to P ratio of 43:1 and would support EPBR without having to add an 
additional carbon source.  At design loadings (based on design flow and observed wastewater 
characteristics) the F/M of the activated sludge system is 0.1 lb CBOD5/lb MLSS at the observed 
average MLSS concentration of 5,000 mg/L. This F/M is low enough to support nitrification, which 
regularly occurs year-round, and produces approximately 42 mg/L NO3-N.  The low F/M suggests 
that there is sufficient aeration tank volume available to support denitrification and EBPR.  
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Certain wastewater characteristics, removal rates and treatment plant operating conditions 
were also either assumed or based on plant operating data for this analysis.  Biodegradable COD 
(discussed in Section 4) was assumed to be equal to 1.6 times the CBOD5 and readily biodegradable 
COD (rbCOD), that fraction of the COD that is easily converted to volatile fatty acids (VFA) which 
are used by EBPR bacteria, was assumed to be 30% of the biodegradable COD.  Also, baseline 
phosphorus removal by primary treatment (without chemical addition) was assumed to be 10% of 
the influent concentration.  

 
 

Table 5.1.3.3 – Process Design Basis Used for Evaluation of 
Phosphorus Removal Alternatives 

New Ulm WWTF 
 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TKN (mg/L) TP (mg/L) rbCOD 
6.77 387 273 68 8.9 125 

 

 
Process Step Dimensions Design Loading Comment 

Primary Clarifiers 2 - 65 ft diameter, 10 
ft deep 

1020 gpd/sf Can accept chemical 
addition 

Activated Sludge 4 – 0.81 MG 
aeration tanks 

F/M = 0.1 lb CBOD5/lb 
MLSS 
HRT = 11.5 hrs 

Accomplishes year-round 
nitrification. Tanks can 
accept EBPR retrofit 

Secondary Clarifiers 3 – 65 ft diameter, 
12 ft deep 

680 gpd/sf Can accept chemical 
addition 

See Appendix 2.1.3 for summary of the design basis. 
 
 

5.1.3.3 Evaluation of Phosphorus Removal Alternatives 

 The evaluation of phosphorus removal alternatives included developing conceptual designs 
and preliminary cost estimates for the viable alternatives.  EBPR, chemical addition and a 
combination of both processes were considered for New Ulm and a summary of the alternatives 
analysis is presented in Table 5.1.3.4.  The table summarizes the potential effluent phosphorus 
concentration, chemical requirements (alum and alkalinity), sludge production and facility 
requirements (tankage, mixers and piping) for each of the alternatives that were considered. 
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Table 5.1.3.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit 
Needs for Phosphorus Removal Alternatives 

New Ulm WWTF 
 

Option Units EBPR Only 

EBPR+ Chemical 
Addition to 
Secondary 
Clarifiers  

Chemical Addition 
to Primary and 

Secondary Clarifiers 

Chemical Addition 
to Secondary 

Clarifiers 

Effluent P  mg/L 1.0 to 2.0 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 0 2300 9900 14400 
Additional Sludge 
Production 

lb/d 0 695 2600 4600 

Alkalinity Added lb/d 0 1040 4450 6480 
Increased Tank 
Volume 

1000 ft3 0 0 0 0 

Additional Mixers Yes/No Yes Yes No No 
Pumps/Piping Yes/No Yes Yes No No 

 
 
 Using the design approach for denitrification and EPBR presented in Section 4, there would 
be sufficient aeration tank capacity to provide the necessary tankage for denitrification and EBPR 
removal. Approximately 0.28 MG of each of the four aeration tanks segregated with baffles for 
denitrification (0.21 MG) and EPBR (0.07 MG) would be required. These zones would also require 
mixers to keep the MLSS in suspension while under anoxic and anaerobic conditions.  

 
 EBPR would reduce phosphorus concentrations to approximately 1 to 2 mg/L which is 
higher than the effluent quality target of 1 mg/L; therefore, additional treatment by chemical 
addition would be needed to ensure compliance with the target. EBPR with chemical addition would 
be able to consistently reduce effluent phosphorus to 0.5 to 1.0 mg/L. The combined process would 
produce an additional 800 pounds per day of chemical sludge in the secondary clarifiers.  Chemical 
precipitation of phosphorus in the secondary clarifiers would also consume approximately 1,040 
pounds per day of alkalinity (as CaCO3). This corresponds to approximately 37 mg/L of alkalinity 
which would probably not affect effluent pH. 

 
 Chemical addition alone would also be capable of meeting the effluent target of 1 mg/L; 
however, it does produce more sludge and consumes more alkalinity than processes that include 
EBPR. Chemical addition can be accomplished as single or two-point addition. Any retrofit of 
chemical addition for phosphorus removal should include chemical field equipment that would 
permit the feasibility of two-point addition. 
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 Single point addition should only consider chemical addition to the secondary clarifiers to 
ensure that there is sufficient phosphorus available for biological treatment. Single point addition to 
the primary clarifiers could result in creating a phosphorus deficient condition in the activated sludge 
process if the phosphorus removal process is not carefully maintained. Two-point addition would 
involve adding chemicals in the primary and secondary clarifiers. Chemical addition to the primary 
clarifiers has the added benefit of enhancing CBOD5 and TSS removals; however, as previously 
stated, the process should be closely managed to ensure that there is sufficient residual phosphorus 
in the primary effluent for biological treatment. For New Ulm, chemical addition to the primary 
clarifiers was targeted for removal of approximately 5 mg/L phosphorus and approximately 1.4 
mg/L is removed by nutrient uptake in the production of MLSS. This left approximately 2.5 mg/L 
after biological treatment, which was the basis for chemical addition to the secondary clarifiers. 

 
 Single point chemical addition to the secondary clarifiers would require 14,400 pounds per 
day of alum, produce 4,600 pounds per day of sludge and consume 6,480 pounds per day of 
alkalinity.  Two-point chemical addition would require 9,900 pounds per day of alum, produce 2,600 
pounds per day of sludge and consume 4,450 pounds per day of alkalinity.  The alkalinity demand 
for single and two-point chemical addition would be high enough to require the addition of alkalinity 
to ensure that effluent pH would meet permit requirements. 
 

Preliminary budgetary cost estimates were developed based on the information presented in 
Section 4 and are presented in Table 5.1.3.5.  The capital costs are presented as September 2004 US 
dollars and the present worth costs are based on the annual O&M costs over a 20 year operating 
period at an interest rate of 5%.  The costs have been rounded to the nearest $1,000. 

 
The preliminary capital cost associated with retrofitting existing aeration tankage tanks with 

baffles and mixers for EBPR is approximately $200,000, the O&M cost is approximately $29,900 per 
year with a present worth cost of $573,000.  This is the least expensive alternative; however, EPBR 
cannot be relied on to consistently meet a phosphorus discharge level of 1 mg/L as presented in 
Table 5.1.3.5.  The capital cost for a combined process of EPBR with chemical addition to the 
secondary clarifiers would be $390,000 with an O&M cost of $137,000 and a present worth cost of 
$2,097,000.  This is the most cost effective  approach for phosphorus removal for  the New Ulm 
WWTP.  Two-point chemical treatment is the lowest cost chemical treatment alternative.  It can 
achieve the effluent limit at a capital cost of $190,000, and annual O&M cost of $654,000 and a 
present worth cost of $8,340,000.  The present worth cost of single point (seconday clarifier) 
chemical treatment is $14,048,000.   
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Table 5.1.3.5 – Preliminary Cost Estimates for Retrofit for Phosphorus Removal 
With Different Process Options 

New Ulm WWTF 
 

Cost Factors 
EBPR 
Only 

EBPR with 
Chemical 

Addition to 
Secondary 
Clarifiers 

Chemical 
Addition to 
Primary and 
Secondary 
Clarifiers 

Chemical 
Addition to 
Secondary 
Clarifiers 

Effluent P  1.0 to 2.0 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Preliminary Capital Cost 
 EPBR 
 Chemical Treatment 
  Total 

 
$200,000 

$0 
$200,000 

 
$200,000 
$190,000 
$390,000 

 
$0 

$190,000 
$190,000 

 
$0 

$190,000 
$190,000 

Daily Operating Costs $/d 
 EBPR 
 Alum 
 Alkalinity 
 Sludge Disposal 

 
82 
0 
0 
0 

 
82 
231 
0 
63 

 
0 

989 
494 
232 

 
0 

1440 
1108 
415 

Annual Labor Cost – Chemical Only 
Total Annual Operating Cost 

0 
$30,000 

0 
$137,000 

$28,000 
$654,000 

$36,000 
$1,118,000 

Present Worth Operating Cost $373,000 $1,707,000 $8,150,000 $13,933,000 

Total Present Worth $573,000 $2,097,000 $8,340,000 $14,123,000 

 
 
 
 The preliminary cost information also indicates that, for the two EBPR alternatives, there is 
the potential for significant cost savings for a phosphorus discharge concentration greater than 1 
mg/L.  The EBPR only alternative is for a discharge concentration between 1 and 2 mg/L and the 
EBPR with chemical addition is for the discharge target of 1 mg/L.  The present worth analysis 
shows a potential cost saving of four times for the EBPR only system to meet a phosphorus limit of 
2 mg/L. 

 

5.2 BIOLOGICAL NUTRIENT REMOVAL (BNR) 

 The two BNR plants evaluated for phosphorus removal were the 13 MGD St. Cloud 
WWTF and 2.81 MGD Fergus Falls WWTP.  The following summarizes the analysis for each plant. 
 

 
   



5-29 

5.2.1 St. Cloud WWTF 

The St. Cloud Wastewater Treatment Facility (St. Cloud WWTF) has a design capacity of 
13.0 MGD.  It was originally designed as a conventional activated sludge plant with primary 
treatment.  The plant has since been converted to a BNR process by incorporating an anaerobic 
contact zone at the head of the aeration tanks and the secondary treatment process, which promotes 
enhanced biological phosphorus removal (EBPR).  A unique feature of the plant is that digested 
sludge is stored in large holding tanks on-site and then removed in the spring and fall for agriculture 
applications.  The decant from the biosolids holding tanks is returned to the head of the treatment 
plant.  At present there is no effluent discharge permit limit on phosphorus or nitrogen, but the 
facility has been demonstrating a high level of biological phosphorus removal for at least the last 
three years.  
 

5.2.1.1 Plant Description and Performance 

A process flow diagram for the wastewater treatment process and sludge handling is 
presented in Figure 5.2.1.1.  Preliminary treatment consists of mechanically cleaned bar screens and 
aerated grit removal. Following pretreatment the wastewater is split between four (4) 8-ft deep 
rectangular clarifiers, which results in an overflow rate of 712 gpd/ft2 at the design average annual 
influent flow rate of 13.0 MGD. The waste primary sludge is thickened separately using a gravity belt 
thickener. 
 

After primary treatment the wastewater can be split between three (3) plug flow, 3-pass 
aeration basins with fine bubble aeration.  Each pass is 105 ft long and the width and depths are 30 
and 15 ft, respectively.  The total volume per aeration basin train is 1.06 MG to allow an HRT of 5.9 
hours with all basins in service.  For the 2002-2003 operation two basins were typically in service 
and the average flow was 10.8 MGD resulting in an average HRT of 4.71 hours.  An anaerobic 
contact zone was created in half the volume of the first pass by reducing the aeration to just that 
needed for mixing. This provided an anaerobic contact time of 0.8 hours for contact between the 
influent wastewater and return activated sludge, an anaerobic hydraulic residence time (HRT) within 
the typical values used for EBPR processes. From the 2002 data, the system was typically operated 
with a MLSS concentration of 3,000 mg/L, an SRT from 8-9 days and an F/M ratio of 0.10 to 0.20 
g BOD/g MLVSS-d. 

 
Figure 5.2.1.2 is a view of the control building and aeration tank from the secondary clarifier.  

Figure 5.2.1.3 is a photo of an aeration tank showing the unaerated anaerobic contact zone at the 
head end of the tank. 
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Figure 5.2.1.1 – Schematic Process Flow Diagram, St. Cloud WWTF 
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Figure 5.2.1.2 – View from Secondary Clarifier to Control Building and Aeration Tanks 

St. Cloud WWTF 
 

 
Figure 5.2.1.3 – Aeration Tank Showing Initial Unaerated Anaerobic Contact Zone 

St. Cloud WWTF 
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The mixed liquor from the aeration tanks can be directed to any of three (3) 96-ft diameter 

secondary clarifiers with a depth of 12 ft.  At the average design condition the overflow rate would 
be 600 gpd/ft2.  This is a typical overflow rate design value for activated sludge treatment 
(Tchobanoglous et al., 2003).  The settled secondary sludge has a common collection point and is 
returned to a feed channel for the activated sludge process.  The waste activated sludge is thickened 
by a gravity belt thickener.  The secondary effluent is directed to a chlorine contact tank for 
disinfection prior to discharge.   
 

The thickened primary and secondary waste sludge is processed by mesophilic anaerobic 
digestion.  There are 4 digesters on site, each with a capacity of 0.575 MG.  The digested sludge is 
directed to large holding tanks on-site for land application in the spring and fall.  
 
 Influent and effluent plant data were collected and reviewed to develop raw wastewater 
characteristics for the phosphorus removal analysis and to observe the present plant performance.  
Influent wastewater characteristics are summarized in Table 5.2.1.1 for the period of October 2002 
through September 2003.  These data represent the monthly average values for flow, and cBOD, 
TSS, TKN, and total P concentrations.  There are minor industrial wastewater loads and the 
wastewater is relatively weak. The average BOD/P ratio is 28, which is a moderate to low value and 
would suggest an effluent P of 1.5 to 2.0 mg/L for an EBPR process. 

 
 

Table 5.2.1.1 - Monthly Average Raw Wastewater Characteristics 
St. Cloud WWTF 

 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TKN (mg/L) TP (mg/L) BOD/P 

10.8 144 153 28.4 5.2 28 

 
 
 

There was a significant variation in the influent wastewater strength based on monthly 
average data.  For March, the influent BOD concentration was 171 mg/L, while it was down to 101 
mg/L for September.  The TKN concentration values ranged from 23 to 34 mg/L.  With these 
variations the BOD/P ratio did not vary much, and was generally from 26 to 28. 

 
The monthly average effluent concentrations for one year from October 2002 through 

September 2003 were used to develop an annual average effluent concentration value for key 

 
  



5-33 

parameters, and these results are summarized on Table 5.2.1.2 below.  The table also includes 
discharge permit requirements and percent removals for CBOD5, TSS, and phosphorus.  The plant 
presently does not have an effluent limit for phosphorus, but it is to be monitored. The plant is 
operating well within the permit limits of 25 mg/L monthly averages for CBOD5 and 30 mg/L for 
TSS.  The plant achieved about 96 and 95% removal of CBOD5 and TSS, with average effluent 
concentrations of 5.7 mg/L and 7.8 mg/L, respectively.  The annual average phosphorus removal 
(79%) was very good and the average effluent concentration was 1.1 mg/L. The values ranged from 
a high of 2.0 mg/L to a low of 0.29 mg/L. No chemical addition was used.  The phosphorus 
removal therefore is attributed to the EBPR process, which was incorporated into the activated 
sludge system by converting the first half of the first aeration pass into an anaerobic contact zone.  
However, the effluent phosphorus concentrations was lower than could be expected on many 
occasions, based on the modest influent BOD/P ratio.  Thus, the basis for the P removal 
performance was evaluated further. The evaluation also found that waste alum sludge from the local 
water treatment plant was being discharged to the St. Cloud WWTF. 
 

The plant performance data for the period October 2002 through September 2003 was 
evaluated to determine if the variations in phosphorus removal were related to the key biological 
phosphorus removal parameters, notably the influent BOD/P ratio and the effluent NO3-N 
concentration. The plant experiences seasonal nitrification at its operating SRT and thus effluent 
nitrate concentrations are higher at that time.  Higher nitrate concentrations, as described in Section 
2, can decrease EBPR performance by consuming substrate desired by the phosphorus accumulating 
organisms (PAOs).  A comparison of the effluent soluble phosphorus and nitrate concentrations on 
Figure 5.2.1.4 shows no conclusive correlation between the effluent phosphorus concentration and 
nitrate concentrations.  For example, the lower monthly average phosphorus concentrations 
(Months 6 and 11) were associated with higher effluent nitrate concentrations, above 8 mg/L.  Also 
higher effluent phosphorus concentrations (Months 1 and 2) are shown with much lower effluent 
nitrate concentrations. For higher influent wastewater BOD/P ratios, a lower effluent phosphorus 
concentration is expected for EBPR processes as more food is expected to be available to grow 
more PAOs. The results on Figure 5.2.1.4 do not support a correlation between the effluent 
phosphorus concentrations and influent BOD/P ratios. In fact the influent BOD/P ratio did not 
very greatly, while the effluent P concentration did.  Thus these  results suggest  that operating 
conditions or other factors affected the EBPR performance. It is possible that a more consistent 
lower effluent phosphorus removal performance could have been achieved if the anaerobic contact 
zones were better controlled by using mechanical mixers to prevent any dissolved oxygen from 
entering the contact zones. 

 
Based on the fact that the St. Cloud WWTF was receiving waste alum sludge from the water 

treatment plant which may have impacted phosphorus removal, a literature and laboratory study was 
done to determine the efficacy of waste alum sludge for phosphorus removal.  Literature reports
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Figure 5.2.1.4 - Comparison of Effluent Estimated Soluble P Concentration to Influent BOD/P 
and Effluent Estimated NO3-N Concentration for St. Cloud WWTF (Estimated NO3-N based on 

data on influent N and effluent NH3-N and estimate of N used for biomass growth. Estimated 
effluent soluble P based on effluent total P data and estimate of solids P content) 

 
 
 
 

Table 5.2.1.2 - Monthly Average Treatment Performance Summary 
October 2002 – September 2003 

St. Cloud WWTF 
 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 
Average 
Performance 10.8 5.7 7.8 12.0 1.1 

Permit 
Requirements 13.0 25 30 NR Monitor 

Only 
Percent 
Removal NA 96.0% 94.9% NR 78.9% 

 

See Appendix 2.2.1 for detailed monthly plant data analysis 
NR – Not Required 
NA – Not Applicable 
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showed that waste alum sludge can be used to remove phosphorus, though at a much lower 
efficiency than fresh alum addition.  In a study by Huang and Chiswell (2000), it was found that 
alum sludge could rapidly remove phosphate in wastewater. The variation of nitrogen species 
present in the wastewater showed a negative correlation with the amount of phosphate removed. 
The author proposed it was due to ionic exchange of nitrate on the alum sludge.  According to a 
review by Barr (1992), the ability of alum sludge to remove phosphorus is not as great as that of 
fresh alum addition, but it is an effective means for phosphorus removal. The phosphorus removal 
decreased with increasing age of the alum sludge.  The phosphorus removal at the same Al/P molar 
ratio for alum sludge was about 10-15% of that for fresh alum addition (Hsu, 1975). 

 
 Laboratory tests were done with waste on sludge from St. Cloud and synthetic aluminum 
hydroxide sludge produced in the University of Washington laboratories.  For the St. Cloud water 
treatment plant sludge, the test objective was to determine the phosphorus removal capacity of the 
waste sludge.  The TSS and VSS concentrations were determined for the waste sludge and the 
phosphorus removal was determined for two samples with P additions of 10 and 40 mg/L, 
respectively after 30 minutes of slow mixing on a jar testing device.  For the aluminum hydroxide 
versus alum addition experiments, influent wastewater from the Seattle West Point treatment plant 
was used in jar testing.  Phosphorus was added at 20 mg/L P concentration and the Al 
concentration was varied in each jar with the addition of Al(OH)3 sludge or alum at Al/P molar 
ratios of 0.5, 1, 2, 4, and 8. All phosphate and aluminum determinations were carried out according 
to HACH test procedures. 

For the St. Cloud tests, the results in Table 5.2.1.3 show that the water treatment plant 
sludge did have phosphorus removal capacity and based on the TSS concentration it was 0.01 to 
0.04 g P/g TSS. The variation in g P/g TSS reflects the low amount of phosphorus removed in the 
testing due to the low solids concentrations in the samples received.  

 

Table 5.2.1.3 - Removal of Wastewater P with Waste Alum Sludge from the St. Cloud Water 
Treatment Plant (September 2004) 

 

Initial P 
(mg/L) 

TSS 
(mg/L) 

VSS 
(mg/L) 

Aluminum 
(mg/L) 

pH 
Al/P 

molar ratio 

P removal 
efficiency 

(%) 

g P removed 
per g inorganic 

solids 
(TSS-VSS) 

g P removed 
per g TSS 

10 43 30 0.984 8.04 0.11 6.17 0.051 0.015 
40 63 48 1.068 7.97 0.03 6.17 0.176 0.041 
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The jar test results with the aluminum hydroxide sludge and fresh alum with West Point 
wastewater are summarized on Figure 5.2.1.5.  The dashed lines represent the phosphorus 
adsorption with freshly precipitated aluminum hydroxide at pH 7, whereas the solid line represents 
phosphorus removal results using alum at pH 7.  
 

These results show that for the same Al/P ratio the phosphorus removal efficiency of the 
alum sludge was about 10 to 15% of that for fresh alum. Thus for a wastewater plant condition 
where waste alum sludge is mixed with influent wastewater and the Al/P ratio is 1.0 or less 
(stoichiometric ratio), the phosphorus removal may be 0.10-0.15 mole of P/mole of Al added.  This 
is within the magnitude of the phosphorus removal efficiencies for the Al/P ratios in the St. Cloud 
samples for the results in Table 5.2.1.3.  Thus the evaluation of the effect of waste alum sludge 
addition to the St. Cloud WWTF is based on a removal efficiency of 0.15 mole of P/mole of Al 
added or 0.05 mg P/mg TSS added.  For both parameters the more optimistic results are used to 
evaluate the P removal in the existing facility. 
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Figure 5.2.1.5 - Phosphorus Removal with Synthetic Water: (─) Aluminum Solution Added to 

Phosphate Solution; (---) Phosphate Solution Added to Aluminum Precipitate; (-�-) P Removal 
Rate (%);  (-∆-) P Removal Efficiency with Al (P removal (mg/L) / Al (mg/L)) 

 
 The amount of phosphorus that could be removed in the influent wastewater due to 
receiving waste alum sludge from the water treatment plant was estimated, and the results are 
shown in Table 5.2.1.4 below.  Information was provided by the City of St. Cloud on the monthly 
use of alum as Al2(S04)3

.(14H20) for the time period 2002 to 2003.  These values are summarized in 
the table below for each month along with the average daily influent flow rate to the wastewater 
treatment facility.  The average amount entering as aluminum in lb/day was then calculated from 
the monthly alum data. 
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Table 5.2.1.4 - Estimated P Removal From St. Cloud Influent Based on Amount of Waste Alum 
Received from the Water Treatment Plant 

 
 Alum Used Used as Al Est. P Removed Avg Daily Flow P Removed 

Month lb/month lb/d lb/day MGD Mg/L 

January 79,736 241.6 41.6 10.2 0.49 

February 71,062 215.3 37.1 10.1 0.44 

March 72,495 219.7 37.8 9.8 0.46 

April 80,854 245.0 42.2 10.6 0.48 

May 85,676 259.6 44.7 10.9 0.49 

June 104,490 316.6 54.5 10.9 0.60 

July 138,195 418.8 72.1 11.0 0.78 

August 136,250 412.9 71.1 10.6 0.80 

September 93,636 283.7 48.9 10.6 0.55 

October 76,688 232.4 40.0 12.7 0.38 

November 69,609 210.9 36.3 11.7 0.37 

December 71,826 217.7 37.5 10.5 0.43 

    average 0.52 
Alum used as Al2(S04)3 (14H20) 

  
 From the estimate of the amount of aluminum entering the influent, the amount of 
phosphorus removal was estimated in lb/day (based on 0.15 mole of P removed/mole of Al added).  
The phosphorus removal was then converted to mg/L P as shown in the last column, based on the 
influent flow rate. The amount of phosphorus removal is significant and ranged from 0.37 mg/L to 
0.80 mg/L, with an average removal of 0.52 mg/L. The average value was used in the phosphorus 
alternative design evaluation for the St. Cloud WWTF. 
 

5.2.1.2 Design Basis for Modifications for Phosphorus Removal 

The influent wastewater characteristics used to evaluate phosphorus removal alternatives for 
the St. Cloud WWTF were based on the annual average data and are summarized in Table 5.2.1.5.  
The influent BOD, TSS, TKN, and TP concentrations were taken from the 2002-2003 average 
monthly influent data summary.  The wastewater appeared to be a weaker wastewater than average 
and no significant industrial wastewater contribution with a high level of soluble BOD was 
identified, so the percent soluble BOD selected for the design analysis was set at the lower level of 
25%.  Again it should be stressed that an actual engineering analysis and design would include a 
wastewater characterization study that would determine the influent rbCOD among other factors.  
The rbCOD content is also some fraction of the influent sBOD concentration.  For these analyses, 
it was assumed that 70% of the influent sBOD was available to the bacteria as truly dissolved 
organic matter or rbCOD. 
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Dimensions and loading rates for the existing liquid unit processes at the design flows and 
loadings are also summarized in Table 5.2.1.5.   The table shows the units available for a retrofit to 
phosphorus removal and indicates if excess capacities exist.  In this phosphorus removal alternatives 
evaluation only two of the three aeration trains were assumed to be in-service at the 13 MGD 
influent flow rate, as this is the normal situation with the present facility that is demonstrating good 
EBPR performance. The existing primary and secondary clarification capacity results in very 
conservative overflow rates, which improves the reliability of any of the phosphorus removal 
alternatives that could be selected.   
 
 Operation with only two of these activated sludge aeration basins still provides sufficient 
capacity for the anaerobic contact zone within the first pass at each aeration train.  The aeration 
tank volume is also sufficient to support nitrification under warmer wastewater conditions (late 
spring, summer, and early fall).  Because nitrification is not required for the effluent discharge 
permit and the increase in nitrate would decrease the EBPR phosphorus removal efficiency, the 
operating SRT must be lowered during the warmer operating months to prevent nitrification. 
 

Table 5.2.1.5 - Process Design Basis Used for Evaluation of 
Phosphorus Removal Alternatives 

St. Cloud WWTP 
 

Flow (MGD) CBOD5 (mg/L) Percent sBOD TSS (mg/L) TKN (mg/L) TP (mg/L) 
13.0 144 25 153 28.4 5.2 

 

Process Step Dimensions Design Loading Comment 

Primary Clarifiers 
4 - rectangular 4563 ft2 
each 

712 gpd/ft2 
Can accept chemical 
addition 

Activated Sludge 
3 – 1.07 MG plug flow, 
3 pass aeration tanks 

SRT 5-10 days, 
 HRT = 5.92 hrs 

Capacity available for 
anaerobic contact and 
already shown 

Secondary Clarifiers 
3 – 96 ft diameter, 12 ft 
deep, 7,238 ft2/clarifier 

599 gpd/ft2 
Can accept chemical 
addition 
Conservative loading 

See Appendix 2.2.1 for summary of the design basis 
 
The aeration tank capacity and operating SRT possible for the existing system is a function 

of the influent BOD concentration, the solids yield assumptions, and the MLSS concentration for 
the system.  In the design alternative analysis for many of the systems reviewed in this project, a 
maximum MLSS concentration of 3,500 mg/L was assumed.  This has been shown acceptable for 
standard clarifier designs and subject to the improved settling characteristics associated with EBPR 
processes. Without the EBPR process, the maximum MLSS concentration assumed was 3,000 mg/L 
due to the different settling characteristics expected for a system with chemical sludge and with no 
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anaerobic contact tank.  For the St. Cloud aeration tanks, the design analysis showed that it is 
possible to operate the EBPR process with chemical treatment at MLSS concentrations well below 
3,000 mg/L. 

 

5.2.1.3 Evaluation of Phosphorus Removal Alternatives 

Phosphorus removal alternatives evaluated for the St. Cloud WWTF were EBPR alone, 
EBPR with alum addition in the primary treatment step, EBPR with alum addition in the secondary 
clarifiers, and alum addition only to both the primary and secondary clarifiers.  The effluent P 
concentration goal in all cases was between 0.80 and 1.0 mg/L to meet the less than 1.0 mg/L 
effluent permit goal.  When alum addition to the primary clarifiers was followed by either EBPR or 
alum addition to the secondary clarifiers, the alum dose was set to accomplish about 50% 
phosphorus removal in primary treatment, which was where the dose was close to stoichiometric 
requirements (1.0 mole Al/mole P) for phosphorus precipitation.  The alternative evaluation process 
included developing conceptual designs followed by preliminary cost estimates for the viable 
alternatives.  The conceptual designs included determining the activated sludge aeration volume 
requirements to meet the effluent treatment, the activated sludge tank volume needed for the 
anaerobic contact zone of the EBPR process, the amount of daily sludge production in both the 
primary and secondary processes, the amount of chemical sludge produced, the amount of 
phosphorus removed by biomass growth and by the EBPR process, the phosphorus content the 
waste sludge, and the fate of solids in solids processing and the characteristics of return flows.   
 

Even though the existing system has been operating with an anaerobic contact zone, the 
retrofit considered a more engineered zone with mechanical mixers to provide better control of the 
biological phosphorus removal process.  For the preliminary cost estimates, this added a minor 
additional capital cost for that alternative. 
 

The results of the alternative analyses are summarized in Table 5.2.1.6 in terms of the 
effluent phosphorus concentration, chemical requirements (alum and alkalinity), sludge production 
and additional facility modification requirements (tankage, mixers and piping) for each of the 
alternatives that were considered.  For the alternatives with chemical treatment, an effluent 
phosphorus concentration of 0.50 to 1.0 mg/L can be normally expected under varying wastewater 
load conditions.  For EBPR-only, the design analysis predicted an effluent phosphorus (P) 
concentration of 1.2 mg/L, which is near the annual average value.  Table 5.2.1.6 shows a range of 
1.0 to 1.5 mg/L for the predicted effluent P concentration to illustrate the magnitude for EBPR-
only treatment.  For the one-year of data on the phosphorus removal performance for the present 
system with EBPR, an effluent P concentration of greater than 1.0 mg/L occurred in 6 of the 12 
months.  This illustrates that the EBPR process alone would not meet a phosphorus target of less 
than 1.0 mg/L without periods of chemical addition. For the EBPR-only alternative, the capital cost 
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for a chemical feed system was included to provide stand-by chemical addition.  The alternatives 
with chemical addition in the primary or secondary clarifiers with EBPR provided an estimate of the 
chemical addition needs to assure that the effluent P concentration is kept comfortably below 1.0 
mg/L.  The results in Table 5.2.1.6 show that the chemical dose requirements for alum addition to 
the primary treatment step is 15-20% less than that needed for addition to the secondary clarifier.  
However, in view of the relatively small difference, the preferred chemical dosing point in this 
application would be to the secondary clarifier for polishing to provide maximum control of the 
effluent P concentration and other wastewater parameters such as CBOD5 and TSS.  
 
 The alternative with chemical addition only is included to illustrate the impact on the 
operating cost of using the EBPR process versus chemicals only for phosphorus removal.  
Fortunately for the St. Cloud facility, there is sufficient activated sludge tank volume to easily 
accommodate the anaerobic contact time required for the EBPR process.   
 

Table 5.2.1.6 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit 
Needs for Phosphorus Removal Alternatives 

St. Cloud WWTF 
 

Option Units EBPR Only 
EBPR+ Chemical 

Addition to Primary 
Clarifiers 

EBPR+ Chemical 
Addition to 

Secondary Clarifiers 

Chemical Addition 
to Primary and 

Secondary Clarifiers
Effluent P mg/L 1.0 to 1.5 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 0 2050 2434 10,275 
Additional Sludge 
Production(1) 

lb/d 0 384 521 2036 

Alkalinity Used mg/L 0 10.6 10.1 42.6 
Increased Tank 
Volume 

MG 0 0 0 0 

(1)Alum Sludge 
 
 

For the chemical treatment options the amount of alkalinity consumption would range 
between 11 mg/L and 43 mg/L as CaCO3.  Because the facility is not required to produce a nitrified 
effluent, the drop in pH due to this alkalinity consumption would not be of concern.  
 

It should be noted that if the facility is required at a future date to produce a nitrified 
effluent with a low ammonia concentration an additional analysis would be required to incorporate a 
denitrification process, such as the A2O process for nitrate removal. This would more seriously 
impact the available activated sludge tank volume.   
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A preliminary cost comparison between the most promising chemical treatment approach 
(two-point addition) and the EBPR processes is compared in Table 5.2.1.7.  The costs have been 
rounded to the nearest $1,000.  The capital cost includes the cost for the chemical feed system, and 
modifications to the basins for the anaerobic contact zone, including the mixers.  The present worth 
cost includes the capital costs plus the present worth value of the operating costs.  The present 
worth calculation is based on a 5% interest rate and a 20 year pay back period, with no escalation in 
the operations costs, such as that for chemicals and sludge disposal. For the chemical treatment-only 
system, the major O&M costs are associated with chemical usage, labor and disposal/reuse of the 
additional sludge production.  
 
 The difference in the capital costs for the EBPR alternatives and the chemical treatment only 
alternative is about $180,000 more for EBPR, but the annual operating cost for the system 
alternative with chemical treatment only is about $340,000 more than that for the EBPR system with 
chemical polishing.  The use of EBPR has a very significant cost savings in a short time in this case.  
This favorable comparison for the EBPR process is aided by the fact that the capital expenditure is 
not excessive due to having extra capacity in the aeration basin and the fortuitous layout of the 
existing aeration basins. 
 
 The preliminary cost information also indicates a potential cost savings for phosphorus 
discharge concentrations greater than 1 mg/L.  Similar to the comparison of the EBPR alternative 
analysis for Alexandria and New Ulm, the present worth analysis shows that the cost would be 2.5 
greater for a treatment system to meet a discharge concentration of 1 mg/L compared to a 
treatment system discharging 1.5 mg/L (EBPR only). 
 

The cost analysis, process analysis, and existing plant operation clearly showed that the 
EBPR is the preferred alternative, but its implementation would require chemical treatment 
capability on-site.  There would be times where a relatively small amount of chemical addition in the 
primary treatment step or secondary clarifier step would be required.  For the analysis with EBPR 
plus chemicals the alum dose would be approximately 11 mg/L.   
 

For this analysis many factors favored the use of the EBPR process (with a small amount of 
chemical addition) in spite of the fact that the wastewater was relatively weak and had a very modest 
BOD/P ratio of about 28.  The key favorable factors are listed as follows: 

• receiving waste alum sludge from the water treatment plant; 
• available excess activated sludge tankage to accommodate the anaerobic contact zone; 
• a favorable activated sludge plug flow layout for easy implementation of the anaerobic 

contact zone; and 
• no permit requirements for nitrification. 

 
  



5-42 

Table 5.2.1.7 - Preliminary Cost Estimates for Retrofit of Phosphorus Removal 
with Different Process Options 

St. Cloud WWTF 
 

Parameter 
EBPR 
Only 

EBPR + Chemicals in 
Primary Clarifiers 

EBPR + Chemicals in 
Secondary Clarifiers 

Chemicals only, to 
Primary and Secondary 

Clarifiers 
Preliminary Capital Costs 
EBPR Tank 
Aeration Tank Modifications 
Chemical System 

 
$176,000 

0 
$250,0001 

 
$176,000 

0 
$250,000 

 
$176,000 

 
$250,000 

 
- 
- 

$250,000 
Total Capital Costs $426,000 $426,000 $426,000 $250,000 
Daily Operating Costs, $/d 
Alum 
Sludge disposal 
EBPR operation 

 
0 
0 
65 

 
205 
35 
65 

 
243 
47 
65 

 
1028 
183 
0 

Annual Labor Cost – Chemicals Only 
Total Annual Operating Costs 

0 
$24,000 

0 
$111,000 

0 
$130,000 

$30,000 
$472,000 

Present Worth Operating Costs 
5% @ 20 years 

$299,000 $1,383,000 $1,620,000 $5,882,000 

Total Present Worth $725,000 $1,809,000 $2,046,000 $6,132,000 
1 – back up chemical feed for EBPR system 

 

5.2.2 Fergus Falls WWTP 

 The Fergus Falls Wastewater Treatment Plant (Fergus Falls WWTP) is a conventional plug 
flow activated sludge system providing biological nutrient removal (BNR).  This advanced secondary 
treatment process provides biological nitrogen and phosphorus removal and, when needed, chemical 
precipitation for additional phosphorus removal.  The facility’s design flow is 2.81 MGD and the 
plant is currently operating at 1.76 MGD. 
 

5.2.2.1 Plant Description and Performance 

 The treatment plant’s operation is depicted on the process flow diagram on Figure 5.2.2.1 
for the wastewater and sludge handling treatment steps.  The first step in the treatment process is 
screening of the raw wastewater.  At this point, the influent is mixed with the flows from the 
incinerator scrubber water and the landfill leachate.  Downstream of the screens, internal waste 
streams (WS001) enter the treatment system.  After flow monitoring and grit removal the 
wastewater flows to two circular 50 feet diameter primary clarifiers.   The effluent from the primary 
clarifiers flows by gravity to a control box where the wastewater is diverted to the two plug flow 
aeration –nutrient removal tanks (BNR tanks) for biological nitrogen and phosphorus removal.  The 
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Figure 5.2.2.1 - Schematic Process Flow Diagram, Fergus Falls WWTP 
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550,000 gallon aeration tanks are baffled to provide for three separate biological processes to take 
place sequentially in a plug flow mode, i.e. anaerobic, anoxic and aerobic treatment. 
 
 The biologically treated wastewater then flows by gravity to the two final 65 foot diameter 
clarifiers, prior to chlorination, dechlorination and post aeration.  The final effluent discharges to the 
Otter Tail River.  The secondary sludge from the final clarifiers is returned (i.e. return activated 
sludge (RAS)) to the aeration tanks and wasted to the waste activated sludge (WAS) aerated storage 
tank. 
 
 The aerated WAS storage tank is the first treatment step for the sludge handling operation.  
The decant from the WAS storage tank is returned to the BNR tanks.  The aerated WAS is pumped 
to the first of three anaerobic digesters operating in series.  There are two primary digesters and one 
secondary digester.  Each digester has a diameter of 50 feet and a storage volume of 471,000 gallons.  
In the first primary digester, the primary clarifier sludge is mixed with the WAS.  The 
combinedsludge is pumped to the second primary digester and then to the secondary digester for 
further digestion and stabilization.  The digested sludge is thickened on a belt filter press.  The 
thickened biosolids are stored in the 1.48 MG storage tank for land application during the spring 
and fall. 
 

Figure 5.2.2.2 is an overview of the treatment plant.  It shows the headworks building 
housing the screens, parshall flume and aerated grit tank; primary clarifiers; the aeration tanks; the 
WAS tank and dewatering building next to the aeration tanks; and the final clarifiers in the 
background.  Figure 5.2.2.3 shows a portion of an aeration tank where the anaerobic and aerobic 
zones are separated by a baffle.  
  
 Influent and effluent characteristics are summarized on Tables 5.2.2.1 and 5.2.2.2.  These 
data were used to evaluate the plant’s performance.  Table 5.2.2.1 presents the average influent 
monthly average concentration of CBOD5, TSS, ammonia nitrogen (NH4-N) and total phosphorus 
(TP). 
 
 

Table 5.2.2.1 - Monthly Average Raw Wastewater Characteristics 
Fergus Falls WWTP 

 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) CBOD5/P 
1.76 184 217 20 5.9 31 

 
 
 Influent wastewater characteristics did not vary significantly over the study period.  The 
treatment plant receives no major industrial loads.  The plant does receive sludge incinerator 
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Figure 5.2.2.2 - Overview of Treatment Plant, Fergus Falls WWTP 

 
 

 
Figure 5.2.2.3 - Anaerobic and Aerobic Zones, Fergus Falls WWTP 
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scrubber water and landfill leachate which is introduced at the head end of the plant.  Influent 
CBOD5 concentration averaged 184 mg/L and ranged between 153 to 205 mg/L; TSS averaged 
217 mg/L and ranged between 194 and 272 mg/L; average ammonia concentration was 20 mg/L 
and ranged between 18 and 27 mg/L; and phosphorus averaged 5.9 mg/L ranging between 5.1 and 
6.5 mg/L. 
 
 During the period of October 2002 through September 2003, the plant achieved excellent 
removal of the conventional parameters; 98.3% CBOD5 removal, 96.9% TSS removal, 92.8% 
ammonia removal and 89.8% total phosphorus removal, as shown on Table 5.2.2.2.  The table 
shows that the annual average concentration of CBOD5, TSS, and total phosphorus which are well 
within the monthly permit limits.  As stated in the table, the ammonia limit of 4.3 mg/L is a 
seasonal limit from June through September, and the corresponding average ammonia level in the 
effluent was 1.4 mg/L during the June to September period, which reflects the 92.8% ammonia 
removal during that period.  Also the monthly average ammonia nitrogen concentration was less 
than 4.3 mg/L for each month during the June to September period.  The yearly average effluent 
ammonia concentration was 7.2 mg/L. 

 
Table 5.2.2.2 - Monthly Average Treatment Performance Summary 

October 2002 – September 2003 
Fergus Falls WWTP 

 
 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L)(1) TP (mg/L)(2)

Average 
Performance 

1.76 3.0 6.7 1.4 0.60 

Permit 
Requirements 

2.0 25.0 30.0 4.3 1.0 

Percent 
Removal 

-- 98.3% 96.9% 92.8% 89.8% 
 

 

See Appendix 2.2.2 for detailed monthly plant data analysis. 
 

(1) Permit limit of 4.3 mg/L is for period of June through September.  For period of June through September in 
2003, the monthly average NH4-N level was 1.4 mg/L with a range of 0.9 to 2.3 mg/L which was well below the 
permit limit.  The annual average ammonia nitrogen (NH4-N) was 7.2 mg/L.   

 
(2) All monthly phosphorus levels were less than 1 mg/L. 
 

5.2.2.2 Design Basis for Modifications for Phosphorus Removal 

The Fergus Falls WWTP is currently practicing EBPR and achieving a low level of total 
phosphorus of 0.60 mg/L P in the final effluent.  The plant also has a backup chemical treatment 
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system for phosphorus removal, if needed.  Considering its performance to date the need for 
additional phosphorus removal is unwarranted.    

 
A review was performed to see if additional EBPR capacity was available at Fergus Falls.  

The Fergus Falls wastewater is a medium strength domestic wastewater with no major industrial 
inputs.  The actual influent wastewater characteristics presented in Table 5.2.2.1 show that the plant 
is at roughly two-thirds of its design hydraulic capacity and the influent is 20-30% weaker in strength 
than its design basis.  The actual CBOD5/P ratio is 31 which would support EPBR without the need 
for an additional carbon source.  At the time of the plant visit, the plant was operating in 
conventional activated sludge mode with one aeration basin in service.  The actual operating data 
indicate a food to microorganism ratio F/M of 0.14 (target 0.3) at an average MLSS concentration of 
6,445 mg/L which is more characteristic of the extended aeration mode of the activated sludge 
process.  Currently, the second basin is in service and the plant is operating in extended aeration 
mode. The F/M is low enough to support nitrification year round but the low temperatures 
observed in the winter months would make full nitrification difficult to achieve.  The low F/M also 
suggests that there is significant aeration volume available to support denitrification and EPBR.  
 
 The evaluation of phosphorus removal alternatives was based on the process design 
parameters presented in Table 5.2.2.3.  The design parameters included design flow and wastewater 
characteristics, and design conditions (e.g., overflow rates, F/M, HRT) for the clarifiers and 
activated sludge system.  This design basis was used to look at the expected removals for the various 
phosphorus removal alternatives that could be employed at the plant.  There are three return 
streams at the Fergus Falls plant including: WAS storage tank supernatant which is returned to the 
aeration basins; secondary digester supernatant which is returned to the head of the plant; and 
filtrate from belt filter press operations which have been suspended.  There were no data available 
on these waste streams, however, assumptions were made to account for the digester supernatant 
returns.  Based on plant communications, a design low temperature of 10O C was selected for use in 
developing biological nutrient kinetics. 
 
 Certain wastewater characteristics, removal rates and treatment plant operating conditions 
were either assumed or based on plant operating data for this analysis.  Biodegradable COD 
(discussed in Section 4) was assumed to be equal to 1.6 times the CBOD5 and readily biodegradable 
COD (rbCOD), that fraction of the COD that is easily converted to volatile fatty acids (VFA) which 
are used by EBPR bacteria, was assumed to be 30% of the biodegradable COD.  Also baseline 
phosphorus removal by primary treatment (without chemical addition) was assumed to be 10% of 
the influent concentration. 
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Table 5.2.2.3 – Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Fergus Falls WWTP 

 

Flow (MGD)  CBOD5 (mg/L) TSS (mg/L) NH4- N (mg/L) TP (mg/L) rbCOD (mg/L) 

2.81 282 266 30 8 122 

  

Process Step Dimensions Design Loading Comment 

Primary Clarifiers 2-50 ft. diameter 
9.5 ft. SWD 

715 gpd/sf Already designed for 
chemical addition as 
needed 

Activated Sludge 2 trains @ 0.556 MG; 3 
passes/train (1+ unaerated, 
2-aerated) 

F/M = 0.1 lb CBOD5/lb 
MLSS; HRT = 9.4 hrs 

Seasonal Nitrification; 
Presently retro-fit for 
EBPR with low 
effluent P (~0.60 
mg/L) 

Secondary Clarifiers 2-65 ft. diameter 
12.0 ft. SWD 

423 gpd/sf Already designed for 
chemical addition as 
needed 

See Appendix 2.2.2 for summary of the design basis 
SWD – side water depth 
 

5.2.2.3 Evaluation of Phosphorus Removal Alternatives 

The evaluation of phosphorus removal alternatives for the Fergus Falls plant involved 
reviewing whether additional phosphorus removal could be achieved with the current phosphorus 
removal practices (ie. EBPR with chemical addition as needed).  The analysis affirmed that EBPR is 
effective without the use of additional tankage.  It also indicated that the plant is performing better 
than basic EBPR process kinetics would predict.  Therefore, the operating process should be left as 
is and no modification undertaken at this time.  Therefore, the recommended phosphorus removal 
alternative is a No Action Alternative.  To fully understand the high rate of phosphorus removal 
achieved by the Fergus Falls plant, a more detailed engineering design review would be required of 
the process operation, return streams, incinerator scrubber and leachate waters and data collection 
that is beyond the scope of this study.   

5.3 OXIDATION DITCH 

 The 0.50 MGD Wadena WWTF and the 0.80 MGD Whitewater River PCF were evaluated 
for phosphorus removal.  The following presents a summary of the analysis for each plant. 
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5.3.1 Wadena WWTF 

The Wadena Wastewater Treatment Facility (Wadena WWTF) plant is a suspended growth 
biological treatment system using the oxidation ditch process for secondary treatment and two 
gravity filters following the secondary clarifiers for tertiary treatment.  The plant has a design flow 
rate of 0.5 MGD and a wet weather design flow of 0.75 MGD.  The plant is currently operating at a 
wastewater flow of 0.32 MGD. 

 

5.3.1.1 Plant Description and Performance 

A process flow diagram for the wastewater and the sludge handling treatment process is 
presented on Figure 5.3.1.1.  The influent entering the plant is involving a macerator grinder 
followed by grit removal, and flow metering prior to entering the main pump station.  The 
wastewater is pumped to the 40 foot diameter primary clarifier for initial CBOD5 and TSS removal 
followed by biological treatment in the 396,000 gallon oxidation ditch.  The 4 pass oxygen ditch 
provides advanced secondary treatment including nitrification year round, meeting the seasonal 
ammonia nitrogen permit limits.  The treated wastewater then flows to the two 40 foot diameter 
final (secondary) clarifiers.  The thickened secondary sludge (RAS) is returned to the oxidation ditch 
and also wasted to the primary digester along with the primary clarifier sludge.  The clarified effluent 
flows by gravity to the two-dual media filters operating in parallel for additional TSS and CBOD5 
control and removal.  The backwash from the filters is pumped back to the main pump station.  
Following filtration, the treated effluent passes through disinfection, dechlorination and post 
aeration prior to discharging into Union Creek.  Figure 5.3.1.2 is a view of the 4 pass oxidation ditch 
with one of the 30 hp aeration mixers shown in the background along with the two covered 
secondary clarifiers.  Figure 5.3.1.3 is a view of the inside of one of the dual media filters showing 
the effluent trough, the media area, and the traveling bridge used for backwashing operations. 

 
 The sludge handling operation shown on Figure 5.3.1.1 starts with the pumping of the 
primary and secondary clarifier thickened sludges to the heated 189,000 gallon primary anaerobic 
digester.  From the primary digester, the sludge is pumped to the unheated 140,000 gallon secondary 
anaerobic digester for additional digestion.  The digested sludge is then stored in two 250,000 gallon 
biosolids tanks.  The digester supernatant from the secondary digester and the decant from the 
sludge storage tanks are returned to the main pump station.  The biosolids are stored in the 250,000 
gallon tanks in the summer and winter and land applied during the spring and fall. 

  

 
  

Influent and effluent plant data were reviewed to develop the raw wastewater and final 
effluent characteristics to evaluate the plant performance, and for the phosphorus removal analysis.  
Influent wastewater and final effluent characteristics are summarized on Tables 5.3.1.1 and 5.3.1.2 
for the period of October 2002 through September 2003.  These data represent the annual monthly 
average flow, CBOD5, TSS, ammonia nitrogen (NH4-N), and total phosphorus.  Industrial 
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Figure 5.3.1.1 - Schematic Process Flow Diagram, Wadena WWTF 
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Figure 5.3.1.2 - Oxidation Ditch, Wadena WWTF 

 
 

 
Figure 5.3.1.3 - Dual Media Filter, Wadena WWTF 
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wastewater contributions are minor and include several car washes, Homecrest Metal finishing 
which provides pretreatment, a fertilizer plant, laundromat/cleaners, a nursing home, the local 
hospital and the new water treatment plant.  The influent characteristics are as follows: 

 
 

Table 5.3.1.1 - Monthly Average Raw Wastewater Characteristics 
Wadena WWTF 

 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N mg/L) TP (mg/L) CBOD5/P
0.32 153 204 23 6.9 24 

 
 The influent did not show any large variations in wastewater characteristics.  The CBOD5 

concentration averaged 153 mg/L and ranged from 127 mg/L to 183 mg/L; TSS averaged from 204 
mg/L and ranged between 147 and 237 mg/L; NH4-N concentration averaged 23 mg/L and ranged 
between 17 and 28 mg/L; and the phosphorus concentration averaged 6.9 mg/L and ranged 
between 3.6 and 11 mg/L. 
 
 The plant effluent characteristics are summarized on Table 5.3.1.2 along with permit 
requirements and percent removals for CBOD5, TSS and ammonia nitrogen.  The plant has effluent 
permit limits for CBOD5, TSS and ammonia nitrogen.  Monthly monitoring is the only requirement 
for total phosphorus (TP).  The plant is operating well within permit limits of 10 mg/L monthly 
averages for CBOD5 and 30 mg/L for TSS.  The plant achieved greater than 98% removal of 
CBOD5 and TSS with an average effluent concentration of 2.3 mg/L and 1.5 mg/L, respectively.  
The 2002-2003 yearly monthly average discharge concentration for ammonia was 1.2 mg/L.  The 
plant has seasonal monthly average limits for ammonia nitrogen as shown in the table.  The plant is 
meeting these requirements year round.  Weekly monitory is required for total phosphorus and the 
monthly average is reported.  The monthly average phosphorus discharge level was 6.2 mg/L. 

 
Table 5.3.1.2 – Monthly Average Treatment Performance Summary 

October 2002 – September 2003 
Wadena WWTF 

 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 
Average 
Performance 0.32 2.3 1.5 1.2 6.2 

Permit 
Requirements 0.50 10 30 (1) Monitor 

Only 
Percent Removal ---- 98.5% 99.2% 90.6% ---- 

 

See Appendix 2.3.1 for detailed monthly plant data analysis. 
 

Note (1) 
• NH4-N limit is 15 mg/L from December through March; actual monthly average NH4-N level was 5.3 mg/L 
• NH4-N limit is 8 mg/L from April through May; actual monthly average NH4-N was 0.43 mg/L 
• NH4-N limit is 2 mg/L from June through September; actual monthly average NH4-N level was 0.54 mg/L 
• NH4-N limit is 8 mg/L from October through November; monthly average NH4-N was 0.61 mg/L. 
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5.3.1.2 Design Basis for Modifications for Phosphorus Removal  

The evaluation of phosphorus removal alternatives was based on the design parameters 
presented in Table 5.3.1.3.  This design basis was used to look at the expected removals for the 
various phosphorus removal alternatives that could be employed at the plant.  There are two 
continuous return streams at the Wadena plant, the digester supernatant and the filter backwash 
which are returned to the head of the plant.  There is also a seasonal return from the sludge holding 
tanks decent.  Digester supernatant flows average 7,200 gpd with a phosphorus concentration 
ranging between 8 and 12 mg/L. The filter backwash flow is 20,000 gpd and the phosphorus level 
would be low and, therefore, was not included in the analysis.  For the anaerobically digested sludge 
recycle streams, CBOD5, TSS and TKN concentrations were assigned at 500 mg/L for CBOD5 and 
3,400 mg/L for TSS and 158 mg/L of TKN.  The sludge holding tank decant returns only occur 
twice per year in the spring and fall prior to initiating land application of the digested sludge.  The 
waste volume from these operations was estimated to be 125,000 gallons returned twice per year 
over the course of a few days. These flows were addressed in the conceptual design analysis, 
considering sidestream treatment or bleeding of this stream back into the plant, such that any 
retained phosphorus load would have minimal impact on biophosphorus removal.  Based on plant 
communications a design low temperature of 12°C was selected for use in developing biological 
nutrient kinetics. 
 
 

Table 5.3.1.3 - Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Wadena WWTF 

 

Flow CBOD5 
(mg/L) 

TSS (mg/L) NH4- N (mg/L) TP (mg/L) rbCOD (mg/L) 

0.50 200 210 23 6.9 46 
  
 

 
Process Step Dimensions Design Loading Comment 

Primary Clarifiers 1 @ 40 ft. diameter 
7.0 ft. SWD 

400 gpd/sf Possible point of chemical 
addition 

Activated Sludge - 
Oxidation Ditch 

396,000 w/ 14.0 ft. SWD HRT = 19.0 hrs 
SRT = 21.1 days 
F/M = 0.07  
lb CBOD5/lb MLSS 
(calculated) 

Consider an EBPR retrofit 

Secondary Clarifiers 2 @ 40 ft. diameter 
11.0 ft. SWD 

200 gpd/sf Possible point of chemical 
addition 

See Appendix 2.3.1 for summary of the design basis 
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Certain wastewater characteristics, removal rates and treatment plant operating conditions 
were either assumed or based on plant operating data for this analysis including ammonia and 
phosphorus which were based on observed plant data and bCOD and rbCOD which were based on 
theoretical assumptions.   Biodegradable COD (discussed in Section 4) was assumed to be equal to 
1.6 times the CBOD5 (of the primary effluent) and readily biodegradable COD (rbCOD), that 
fraction of the COD that is easily converted to volatile fatty acids (VFA) which are used by EBPR 
bacteria, was assumed to be 25% of the biodegradable COD.  Also baseline phosphorus removal by 
primary treatment (without chemical addition) was assumed to be 10% of the influent concentration. 
 

5.3.1.3 Evaluation of Phosphorus Removal Alternatives  

 The evaluation of phosphorus removal alternatives included developing conceptual designs 
and preliminary cost estimates for the viable alternatives.  The design analysis is summarized in 
Table 5.3.1.4.   The alternatives reviewed included EBPR alone, single point alum addition in either 
the primary or secondary clarifiers or two point alum addition.  The analysis indicated that EBPR 
alone can not meet the effluent phosphorus target of 1 mg/L if the CBOD5/P ratio is less than 30, 
and must be used in conjunction with chemical precipitation. 
 

 

 Chemical precipitation is a reliable means of phosphorus removal and can be effectively 
applied to either clarifier or to both clarifiers as a two point chemical addition scenario.  In the case 
of the Wadena plant, the conceptual design for alum addition indicated that effluent goals could be 
met for the three scenarios.  The conceptual design analysis indicated that two point addition would 
have the lowest chemical requirements and lowest sludge production compared with chemical 
addition to the primary or secondary clarifiers alone.  Alum addition to the secondary clarifier alone 
had the next lowest chemical requirements and sludge production with primary chemical addition 
producing the most sludge and the highest chemical requirements. Alum addition would also result 
in the destruction of alkalinity.   Since the plant nitrifies, the need for supplemental alkalinity should 
be reviewed and would most likely be needed if alum addition to the primary or secondary clarifiers 
alone were considered but may not be needed in the two point scenario due to the lower depletion 
rate noted.  A review of influent wastewater alkalinity characteristics as well as bench scale testing of 
alum dosage requirements as part of a detailed design would help determine the need for 
supplemental alkalinity addition for pH control.  At the time of evaluating a phosphorus removal 
system for Wadena, consideration should be given to determining the need for different chemical 
requirements to maintain effective overall treatment. 
 
 A summary of the preliminary cost analysis for the three phosphorus removal alternatives is 
presented in Table 5.1.3.5.  The table includes capital and O&M costs as well as the present worth of 
each alternative.  The capital costs are presented as September 2004 US dollars and the present
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Table 5.3.1.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit  
Needs for Phosphorus Removal Alternatives 

Wadena WWTF 
 

 
Operating Condition 

 
Units 

 
EBPR 
Only 

 
Alum 

Addition 
Primary Clarifier 

 
Alum Addition 

Secondary 
Clarifier 

 
2 Pt. Alum 
Addition 

Primary & 
Secondary 

 
Effluent P 

 
mg/L 

 
5.80 

 
0.5 to1.0 

 
0.5 to1.0 

 
0.5 to1.0 

 
Chemical Addition 

 
lb/d 

 
0 

 
1020 

(alum) 

 
910 

(alum) 

 
600 

(alum) 

 
Alkalinity Depleted 

 
mg/L 

 
0 

 
104 

 
93 

 
61 

 
Equipment Requirements 

 
NA 

 
None, won’t 
work w/o 

extra carbon 

 
Chem Feed 

Pumps & Chem 
Storage 

 
Chem Feed 

Pumps & Chem 
Storage 

 
Chem Feed 
Pumps & 

Chem Storage 

 
Primary Sludge Production 

 
lb/d 

 
1030 

 
1460 

 
1090 

 
1230 

 
Secondary Sludge 
Production 

 
lb/d 

 
300 

 
140 

 
300 

 
240 

 
Chemical Sludge Production 

 
lb/d 

 
0 

 
230 

 

 
300 

 
180 

 
Total Sludge Production 

 
lb/d 

 
1330 

 
1830 

 
1690 

 
1650 

 
 
worth costs are based on the annual O&M costs over a 20 year operating period at an interest rate of 
5%.  The costs were rounded to the nearest $1,000.  Two-point chemical addition to the primary 
and secondary clarifiers is the most cost effective choice for implementation at the Wadena plant.  
 
 Additional options that Wadena might consider for addressing their phosphorus discharge 
limitations are source control and phosphorus trading.  Based on MPCA phosphorus strategy 
guidelines, Wadena should investigate source control as a means of reducing phosphorus levels in 
their discharge. Although their influent phosphorus level of 6.9 mg/L does not indicate a large
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Table 5.3.1.5 – Preliminary Cost Estimates for Retrofit for Phosphorus Removal 

With Different Process Options 
Wadena WWTF 

 

 
Cost Factors 

 
Alum Addition 

Primary 
Clarifier 

 
Alum Addition 

Secondary 
Clarifier 

 
Chemical Addition 

to Primary and  
Secondary Clarifiers

 
Effluent P (mg/L) 

 
0.5 to1.0 

 
0.5 to1.0 

 
0.5 to1.0 

 
Preliminary Capital Costs 

 
$103,000 

 
$103,000 

 
$103,000 

 
Annual O&M Costs 

 
$58,000 

 
$55,000 

 
$40,000 

Present Worth $826,000 $788,000 $601,000 

 
 
industrial contribution of phosphorus, the plant did identify a fertilizer plant, multiple car washes 
and a metal finishing shop as industrial inputs.  A review and confirmation of their possible 
industrial sources of phosphorus is prescribed by the MPCA phosphorus management planning 
guidelines. Phosphorus trading would involve purchasing phosphorus removal capacity from 
another plant. If excess phosphorus capacity were available from a nearby wastewater treatment 
plant their excess capacity would be purchased like a commodity. 
 

5.3.2 Whitewater River PCF 

The Whitewater River Pollution Control Facility (Whitewater River PCF) serves the cities of 
Dover, Eyota, and St. Charles and has a design capacity of 0.80 MGD.  This system is an extended 
aeration oxidation ditch plant with polishing filters. The waste sludge is stored in a lagoon on-site 
and then removed in the spring and fall for agriculture applications.  At present there is no effluent 
discharge permit limit on phosphorus, but nitrification is required to produce a low ammonia 
concentration and the effluent CBOD5 concentration limit is very stringent at 5.0 mg/L.   
 

5.3.2.1 Plant Description and Performance 

 A process flow diagram for the wastewater treatment process and sludge handling is 
presented in Figure 5.3.2.1.  Preliminary treatment consists of mechanically cleaned bar screens and 
grit removal.  Following pretreatment the wastewater is split between two (2) oxidation ditch tanks, 

 



5-57 

 

 
Figure 5.3.2.1 – Schematic Process Flow Diagram, Whitewater River PCF 
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with each one equipped with 2-60 Hp brush rotor aerators.  Each ditch is about 180 ft. by 70 ft. with 
a relatively shallow liquid depth at 6.25 ft.  The working volume for each ditch is 0.598 MG.  
 

The mixed liquor from the oxidation ditch is directed to two (2) 52-ft diameter secondary 
clarifiers with a depth of 12 ft.  At the average design condition the overflow rate is 188 gpd/ft2. 
This relatively conservative overflow rate provides protection against high peak flows that can occur 
at the facility in wet weather.  The settled secondary sludge from each clarifier is returned to the 
oxidation ditch associated with each treatment train.  The waste activated sludge is pumped to the 
sludge holding lagoon and thickened. Supernatant from the lagoon is returned to the aeration tanks.    
 

Three dual media (anthracite/sand) polishing filters are used to remove suspended solids 
from the clarifier effluent prior to disinfection in a chlorine contact tank and discharge.  With two of 
the three filters in operation the hydraulic application rate is 2.45 gpm/ft2, which is an acceptable 
range for this type of filtration. The filters are of a metal tank design and are in need of repair or 
replacement.  The filtered effluent is chlorinated and dechlorinated prior to discharging into the 
South Fork of the Whitewater River.  A photo of the Whitewater facility is shown in Figures 5.3.2.2.  
 
 Influent and effluent plant data were collected and reviewed to develop raw wastewater 
characteristics for the phosphorus removal analysis and to observe the present plant performance. 
Influent wastewater characteristics are summarized in Table 5.3.2.1 for the period of September 
2002 through August 2003.  These data represent the monthly average values for flow, and CBOD5, 
TSS, and TP concentrations.  The facility receives a significant industrial wastewater contribution 
from North Star Foods, which accounts for about 33% of the influent BOD and 45% of the 
influent phosphorus load. The average influent BOD concentration (463 mg/L) is high for a 
domestic wastewater and the influent BOD/P ratio is also high at a value of 46.3. The higher 
influent BOD/P ratio favors a higher P removal efficiency by an EBPR process. 
 

Table 5.3.2.1 - Monthly Average Raw Wastewater Characteristics 
Whitewater River PCF 

 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TKN (mg/L) TP (mg/L) BOD/P 

0.66 463 344 NA 10.0 46.3 
NA – Not Applicable 

 
 There was a significant variation in the influent wastewater strength based on monthly 
average data.  For January, the influent CBOD5 concentration was 690 mg/L, while it was as low as 
312 mg/L for May.  These were likely due to load variations from the industrial wastewater.  
Fortunately for a EBPR process the influent BOD/P ratio increased with higher influent 
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Figure 5.3.2.2 - Two Oxidation Ditches and Covered Secondary Clarifier, Whitewater River PCF 
 
CBOD5concentrations.  The highest BOD/P ratio was 68, which was in January at the highest 
influent CBOD5 concentration.    
 
 The monthly average effluent concentrations for one year from September 2002 through 
August 2003 were used to develop an annual average effluent concentration value for key 
parameters, and these results are summarized on Table 5.3.2.2 below.  The table also includes 
discharge permit requirements and percent removals for CBOD5, TSS, and phosphorus.  The plant 
presently does not have an effluent limit for phosphorus, but it is monitored.  The plant is operating 
well within the permit limits of 5 mg/L monthly averages for CBOD5 and the lowest value for NH3-
N of 1.3 mg/L in the summer months.  The plant achieved about 99% removal of CBOD5 and TSS, 
with average effluent concentrations of 2.7 mg/L and 5.0 mg/L, respectively.  Phosphorus removal 
averaged 33%, which is typical of activated sludge processes without EBPR treatment or chemical 
addition.  The average effluent P concentration was 7.0 mg/L. 
 

Table 5.3.2.2 – Monthly Average Treatment Performance Summary 
September 2002 – August 2003 

Whitewater River PCF 
 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L)
Average Performance 0.66 2.7 5.0 0.29 7.0 
Permit Requirements 0.80 5.0 30 1.3 monitor 
Percent Removal -- 99.4% 98.5% NA 33% 

 

See Appendix 2.3.2 for detailed monthly plant data analysis 
 NA – Not available 
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5.3.2.2 Design Basis for Modifications for Phosphorus Removal 

 The influent wastewater characteristics used to evaluate phosphorus removal alternatives for 
the Whitewater PCF were based on the annual average data and are summarized in Table 5.3.2.3.  
The influent CBOD5, TSS, and TP concentrations were taken from the 2002-2003 average monthly 
influent data summary.  Without influent wastewater characterization, as would be done for a final 
design analysis for a given wastewater treatment system, values for two key design parameters, the 
influent TKN concentration and percent soluble BOD (sBOD), had to be assumed.  A TKN 
concentration of 45 mg/L was assumed based on the fact that the influent appears to be a strong 
domestic wastewater.  A slightly above average percent soluble BOD concentration of 40% was 
assumed was in view of the significant industrial wastewater contribution the WWTP influent and 
the high BOD/P ratio measured.  Again it should be stressed that an actual engineering analysis and 
design would include a wastewater characterization study that would determine the influent rbCOD 
among other factors.  The rbCOD content is also some fraction of the influent sBOD 
concentration.  For these analysis, it was assumed that 70% of the influent sBOD was available to 
the bacteria as truly dissolved organic matter or rbCOD.  The design temperature was 10°C. 

 
 

Table 5.3.2.3 - Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Whitewater River PCF 

 
Flow (MGD) CBOD5 (mg/L) Percent sBOD TSS (mg/L) TKN (mg/L) TP (mg/L) 

0.66 463 40 344 45.0 10.0 

 

Process Step Dimensions Design Loading Comment 

Oxidation ditch 2 - 0.598 MG SRT > 25 days 
Can be used to accomplish 
nitrogen removal within 
ditch operation 

Secondary Clarifiers 2 - 52 ft diameter 200 gpd/ft2 
Can accept chemical addition 
Conservative loadings 
improves efficiency 

Polishing Filters 3 - 12 ft diameter, 
2.5 gpm/ft2 with 2 

operating 
Effluent polishing of solids 
improves P removal 

 
 

See Appendix 2.3.2 for summary of the design basis 
 
Phosphorus loads from recycle streams must be considered when developing designs for 

phosphorus removal alternatives.  A recycle flow would occur from the sludge storage lagoon since 
it is used for solids thickening as well as storing the sludge prior to land application.  The recycle 
flow rate is based on the assumption that the waste activated sludge solids are thickened from 0.8% 
to 6% solids content in the storage lagoon.  There are times when the lagoon sludge is greater than 
6% requiring the addition of final effluent to dilute the sludge for pumping.  The phosphorus 
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content of this return flow is based on the assumption that 20% of the phosphorus removed by an 
EBPR process is released and returned with the lagoon overflow. For chemical phosphorus removal 
no phosphorus release would be expected. 

 
Dimensions and loading rates for the existing liquid unit processes at the design flows and 

loadings are also summarized in Table 5.3.2.3.  The table shows the units available for a retrofit to 
phosphorus removal and indicates if excess capacities exist.  For all of the Whitewater phosphorus 
removal design alternatives, the phosphorus removal efficiency is favored by the conservative 
secondary clarification loading at the plant and the use of polishing filters.  By removing solids to 
very low concentrations in the polishing filters the effluent phosphorus concentration associated 
with effluent TSS is minimized. 

 
The oxidation ditch has sufficient volume so that it can be operated to accomplish a 

significant amount of nitrate removal and thus minimize the amount of nitrate entering the 
anaerobic contact zone of the EBPR process.  The phosphorus removal efficiency of an EBPR 
process is improved when less nitrate or oxygen enters the anaerobic contact zone.  For the retrofit 
evaluation, the design considered the amount of ditch volume needed to accomplish nitrification.  
The amount of nitrate removal was calculated based on the excess volume that could be operated 
under anoxic conditions. To accomplish this, the oxidation ditch would have to be operated with 
dissolved oxygen (DO) control so that oxygen can be depleted at some point in the channel 
downstream from the aeration zone to create anoxic zones for nitrate reduction. This type of 
operation is common for oxidation ditch systems. 
 

The aeration tank capacity and operating SRT possible for the existing system is a function 
of the influent BOD concentration, the solids yield assumptions, and the MLSS concentration for 
the system.  In the design alternative analysis MLSS concentration of 3500 mg/L was assumed.  This 
is a common MLSS concentration used for oxidation ditch operations, and can be expected in view 
of the secondary clarifier capacity and the good settling characteristics that would result from the 
EBPR process. 
 

5.3.2.3 Evaluation of Phosphorus Removal Alternatives 

Phosphorus removal alternatives evaluated for the Whitewater River PCF involved two basic 
approaches.  The first is using the oxidation ditch with EBPR-only, EBPR with chemical addition, 
and chemical addition only.  For the EBPR alternative it is necessary to add an external anaerobic 
contact tank because the ditch operation with the recirculating channel flow must remain in place.   
 

The second approach that was evaluated was shown in Figure 4.2(f) in Section 4 for 
oxidation ditch alternatives.  In this case, no external tank is added; instead, the oxidation ditch is 
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converted to an A2O process for biological phosphorus and nitrogen removal.  This type of 
modification is only feasible if sufficient tank capacity exists for the design flows used.  For the 
Whitewater evaluation there was not sufficient tank capacity for conversion to the A2O process at 
the design flow of 0.80 MGD but it was possible at a flow rate of 0.70 MGD. 
 

The effluent P concentration goal in all cases was between 0.80 and 1.0 mg/L to meet the 
less than 1.0 mg/L effluent permit goal.  For the alternative with chemical addition only, chemical 
was added to the influent of the oxidation ditch at a dose that would accomplish 50 to 60% 
phosphorus removal such that the alum dose was close to stoichiometric requirements (1.0 mole 
Al/mole P) for phosphorus precipitation.  The alternative evaluation process included developing 
conceptual designs followed by preliminary cost estimates for the viable alternatives. The conceptual 
designs included determining the activated sludge aeration volume requirements to meet the effluent 
treatment, the activated sludge tank volume needed for the anaerobic contact zone of the EBPR 
process, the amount of daily sludge production in both the primary and secondary processes, the 
amount chemical sludge produced, the amount of phosphorus removed by biomass growth and by 
the EBPR process, the phosphorus content of the waste sludge, and the fate of solids in solids 
processing and the characteristics of return flows.   
 

The results of the alternative analyses are summarized in Table 5.3.2.4 in terms of the 
effluent phosphorus concentration, chemical requirements (alum and alkalinity), sludge production 
and additional facility modification requirements (tankage, mixers and piping) for each of the 
alternatives that were considered.  For the alternatives with chemical treatment, an effluent 
phosphorus concentration of 0.50 to 1.0 mg/L can be normally expected under varying wastewater 
load conditions.  For EBPR-only, the design analysis predicted an effluent P concentration of 1.2 
mg/L, which does not meet the target limit.  Thus, the EBPR process alternative would require 
chemical polishing.  This is shown as the second alternative in Table 5.3.2.4.  The amount of alum 
addition would be 120 lb/day to meet the effluent P concentration requirement.  Both of these 
alternatives would require the construction of an external anaerobic contact tank before the 
oxidation ditch.  Preliminary cost estimates are shown for the cost of this tank, but actual site 
conditions and final engineering designs would be needed to finalize such costs. 
 
 The third alternative, chemical addition only, is based on adding alum to the influent of the 
oxidation ditch and to the flow to the secondary clarifiers. This two-point addition design would 
minimize chemical requirements.  Compared to the second alternative the chemical requirements are 
much higher, by a factor of 10. Of significance is the alkalinity depletion of about 85 mg/L at this 
chemical dose.  Because nitrification is required to meet the discharge permit limit, the alternative 
analysis includes a cost for adding alkalinity to the influent to offset this alkalinity depletion.  This is 
needed to maintain the proper pH for nitrification. 
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Table 5.3.2.4 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit 
Needs for Phosphorus Removal Alternatives 

Whitewater River PCF 
 

Option Units EBPR Only 

EBPR+ Chemical 
Addition to 
Secondary  
Clarifiers 

Chemical Addition 
to Influent and 

Secondary Clarifiers 

Effluent P mg/L 1.2 to 2.0 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 0 130 1300 
Additional Sludge Production(1) lb/d 0 27 248 
Alkalinity Used mg/L 0 8 85 
Increased Tank Volume MG 0.034 0.034 0 

(1)Alum Sludge 
 
 

The preliminary cost analysis for the different alternatives is summarized in Table 5.3.2.5.  
The costs were rounded to the nearest $1,000.  The capital cost includes the cost for the chemical 
feed system, the cost for adding an external anaerobic contact zone, and the cost for converting the 
oxidation ditch to the A2O process. The present worth cost includes the capital costs plus the 
present worth value of the operating costs.  The present worth calculation is based on a 5% interest 
rate and a 20 year pay back period, with no escalation in the operations costs, such as that for 
chemicals and sludge disposal. For the chemical treatment-only system the major costs are 
associated with chemical requirements, labor and the disposal/reuse of the additional sludge 
production.  
 

The EBPR process alone cannot meet the effluent discharge requirements but is shown in 
Table 5.3.2.5 for comparison to the EBPR plus polishing chemicals alternative.  For the lowest 
present worth costs, the preferred option would be EBPR plus polishing chemicals.  This option 
would have a capital cost that is about three times that for the chemical-only alternative.  However 
its operating costs would be about one fifth of that for the chemical treatment-only approach. 
 
 In summary, phosphorus removal for the Whitewater River PCF oxidation process can be 
done more cost-effectively by installing an external anaerobic contact tank with polishing chemicals.  
Final engineering design analysis based on site conditions is necessary to determine the feasibility 
and cost-effectiveness of this approach.  The high influent BOD/P ratio for the Whitewater River 
PCF is favorable for the EBPR process, such that only a small chemical dose is needed to meet the 
effluent discharge requirement.  For oxidation ditch processes with much lower influent BOD/P 
ratios, the cost analysis would become more favorable for chemical treatment-only as the influent 
BOD/P ratio decreases. 
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Table 5.3.2.5 - Preliminary Cost Estimates for Retrofit for Phosphorus Removal 
With Different Process Options 

Whitewater River PCF 
 

 
Parameter 

EBPR Only 
EBPR + 
polishing 
chemicals 

Chemicals only, to 
influent and secondary 

clarifiers 
Preliminary Capital Costs 
         EBPR Tank 
         Aeration Tank Modification 
         Chemical System 

 
$260,000 

0 
0 

 
$260,000 

0 
129,000(1) 

 
- 
- 

$129,000 
Total Capital Costs $260,000 $389,000 $129,000 
Daily Operating Costs, $/d 
           Alum 
           Alkalinity 
          Sludge disposal 
          EBPR operation 

 
0 
0 
0 
19 

 
13 
0 
2 
19 

 
130 
0 
22 
0 

Annual Labor Cost – Chemicals Only 
Total Annual Operating Costs 

0 
$6,800 

0 
$13,000 

$13,000 
$69,000 

Present Worth Operating Costs 
5% @ 20 years 

$85,000 $156,000 $860,000 

Total Present Worth $345,000 $545,000 $989,000 
 

(1)Back up chemical feed for EBPR system 
 
 

The cost analysis, process analysis, and existing plant operation clearly showed that the 
EBPR would be the preferred alternative, but its implementation would require chemical treatment 
capability on-site.  There would be times where a relatively small amount of chemical addition in the 
primary treatment step or secondary clarifier step would be required.  For the analysis with EBPR 
plus chemicals, the alum dose would be only 27 mg/L.  For this analysis many factors favored the 
use of the EBPR process (with a small amount of chemical addition) in spite of the fact that the 
wastewater was relatively weak and had a very modest BOD/P ratio of about 28. 

 
The preliminary cost analysis also shows the potential cost savings for a discharge 

phosphorus concentration greater than 1 mg/L.  For the two EBPR alternatives presented in Table 
5.3.2.5, the present worth analysis shows that for the EBPR system to meet a target concentration of 
1 mg/L, the cost would be 1.6 times greater than for an EBPR system (EBPR only) meeting a 
phosphorus discharge of 2 mg/L. 
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5.4 HIGH PURITY OXYGEN (HPO) 

 Two high purity oxygen (HPO) biological processes were evaluated for phosphorus removal.  
The following summarizes the evaluation of the 6 MGD Moorhead WWTF and the 19.1 MGD 
Rochester WRP. 
 

5.4.1 Moorhead WWTF 

 The Moorhead Wastewater Treatment Facility (Moorhead WWTF) is a 6.0 MGD activated 
sludge plant providing advanced secondary treatment using the high purity oxygen activated sludge 
process with advanced treatment for nitrogen removal and final effluent polishing.  The existing 
plant was put into service in 1983.  The major unit operations are configured in two parallel trains 
and include: screening; aerated grit chambers; rectangular traveling bridge primary clarifiers; high 
purity oxygen activated sludge biological treatment; secondary clarification; tertiary effluent polishing 
ponds which include a moving bed biofilm reactor nitrification cell; and effluent chlorination and 
dechlorination.  Plant effluent is continuously discharged to the Red River of the North. 

5.4.1.1 Plant Description and Performance 

A process flow diagram for the Moorhead WWTF is presented in Figure 5.4.1.1.  The plant 
influent is pretreated by screening through 3/4 inch automatically cleaned bar screens followed by 
grit removal.  The pretreated effluent flows into two rectangular (90 ft x 36 ft) primary clarifiers 
operating at an overflow rate of 925 gpd/ft2. The primary effluent enters the high purity oxygen 
activated sludge process which consists of two 510,000-gallon tanks providing 4 hours of hydraulic 
detention time at the plant design flow of 6.0 MGD. The plants pure oxygen system consists of 
enclosed staged aeration basins and mechanical mixers.  Oxygen is generated on site by a UNOXTM 
pressure swing adsorption (PSA) system.  Dissolved oxygen levels in the aeration tanks are 
maintained between 8 and 9 mg/L.  The mixed liquor from the activated sludge process is clarified 
in four 60-ft diameter clarifiers operating at an overflow rate of 530 gpd/ft2.  
 

Secondary effluent then passes through three tertiary effluent polishing ponds with a total 
volume of 26.2 million gallons providing a hydraulic detention time of 4.3 days.  The nitrification 
cell is an aerated, mixed-bed suspended biological reactor containing 33,000 cubic feet of Hydroxyl 
SystemsTM plastic media that was retrofitted into the lead polishing basin to promote nitrification.  
The final effluent is disinfected by chlorination followed by dechlorination before discharge to the 
Red River of the North. The plant also has new flow equalization facilities which will be used to 
moderate nitrogen loads returned from the biosolids storage tank.    
 
 The plant receives two continuous industrial loads and three intermittent industrial loads.  
Continuous dischargers include Busch Agricultural Resources (Malting) and Pactiv Corporation
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Figure 5.4.1.1 - Schematic Process Flow Diagram, Moorhead WWTF 
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(paper); intermittent dischargers include American Crystal Sugar Technical Services Center (sugar 
beets), the Clay County Landfill (leachate) and the Burlington Northern Santa Fe (BNSF) Railroad 
(railway yard).  The plant also receives septage from private haulers. The plant has industrial 
pretreatment permit agreements with all major industrial discharges. The permits require periodic 
sampling and analysis for a number of parameters including flow, pH, CBOD5, TSS, total 
phosphorus, and nitrogen compounds (industry specific) at frequencies varying from semi-annual to 
bi-monthly depending on the industry and its discharge rate (with daily flow monitoring and at least 
weekly pH monitoring).  A review of the pretreatment permits indicates that Crystal Sugar is 
permitted to discharge up to 720,000 gallons of wastewater per day and the railway yard is permitted 
to discharge up to a daily average of 2,000 gpd of high strength sugar waste (CBOD5 - 250,000 
mg/L discharge maximum and TSS 25,000 mg/L monthly average).  Based on data on the industrial 
discharges, it appears that the industrial waste accounts for about 50% of the influent BOD and that 
a significant portion of the industrial wastewater BOD is soluble. 

 
Sludge handling facilities include two primary anaerobic digesters in parallel followed by a 

gas holding digester.  Primary sludge is pumped directly to the primary digesters while the waste 
activated sludge is thickened using dissolved air flotation (DAF) units prior to digestion in the 
primary digesters.  Digested solids is pumped to the biosolids storage tank.  Biosolids are thickened 
to 4% in the storage tank.  DAF subnatant is returned to the head of the primary clarifiers while the 
biosolids storage tank supernatant is returned to a series of equalization basins prior to mixing with 
aerated grit chamber effluent and DAF subnatant upstream of the primaries.  Supernatant from the 
biosolids storage tank contains approximately 109 mg/L TP and 40 mg/L of soluble P.  Biosolids 
are disposed of by land application.  Figure 5.4.1.2 presents a photograph of the mixed-bed 
suspended media nitrification system and Figure 5.4.1.3 presents a photograph of a final clarifier.  
 

Influent and effluent plant data were reviewed to develop the raw wastewater and final 
effluent characteristics to evaluate the plant performance, and for the phosphorus removal analysis. 
Influent wastewater and final effluent characteristics are summarized on Tables 5.4.1.1 and 5.4.1.2 
for the period of January through December 2002.  These data represent the annual monthly 
average flow, CBOD5, TSS, ammonia nitrogen (NH4-N), and total phosphorus.  The total plant 
influent characteristics are as follows: 

 
 

Table 5.4.1.1 - Monthly Average Raw Wastewater Characteristics 
Moorhead WWTF 

 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) BOD/P 
3.9 267 187 20 6.3 42 
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Figure 5.4.1.2 - Photograph of the Mixed-bed Suspended Media Nitrification System, 
Moorhead WWTF 

 

 
Figure 5.4.1.3 - Photograph of a Final Clarifier, Moorhead WWTF  
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 The influent did not show any large variations in wastewater characteristics.  The CBOD5 

concentration averaged 267 mg/L and ranged from 219 mg/L to 310 mg/L; TSS averaged 187 
mg/L and ranged between 162 and 206 mg/L; and the phosphorus concentration averaged 6.3 
mg/L and ranged between 4.9 and 7.2 mg/L. 

 
The plant effluent characteristics from 2002 are summarized on Table 5.4.1.2 along with 

permit requirements and percent removals for CBOD5, TSS, ammonia nitrogen and phosphorus.  
The plant is operating within permit limits of 12 mg/L monthly average for CBOD5 and 30 mg/L 
for TSS.  The plant has both a discharge concentration limit of 19 mg/L for ammonia nitrogen and 
a discharge ammonia load limit in kilograms per day (Kg/d) based on river flow.  The permit limits 
are presented in Table 5.4.1.2.  Phosphorus monitoring is also required. 

 
The plant achieved 96% or greater removal of CBOD5 and TSS with average effluent 

concentrations of 8.7 mg/L and 7.0 mg/L, respectively.  The monthly average discharge 
concentration for ammonia was 19 mg/L.  The data presented in Table 5.4.1.2 are from January-
December 2002.  In 2003, a nitrification system was placed in operation in the lead polishing basin.  
Based on information from the plant, the treatment system is achieving nitrification.  The average 
phosphorus discharge level was 3.9 mg/L. This suggests that there is currently a phosphorus 
reduction of 2.4 mg/L, which is likely related to existing particulate and biological removals. 

 
Table 5.4.1.2 - Monthly Average Treatment Performance Summary 

January – December 2002 
Moorhead WWTF 

 
 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 
Average Performance 3.9 8.7 7.0 19(1) 3.9 

Permit Requirements 6 
12 

(85% Rem.) 
30 

(80% Rem.) 
19(2) 

Monitor 
Only 

% Removal NA 96.7% 96.1% 3.2% 38.3% 
(1) The 2002 plant data do not show plant nitrification as treatment scheme went on line in 2003. 
(2) Permit limit of 19 mg/L is for the June-September period and includes the following: 

• NH4-N permit discharge load is 647 Kg/d for river flow greater than 50 cfs. 
NH4-N permit discharge load is 108 Kg/d for river flow less than 50 cfs. 

 

5.4.1.2 Design Basis for Modifications for Phosphorus Removal 

The influent wastewater characteristics used to evaluate phosphorus removal alternatives for 
the Moorhead WWTF were based on the annual average data and are summarized in Table 5.4.1.3.  
The influent BOD, TSS, and TP concentrations were taken from the 2002-2003 average monthly 
influent data summary.  Without influent wastewater characterization, as would be done for a final 
design analysis for a given wastewater treatment system, the value for the percent soluble BOD, 
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which is a key parameter that affects EBPR process efficiency, had to be assumed.  A TKN 
concentration of 30 mg/L was also assumed based on the reported average influent ammonia 
concentration of 20 mg/L.  However, since nitrification is not required in this design, this is not an 
important parameter.   
 

A high average percent soluble BOD concentration of 60% was assumed based on the 
significant industrial wastewater contribution and its soluble nature as well as the high influent 
BOD/P ratio measured. Again it should be stressed that an actual engineering analysis and design 
would include a wastewater characterization study that would determine the influent rbCOD among 
other factors.  The rbCOD content is also some fraction of the influent sBOD concentration.  For 
the alternative analyses completed here, it was assumed that 70% of the influent sBOD was available 
to the bacteria as truly dissolved organic matter or rbCOD.  The design temperature was 14°C. 
 

Phosphorus loads from recycle streams must be considered when developing designs for 
phosphorus removal alternatives.  A recycle flow would occur from the biosolids storage tank since 
it is used for solids thickening of digested sludge as well as storing the sludge prior to land 
application.  The recycle flow rate was based on the assumption that digested sludge solids are 
thickened from 2% to 4% solids content in the biosolids storage tank. The phosphorus content of 
this return flow was based on the assumption that 30% of the phosphorus removed by an EBPR 
process was released and returned in the digester sludge. For alternatives with chemical treatment 
only the digester return flow was assumed to contain 110 mg/L total P and 40 mg/L soluble P.  For 
a final engineering analysis and design, measurements would be needed to verify this design 
parameter.  For chemical phosphorus removal no phosphorus release in the lagoon would be 
expected. 
 

 
  

Dimensions and loading rates for the existing liquid unit processes at the design flows and 
loadings are also summarized in Table 5.4.1.3.  The table shows the units available for a retrofit to 
phosphorus removal and indicates important issues related to the retrofit design alternatives.  The 
design SRT for the aeration tank was set at 4.5 days, which provides a sufficient SRT for EBPR and 
is at an SRT which is low enough to prevent nitrification for the design temperature of 14°C.  
Besides the low temperature at this SRT, nitrification is also inhibited by low pH in the high purity 
oxygen system.  For alternatives with chemical treatment only, a lower SRT can be used with the 
pure oxygen activated sludge system.  A SRT of 3.0 to 3.5 days is more typical in this case.  For the 
EBPR alternative design SRT and design loading, the MLSS concentrations in the aeration tanks 
were in the range of 3,000 mg/L. That suggests that the pure oxygen activated sludge tank has only a 
small amount of excess capacity, as MLSS concentrations in the range of 3,000-3,500 mg/L are 
feasible.   However, even if excess tankage were available, an external EBPR anaerobic contact tank 
is still required, because it is not realistic to modify the enclosed pure oxygen basins, with their 
requirements of staged reactors in series for efficient oxygen utilization.  
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 Some factors appear to favor more efficient phosphorus removal with an EBPR process.  
These are 1) the wastewater has a relatively high BOD/P ratio and appears to have a high soluble 
BOD content, 2) dissolved air flotation is used for waste activated sludge thickening which 
minimizes phosphorus release and recycle back to the treatment system from activated sludge 
thickening, and 3) the short SRT used for the activated sludge improves EBPR efficiency. 
 

Table 5.4.1.3 - Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Moorhead WWTF 

 
Flow (MGD) CBOD5 (mg/L) Percent sBOD TSS (mg/L) TKN (mg/L) TP (mg/L)

6.0 265 60 187 30 6.3 

 
Process Step Dimensions Design Loading Comment 

Primary Clarifiers 
2 rectangular at 3240 ft2 
each 

925 gpd/ft2 Can accept chemicals 

Pure Oxygen Aeration 
Basins 

2 @ 0.510 Mgal 
HRT=4.1 hrs 
SRT= 4.5 days 

External anaerobic tank 
for EBPR alternative 

Secondary Clarifiers 
4– 60 ft diameter 
(2826 ft2 each) 

530 gpd/ft2 
Can accept chemical 
addition 
 

See Appendix 2.4.1 for summary of the design basis 
 
 

5.4.1.3 Evaluation of Phosphorus Removal Alternatives 

Feasible phosphorus removal alternatives for the Moorhead WWTF were EBPR-only, 
chemical addition to the primary and secondary clarifiers (two-point addition) and chemical addition 
to the secondary clarifier only.  For the EBPR alternative it is necessary to add an external anaerobic 
contact tank. The design analysis showed that EBPR alone could meet the effluent phosphorus 
concentration requirements, and thus EBPR plus chemical addition was not necessary.  However, 
chemical addition feed equipment was added as a backup to the EBPR system. 

 
The effluent P concentration goal in all cases was between 0.80 and 1.0 mg/L to meet the 

less than 1.0 mg/L effluent goal.  For the alternative with chemical addition only, chemical was 
added to the primary clarifier at a dose that would accomplish 50 to 60% phosphorus removal such 
that the alum dose was close to stoichiometric requirements (1.0 mole Al/mole P) for phosphorus 
precipitation.   

 
The alternative evaluation process included developing conceptual designs followed by 

preliminary cost estimates for the viable alternatives.  The conceptual designs included determining 
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the activated sludge aeration volume requirements to meet the effluent treatment, the activated 
sludge tank volume needed for the anaerobic contact zone of the EBPR process, the amount of 
daily sludge production in both the primary and secondary processes, the amount chemical sludge 
produced, the amount of phosphorus removed by biomass growth and by the EBPR process, the 
phosphorus content the waste sludge, and the fate of solids in solids processing and the 
characteristics of return flows.   

 
The results of the alternative analyses are summarized in Table 5.4.1.4 in terms of the 

effluent phosphorus concentration, chemical requirements (alum and alkalinity), sludge production 
and additional facility modification requirements (tankage, mixers and piping) for each of the 
alternatives considered.  For the alternatives with chemical treatment, an effluent phosphorus 
concentration of 0.50 to 1.0 mg/L can be normally expected under varying wastewater load 
conditions. For EBPR-only, the design analysis predicted an effluent soluble P concentration of 0.30 
mg/L, which is sufficient to expect good reliability for meeting the permit limit.  Thus, the EBPR 
process alternative should not require chemical polishing, but chemical feed equipment is included 
in the design for back up.   

 
The major impacts of the retrofit for the phosphorus removal alternatives are shown in 

Table 5.4.1.4. As shown for other retrofit examples in this project, the two-point chemical addition 
approach, with chemical addition in both the primary and secondary treatment steps in contrast to 
adding chemicals only for polishing in the secondary step, results in a lower chemical requirement 
and less sludge production.  Thus two-point chemical addition is preferred to adding chemicals only 
to the secondary treatment.  As will be shown in Table 5.4.1.4 the comparison between the EBPR 
process alternative and the two-point chemical addition alternative is related to trade-offs of 
operating and capital costs. 
 

Table 5.4.1.4 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit 
Needs for Phosphorus Removal Alternatives 

Moorhead WWTP 

 

Option Units EBPR Only 
Chemical Addition to 

Primary and Secondary 
Clarifiers 

Chemical Addition to 
Secondary Clarifiers 

Effluent P mg/L 0.50 to 1.0 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 0 6130 8490 
Additional Sludge 
Production(1) 

lb/d 0 1200 1730 

Alkalinity Used mg/L 0 55 76 
Increased Tank Volume MG 0.25 0 0 
(1)Alum Sludge 
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 Preliminary cost estimates are presented in Table 5.4.1.5 for the different options.  The costs 
were rounded to the nearest $1,000.  The results in Table 5.4.1.5 below show that on a present 
worth basis, the EBPR process alone is the preferred alternative.  Its present worth value was 50% 
of that for the least cost chemical treatment alternative.  However, the capital investment cost was 
about 6 times higher at $1,176,000 versus $180,000 for chemical treatment only. The annual 
operating cost for labor, electrical, chemicals and sludge disposal for the EBPR process would be 
about 13% of that for chemical treatment based on this preliminary analysis.  More detailed site 
information and engineering would be required to develop a more exact comparison and further 
indicate the potential  reliability of the EBPR process.  Wastewater characterization would be an 
important part of further analysis.  Based on information provided for the industrial wastewater 
inputs, a high soluble BOD was assumed for the influent wastewater, which is favorable for the 
EBPR process. 
 

Table 5.4.1.5 - Preliminary Cost Estimates for Retrofit for Phosphorus Removal 
with Different Process Options 

Moorhead WWTF 

 

Parameter EBPR Only 
Chemical Addition to 

Primary and Secondary 
Clarifiers 

Chemical Addition to 
Secondary Clarifiers 

Preliminary Capital Costs 
         EBPR Tank 
         Aeration Tank Modification 
         Chemical System 

 
$996,000 

0 
$180,000(1) 

 
- 
- 

$180,000 

 
- 
- 

$180,000 
Total Capital Costs $1,176,000 $180,000 $180,000 
Daily Operating Costs, $/d 
           Alum 
           Alkalinity 
          Sludge disposal 
          EBPR operation 

 
0 
0 
0 
81 

 
490 
0 

108 
0 

 
680 
0 

158 
0 

Annual Labor Cost – Chemicals Only 
Total Annual Operating Costs 

0 
$30,000 

$13,000 
$232,000 

$15,000 
$321,000 

Present Worth Operating Costs 
5% @ 20 years 

$374,000 $2,892,000 $4,001,000 

Total Present Worth $1,550,000 $3,072,000 $4,181,000 
(1)Back up chemical feed system for EBPR process 
 

For this analysis many factors favored the use of the EBPR process. The key favorable 
factors are listed as follows: 

 
• dissolved air flotation thickening of the waste activated sludge; 
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• a relative short design SRT can be used; and 
• a high influent BOD/P ratio. 

 

5.4.2 Rochester WRP 

  The Rochester Water Reclamation Plant (Rochester WRP) is a 19.1 MGD high purity 
oxygen activated sludge plant. The current plant was built in 1983. It includes mechanically cleaned 
bar screens, grit removal, primary clarification, two-stage high purity activated sludge with secondary 
clarification after each stage, chlorination and dechlorination. The plant also operates an equalization 
tank that receives screened and pumped influent and can transfer this wastewater back to the 
screens or to the chlorine contact tank.  The plant currently removes phosphorus by two-point 
chemical addition using ferric chloride in the primary clarifiers and alum in the secondary clarifiers. 
 

5.4.2.1 Plant Description and Performance 

A process flow diagram for the wastewater treatment facility is presented in Figure 5.4.2.1. 
The plant influent is first pretreated by in an aerated grit tank then passes through two 68 ft x 154 ft 
rectangular primary clarifiers which operate at a hydraulic overflow rate of 910 gpd/sf at design 
flow. Ferric chloride is added to the primary influent for phosphorus removal. The primary effluent 
then flows into the first stage high purity oxygen activated sludge system consisting of two 594,000 
gallon aeration tanks operating at a hydraulic detention time of 1.4 hours at design flow. The mixed 
liquor then passes through four 90 ft diameter intermediate clarifiers operating at an overflow rate of 
750 gpd/sf.  The clarified effluent from the first aeration system stage passes into the second stage 
system which is operated at a hydraulic detention time of 3.5 hours at design flow. Alum is added to 
the second stage effluent prior to entering four 120 ft diameter final clarifiers operating at an 
overflow rate of 422 gpd/sf at design flow.  The plant operates the first stage activated sludge 
system at a 1 day solids retention time (SRT) at a MLSS of 2,100 mg/L, and the second stage is 
operating at a SRT of approximately 40 days at a MLSS of 4,300 mg/L.  The F/M for the system is 
approximately 2.0 lb CBOD5/lb MLSS in the first stage and less than 0.1 CBOD5/lb MLSS in the 
second stage. The clarified effluent is chlorinated for disinfection and dechlorinated before discharge 
to the Zumbro River.  Figure 5.4.2.2 presents an aerial photo of the Rochester WRP. Figure 5.4.2.3 
presents a photo of one of the four final clarifiers. 
 

Waste-activated sludge is thickened by centrifuges before blending with primary sludge in 
the anaerobic digesters. Digested sludge is also thickened by a gravity belt before going to sludge 
storage and land application. Gravity belt filtrate is discharged to the grit tanks and averages 
approximately 0.5 MGD and contains 800 mg/L CBOD5, 300 mg/L ammonia-nitrogen and 65 
mg/L phosphorus. 
 .
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Figure 5.4.2.1 - Schematic Process Flow Diagram, Rochester WRP 
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Figure 5.4.2.2 - Plant Aerial View, Rochester WRP 

 
 

 
 

Figure 5.4.2.3 - Final Clarifier, Rochester WRP 
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 Approximately 30% to 40% of the plant organic load is from industrial sources with most of 
this related to food processing industries. The plant has a pretreatment coordinator and 
approximately 15 years ago the plant instituted a phosphorus surcharge to control phosphorus loads 
from dairy operations. 
 
 Influent and effluent plant data were reviewed to develop the raw wastewater and final 
effluent characteristics to evaluate the plant performance, and for the phosphorus removal analysis 
Influent wastewater and final effluent characteristics are summarized on Tables 5.4.2.1 and 5.4.2.2 
for the period of January through December 2003. These data represent the annual monthly average 
flow, CBOD5, TSS, ammonia nitrogen (NH4-N), and total phosphorus.  The total plant influent 
characteristics are as follows: 

 

Table 5.4.2.1 - Monthly Average Raw Wastewater Characteristics 
Rochester WRP 

 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) CBOD5/P

13.2 376 212 21.9 9.4 40 
 

 
The influent did not show any large variations in wastewater characteristics.  The CBOD5 

concentration averaged 376 mg/L and ranged from 307 mg/L to 470 mg/L; TSS averaged 212 
mg/L and ranged between 177 and 287 mg/L; and the phosphorus concentration averaged 9.4 
mg/L and ranged between 8.2 and 10.3 MG/L. 

 
 The plant effluent characteristics are summarized on Table 5.4.2.2 along with permit 
requirements for CBOD5, TSS, ammonia nitrogen and phosphorus.  The plant is operating within 
permit limits of 14 mg/L monthly average for CBOD5, 20 mg/L for TSS, 1.6 mg/L for ammonia-
nitrogen and 1 mg/L for phosphorus.  The plant achieved 99% or greater removal of CBOD5 and 
ammonia-nitrogen, 97.1% for TSS and 91.7% for phosphorus.  The plant is also achieving a high 
degree of phosphorus removal by two-point chemical addition (ferric chloride to the primaries and 
alum to the final clarifiers). 
 

Table 5.4.2.2 – Monthly Average Treatment Performance Summary 
January 2003 – December 2003 

Rochester WRP 
 

 Flow (MGD) CBOD5 
(MG/l) Tss (MG/l) NH4-N (mg/L) TP (mg/L) 

Average 
Performance 13.2 3.2 6.0 0.14 0.77 

Permit 
Requirements 19.1 14 20 1.6 1 

Observed 
Percent Removal - 99.1% 97.1% 99.5% 91.7% 

 
   



5-78 

5.4.2.2 Design Basis for Modifications for Phosphorus Removal 

The plant already provides a high degree of phosphorus removal as required by its permit; 
however, a phosphorus removal analysis was conducted to compare the current practice of two 
point chemical addition to other options.  This was intended to provide the plant with comparisons 
of the other alternatives and also serve as an example for large plants. The Rochester WRP was the 
largest plant that participated in the program. 

 
The evaluation of phosphorus removal alternatives was based on the design basis presented 

in Table 5.4.2.3. The table summarizes flow and wastewater characteristics, and design parameters 
used to assess the phosphorus removal alternatives. It also summarizes the facilities available to be 
retrofitted for phosphorus removal if it is determined that excess capacity exists. 

 
Table 5.4.2.3 – Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 

Rochester WRP 
 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) rbCOD 
19.1 376 212 21.9 9.4 109 

 
Process Step Dimensions Design Loading Comment 

Primary Clarifiers 2 – 68 ft x 154 ft, 
10 ft deep 

910 gpd/sf 
Can accept chemical 
addition 

Aeration Tanks 
Stage 1 
 
Stage 2 

 
2 – 594,000 gallon 
15 ft deep 
3- 930,000 gallon 
15 ft deep 

 
First stage F/M approx. 2.0. 
Overall F/M approx. 0.3 to 
0.4 lb CBOD5/lb MLSS 

Cannot be retrofitted for 
EPBR because it is 
configured as a high 
purity oxygen system 

Intermediate Clarifiers 
(Stage 1) 

2 – 90 ft diameter, 
10 and 14  ft deep 

750 gpd/sf 
Can accept chemical 
addition 

Final Clarifiers 
(Stage 2) 

4 – 120 ft diameter, 
14 ft deep 

422 gpd/sf 
Can accept chemical 
addition 

See Appendix 2.4.2 for summary of the design basis. 
 
This design basis was used to assess the feasibility of biological and chemical phosphorus 

removal as well as a combination of both processes. The design basis includes contributions of plant 
return streams. The only significant return stream at the Rochester WRP is from the gravity belt 
filtrate as discussed previously. The design low temperature was taken to be 12oC and was used in 
developing biological treatment kinetics. 

 

 
   

The Rochester wastewater is a relatively high strength wastewater due to the contribution of 
industrial wastes. The influent wastewater contains 376 mg/L CBOD5, 9.4 mg/L phosphorus and 
exhibits a CBOD5 to P ratio of 40:1 which would support EPBR without having to add an 
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additional carbon source.  At design loadings (based on design flow and observed wastewater 
characteristics), the F/M of the activated sludge system is approximately 2.0 lb CBOD5/lb MLSS at 
the observed average MLSS concentration of 2,100 mg/L in the first stage and less than 0.1 lb 
CBOD5/lb MLSS for the second stage operating at an average MLSS of 4,300 mg/L.  The second 
stage F/M is low enough to support nitrification, which, based on plant operating data, regularly 
occurs year-round. The configuration of the aeration system as a high purity oxygen activated sludge 
treatment system does not allow it to be retrofitted for EBPR because the retrofit would require 
segregating the tanks to provide for anaerobic and anoxic zones. 

 
Certain wastewater characteristics, removal rates and treatment plant operating conditions 

were also either assumed or based on plant operating data for this analysis.  Biodegradable COD 
(discussed in Section 4) was assumed to be equal to 1.6 times the CBOD5 and readily biodegradable 
COD (rbCOD), that fraction of the COD that is easily converted to volatile fatty acids (VFA) which 
are used by EBPR bacteria, was assumed to be 30% of the biodegradable COD.  The estimated 
rbCOD concentration was estimated to be 109 mg/L.  Also, baseline phosphorus removal by 
primary treatment (without chemical addition) was assumed to be 10% of the influent concentration. 
 

5.4.2.3 Evaluation of Phosphorus Removal Alternatives 

The evaluation of phosphorus removal alternatives included developing conceptual designs 
and preliminary cost estimates for the viable alternatives.  EBPR, chemical addition and a 
combination of both processes were considered for the Rochester WRP. 

 
A summary of the alternatives analysis is presented in Table 5.4.2.4. The table summarizes 

the potential effluent phosphorus concentration, chemical requirements (alum and alkalinity), sludge 
production and facility requirements (chemical storage and piping) for each alternative. 

 
Table 5.4.2.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit 

Needs for Phosphorus Removal Alternatives 
Rochester WRP 

 

 
   

Option Units EBPR 
Only 

EBPR with 
Chemical 

Addition to 
Secondary 
Clarifiers 

Chemical 
Addition to 
Primary and 
Secondary 
Clarifiers 

Chemical 
Addition to 
Secondary 
Clarifiers 

Effluent P mg/L 1.0 to 2.0 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 0 12,200 33,500 51,700 
Additional Sludge 
Production lb/d 0 3,800 8,900 16,600 

Alkalinity Added lb/d 0 5,500 15,100 23,200 
Increased Tank Volume MG 3.2 3.2 0 0 
Additional Mixers Yes/No Yes Yes No No 
Pumps/Piping Yes/No Yes Yes No No 
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Using the design approach for denitrification and EPBR presented in Section 4, there is not 
enough aeration tank capacity or COD to support EBPR. Approximately 3.2 MG of tankage would 
be needed to provide for EBPR.  The new tanks would be segregated with baffles for denitrification 
and EPBR and would require mixers to keep the MLSS in suspension while under anoxic and 
anaerobic conditions.  EBPR would be able to reduce phosphorus concentrations to approximately 
1 to 2 mg/L which is higher than the effluent quality target of 1 mg/L.  Therefore, additional 
treatment by chemical addition would be needed to ensure compliance with the target. EBPR with 
chemical addition would be able to consistently reduce effluent phosphorus to 0.5 to 1.0 mg/L. In 
addition to the tank requirements for EBPR alone, the combined process would require the addition 
of 12,200 pounds per day of alum and produce an additional 3,800 pounds per day of alum sludge.  
The addition of alum to the secondary clarifiers would also consume 5,500 pounds per day of 
alkalinity which translates to 35 mg/L as CaCO3.  The existing buffering capacity of the wastewater 
may be able to satisfy this requirement without the need for alkalinity addition. 

 
Chemical addition alone is also capable of meeting the effluent target of 1 mg/L. Chemical 

addition can be accomplished as single or two-point addition which is the process the plant currently 
uses.  Single point chemical addition should only consider chemical addition to the secondary 
clarifiers to ensure that there is sufficient phosphorus available for biological treatment.  Single point 
addition to the primary clarifiers could result in creating a phosphorus deficient condition in the 
activated sludge process if the phosphorus removal process is not carefully maintained. Two-point 
addition is practiced in the primary and secondary clarifiers.  Chemical addition to the primary 
clarifiers has the added benefit of enhancing CBOD5 and TSS removals; however, as previously 
stated, the process should be closely maintained to ensure that there is sufficient residual 
phosphorus in the primary effluent for biological treatment.  For the Rochester WRP, chemical 
addition to the primary clarifiers was targeted for removal of approximately 6 mg/L phosphorus and 
approximately 0.6 mg/L is removed by nutrient uptake in the MLSS.  This left approximately 3 
mg/L after biological treatment, which was the basis for chemical addition to the secondary 
clarifiers. 

 
Two-point chemical addition would result an additional 8,900 pounds per day of sludge, 

require 33,500 pounds per day of alum and consume 15,100 pounds per day of alkalinity (92 mg/L). 
Single point chemical addition to the secondary clarifiers would produce 16,600 pounds per day of 
sludge, require 51,700 pounds per day of alum and consume 23,200 pounds per day of alkalinity 
(142 mg/L). 
 

The total sludge production estimate for two-point chemical addition is 68,500 pounds per 
day or 3600 pounds per MG of wastewater treated. The plant currently produces approximately 
42,400 pounds per day of sludge (before anaerobic digestion) at an average daily flow 13.7 MGD. 
This translated to a sludge production of 3100 pounds per MG of wastewater treated which is 
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reasonably close to the calculated sludge production of 3600 pounds per MG before anaerobic 
digestion. 
 

Preliminary budgetary cost estimates were developed based on the information presented in 
Section 4 and are presented in Table 5.4.2.5. The capital costs are presented as September 2004 US 
dollars and the present worth costs are based on the annual O&M costs over a 20 year operating 
period at an interest rate of 5%.  The costs were rounded to the nearest $1,000. 
 

Table 5.4.2.5 – Preliminary Cost Estimates for Retrofit for Phosphorus Removal 
with Different Process Options 

Rochester WRP 
 

Cost Factors EBPR 
Only 

EBPR with 
Chemical 

Addition to 
Secondary 
Clarifiers 

Chemical 
Addition to 
Primary and 
Secondary 
Clarifiers 

Chemical 
Addition to 
Secondary 
Clarifiers 

Effluent P 1.0 to 2.0 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Preliminary Capital Cost 
EPBR 
Chemical Treatment 
Total 

 
$3,750,000 

$0 
$3,750,000 

 
$3,750,000 
$320,000 

$4,070,000 

 
$0 

$320,000 
$320,000 

 
$0 

$320,000 
$320,000 

Daily Operating Costs $/d 
 EBPR 
 Alum 
 Alkalinity 
 Sludge Disposal 

 
450 
0 
0 
0 

 
450 
1200 

0 
340 

 
0 

3400 
0 

800 

 
0 

5200 
2100 
1500 

Annual Labor Cost – Chemicals Only 
Total Annual Operating Cost 

0 
$165,000 

0 
$734,000 

$71,000 
$1,586,000 

$104,000 
$3,297,000 

Present Worth Operating Cost $2,056,000 $9,147,000 $19,765,000 $41,088,000 

Total Present Worth $5,806,000 $13,217,000 $20,085,000 $41,408,000 

 
The capital cost associated with constructing new anoxic/anaerobic tanks with baffles and 

mixers for EBPR would be $3,750,000, the O&M cost would be $165,000 per year with a present 
worth cost of $5,806,000.  This is the least expensive alternative; however, EPBR cannot be relied 
on to consistently meet a 1 mg/L phosphorus level.  The capital cost for a combined process of 
EPBR with chemical treatment would be $4,070,000 with an O&M cost of $734,000 and a present 
worth cost of $13,217,000. 

 
 Two-point chemical treatment to the primary and secondary clarifiers is the least expensive 
chemical treatment alternative and can achieve the effluent 1 mg/L target at a capital cost of 
$320,000, and an O&M cost of $1,586,000 per year and a present worth cost of $20,085,000.  The 
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highest cost alternative is single-point chemical addition to the secondary clarifiers with a capital cost 
of $320,000, an annual O&M cost of $3,297,000 and a present worth cost of $41,408,000.   
  
 Based on an annual O&M cost savings of $852,000 ($1,586,000 - $734,000) for EBPR with 
chemical addition polishing versus two-point chemical addition, the payback period for the capital 
investment of the EPBR chemical addition system would be 4.8 years.  EBPR with chemical 
treatment polishing in the secondary clarifiers is the most cost effective alternative for phosphorus 
removal for the Rochester WRP; although it would require the most significant capital expenditure 
of all the alternatives considered. 

 
These results suggest that the EBPR process with chemical addition would be the most cost-

effective alternative for phosphorus removal.  However, the high capital costs may discourage its 
application for a plant that already has successful chemical treatment.  The treatment plant already 
has the necessary chemical storage and feed equipment and has a long and successful history of 
chemical treatment for phosphorus removal.  Therefore, Rochester should continue with its current 
phosphorus treatment process and a no further action designation was assigned to the plant. 

 
The preliminary cost analysis presented in Table 5.4.2.5 indicates a potential cost saving for a 

phosphorus discharge concentration greater than 1.0 mg/L.  The two EBPR alternatives represent 
two discharge scenarios, EBPR only with discharge limit of 2 mg/L and the EBPR process with 
chemicals for a discharge target concentration of 1 mg/L.  To meet a phosphorus discharge target of 
1.0 mg/L, the treatment cost would be 2.3 times greater than a treatment system discharging 2 
mg/L phosphorus. 
 

5.5 TRICKLING FILTER 

 The 1.64 MGD Detroit Lakes Wastewater Treatment Facility (Detroit Lakes WWTF) was 
the only trickling filter system evaluated for phosphorus removal.  The following presents a 
summary of the analysis. 
 

5.5.1 Detroit Lakes WWTF 

The Detroit Lakes WWTF is a 1.64 MGD facility providing screening, grit removal, primary 
clarification and secondary treatment using trickling filters, secondary and tertiary clarifiers and 
disinfection. The effluent flows through an aerated pond and then to a stabilization pond. The plant 
has three means of final effluent discharge, a direct discharge to Lake St. Clair, spray irrigation and 
infiltration.  Spray irrigation and infiltration are permitted seasonally while direct discharge is 
employed during the winter months.  The plant also provides chemical precipitation of phosphorus 
prior to direct discharge to Lake St. Clair to meet an effluent phosphorus limit of 1 mg/L. The 
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original plant was constructed in the 1930’s. During the last plant upgrade in 1997 a new pump 
station, bar screen, grit removal, primary clarifiers, digesters and standby power generation were 
constructed. 
 

5.5.1.1 Plant Description and Performance 

The plant has a design flow of 1.64 MGD (average annual flow) and a design average wet 
weather flow of 3.0 MGD.  Figure 5.5.1.1 presents a process flow diagram for the Detroit Lakes 
WWTF plant. The bar screens have 3/8 inch spacing.  They are automatically cleaned and have a 
manual bypass.  There are two 40 ft diameter primary clarifiers that operate at an overflow rate of 
650 gpd/sf at design flow. The plant has two trickling filters. One is a rock filter 91 ft in diameter 
and the other is a clay tile filter 50 ft in diameter. The secondary clarifier is rectangular (40 ft x 60 ft) 
and operates at an overflow rate of 680 gpd/sf at design flow. The tertiary clarifier is approximately 
30 ft x 50 ft and operates at an overflow rate of approximately 1100 gpd/sf. This clarifier does not 
have a means of sludge withdrawal and is taken out of service for cleaning annually. 

 

The effluent is discharged to a 3 acre aerated pond (4.75 day detention time) followed by a 
25 acre stabilization pond (18 day detention time).  The floating aerator in the aerated pond was 
damaged by lightning and has not been replaced.  Effluent disposal is handled in one of three ways 
spray irrigation, groundwater discharge through infiltration basins and chemical precipitation 
followed by direct discharge to a 20 acre peat bog area located in the northeast end of St. Clair Lake. 

 

 Chemical precipitation for phosphorus removal is accomplished in the Chemical 
Precipitation Plant, which consists of two treatment trains each consisting of chemical delivery 
equipment, a flocculating clarifier and dual media gravity filtration. Ferrous sulfate is used for 
phosphorus precipitation.  A small amount of polymer is also used to enhance plant performance.  
The Chemical Precipitation Plant operates during the colder winter months (January through April) 
when spray irrigation and infiltration are prohibited.  During the warmer months, the plant is shut 
down and effluent is disposed via infiltration basins and spray irrigation.  The stabilization pond is 
maintained at low operating depths from the middle of spring through early winter.  During the 
winter months, the plant allows the stabilization pond volume to rise, which reduces the daily 
volume requiring chemical treatment. 
 

Use of the infiltration basins is permitted from April 15 through December 31. The 
infiltration basins consist of 19 cells totaling 21.75 floor acres.  All but one cell have underdrains for 
capture and removal of groundwater.  The underdrains are typically left open unless the effluent 
exceeds a phosphorus concentration of 1 mg/L, in which case the drains are closed to prevent 
discharge to the lake.  Discharge to the spray irrigation fields is permitted from May 15 through 
October 31.  Crops are grown and harvested from both the spray irrigation fields and the infiltration 
basins.  The plant harvests three crops per season with the product going to local farmers.  Figure 
5.5.1.2 is a view of the 91 ft diameter rock trickling filter.  Figure 5.5.1.3 is a view of the spray fields 
in operation.   
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Figure 5.5.1.1 - Schematic Process Flow Diagram, Detroit Lakes WWTF 
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Figure 5.5.1.2 - Trickling Filter, Detroit Lakes WWTF 

 
 

 
Figure 5.5.1.3 - Spray Irrigation Fields, Detroit Lakes WWTF 
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 Sludge handling facilities include a 289,000 gallon primary digester, a 360,000 gallon 
secondary anaerobic digester and a 160,000 gallon bio-solids storage tank. Digester decant is 
returned to the head of the plant. The Chemical Precipitation Plant sludge is also currently returned 
to the head of the plant by tanker truck.  In the future, the chemical sludge will be returned to the 
head of the plant by way of a gravity sewer.  Class B biosolids are land applied in the spring and fall. 

 
Treatment plant performance is monitored by measuring wastewater flows and sampling all 

the wastewater streams including plant influent, secondary treatment effluent, Chemical 
Precipitation Plant effluent and spray irrigation effluent.  Influent and effluent plant data were 
reviewed to develop the raw wastewater and final effluent characteristics to evaluate the plant 
performance, and for the phosphorus removal analysis.  The various wastewater streams are 
analyzed for CBOD5, TSS and total phosphorus.  Influent wastewater and final effluent 
characteristics are summarized on Tables 5.5.1.1 and 5.5.1.2 for the period of October 2002 through 
September 2003.  These data represent the monthly average results for these parameters analyzed 
and the plant flow.  The total plant influent characteristics are as follows: 

 
Table 5.5.1.1 - Monthly Average Raw Wastewater Characteristics 

Detroit Lakes WWTF 
 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TP (mg/L) 
1.06 191 168 5.5 

 
The variability of influent CBOD5, TSS and total phosphorus was not very significant. 

CBOD5 averaged 191 mg/L and ranged from 154 mg/L to 240 mg/L. TSS averaged 168 mg/L with 
a range of 118 and 206 mg/L. Total phosphorus averaged 5.5 mg/L and ranged from 4.3 to 7.1 
mg/L. 

 
Table 5.5.1.2 - Monthly Average Treatment Performance Summary 

October 2002 – September 2003 with Supplemental 
Data From January – March 2002 

Detroit Lakes WWTF 
 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TP (mg/L) 
Average Effluent 
Secondary Treat. Spray Irrigation 
Chemical Precipitation 
Infiltration 

1.06 
0.91 
0.94 
0.99 

24.1 
8.1 
12.5 
ND 

22.5 
27.8 
8.9 
ND 

4.3 
2.95 
0.37 
ND 

Observed Removal NR 87 to 96% 83 to 95 % 22 to 93% 
Permit Requirement 
Spray Irrigation 
Chemical Precipitation 
Infiltration 

 
130 MG/yr 

Monitor 
Monitor 

 
NR 
20 
20 

 
NR 
20 
20 

 
NR 
1 
1 

 

See Appendix 2.5.1 for detailed monthly plant data analysis 
NR – Not Required 

 
   

ND – No Data 
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The only industrial dischargers to the plant are two metal finishers (aluminum diecasting and 
metal stamping), a local airport which is home to a number of corporate jets, a nursing home, and 
the local hospital.  All are believed to be minor contributors to the plant’s daily load.  
 

 The plant’s effluent characteristics are summarized on Table 5.5.1.2 along with permit 
requirements.  The limits and effluent concentrations are shown for each discharge location.  The 
plant is operating within permit limits of 20 mg/L monthly averages for CBOD5 and 20 mg/L for 
TSS.  During periods when the Chemical Precipitation Plant is in service, the effluent requirement 
of 1 mg/L phosphorus is achieved. 
 

5.5.1.2 Design Basis for Modifications for Phosphorus Removal 

The evaluation of phosphorus removal alternatives was based on the design basis presented 
in Table 5.5.1.3. The table summarizes flow and wastewater characteristics used to assess the 
phosphorus removal alternatives. It also summarizes the facilities available to be retrofitted for 
phosphorus removal if it is determined that excess capacity exists. The Chemical Precipitation Plant 
already accomplishes effective phosphorus removal when it is in service and the clarifiers and ponds 
can be considered for chemical treatment retrofit, especially when a two-point application process is 
considered. 
 

Table 5.5.1.3 – Process Design Basis Used for Evaluation of 
Phosphorus Removal Alternatives 

Detroit Lakes WWTF 
 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TP (mg/L) 
1.64 190 168 5.5 

 

Process Step Dimensions Design Loading Comment 
Primary Clarifier 2 – 40 ft dia, 10 ft deep 650 gpd/sf Can accept chemical 

addition 
Trickling Filters 1 – 91 ft dia rock 

1- 50 ft dia tile 
 No opportunity for EBPR 

Secondary Clarifier 1 – 40 x 60 680 gpd/sf Can accept chemical 
addition 

Tertiary Clarifier 1 – 30 x 50 1100 gpd/sf Not suitable for chemical 
addition because no means 
of sludge withdrawal 

Aerated Pond 3 acre  Can accept chemical 
addition 

Stabilization Pond 25 acre  Can accept chemical 
addition 

Chemical Precipitation 
Plant 

Chemical addition, 
flocculation clarifiers,  
Dual media filters 

 Uses ferrous sulfate to 
precipitate phosphorus to 
less than 1 mg/L 

Rapid Infiltration Basin 21.75 acres  Not suitable for chemical 
addition 

Spray irrigation 54 acres  Not suitable for chemical 
addition 

 
   

See Appendix 2.5.1 for summary of the design basis. 



5-88 

The design CBOD5 concentration of 320 mg/L (based on the plant’s SPDES permit) was 
used for this analysis along with the observed influent TSS concentration of 168 mg/L and 
phosphorus concentration of 5.5 mg/L. These concentrations, the design loadings for the clarifiers, 
and information on the Chemical Precipitation Plant process were used for the phosphorus removal 
analysis. 

 

5.5.1.3 Evaluation of Phosphorus Removal Alternatives 

The Detroit Lakes WWTF plant currently practices chemical phosphorus removal 3 to 4 
months per year, as required by the NPDES permit, when the Chemical Precipitation Plant is online 
and effluent is being directly discharged to Lake St. Clair. During these periods the plant is able to 
consistently meet the effluent limit of 1 mg/L.  In fact the average effluent phosphorus 
concentration when the Chemical Precipitation Plant is on line is 0.37 mg/L with a range of 0.30 to 
0.47 mg/L (see Appendix 2.5.1.  Therefore, the plant is already using an appropriate technology for 
phosphorus removal and no additional action is necessary.  The plant would only need to consider 
other alternatives if it can no longer discharge to the infiltration basins or through spray irrigation.  

 
The only alternatives available to the plant are chemical precipitation based alternatives.  

EBPR is not a feasible alternative because the secondary treatment system is an attached growth 
system, which is not conducive to EBPR.  The limited use of EBPR for fixed film biological 
treatment systems is discussed in Section 4.  If the plant has to meet a 1 mg/L phosphorus limit 
continuously, it could do so by keeping the Chemical Precipitation Plant on line at all times or 
incorporate chemical precipitation into the primary and/or secondary clarifiers.  Chemical treatment 
could also be applied to the aerated and stabilization ponds; however, this is the least attractive of 
the alternatives since clarifiers with sludge removal are available. 
 

 A summary of alum based chemical precipitation alternatives is presented in Table 5.5.1.4. 
The table summarizes the potential effluent phosphorus concentration, chemical requirements (alum 
and alkalinity), sludge production and facility requirements (chemical storage and piping) for each 
alternative.  

 
Chemical addition is capable of meeting the effluent target of 1 mg/L; however it does 

produce sludge and consumes alkalinity. Chemical addition can be accomplished as single or two-
point addition. The process is already successful as a single point addition process at Detroit Lakes 
WWTF. If chemical precipitation were to be performed at Detroit Lakes WWTF on a full-time 
basis, the best alternative would be to add chemicals to the primary or secondary clarifiers and use 
the Chemical Precipitation Plant as a second application point for a two-point addition approach. 
This would give the plant the alternative of minimizing or eliminating the need to transfer 
phosphorus sludge to the head of the plant as is currently done. 
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Table 5.5.1.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit 
Needs for Phosphorus Removal Alternatives 

Detroit Lakes WWTF 
 

 

Option Units 

Chemical 
Precipitation 

Plant (1) 

Single-point 
Chemical 
Addition 

Two-point 
Chemical 
Addition 

Effluent P  mg/L 0.3 to 0.4 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d No Data 2800 2000 
Additional Sludge 
Production lb/d 100 to 400 830 640 

Alkalinity Added lb/d No Data 1300 900 
Chemical Storage Yes/No Yes Yes Yes 
Pumps/Piping Yes/No Yes Yes 

 

Yes 
(1) This process is available and is used seasonally by the plant. Values are based on current operation. 

 
Currently, based on plant operating data, biological processes in the trickling filters consume 

approximately 1.2 mg/L of phosphorus. This nutrient uptake has been taken into account in the 
analysis of alternatives.  Single point addition applied to the primary clarifier, secondary clarifier or 
the Chemical Precipitation Plant would require removal of approximately 3.5 mg/L of phosphorus.  
This requires the addition of 2,800 pounds of alum per day.  This would produce 830 pounds per 
day of sludge. 

 
Two-point addition could also be practiced at the Detroit Lakes WWTF plant by applying 

chemicals to the primary clarifier and Chemical Precipitation Plant or at the secondary clarifier and 
the Chemical Precipitation Plant.  The analysis targeted removal of approximately 2 mg/L of 
phosphorus in the first application point. After biological treatment, approximately 1.9 mg/L would 
remain for removal at the second application point. Chemical addition at the Chemical Precipitation 
Plant was based on an influent phosphorus concentration of 1.9 mg/L. The two-point chemical 
addition process requires approximately the same quantity of 2,000 pounds per day of alum and will 
produce approximately 640 pounds per day of sludge.  The lower sludge production and chemical 
requirement for two-point addition is related to the reduced alum requirement in the primary 
clarifier for two-point addition.  Alkalinity consumption would be 1,300 pounds per day for single-
point addition and 900 pounds per day for two-point addition, however, the wastewater may have 
enough buffering capacity to avoid the need to add alkalinity.  The consumption would be 92 and 65 
mg/L respectively. 

 
Preliminary budgetary cost estimates were developed based on the information presented in 

Section 4, and are presented in Table 5.5.1.5. The capital costs are presented as September 2004 US 
dollars and the present worth costs are based on the annual O&M costs over a 20 year operating 
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period at an interest rate of 5%.  Costs were rounded to the nearest $1,000.  The capital cost for 
single-point chemical addition would be approximately $140,000 with O&M costs of $284,000 per 
year which translates to a present worth cost of $3,679,000.  The capital cost for two-point chemical 
addition would also be $140,000 with O&M costs of $204,000 per year and a present worth of 
$2,682,000.  Two-point chemical addition would be the most cost effective alternative. 

 
These results suggest that two-point chemical addition would be the most cost effective 

alternative for phosphorus removal.  However, the plant’s current practice of single-point chemical 
treatment of the polishing pond effluent with the recent addition of continuous chemical sludge 
return (via new sewer installation) to the head of the plant will essentially achieve the goal.  In 
addition, the treatment plant has a long successful history of seasonal chemical treatment for 
phosphorus removal.  Therefore, Detroit Lakes should continue it’s current phosphorus treatment 
process and a no further action designation was assigned to this plant. 

 
Table 5.5.1.5 – Preliminary Cost Estimates for Retrofit for Phosphorus Removal 

with Different Process Options 
Detroit Lakes WWTF 

Cost Factors Single-point 
Chemical Addition 

Two-point Chemical 
Addition 

Effluent P (mg/L)  0.5 to 1.0 0.5 to 1.0 
$140,000 $140,000 

Daily Operating Costs $/d 
 EBPR 
 Alum 
 Alkalinity 
 Sludge Disposal 

 
0 

280 
380 
75 

 
0 

200 
270 
58 

Annual Labor Cost – Chemicals Only 
Total Annual Operating Cost 

$15,000 
$284,000 

$14,000 
$204,000 

Present Worth Operating Cost $3,539,000 $2,542,000 
Total Present Worth $3,679,000 $2,682,000 

Preliminary Capital Cost 

 

5.6 TRICKLING FILTER/ACTIVATED SLUDGE 

Four combined trickling filter and activated sludge treatment systems were evaluated for 
phosphorus removal.  The following summarizes the evaluation of the 7 MGD Faribault WWTF, 
3.3 MGD Marshall WWTF, 1.6 MGD Glencoe WWTF, and 2.4 MGD Little Falls WWTF. 
 

5.6.1 Faribault WWTF 

The Faribault Wastewater Treatment Facility (Faribault WWTF) is a 7.0 MGD trickling 
filter/activated sludge facility with significant industrial wastewater loads.  It serves a population of 
about 22,000 people.  The trickling filters were installed as roughing towers to remove a portion of 
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the high strength BOD before the activated sludge treatment process. In 1974 the rock media in the 
two trickling filters was replaced with plastic media, and in 1997 the trickling filters were covered 
and forced air ventilation was installed. The air is pulled down through the trickling filters from the 
top and then directed through a granular activated carbon system for odor control. The plant was 
designed to meet BOD and suspended solids removal treatment standards, and at present no 
phosphorus standard is in place.  
 

5.6.1.1 Plant Description and Performance 

A process flow diagram for the wastewater treatment facility is presented in Figure 5.6.1.1. 
The plant influent is pretreated by aerated grit removal and screening before flow to the primary 
treatment area consisting of four 49-ft diameter, 9 ft deep primary clarifiers.  The primary effluent is 
pumped to the two (2) plastic media trickling filters. Each trickling filter tower contains 16 ft. of 
crossflow plastic media and has a diameter of 62 ft for a total media volume for the two filters of 
about 96,000 ft3. There are no intermediate clarifiers and the trickling filter effluent flows to the 
activated sludge aeration basins.  A photo of the trickling filter towers is shown in Figure 5.6.1.2.  

 
There are two activated sludge aeration basins, each with a volume of 0.435 MG to provide a 

hydraulic retention time on 3.0 hours at the 7.0 MGD design flow.  The aeration basins have a depth 
of 15 ft and in 1997 the aeration system was converted to fine bubble aeration with the installment 
of ceramic disc diffusers. The aeration tanks have some degree of plug flow with a length to width 
ratio of about 5:1. A photo of the aeration basin is shown in Figure 5.6.1.3. The activated sludge 
tanks are typically operated with an MLSS concentration in the range of 2,400 to 3,000 mg/L.  In 
the summer time with warmer temperatures, nitrification generally occurs in the activated sludge 
process. 

 
Liquid solids separation of the activated sludge mixed liquor is accomplished in the two 1997 

secondary clarifiers which are 70 ft-diameter clarifiers with a depth of 14 ft.  There are two 1974 
clarifiers which are 70 foot diameter tanks with a depth of 11.5 feet.  The 1974 clarifiers are used for 
emergency and only for storage.  After chlorine disinfection and dechlorination, the effluent is 
discharged to the Straight River just prior to the confluence with the Cannon River.  

 
The waste sludge is processed by anaerobic digestion with two heated primary mesophilic 

digesters followed by a secondary digester that provides sludge storage. The waste activated sludge is 
thickened in gravity belt thickeners prior to feeding to the digesters.  The primary sludge is 
thickened with the primary clarifiers before transfer to the anaerobic digesters. The volume of the 
primary digesters is 319,320 gallons each, and the volume of the secondary digester is 537,519 
gallons. The waste sludge is not dewatered on-site and is stored in a sludge lagoon before land 
application. 
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Figure 5.6.1.1 – Schematic Process Flow Diagram, Faribault WWTF 
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Figure 5.6.1.2 - View of Covered Plastic Media Trickling Filters, Faribault WWTF 

 
  
 

 
Figure 5.6.1.3 - View of Two Parallel Aeration Tanks, Faribault WWTF 
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 The industrial wastewaters are from a food cannery, a turkey processor, blue-cheese 
manufacturer and a soy protein producer. The industrial wastewater may be able to add about 75% 
of the influent BOD load to the facility, and the cannery is the largest contributor, accounting for 
over 75% of the industrial wastewater load.  During the plant site visit, it was noted that the turkey 
processing wastewater is more variable and the facility does not generally discharge on weekends.  
The cannery also does not discharge on weekends and its wastewater was noted to have a high 
temperature.  No specific data on the amount of phosphorus discharged by the industrial 
wastewaters were available.  It is likely that the industrial wastewater load can be variable with 
periods of reduced BOD addition. 
 

Influent and effluent plant data were reviewed to evaluate the plant performance and to 
establish the raw wastewater characteristics for the phosphorus removal analysis. Influent 
wastewater and final effluent characteristics are summarized on Tables 5.6.1.1 and 5.6.1.2 for the 
period of September 2002 through July 2003. These data represent the annual monthly average flow, 
CBOD5, TSS, ammonia nitrogen (NH4-N), and total phosphorus.  The total plant influent 
characteristics are as follows: 

 
Table 5.6.1.1 - Monthly Average Raw Wastewater Characteristics 

Faribault WWTF 
 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) BOD/P 
4.1 345 241 15.0 7.6 46 

 
 

Of most significance in Table 5.6.1.1 is the relatively low ammonia concentration and high 
influent BOD/P ratio, as compared to average domestic wastewaters.  The average monthly values 
showed significant variation in the wastewater strength. The highest monthly average CBOD5 

concentration was 414 mg/L in July 2003 and the lowest was 258 mg/L in December 2002; TSS 
averaged 241 mg/L and ranged between 199 and 280 mg/L.  The average monthly influent 
phosphorus concentrations averaged 7.6 mg/L and ranged from 8.5 mg/L for November 2002 to a 
low of 7.2 mg/L for May 2003. The influent BOD/P ratio also varied widely, but remained above a 
value of 32.  The highest monthly average value was 54 in March 2003 and the lowest was 33 in 
December 2003.  

 
The plant effluent characteristics are summarized on Table 5.6.1.2 along with permit 

requirements and percent removals for CBOD5, TSS, ammonia, and phosphorus. The plant is 
operating within permit limits of 25 mg/L monthly averages for CBOD5 and 30 mg/L for TSS.  

 
 

 
   



5-95 

Table 5.6.1.2 - Monthly Average Treatment Performance Summary 
September 2002 – August 2003 with Supplemental 

Data from January – March 2002 
Faribault WWTF 

 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 
Average Performance 4.1 8.8 16.0 7.3 4.7 
Permit Requirements 7.0 25 30 Monitor Monitor 
% Removal - 97.4% 93.4% NR NR 

See Appendix 2.6.1 for detailed monthly plant data analysis 
NR – Not required 

 
The plant achieved about 97% and 93% removal of CBOD5 and TSS with average effluent 

concentrations of 8.8 mg/L and 16.0 mg/L, respectively.  The average phosphorus discharge 
concentrations were 4.7 mg/L and the average removal efficiency was about 38%. This level of 
phosphorus removal is within the range expected for activated sludge treatment without EBPR or 
chemical addition. 
 

5.6.1.2 Design Basis for Modifications for Phosphorus Removal 

The influent wastewater characteristics used to evaluate phosphorus removal alternatives for 
the Faribault WWTP were based on the annual average data and are summarized in Table 5.6.1.3. 
The influent BOD, TSS, and TP concentrations were taken from the 2002-2003 average monthly 
influent data summary.  Recent plant data received from plant personnel indicated that the trickling 
filter effluent CBOD5 was in the order of 100 mg/L and that the soluble CBOD5 was about 50 
mg/L.  Without influent wastewater characterization, as would be done for a final design analysis for 
a given wastewater treatment system, the value for the soluble BOD was based on the recent 
trickling filter effluent BOD information from the plant.  The design temperature was 10oC. 

 
The percent soluble BOD concentration is an important design parameter for EBPR 

processes.  Again, it should be stressed that an actual engineering analysis and design would include 
a wastewater characterization study that would determine the influent rbCOD among other factors.  
The rbCOD content is also some fraction of the influent sBOD concentration.  For the alternative 
analyses completed here, it was assumed that 70% of the influent sBOD was available to the bacteria 
as truly dissolved organic matter or rbCOD. 
 

Phosphorus loads from recycle streams must be considered when developing designs for 
phosphorus removal alternatives.  The major source of phosphorus and recycle streams is from 
sludge processing.  For the Faribault facility the phosphorus returning to the liquid treatment system 
from recycle streams would be minimal, as the digested solids are not dewatered but instead directed 
to a sludge storage lagoon prior to agricultural applications. 
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Dimensions and loading rates for the existing liquid unit processes at the design flows and 
loadings are summarized in Table 5.6.1.3.  The table shows the units available for a retrofit to 
phosphorus removal and indicates important issues related to the retrofit design alternatives.  The 
design loadings are based on assumed influent conditions shown in Table 5.6.1.3.  The BOD 
volumetric organic loading rate to the trickling filters is at a very high level, typical of a roughing 
application in which the trickling filter is used for only partial BOD removal.  The recent plant data 
indicated very high BOD removals in the primary clarifiers and trickling filters with effluent BOD in 
the trickling filter effluent of 100 mg/L. 
 

Table 5.6.1.3 - Unit Process Design Basis Used for Evaluation of 
Phosphorus Removal Alternatives 

Faribault WWTF 
 

Flow (MGD CBOD (mg/L) Percent sBOD TSS (mg/L) TKN (mg/L) TP (mg/L) 
7.0 345 50.0 241 25.0 7.6 

 

Process Step Dimensions Design Loading Comment 

Primary Clarifiers 4 - 49 ft diameter 930 gpd/ft2 Can accept chemical addition 
Plastic Media 
Trickling Filter 

2 - 62 ft diameter 
Media depth = 16 ft 

340 lb BOD/1000 ft3-d 
Effluent BOD from trickling filter 
~ 100 mg/L  

Aeration Tanks 2 - 0.435 MG HRT = 3.0 hrs 
Volume may limit ability for 
nitrification 

Secondary Clarifiers 4 – 70 ft diameter 455 gpd/ft2 
Can accept chemical addition 
Conservative loadings improve 
efficiency 

See Appendix 2.6.1 for summary of the design basis 
 

5.6.1.3 Evaluation of Phosphorus Removal Alternatives 

In Section 4 process alternatives for retrofitting a trickling filter/activated sludge process for 
phosphorus removal were summarized.  The phosphorus removal alternatives considered initially 
for the Faribault WWTF were chemical addition to the primary and secondary clarifiers (two-point 
addition) or chemical addition only to the secondary process, and EBPR treatment options.  In this 
case, most of the soluble BOD was removed in the trickling filter based on recent treatment plant 
data so that there would be insufficient, readily biodegradable COD to support a significant level of 
phosphorus removal with an EBPR process.  The EBPR process was not feasible and only chemical 
treatment was further evaluated.     

 
The effluent P concentration goal was between 0.50 and 1.0 mg/L to meet the less than 1.0 

mg/L effluent target concentration.  Alum would be added at a dose that would provide phosphorus 
removal with an effluent P such that the chemical addition is at stoichiometric requirements (1.0 
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mole Al/mole P) for phosphorus precipitation.  The alternative evaluation process included 
developing conceptual designs followed by preliminary cost estimates for the viable alternatives.  
Table 5.6.1.4 presents a summary of the conceptual design parameters for the chemical treatment 
alternatives.  Presented are chemical requirements and estimated daily alum sludge production rates. 
 

Table 5.6.1.4 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit 
Needs for Phosphorus Removal Alternatives 

Faribault WWTF 

 

Option Units 
Chemical Addition to 
Secondary Clarifiers 

Chemical Addition to 
Primary and Secondary 

Clarifiers 
Effluent P mg/L 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 14,000 10,000 
Additional Sludge Production(1) lb/d 2,900 1,900 
Alkalinity Used mg/L 107 77 
Increased Tank Volume MG 0 0 

(1)Alum Sludge 
 

 The analysis showed that by using two-point chemical addition, the amount of metal salt 
required for phosphorus removal can be reduced by about 30%.  The impact of additional sludge 
removal on the plant design and capital costs was not included in this analysis.  The cost analysis 
comparing the chemical treatment alternatives is shown in Table 5.6.1.5.  Adding the chemical at 
both the primary and secondary clarifier locations would be the preferred alternative reducing 
chemical requirements and sludge production. 
 

Table 5.6.1.5 - Preliminary Cost Estimates for Retrofit for Phosphorus Removal 
with Different Process Options 

Faribault WWTF 
 

Parameter Chemical Addition to Secondary 
Clarifiers 

Chemical Addition to Primary and 
Secondary Clarifiers 

Preliminary Capital Costs 
         Chemical System $191,000 $191,000 

Total Capital Costs $191,000 $191,000 
Daily Operating Costs, $/d 
           Alum 
           Alkalinity 
          Sludge disposal 

 
1398 

0 
260 

 
1005 

0 
171 

Annual Labor Cost – Chemicals Only 
Total Annual Operating Costs 

$36,000 
$641,000 

$30,000 
$460,000 

Present Worth Operating Costs, 5% @ 
20 years $7,988,000 $5,733,000 

Total Present Worth $8,179,000 $5,924,000 
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5.6.2 Marshall WWTF 

The Marshall Wastewater Treatment Facility (Marshall WWTF) is a 3.3 MGD trickling 
filter/activated sludge facility with significant industrial loads. The original plant was built in the 
1950’s as a 200 acre lagoon, was upgraded to extended air activated sludge lagoon in 1975 then to 
the current plant, primary treatment, trickling filters, activated sludge and filtration, in 1994. The 
plant also operates an equalization tank between the primary tanks and the activated sludge system. 
The equalization tank usually receives any flow in excess of 4 MGD.  The equalization tank contents 
are usually brought through the plant on weekends. 
 

5.6.2.1 Plant Description and Performance 

A wastewater process flow diagram for the treatment facility is presented in Figure 5.6.2.1.a, 
and Figure 5.6.2.1b presents a sludge process flow diagram.  The plant influent is pretreated by 
vortex grit removal and grinding then passes through two 60 ft diameter primary clarifiers which 
operate at a hydraulic overflow rate of 580 gpd/sf at design flow. The primary effluent is pumped to 
one of two trickling filters operated in parallel. The second trickling filter is not used in order to 
keep enough CBOD5 in the trickling filter effluent to sustain the activated sludge system. The 
trickling filter operates at a recycle rate of 2:1 and accomplishes a substantial reduction of CBOD5.  
The plant has installed a 4 inch diameter trickling filter bypass line to try to increase CBOD5 loading 
to the activated sludge system. The line is not metered but the plant estimates bypass as 10 to 15% 
of their flow.  

 

 
   

The trickling filter effluent passes through a 70 ft diameter intermediate clarifier where 
sloughed trickling filter solids are allowed to settle. The overflow rate of the clarifiers at design flow 
is 430 gpd/sf.  The clarified effluent passes into the activated sludge system which consists of four 
parallel 269,000 gallon cells operated in step aeration mode. The activated sludge process provides a 
hydraulic detention time of 7.8 hours at design flow and is designed to operate at a MLSS level 2000 
mg/L and a F/M between 0.1 and 0.2.  Following the activated sludge process, the wastewater flows 
to two secondary clarifiers, a solids contact clarifier, and multimedia tertiary filters prior to UV 
disinfection before discharging to the Redwood River.  The biological process provides nitrification 
year-round and has seasonal effluent ammonia limits. The process occasionally experiences sludge 
bulking problems and high sludge volume index (SVI’s) and operates with high RAS rates.  They 
also experience secondary clarifier denitrification but floating sludge that passes out of the clarifiers 
is captured by the solids contact clarifier prior to filtration. This clarifier is 90 ft in diameter and 
operates at an overflow rate of 520 gpd/sf.  The clarified effluent is filtered through two traveling 
bridge multi-media gravity filters that operate at design filtration rates of 1.89 gpm/sf. The filtered 
effluent is disinfected through a Fisher Porter ultraviolet disinfection unit.  Figure 5.6.2.2 is a photo 
of the Marshall WWTF trickling filters with the aeration tanks in the foreground. Figure 5.6.2.3 is a 
photo of one of the four aeration tanks. 
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Figure 5.6.2.1a – Schematic Process Flow Diagram, Marshall WWTF 
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Figure 5.6.2.1b - Schematic Sludge Flow Diagram, Marshall WWTF 
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Figure 5.6.2.2 - Trickling Filters, Marshall WWTF 
 
 
 

 
Figure 5.6.2.3 - Aeration Tank, Marshall WWTF 
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The plant digests sludge through two parallel anaerobic digesters which accomplish 40-45% 
volatile solids destruction (38% is required for land disposal).  They store digested sludge in a 3.25 
MG storage tank and land apply about 7MG (~700 dry tons) per year. Sludge storage decant usually 
is sent back to the equalization tank but can be sent to the trickling filters.  The plant land applies its 
sludge using its own Terra Gator and tankers.  The fields are as close as right outside the plant fence 
to 17 miles away. The plant applies sludge in coordination with farming activities.  

 
About 23% of the plant flow, 70% of the plant CBOD5 load and 61% of the plant 

phosphorus load are associated with industrial sources.  The major industries are ADM (ethanol 
plant) and Schwans (dairy and foods). Schwans pretreates for CBOD5/TSS removal using two 
dissolved air flotation units.  Schwans raw wastewater CBOD5 is 10,000 to 20,000 mg/L and the 
pretreated effluent is approximately 2000 mg/L.  Schwans wastewater also contains approximately 
50 mg/L phosphorus and contributes 20% of the plant phosphorus load.  ADM provides its own 
treatment through a Biothane anaerobic system and sends waste suspended solids (~0.3 MGD) to 
the Marshall WWTF.  ADM contributes approximately 38% of the phosphorus load. 
 

Influent and effluent plant data were reviewed to develop the raw wastewater and final 
effluent characteristics, to evaluate the plant performance, and for the phosphorus removal analysis.  
Influent wastewater and final effluent characteristics are summarized in Tables 5.6.2.1 and 5.6.2.2 for 
the period of December 2002 through November 2003. These data represent the annual monthly 
average flow, CBOD5, TSS, ammonia nitrogen (NH4-N), and total phosphorus.  The total plant 
influent characteristics are as follows: 

 
Table 5.6.2.1 - Monthly Average Raw Wastewater Characteristics 

Marshall WWTF 
 

Flow 
(MGD) 

CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP 
(mg/L) CBOD5/P

2.13 387 455 14.9 13.7 28 
 
 
The influent did not show any large variations in wastewater characteristics.  The CBOD5 

concentration averaged 387 mg/L and ranged from 330 mg/L to 464 mg/L; TSS averaged 455 
mg/L and ranged between 350 and 567 mg/L; and the phosphorus concentration averaged 13.7 
mg/L and ranged between 6.5 and 18.8 mg/L. 

 
The plant effluent characteristics are summarized in Table 5.6.2.2 including permit 

requirements and percent removals for CBOD5, TSS, ammonia nitrogen and phosphorus.  The plant 
is operating within permit limits of 5 mg/L monthly averages for CBOD5 and 30 mg/L for TSS.  In 
fact, the plant meets the most stringent limit for ammonia (June through September 1.1 mg/L) for 
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the whole year. The plant achieved 99% or greater removal of CBOD5 and TSS with an average 
effluent concentration of 2.5 mg/L and 4.7 mg/L, respectively.  The 2002-2003 monthly average 
discharge concentrations for ammonia was 0.57 mg/L indicating a high degree of nitrification 
throughout the year.  The plant is meeting all permit requirements.  The average phosphorus 
discharge level was 5.8 mg/L. This suggests that there is currently a phosphorus reduction through 
the plant of 7.9 mg/L which is related to existing particulate and biological removals.  Influent and 
effluent flows are slightly different and are based on existing flow metering at the influent and 
effluent to the plant. 

 
 

Table 5.6.2.2 - Monthly Average Treatment Performance Summary 
December 2002 – November 2003 

Marshall WWTF 
 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) 
NH4-N (mg/L) 

TP 
(mg/L) 

Average 
Performance 

2.05 2.5 4.7 0.57 5.8 

Permit 
Requirements 

3.3 
5 

(85% Rem.) 
30 

(85% Rem.) 

June through Sept. 1.1 mg/L 
Oct. through Nov. 2.3 mg/L 
Dec. through March 9.4 mg/L 
April through May 2.4 mg/L 

Monitor 
Only 

Percent 
Removal 

NA 99.4% 99.0% 96.8% 57.7% 

NA – Not Applicable 
 
 

5.6.2.2 Design Basis for Modifications for Phosphorus Removal 

The evaluation of phosphorus removal alternatives was based on the design basis presented 
in Table 5.6.2.3. The table summarizes flow and wastewater characteristics used to assess the 
phosphorus removal alternatives. It also summarizes the facilities available to be retrofitted for 
phosphorus removal if it is determined that excess capacity exists. 

 
This design basis was used to assess the feasibility of biological and chemical phosphorus 

removal as well as a combination of both processes. The design basis does not include any 
contributions of plant return streams. The only return stream at the Marshall WWTF is from sludge 
storage decanting.  No data was available on this return stream.  The design low temperature was 
taken to be 12oC and was used in developing biological treatment kinetics. 
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Table 5.6.2.3 – Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Marshall WWTF 

 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TKN (mg/L) TP (mg/L) rbCOD 
3.3 387 455 29.8 13.7 24 

 
Process Step Dimensions Design Loading Comment 

Primary Clarifiers 2 - 60 ft diameter, 10 
ft deep 

580 gpd/ft2 Can accept chemical 
addition 

Trickling Filters 2 – 60 ft diameter 
24 ft deep 

66 lb CBOD5/1000 ft3/day Consumes COD needed 
to support EBPR 

Intermediate Clarifiers 2 – 70 ft diameter, 
12 ft deep 

430 gpd/sf Can accept chemical 
addition 

Activated Sludge 4 – 0.269 MG 
aeration tanks 

F/M = 0.1 to 0.2 lb 
CBOD5/lb MLSS, 
HRT = 6 hrs 

Accomplishes year-round 
nitrification. Tanks can 
accept EBPR retrofit 

Secondary Clarifiers 2 – 70 ft diameter, 
12 ft deep 

430 gpd/sf Can accept chemical 
addition 

Solids Contact Clarifier 1 – 90 ft diameter 520 gpd/sf Can accept chemical 
addition 

See Appendix 2.6.2 for summary of the design basis 
 
 
The Marshall wastewater is a relatively high strength wastewater due to the contribution of 

industrial wastes. The influent wastewater contains 387 mg/L CBOD5, 13.7 mg/L phosphorus and 
exhibits a CBOD5 to P ratio of 28:1 which would support EPBR without having to add an 
additional carbon source.  At design loadings (based on design flow and observed wastewater 
characteristics) the F/M of the activated sludge system is 0.1 to 0.2 lb CBOD5/lb MLSS at the 
observed average MLSS concentration of 2,000 mg/L. This F/M is low enough to support 
nitrification, which, based on plant operating data, regularly occurs year-round. The low F/M 
suggests that there is sufficient aeration tank volume available to support denitrification and EBPR.  

 
Certain wastewater characteristics, removal rates and treatment plant operating conditions 

were also either assumed or based on plant operating data for this analysis. Biodegradable COD 
(discussed in Section 4) was assumed to be equal to 1.6 times the CBOD5 and readily biodegradable 
COD (rbCOD), that fraction of the COD that is easily converted to volatile fatty acids (VFA) which 
are used by EBPR bacteria, was assumed to be 30% of the biodegradable COD. The trickling filter 
provides a significant CBOD5 reduction.  Based on the trickling filter loadings it was estimated that 
the trickling filter would reduce CBOD5 from approximately 256 mg/L in the primary effluent to 
approximately 95 mg/L in the trickling filter effluent of which 25 mg/L would be considered 
rbCOD. Because of the high degree of removal accomplished in the trickling filters, it is likely that 
there will not be enough CBOD5 available for EBPR. Also, baseline phosphorus removal by primary 
treatment (without chemical addition) was assumed to be 10% of the influent concentration.  
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5.6.2.3 Evaluation of Phosphorus Removal Alternatives 

The evaluation of phosphorus removal alternatives included developing conceptual designs 
and preliminary cost estimates for the viable alternatives.  EBPR, chemical addition and a 
combination of both processes were considered for the Marshall WWTF.  EPBR without the use of 
the trickling filter was also evaluated.  A summary of the alternatives analysis is presented in Table 
5.6.2.4. The table summarizes the potential effluent phosphorus concentration, chemical 
requirements (alum and alkalinity), sludge production and facility requirements (chemical storage and 
piping) for each alternative. 

 
Table 5.6.2.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit 

Needs for Phosphorus Removal Alternatives 
Marshall WWTF 

 

Option Units 

EBPR w/o Trickling 
Filter + Chemical 

Addition to 
Secondary Clarifiers 

Chemical 
Addition to 
Primary and 
Secondary 
Clarifiers 

Chemical 
Addition to 
Secondary 
Clarifiers 

Effluent P  mg/L 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 5100 8400 10,900 
Additional Sludge Production lb/d 1600 2500 3500 
Alkalinity added lb/d 2300 3800 4900 
Increased Tank Volume MG 1.07 0 0 
Additional Mixers Yes/No Yes No No 
Pumps/Piping Yes/No Yes No No 

 
 
 Using the design approach for denitrification and EPBR presented in Section 4, there is not 
enough aeration tank capacity to support EBPR.  EBPR was considered without the trickling filter 
in service. This was done to see if there was enough COD in the wastewater to support EBPR.  
There was enough COD in the wastewater to support a phosphorus reduction of approximately 5 
mg/L by EBPR; however, this would require 1.07 MG of additional tankage.  The EBPR effluent 
phosphorus would be approximately 7 mg/L and would require chemical addition to the secondary 
clarifiers to reduce the effluent phosphorus to less than 1 mg/L.  This process would produce 
approximately 1,600 pounds per day of additional sludge, require 5,100 pounds per day of alum and 
consume 2,300 pounds per day of alkalinity. 

 
Chemical addition alone is also capable of meeting the effluent target of 1 mg/L.  Chemical 

addition can be accomplished as single or two-point addition. Any retrofit of chemical addition for 
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phosphorus removal should include chemical feed equipment that would permit two-point addition 
when required.  This would provide the flexibility to practice single or two-point addition. 

 
Single point chemical addition should only consider chemical addition to the secondary 

clarifiers to ensure that there is sufficient phosphorus available for biological treatment and to assist 
on additional TSS capture. Single point addition to the primary clarifiers could result in creating a 
phosphorus deficient condition in the activated sludge process if the phosphorus removal process is 
not carefully maintained. Two-point addition would be practiced in the primary and secondary 
clarifiers. Chemical addition to the primary clarifiers has the added benefit of enhancing CBOD5 and 
TSS removals; however, as previously stated, the process should be closely maintained to ensure that 
there is sufficient residual phosphorus in the primary effluent for biological treatment. For the 
Marshall WWTF, chemical addition to the primary clarifiers was targeted for removal of 
approximately 7 mg/L phosphorus and approximately 3.8 mg/L was removed by nutrient uptake in 
the production trickling filter sludge and MLSS. This left approximately 3 mg/L after biological 
treatment, which was the basis for chemical addition to the secondary clarifiers. 

 
Two-point chemical addition would produce an additional 2,500 pounds per day of sludge, 

would require 8,400 pounds per day of alum, and consume 3,800 pounds per day of alkalinity.  
Single point chemical addition to the secondary clarifiers would produce 3,500 pounds per day of 
sludge, require 10,900 pounds per day of alum, and consume 4,900 pounds per day of alkalinity. This 
alkalinity demand for chemical addition may be high enough to require the addition of alkalinity to 
ensure that the effluent pH would meet effluent requirements. 

 
The conceptual design analysis indicated that two point chemical addition to the primary and 

secondary clarifiers is more cost effective than single point addition.  Two point chemical additions 
would require less alum addition, produce less chemical sludge and require less alkalinity addition for 
pH control.  This is true for all plants in this project where chemical addition alone was the 
preferred phosphorus removal treatment alternative.  Two point chemical addition is the most cost 
effective chemical treatment-only alternative. 

 
Preliminary budgetary cost estimates were developed based on the information presented in 

Section 4 and are summarized in Table 5.6.2.5.  The capital costs are presented as September 2004 
US dollars and the present worth costs are based on the annual O&M costs over a 20 year operating 
period at an interest rate of 5%.  The costs were rounded to the nearest $1,000. 

 
The EBPR that was considered was to bypass the trickling filters and include chemical 

addition to the secondary clarifiers to remove residual phosphorus.  The capital cost for this 
alternative would be $1,370,000 with an O&M cost of $278,000 per year and a present worth cost of 
$4,834,000. The final alternative considered was chemical treatment. The capital cost for two-point
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Table 5.6.2.5 – Preliminary Cost Estimates for Retrofit for Phosphorus Removal 

with Different Process Options 
Marshall WWTF 

 

Cost Factors 

EBPR w/o Trickling 
Filter + Chemical 

Addition to Secondary 
Clarifiers 

Chemical 
Addition to 
Primary and 
Secondary 
Clarifiers 

Chemical 
Addition to 
Secondary 
Clarifiers 

Effluent P (mg/L) 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Preliminary Capital Cost 
EPBR 
Chemical Treatment 
  Total 

$1,200,000 
$160,000 

$1,370,000 

 
$0 

$160,000 
$160,000 

 
$0 

$160,000 
$160,000 

Daily Operating Costs $/d 
 EBPR 
  Alum 
 Alkalinity 
 Sludge Disposal 

 
107 
510 
0 

150 

 
0 

843 
303 
224 

 
0 

1086 
634 
314 

Annual Labor Cost – Chemicals Only 
Total Annual O&M Costs 

0 
$278,000 

$26,000 
$526,000 

$30,000 
$772,000 

Present Worth Operating Costs $3,464,000 $6,555,000 $9,621,000 
Total Present Worth $4,834,000 $6,715,000 $9,781,000 

 
chemical treatment would be $160,000 with an O&M cost of $526,000 and a present worth cost of 
$6,715,000.   

 
 The most cost effective approach for phosphorus removal for the Marshall WWTF would 
be EBPR with chemical addition to the secondary clarifier and bypassing the trickling filters.  With 
an annual O&M cost differential of $248,000 ($526,000-$278,000) between two-point chemical 
addition and EPBR with the trickling filter out of service and chemical addition to the secondary 
clarifiers; the payback period for the capital investment of $1,370,000 for the EBPR process would 
be 5.5 years. 

5.6.3 Glencoe WWTF 

The Glencoe Wastewater Treatment Facility (Glencoe WWTF) is a 1.6 MGD trickling 
filter/activated sludge facility with a significant industrial wastewater load from a milk producer.  
The milk producer discharge represents about 50% of the wastewater plant influent BOD and about 
60% of the influent phosphorus.  No phosphorus standard is presently in place, but the plant must 
nitrify to meet effluent ammonia concentration limits that vary seasonally, with the lowest value at 
1.0 mg/L from June through September. 
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Recently, the major dairy operation, AMPI, closed operations in Glencoe.  The closure of 
the dairy operation has resulted in a significant reduction in wastewater flow and loadings to the 
Glencoe treatment plant including an approximate 60% reduction in the phosphorus load.  Since the 
initial analysis was already completed and included the dairy operation, another phosphorus removal 
alternative scenario was considered.  Therefore, two conceptual design scenarios were developed for 
Glencoe.  The first scenario included the wastewater from the dairy operation.  The second scenario 
which is summarized in Section 5.6.3.4 presents the results of the conceptual design analysis without 
the dairy wastewater. 

 

5.6.3.1 Plant Description and Performance 

A process flow diagram for the wastewater treatment facility is presented in Figure 5.6.3.1. 
The plant influent is pretreated by grit removal and screening before flowing to a 45-ft diameter, 20 
ft deep plastic tower trickling filter.  The lack of primary clarification results in frequent media 
fouling problems. Periodically, the plastic tower is taken out of service for cleaning and at that time 
the screened effluent is pumped to an existing 6 ft. deep rock trickling filter (61-ft diameter) for 
treatment. 

 
The trickling filter effluent passes through two rectangular shallow (6.5 ft depth) 

intermediate clarifiers with an area of 1050 ft2 each, which removes sloughed solids in the trickling 
filter effluent. The overflow rate of the intermediate clarifiers at the 2002 average flow rate was 380 
gpd/ft2.  The clarified effluent passes into the activated sludge system which consists of two (2) 
parallel 15 ft-deep, 179,000 gallon tanks (57 ft by 28 ft) operated in a completely-mixed mode. 
Aeration is provided by fine bubble membrane Wyss diffusers.  At the 0.80 MGD flow, the HRT of 
the activated sludge basins is 10.7 hours. The system has been operated with high and varying SRT 
values with MLSS concentrations ranging from 2,500 to 7,000 mg/L for different months.  The 
process provides nitrification year-round and has on occasion experienced some floating sludge in 
the secondary clarifies due to denitrification.  Four (4) 40 ft-diameter secondary clarifiers are 
installed and provide a conservative overflow rate of 160 gpd/ft2, when all are in operation at the 
0.80 MGD influent flow rate. Four (4) dual media (coal/sand) polishing filters provide further 
effluent solids removal.  The effluent is disinfected in a chlorine contact tank and the dechlorinated 
prior to discharge into Buffalo Creek.  Figure 5.6.3.2 shows a view of the trickling filter and aeration 
tanks at the Glencoe facility. 

 
Anaerobic digestion is used for sludge processing prior to dewatering on drying beds.  A 

sludge storage tank is used to hold digested sludge during the winter months. Polymers are added to 
the sludge before applying to the drying beds, which enhances the liquid solids separation. Water 
drains from below the drying beds for return to the plant influent flow.  The plant reported that the 
drying bed sludge is thickened to about 4% solids. The sludge from the drying beds is land applied.
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Figure 5.6.3.1 – Schematic Process Flow Diagram, Glencoe WWTF 
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Figure 5.6.3.2 - View of Plastic Media Trickling Filter and Aeration Tanks, Glencoe WWTF 
 
 

The first scenario includes the milk producing company which accounted for about 50% of 
the plant influent BOD loading and 60% of the phosphorus loading. The flow and loadings 
appeared to be consistent from month to month.  Influent and effluent plant data were reviewed to 
evaluate the plant performance and to establish the raw wastewater characteristics for the 
phosphorus removal analysis. Influent wastewater and final effluent characteristics are summarized 
on Tables 5.6.3.1 and 5.6.3.2 for the period of September 2002 through August 2003. These data 
represent the annual monthly average flow, CBOD5, TSS, ammonia nitrogen (NH4-N), and total 
phosphorus.  The total plant influent characteristics are as follows: 
 
 

Table 5.6.3.1 - Monthly Average Raw Wastewater Characteristics 
Glencoe WWTF 

 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TKN (mg/L) TP (mg/L) BOD/P 

0.80 317 349 NA 15.1 21 
NA – Not applicable 
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The average monthly values showed significant variation in the wastewater strength. The 
monthly average cBOD5 concentration was 534 mg/L in January 2003 and 186 mg/L in May 2003; 
TSS averaged 349 mg/L and ranged between 207 and 596 mg/L.  The average monthly influent 
phosphorus concentrations averaged 15.1 mg/L and ranged from 9.6 mg/L for August 2003 to 23.1 
mg/L for March 2003. The influent BOD/P ratio also varied widely, from a value of 15 for April 
2003 and 33 for August 2003.  For BOD/P ratios below 20, phosphorus removal by EBPR 
processes is greatly limited and chemical treatment is required.  

 
The plant effluent characteristics are summarized on Table 5.6.3.2 along with permit 

requirements and percent removals for CBOD5, TSS, and phosphorus. The plant is operating within 
permit limits of 25 mg/L monthly averages for CBOD5 and 30 mg/L for TSS. Good nitrification 
has been demonstrated and the effluent NH4-N concentration has normally been well below the 
warm weather effluent limit of 1.0 mg/L as NH4-N. Even in the colder months of January and 
February 2003 the monthly average effluent NH4-N concentration was 0.55 and 0.08, respectively.   
 

The plant achieved about 99% removal of CBOD5 and TSS with average effluent 
concentrations of 2.9 mg/L and 4.6 mg/L, respectively.  The low concentrations are a result of 
having polishing filters following secondary treatment. The monthly average phosphorus discharge 
concentration was 9.2 mg/L and the average removal efficiency was about 36%. This level of 
phosphorus removal is within the range expected for activated sludge treatment without EBPR or 
chemical addition. 
 

Table 5.6.3.2 - Monthly Average Treatment Performance Summary 
September 2002 – August 2003 

Glencoe WWTF 

 
 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 
Average Performance 0.80 2.9 4.6 0.74 9.2 
Permit Requirements 1.60 25 30 1.0 Monitor Only 
% Removal - 99.0% 98.5% NR 35.8% 
See Appendix 2.6.3 for detailed monthly plant data analysis 
See Table 3.3 in Section 3 for summary of seasonal NH4-N Limits 
NR – Not required 

 

5.6.3.2 Design Basis for Modifications for Phosphorus Removal 

The influent wastewater characteristics used to evaluate phosphorus removal alternatives for 
the Glencoe WWTP were based on the annual average data and are summarized in Table 5.6.3.3.  
The influent BOD, TSS, and TP concentrations were taken from the 2002-2003 average monthly 
influent data summary.  Without influent wastewater characterization, as would be done for a final 
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design analysis for a given wastewater treatment system, the value for the percent soluble BOD, 
which is a key parameter that affects EBPR process efficiency, had to be assumed.  A higher value 
than normal (50%) was assumed because of the significant input from the milk processing 
wastewater.  There was limited influent nitrogen data available, but one set of data reported 
indicated an influent TKN concentration of 104 mg/L.  Such a high value can be expected for a 
dairy wastewater.  Since nitrification is required in this design, this is an important process parameter 
for the design evaluations.   
 

Table 5.6.3.3 - Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Glencoe WWTF 

 
Flow (MGD) CBOD5 (mg/L) Percent sBOD TSS (mg/L) TKN (mg/L) TP (mg/L) 

1.6 317 50.0 349 104 15.1 

 
Process Step Dimensions Design Loading Comment 

Plastic Media Trickling Filter 
45 ft diameter 
Media depth = 20 ft

130 lb BOD/1000 ft3-
d 

Significant BOD removal occurs at 
this loading leaving little BOD for 
EBPR. 

Intermediate Clarifier 2-1050 ft2 760 gpd/ft2 
Good solids capture possible. Can 
accept chemical addition. 

Aeration Tanks 2-0.179 MG HRT = 5.4 hrs 
May have limited volume for 
nitrification. 

Secondary Clarifiers 4 – 40 ft diameter 320 gpd/ft2 
Can accept chemical addition. 
Conservative loadings improves 
efficiency. 

Dual Media Polishing Filters 4 – 80 ft2 3.5 gpm/ft2 
Removes additional solids and 
improves phosphorus removal 
efficiency. 

See Appendix 2.6.3 for summary of the design basis 
 

A high average percent soluble BOD concentration of 50% was assumed based on the 
significant industrial wastewater contribution and its soluble nature as well as the high influent 
BOD/P ratio measured.  Again it should be stressed that an actual engineering analysis and design 
would include a wastewater characterization study that would determine the influent rbCOD among 
other factors.  The rbCOD content is also some fraction of the influent sBOD concentration.  For 
the alternative analyses completed here, it was assumed that 70% of the influent sBOD was available 
to the bacteria as truly dissolved organic matter or rbCOD.  The design temperature was 10oC. 

 
Phosphorus loads from recycle streams must be considered when developing designs for 

phosphorus removal alternatives.  The major source of phosphorus and recycle streams is from 
sludge processing.  For plants with EBPR and anaerobic or aerobic digestion, a significant amount 
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of the phosphorus removed in the biological process is released and recycle back.  Phosphorus 
returns in the range of 30 to 50% have been reported. For plants with chemical treatment none or 
little of the phosphorus removal chemically is released and recycle.  The Glencoe facility uses 
anaerobic digestion and sludge drying beds for solids processing.  For this design, 40% of the 
phosphorus removed in the waste activated sludge was assumed to be released in the anaerobic 
digestion process.  The actual amount of phosphorus returned is affected by the solids 
concentration in the solids taken off the sludge trying beds.  The plant reported a solids 
concentration of 4% from the drying beds as it is pumped into sludge hauling trucks for land 
application.  This solids concentration is lower than would be observed for solids dewatering by 
mechanical equipment (20-25%) and thus results in a lower amount of phosphorus recycle.  A mass 
balance was done in the alternative design analysis to account for the recycled phosphorus.  The 
mass balance also included the higher ammonia concentration that occurs in anaerobic digestion.  
For a final engineering analysis and design actual measurements would be needed to verify this 
design parameter.  

 
 Dimensions and loading rates for the existing liquid unit processes at the design flows and 
loadings are also summarized in Table 5.6.3.3.   The table shows the units available for a retrofit to 
phosphorus removal and indicates important issues related to the retrofit design alternatives.  The 
use of the trickling filter and an immediate clarifier at the loadings shown has a major impact on the 
feasibility of using an EBPR process for phosphorus removal after the trickling filter step. A large 
amount of the BOD would be removed by the trickling filter operation, and as the EBPR process 
efficiency is directly related to the amount of BOD taken up by the phosphorus accumulating 
organisms, this pretreatment step will greatly reduce the efficiency of an EBPR process. 
 

Other aspects of the existing process design that are favorable for phosphorus removal are 
the conservative secondary clarifier hydraulic loading and the availability of polishing filters These 
two processes improve phosphorus removal by producing a low effluent TSS concentration.  By 
removing more effluent TSS a greater amount of phosphorus that is in the particulate form as 
chemical precipitate or in biological solids for EBPR processes would be removed.  This advantage 
is less apparent at the 1.6 MGD design loading, as the polishing filters would be operating at an 
abormally high hydraulic load, and thus would not produce as high a TSS removal efficiency as for 
the current 0.80 MGD flow condition.  

 
For the existing flow schemes certain factors suggest that the use of an EBPR process would 

be less favorable.  These are 1) a significant amount of the influent BOD would be removed by the 
trickling filter operation, 2) some phosphorus can be returned from the solids processing method, 3) 
nitrification is required, and 4) the plant has a very high influent TKN concentration. The high 
influent TKN concentration would result in a significant addition of nitrate to an EBPR anaerobic 
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contact zones. The phosphorus removal efficiency in the EBPR process is decreased in direct 
proportion to the amount of nitrate added to the anaerobic contact zone. 

 

5.6.3.3 Evaluation of Phosphorus Removal Alternatives with the Dairy Wastewater 

 In Section 4 process alternatives for retrofitting a trickling filter/activated sludge process for 
phosphorus removal were summarized.  From this phosphorus removal alternatives for the Glencoe 
WWTF are chemical addition to the primary and secondary clarifiers (two-point addition) or 
chemical addition only to the secondary process, EBPR treatment after the trickling filter system, 
EBPR treatment after the trickling filter system with chemical addition, EBPR treatment with 
trickling filter bypass using the A2O process (Figure 4.6e and 4.6f), with nitrification required) and 
the latter EBPR process scheme with chemical addition to the primary or secondary clarifiers.  For 
the alternatives with trickling filter bypassing the intermediate clarifiers were operated as primary 
clarifiers. The evaluation of the Glencoe facility EBPR designs also required that the ability of the 
existing activated sludge basins to accommodate the anaerobic and anoxic zones for the A2O 
process, in addition to the aeration volume needed for nitrification be determined. 
 
 The effluent P concentration goal in all cases was between 0.80 and 1.0 mg/L to meet the 
less than 1.0 mg/L effluent permit goal.  For the alternative with chemical addition only, chemical 
was added to the intermediate clarifier at a dose that would provide phosphorus removal with an 
effluent P such that the chemical addition is at stoichiometric requirements (1.0 mole Al/mole P) for 
phosphorus precipitation.   

  
The alternative evaluation process included developing conceptual designs followed by 

preliminary cost estimates for the viable alternatives.  The conceptual designs included determining 
the activated sludge aeration volume requirements to meet the effluent treatment, the activated 
sludge tank volume needed for the anaerobic contact zone of the EBPR process, the amount of 
daily sludge production in both the primary and secondary processes, the amount chemical sludge 
produced, the amount of phosphorus removed by biomass growth and by the EBPR process, the 
phosphorus content of the waste sludge, and the fate of solids in solids processing and the 
characteristics of return flows.   
 

None of the EBPR process alternatives were feasible.  For the EBPR process alone 
following the trickling filter operation, it was not feasible because an insufficient amount of BOD 
remained after the trickling filter and intermediate clarifier treatment.  The BOD from the 
intermediate clarifier was about 40 mg/L and the BOD/P ratio was about 4, much too low for a 
biological phosphorus removal process to work.  Two conditions made the EBPR process 
unfeasible when it was applied in the flow schemes with trickling filter bypass.  These were: 
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1. There was insufficient volume available in the existing aeration tank for a retrofit to an A2O 
process.  Without the trickling filter operation, there was less removal of BOD and 
suspended solids before the activated sludge process, and thus the BOD and solids loading 
to the activated sludge process required more volume to meet the nitrogen removal needs 
than was available. With the trickling filter and intermediate clarifier bypass there was not 
sufficient aeration volume for nitrification.  

 
2. The high influent nitrogen concentration (104 mg/L) would result in the consumption of all 

the rbCOD by nitrate before it could be available for the biological phosphorus removal 
process.  

 
The only feasible solutions from the alternative analyses would be with chemical treatment, 

and these results are summarized in Table 5.6.3.4 in terms of the effluent phosphorus concentration, 
chemical requirements (alum and alkalinity), and sludge production.  For the alternatives with 
chemical treatment, an effluent phosphorus concentration of 0.50 to 1.0 mg/L can be normally 
expected under varying wastewater load conditions.  
 

Results in Table 5.6.3.4 are similar to results for chemical addition for other retrofit 
examples in this project.  The two-point chemical addition approach, with chemical addition in both 
the primary and secondary treatment steps in contrast to adding chemicals only for polishing in the 
secondary step, results in a lower chemical requirements, lower labor cost and less sludge 
production.  As is shown in Table 5.6.3.5 the two-point chemical addition alternative reduces the 
operating costs by 31%, while both chemical feeding approaches have similar capital costs.  Two-
point chemical addition would be the most cost effective alternative. 

 
 

Table 5.6.3.4 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit 
Needs for Phosphorus Removal Alternatives 

Glencoe WWTF 
 

Option Units 
Chemical Addition to Primary 

and Secondary Clarifiers 
Chemical Addition to 
Secondary Clarifiers 

Effluent P mg/L 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 5886 3859 
Additional Sludge Production(1) lb/d 1219 743 
Alkalinity Used mg/L 1736 2649 
Increased Tank Volume MG 0 0 

(1)Alum Sludge 
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 In summary, EBPR treatment would not be feasible with this pretreatment trickling filter 
operation, as the trickling filter would remove too much BOD before the EBPR process.  The 
application of an EBPR process for this application was handicapped further by the fact that 
influent wastewater had a very high nitrogen concentration due to the industrial wastewater input.  
The high nitrogen level required BOD also, thus even without the trickling there was not sufficient 
BOD for the phosphorus removing organisms. 
 
 

Table 5.6.3.5 - Preliminary Cost Estimates for Retrofit with the Dairy 
Operation for Phosphorus Removal 

with Different Process Options 
Glencoe WWTF 

June 2004 – January 2005 
 

Parameter 
Chemical Addition to Secondary 

Clarifiers 
Chemical Addition to Primary 

and Secondary Clarifiers 

         Chemical System 
 

$137,000 
 

$137,000 
Total Capital Costs $137,000 $137,000 
Daily Operating Costs, $/d 
           Alum 
           Alkalinity 
          Sludge disposal 

 
588 
802 
110 

 
386 
586 
67 

Annual Labor Cost – Chemicals Only 
Total annual operating costs 

$21,000 
$576,000 

$17,000 
$381,000 

Present Worth Operating Costs, 5% @ 
20 years 

$7,178,000 $4,748,000 

Total Present Worth $7,315,000 $4,885,000 
 
 
 

  

Preliminary Capital Costs  

5.6.3.4 Evaluation of Phosphorus Removal Alternatives Without the Dairy Wastewater 

 
Scenario two was an evaluation of phosphorus removal alternatives using the anticipated 

wastewater characteristics without the industrial wastewater input from the dairy operation.  Recent 
influent wastewater characterization data without the dairy operations are summarized in Table 
5.6.3.6.  These data are for the period of June 2004 through January 2005.  There has been a 30% 
reduction in CBOD5, 50% reduction in TSS and 60% reduction in TP.  For this condition, the 
wastewater flow is lower and the influent nitrogen and phosphorus concentrations are much less. 
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Table 5.6.3.6 - Influent Wastewater Characteristics Used for Evaluation of Phosphorus Removal 

Alternatives Without the Dairy Operation Wastewater 
Glencoe WWTF 

June 2004 – January 2005 
 

Flow (MGD) CBOD5 (mg/L) Percent sBOD TSS (mg/L) TKN (mg/L) TP (mg/L) 
0.691 254 40.0 217 30 6.2 

  
 

The phosphorus alternatives evaluation considered plant treatment processes with and 
without the operation of the trickling filters. Because the trickling filter removed a significant 
amount of the influent soluble BOD, the use of an EBPR process with the trickling filter operation 
was not feasible.  In this case, only chemical treatment was feasible and the design evaluation 
included two-point chemical addition (alum added to the intermediate and secondary clarifiers) and 
single-point chemical addition with alum added only at the secondary clarifier. 

 
For the EBPR alternatives without the trickling filter pretreatment, the design alternatives 

also included nitrate removal as nitrification is required to meet the plant effluent permit. In this case 
the A2O process was used for the EBPR alternative evaluation.  The design evaluation showed that 
because of the reduce flow and loading on existing facility it was possible to convert the existing 
aeration basins to the  A2O process by adding baffles and mixers at the appropriate locations. An 
internal recycle pumping system was also required to feed nitrate from the aeration basin to the 
anoxic basin located between the anaerobic and aerobic zones. The evaluation included the effect of 
anaerobic digestion on the increased phosphorus concentration in the return flows for the 
alternative using an EBPR process. The assumed amount of phosphorus release in the anaerobic 
digestion process was 40% of the phosphorus removed by the phosphorus accumulating organisms. 

 
Key impacts of the phosphorus removal alternatives, such as chemical addition, increased 

sludge production, alkalinity requirements, and possibly additional tankage are summarized in Table 
5.6.3.7 for the four alternatives: EBPR with chemical addition to the secondary clarifiers, EBPR with 
chemical addition in the primary clarifiers, single point chemical addition to the secondary clarifiers 
with the trickling filter operation, and two-point chemical addition with the trickling filter operation. 
It is coincidental that the chemical addition is similar for the EBPR process, whether the chemicals 
are added to the intermediate or secondary clarifiers.  In the first case, more phosphorus is removed 
by chemicals and less by biological oxidation.  

 
 
 

 
   



5-118 

Table 5.6.3.7 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit 
Needs for Phosphorus Removal Alternatives 

 
Glencoe WWTF 

Option Units 

EBPR with 
Chemical Addition 

to Secondary 
Clarifiers 

EBPR with 
Chemical Addition 

to Primary Clarifiers

Trickling filter & 
Chemical Addition 

to Secondary 
Clarifiers 

Trickling filter & 
Chemical 

Addition to 
Intermediate and 

Secondary 
Clarifiers 

mg/L 0.7-1.0 0.5 to 1.0 
Chemical Addition lb/d 250 250 1120 850 
Additional Sludge 
Production(1) 

lb/d 50 45 230 170 

Alkalinity Used mg/L 19 19 87 66 

MG 0 0 0 0 

Effluent P 0.5-1.0  0.5 to 1.0 

Increased Tank 
Volume 
(1)Alum Sludge 
 
 
 The major cost trade-offs between these four phosphorus removal alternatives were the 
costs to convert the existing aeration basins to an A2O process versus the higher operating costs for 
using chemical treatment only with the present treatment flow scheme.  The preliminary cost 
analysis that reflects these issues, is summarized in Table 5.6.3.8.  The preliminary cost analysis 
showed that the cost for the EBPR alternative was about 25% lower than the chemical treatment 
only alternative based on a present worth basis.  Because these preliminary costs did not include 
final engineering, and many site considerations, it was possible that the actual costs for the tank 
conversions to an EBPR process would increase more than that shown for the actual costs for the 
chemical treatment alternative.  On the other hand, the analysis may be less optimistic for the EBPR 
alternative as the actual wastewater characteristics were not fully determined.  If wastewater 
sampling and characterization before any final engineering showed that there was a much higher 
fraction of readily biodegradable COD then the chemical addition requirements for the EBPR 
process would decrease and the cost savings for that alternative would be greater.  Thus, this analysis 
showed that the cost differences between the EBPR and chemical treatment only alternatives were 
very close and more site specific information will determine the more preferred alternative. 
 
 For this analysis, the major factor favorable for an EBPR process for phosphorus removal is 
the aeration basin configuration and volume available to allow conversion to the A2O process within 
the existing tank. On the other hand, phosphorus release in anaerobic digestion and in return flows, 
and the assumption of a moderate level of readily biodegradable COD and influent wastewater were 
less favorable for the EBPR process.  The need and acceptability of bypassing the existing trickling 
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filters, so that there is sufficient BOD available to make the EBPR process feasible is a site specific 
issue that must be considered by the municipality. 

 
 

Table 5.6.3.8 - Preliminary Cost Estimates for Retrofit for Phosphorus Removal 
with Different Process Options for Wastewater Characteristics Without the Dairy Operation 

Glencoe WWTF 
 

Parameter 

EBPR with 
Chemical 

Addition to 
Secondary 
Clarifiers 

EBPR with 
Chemical 

Addition to 
Primary 
Clarifiers 

Trickling filter & 
Chemical Addition 

to Intermediate 
and Secondary 

Clarifiers 

Trickling filter & 
Chemical Addition 

to Secondary 
Clarifiers 

Preliminary Capital Costs 
 Chemical System 
 EBPR Retrofit 

 
$128,000 
$360,000 

 
$128,000 
$360,000 

 
$128,000 

- 

 
$128,000 

- 
Total Capital Costs $488,000 $488,000 $128,000 $128,000 
Daily Operating Costs, $/d 
          Alum 

          Sludge disposal 

25 
  

          Alkalinity 

 

34 
5 

25 
34 
5 

 
85 
115 
15 

112 
153 
21 

Annual Labor Cost – Chemicals Only $11,000 $11,000 $12,000 $12,000 
Total Annual Operating Costs, $/year $35,000 $35,000 $91,000 $116,000 

5% @ 20 years 
$436,000 $436,000 $1,134,000 $1,446,000 

Total Present Worth $924,000 $924,000 $1,262,000 $1,574,000 

Present Worth Operating Costs,  

 

5.6.4 Little Falls WWTF 

The Little Falls Wastewater Treatment Facility (Little Falls WWTF) is a combined trickling 
filter/suspended growth biological treatment system using an activated biological filter (ABF) and 
the activated sludge process.  The plant has an average design flow of 2.4 MGD, a peak design flow 
of 3.0 MGD.  The current plant flow is 1.5 MGD. 
 

5.6.4.1 Plant Description and Performance 

Figure 5.6.4.1 presents the process flow diagrams for the wastewater and sludge handling 
treatment processes.  The influent wastewater enters the plant through a series of force mains and 
can either be diverted to an off line holding tank or flow by gravity to preliminary treatment.  The 
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Figure 5.6.4.1 - Schematic Process Flow Diagram, Little Falls WWTF
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254,000 gallon wet weather holding tank and chlorination facilities are provided for wastewater 
storage during storm events.  The preliminary treatment steps include flow monitoring, screening 
and grit removal.  Bypassing around the grit tanks is also provided.  After primary clarification in the 
two-40 foot diameter clarifiers, the wastewater bypasses the old trickling filter and intermediate 
clarifiers and flows to the pump station.  The wastewater is either pumped to the inlet of the 14 foot 
high ABF tower (fixed growth contactor) or bypassed around the tower to the aeration tanks.  
Effluent from the ABF can also be recycled back to the inlet of the tower.  The 136,000 gallon 
aeration tanks provide additional biological treatment prior to the treated wastewater entering the 
two 50 foot diameter final clarifiers.  Sludge collected in the final clarifiers is recycled back to the 
inlet to the ABF tower and also wasted to the gravity thickener.  After clarification, the treated 
wastewater is chlorinated and dechlorinated prior to the discharge of the final effluent to the 
Mississippi River.  Two photos of the treatment plants operation are presented on Figures 5.6.4.2 
and 5.6.4.3.  Photo 1 is a view of the two covered secondary clarifiers and part of the activated 
sludge system in the foreground.   Photo 2 is a view of the gravity thickener. 

 

CBOD5/P 

 
The waste activated sludge (WAS) is mixed with the primary sludge prior to thickening in the 

37,000 gallon gravity thickener.  Prior to December 2003, sludge handling operations shown on 
Figure 5.6.4.1 included the gravity thickener, a 321,000 gallon anaerobic digester, an 84,500 gallon 
bio-solids storage tank and an 11,000 square foot sludge drying bed.  A new sludge handling 
operation was implemented in December 2003 to produce stabilized sludge classified as Class A 
biosolids.  The treatment process involves additional sludge thickening using centrifuge technology 
for dewatering, followed by lime stabilization and then heat treatment (pasteurization) prior to the 
storage of the bio-solids for land application. 

Raw wastewater and final effluent characteristics are summarized on Tables 5.6.4.1 and 
5.6.4.2.  These data represent the annual average of the monthly averages.  The influent wastewater 
characteristics are as follows: 
 

Table 5.6.4.1 - Monthly Average Raw Wastewater Characteristics 
Little Falls WWTF 

 
Flow 

(MGD) 
CBOD5 (mg/L) TSS (mg/L) NH4-N 

(mg/L) 
TP 

(mg/L) 
1.5 133 170 19.2 3.5 38 

 

  
 There was a large variability in the monthly average for CBOD5, TSS and ammonia nitrogen 
(NH4-N) in the influent.  The CBOD5 averaged 133 mg/L and ranged between 70 mg/L and 243 
mg/L; TSS averaged 170 mg/L and ranged between 107 mg/L and 351 mg/L; ammonia nitrogen 
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Figure 5.6.4.2 - Covered Secondary Clarifiers, Little Falls WWTF 

 
 
 

 
Figure 5.6.4.3 - Gravity Thickener, Little Falls WWTF 
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(NH4-N) concentration averaged 19.2 mg/L and ranged between 3.50 mg/L and 37 mg/L.  Total 
phosphorus  (TP)  levels averaged 3.48 mg/L  and  ranged   between  1.78 mg/L  and 4.94  mg/L.   
A summary of the plant performance is presented on Table 5.6.4.2.  The plant is meeting monthly 
permit requirements for CBOD5 and TSS, achieving greater than 90% removal of CBOD5 and 
TSS.  Effluent monitoring is the only permit requirement for ammonia nitrogen and total 
phosphorus.   

 
 
 

Table 5.6.4.2 -  Monthly Average Treatment Performance Summary  
October 2002 – September 2003 

Little Falls WWTF 
 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 
Average 
Performance 

1.5 10.5 15.7 11.4 2.2 

Permit 
Requirements 

2.4 25 30 
Monitor  

Only 
Monitor 

Only 
Percent 
Removal 

---- 92% 90.4% NR NR 
 

See Appendix 2.6.4 for detailed monthly plant data analysis. 
 NR – Not Required 
 
 

5.6.4.2 Design Basis for Modification for Phosphorus Removal 

 The evaluation of phosphorus removal alternatives was based on the design parameters 
presented in Table 5.6.4.3.  This design basis was used to look at the expected removals for the 
various phosphorus removal alternatives that could be employed at the plant.  There are two return 
streams at the Little Falls plant including: thickener overflows which are returned to the head of the 
plant and centrate from the centrifuge operations prior to lime stabilization and heat treatment.  
There were no data available on the thickener overflows waste, however centrate operations have 
been characterized. Centrate flow averaged 24,000 gpd (4 to 5 days per week) with a phosphorus 
concentration of 220 mg/L.  A flow of 20,000 gpd was assumed for the design analysis while 
CBOD5, TSS and TKN concentrations were unknown and were assumed to 5,000 mg/L for 
CBOD5 and TSS sludge centrate) and 600mg/L for TKN.  Based on plant information, a design low 
temperature of 8O C was selected for use in developing the biological nutrient kinetics. 
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Table 5.6.4.3 – Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 

Little Falls WWTF 
 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4- N (mg/L) TP (mg/L) rbCOD (mg/L) 

2.4 184 170 26.5 3.5 124 

  

Process Step Dimensions Design Loading Comment 

Primary Clarifiers 2-40 ft. diameter 
11.0 ft. SWD 

715 gpd/sf Possible point of 
chemical addition 

Activated Biological 
Filter 

Media Depth = 14 ft. 
Surface Area = 768 sf 
Media Volume = 10,752 cf 

Organic Loading Rate = 
165 lbs/d/1000 cf 
Hydraulic Loading Rate = 
3.7 gpm/sf 

Consider bypassing 
flow around if 
CBOD5 is insufficient 
for EBPR 

Activated Sludge 2 trains; 36 ft.long x 18 ft. 
wide w/ 14.0 ft. SWD 

HRT = 1.36 hrs 
F/M = 0.71 
SRT = 4.5 days 

Plant does not nitrify; 
consider EBPR 
retrofit; facilities in 
place to add polymer 
to AS effluent troughs

Secondary Clarifiers 2-50 ft. diameter 
12.0 ft. SWD 

611 gpd/sf Possible point of 
chemical addition 

See Appendix 2.6.4 for summary of the design basis 
  
 Certain wastewater characteristics, removal rates and treatment plant operating conditions 
were either assumed or based on plant operating data for this analysis.  Biodegradable COD 
(discussed in Section 4) was assumed to be equal to 1.6 times the CBOD5 leaving the ABF Tower 
(149 mg/L) and the readily biodegradable COD (rbCOD), that fraction of the COD that is easily 
converted to volatile fatty acids (VFA) which are used by EBPR bacteria, was assumed to be 42% of 
the biodegradable COD.  Also baseline phosphorus removal by primary treatment (without chemical 
addition) was assumed to be 10% of the influent concentration. 
 

5.6.4.3 Evaluation of Phosphorus Removal Alternatives 

 The evaluation of phosphorus removal alternatives included developing conceptual designs 
and preliminary cost estimates for the viable alternatives.  The alternatives reviewed included EBPR 
with and without the ABF tower, alum addition in the secondary clarifiers, and two stage chemical 
addition at the primary and secondary clarifiers.  The preliminary design analysis indicates that 
EBPR and two stage chemical addition or chemical addition to the secondary clarifiers would meet a 
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target effluent phosphorus of 1 mg/L.  The design analysis is summarized in Table 5.6.4.4.   In many 
cases the EBPR process-alone cannot meet a 1 mg/L target level when the BOD/P is between 25 
and 35, and must be used in conjunction with chemical precipitation to consistently meet 1 mg/L of 
phosphorus.  In the case of the Little Falls plant, however, the conceptual design analysis indicated 
that EBPR alone would meet the 1 mg/L phosphorus target.  The low influent phosphorus 
concentration and the high CBOD5 to phosphorus ratio greater than 38 would allow EBPR to 
achieve the required phosphorus removal performance.  The analysis indicated that new external 
tankage would be required to implement EBPR with a volume requirement of 165,000 gallons.  The 
analysis also indicated that, in addition to a slight increase in sludge production, a slightly larger tank 
would be needed for EBPR if the ABF tower were bypassed. 

EBPR w/ 
Secondary Clarifier 

 
  Table 5.6.4.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit 

Needs for Phosphorus Removal Alternatives 
Little Falls WWTF 

 

Operating 
Condition 

Units 
ABF Tower 

EBPR w/o 
ABF Tower 

Chemical Addition 
to Primary and 

Secondary Clarifiers 

Chemical Addition 

Effluent P Mg/L 0.5 to1.0 0.5 to1.0 0.5 to1.0 0.5 to1.0 

Alum Addition Lb/d 0 0 1716 2862 

Alkalinty Depleted Mg/L 0 0 38 64 

Equipment 
Requirements 

NA New Tankage 
(0.165 MG) & 

Mixers 

New Tankage 
(0.167 MG) & 

mixers 

Chem Feed Pumps 
& Chem Storage 

(6000 gallons) 

Chem Feed Pumps & 
Chem Storage (6000 

gallons) 

Primary Sludge 
Production 

Lb/d 2760 2760 3130 2760 

920 640 910 

Chemical Sludge 
Production 

Lb/d 0 0 430 
 

910 

Total Sludge 
Production 

Lb/d 3670 3680 
 

4200 4580 

Secondary Sludge 
Production 

Lb/d 910 

  
  
 Chemical precipitation is a reliable means of phosphorus removal and can be effective at 
either the primary or secondary clarifier.  In the case of the Little Falls plant, the conceptual design 
analysis for alum addition indicates that effluent goals could be met through a two-point addition in 
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the primary and secondary clarifiers, or alum addition to the secondary clarifiers.  The analysis 
indicated that two-point addition of alum to the primary and secondary clarifiers would require less 
chemicals and produce less sludge than chemical addition only to the secondary clarifier.  For all 
chemical treatment alternatives, two point chemical addition is the most cost effective phosphorus 
removal alternative.  Alum addition would also result in the destruction of alkalinity.  The conceptual 
design analysis also indicated alkalinity consumption of 38 mg/L and 64 mg/L for two-point and 
secondary clarifier alum addition, respectively.  Since the plant does not nitrify, the need for 
supplemental alkalinity would be unlikely.  A review of influent wastewater alkalinity characteristics 
as well as bench scale testing of alum dosage requirements as part of a detailed design is 
recommended to determine the need for supplemental alkalinity addition for pH control.     
 

Preliminary budgetary cost estimates were developed based on the information presented in 
Section 4 and are presented in Table 5.6.4.5.  The capital costs are presented as September 2004 US 
dollars and the present worth costs are based on the annual O&M costs over a 20 year operating 
period at an interest rate of 5%.  The costs were rounded to the nearest $1,000. 

 
The EBPR alternatives would have the highest capital costs estimated at $1,090,000 (the 

slight difference in tank volume was considered insignificant) while the chemical feed facilities would 
incur a capital cost estimated to be $145,000 and was based on the ability to feed chemicals to one 
or both locations.  The highest O&M costs are associated with the chemical phosphorus removal 
alternatives.  The preliminary conceptual design indicated lower chemical use and chemical sludge 
production associated with two-point chemical addition.  O&M costs based on chemical 
requirements, labor cost and sludge disposal costs were estimated to be $77,000 and $134,000, 
respectively, for two-point chemical addition and alum addition to the secondary clarifier only.  
These costs includes alum, chemical sludge disposal and labor.  O&M costs for EBPR were 
substantially lower than those for the chemical addition alternatives. The present worth for the 
EBPR alternatives would be $1,264,000 (which includes a back-up chemical feed system) while the 
chemical addition alternatives would be $1,279,000 and $2,002,000 for two-point chemical addition 
and alum addition to the secondary clarifiers only, respectively.  The present worth analysis indicated 
that the cost comparison between the cost for the EBPR system and two-point chemical addition 
was basically the same.  The present worth analysis for Little Falls indicated that there would be a 
cost benefit of $15,000 after 20 years for the EBPR alternate.  The estimated capital costs for 
retrofitting the plant with the EBPR process would be $1,090,000 compared to $145,000 for a two-
point chemical addition treatment system. 
 
 It should be noted that the capital expenditure for implementation of EBPR would be 7.5 
times higher than the estimated capital cost for chemical addition.  While the EBPR annual O&M 
cost savings comparison with chemical addition would be significant, the payback period for electing 
EBPR over chemical addition would be approximately 12 years.  Based on the cost comparison and 
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Table 5.6.4.5  - Preliminary Cost Estimates for Retrofit for Phosphorus Removal 

Cost Factors 
ABF Tower 

Secondary 
Clarifier 

with Different Process Options 
Little Falls WWTF 

 

EBPR w/ 
ABF Tower 

EBPR w/o 
Chemical Addition 

to Primary and 
Secondary Clarifier 

Chemical Addition 

0.5 to 1.0 0.5 to 1.0 

Preliminary Capital Costs $1,090,000(1) $1,090,000(1) $145,000 $145,000 

Preliminary O&M Costs ($/year) $14,000 $14,000 $91,000 $149,000 

Present Worth  $1,264,000 $1,264,000 $1,279,000 $2,002,000 

Effluent P (mg/L) 0.5 to 1.0 0.5 to 1.0 

(1)Includes cost for back-up chemical feed system 

 Additional options that Little Falls might consider for addressing their phosphorus discharge 
limitations would be source control and phosphorus trading.  Based on MPCA phosphorus strategy 
guidelines, source control is not an issue at Little Falls. The influent phosphorus level of 3.5 mg/L 
does not indicate a large industrial contribution of phosphorus and no industrial inputs of 
consequence were noted by plant personnel (ethanol plant with treatment contributes less than 5 
mg/L P).  However, a review of plant data indicated seasonal spikes in CBOD5 greater than 200 and 
phosphorus greater than 4 during the winter months (January through March) of 2003 and two or 
three of their seven lift stations showing phosphorus levels above 10 mg/L.  Therefore, a review of 
source control may be beneficial.  Phosphorus trading would involve purchasing phosphorus 
removal capacity from another plant.  If excess phosphorus capacity were available from a nearby 
wastewater treatment plant their excess capacity would be purchased like a commodity.  

 

  
present worth analysis, the two-point chemical addition treatment system is the most cost effective 
alternative.  A more in depth review of the EBPR alternatives would be needed to determine 
benefits of continued use of the ABF tower.   

 

  

5.7 LAGOONS 

 The two lagoon systems evaluated for phosphorus removal were the 0.824 MGD Redwood 
Falls WWTP and 2.6 MGD Thief River Falls WWTP.  The following summarizes the analysis of 
each plant. 
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5.7.1 Redwood Falls WWTP 

The Redwood Falls Wastewater Treatment Plant (Redwood Falls WWTP) is a large lagoon 
system consisting of two sets of lagoons, the Redwood Falls Lagoons, which include a separate stage 
submerged media nitrification system, and the Regional Lagoons. Each lagoon system consists of 
three lagoons. Another set of lagoons treating wastewater from the single major industry, Central Bi-
Products, also contributes their treated effluent to the Regional Lagoons.  Figure 5.7.1.1a and 
5.7.1.1b are schematic diagrams that show the configuration of the lagoons. Figure 5.7.1.1a shows 
the flow diagram of the Redwood Falls Lagoons.  The Regional Lagoons are shown on Figure 
5.7.1.1b.  The first two Regional Lagoons are used as polishing lagoons for the Central Bi-Products 
lagoon system. The total flow from the Redwood Falls Lagoons and Central Bi-Products is 
combined in the last Regional Lagoon before discharge to the Minnesota River. 
 

5.7.1.1 Plant Description and Performance 

The Redwood Falls Lagoons are each approximately 11 to 12 million gallons (MG), 4.6 to 5 
acres and 10 feet deep.  The detention time of the Redwood Falls Lagoons at the design flow of 0.8 
MGD is approximately 42 days. These lagoons use static tube aerators with the highest aerator 
density in the first lagoon, lower densities in the second and third lagoon. The Redwood Falls 
Lagoons discharge to a six cell submerged media nitrification process. This process is supplemented 
with EcoBac bacteria during the summer. 

 
The Regional Lagoons, which are considered tertiary lagoons, are each approximately 5.75 

MG, 1.9 acres and 13 feet deep.  These lagoons are aerated with floating jet aerators.  The first two 
Regional Lagoons receive flow from Central Bi-Product’s lagoon system and are operated in parallel. 
The effluent from the first two Regional Lagoons is blended with the effluent from the Redwood 
Falls Lagoons in the third Regional Lagoon before discharge to the Minnesota River. 
 
 Although the design detention time of the Regional Lagoons is approximately 21 days, the 
actual detention time is less than this because of the current lagoon configuration. Using the first 
two lagoons to polish the Central Bi-Products wastewater provides approximately 140 days of 
detention time for this wastewater. Central Bi-Products is a large rendering operation. It discharges 
about 17 mg/L of phosphorus at 30 MG per year (4,253 lbs/yr). 
 

 
   

 The third Regional Lagoon provides an additional 7 days of detention time for the combined 
wastewater (Redwood Falls WWTP plus Central Bi-Products). In the current configuration both 
lagoon systems provide a detention time of approximately 49 days at the design flow of 0.824 MGD 
for the Redwood Falls WWTP wastewater.  Figure 5.7.1.2 is a view of the first Redwood Falls 
Lagoon showing the degree of aeration and density of the static tube aerators.  Figure 5.7.1.3 is a 
view of one of the Regional Lagoons showing the jet aerators. 
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Figure 5.7.1.1a - Schematic Process Flow Diagram, Redwood Falls WWTP
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Figure 5.7.1.1b - Schematic Process Flow Diagram; Regional Ponds, Redwood Falls WWTP 
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Figure 5.7.1.2 - First Lagoon, Redwood Falls WWTP 

 
 
 
 

 
Figure 5.7.1.3 - Regional Lagoon, Redwood Falls WWTP 

 
 
 

 
   



5-132 

 Influent and effluent plant data were reviewed to develop the raw wastewater and final 
effluent characteristics to evaluate the plant performance, and for the phosphorus removal analysis. 
Plant influent is analyzed for CBOD5 and TSS.  Plant effluent is analyzed for these parameters plus 
ammonia nitrogen (NH4-N) and total phosphorus. Influent wastewater and final effluent 
characteristics are summarized on Tables 5.7.1.1 and 5.7.1.2 for the period of October 2002 
through September 2003.  These data represent the monthly average results for the parameters 
analyzed plus plant flow.  Appendix 2.7.1 presents summary tables on wastewater characteristics 
and plant performance.  The total plant influent characteristics are as follows: 

 
Table 5.7.1.1 - Monthly Average Raw Wastewater Characteristics 

Redwood Falls WWTP 
 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 
0.70 200 297 NR NR 

 

NR – Not Required 

 

Redwood Falls WWTP 

CBOD5 (mg/L) TSS (mg/L) 

 
Table 5.7.1.2 - Monthly Average Treatment Performance Summary 

October 2002 – September 2003 

 

 Flow (MGD) NH4-N (mg/L) 
Unionized 

Ammonia (mg/L)
TP (mg/L) 

Average 0.76 8.3 33 7.24 0.23 2.85 
Observed Removal NR 99.6% 88.4% NA NA NA 

Permit Requirements 0.8003 25 45 

7.5 (June to Sept) 
9.7 (Oct to Nov) 

94 (Dec to 
March) 

64 (April to May)

1.0 
Monitor 

Only 

Removal 
Requirements 

NR 85% 85% NR NR NR 
 

See Appendix 2.7.1 for detailed monthly average plant data analysis 
NR – Not required 
NA – Not Available 

 
 

The variability of influent CBOD5 was not very significant.  It averaged 200 mg/L and 
ranged from 124 mg/L to 258 mg/L.  Influent TSS did exhibit a significant degree of variability 
averaging 297 mg/L with a range of 194 to 549 mg/L.  
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As previously mentioned, there is only one major industrial contributor, Central Bi-Products. 
They operate a rendering and meat by-products processing facility that includes feather processing, 
hide curing and pet food production. Central Bi-Products pretreatment system consists of a covered 
anaerobic lagoon followed by two dissolved air flotation units and then three lagoons operated in 
series. Central Bi-Products discharges approximately 30 MG per year of wastewater to the Regional 
Lagoon system containing approximately 17 mg/L of phosphorus (4,253 pounds per year). 

 
The plant effluent characteristics are summarized on Table 5.7.1.2 along with permit 

requirements and percent removals.  The plant has effluent permit limits for CBOD5, TSS, NH4-N 
and unionized ammonia nitrogen.  Monthly monitoring is the only requirement for total phosphorus 
(TP).  Plant effluent flow is slightly higher than influent flow (0.76 MGD vs. 0.70 MGD) due to the 
discharge from Central Bi-Products.  The plant is operating well within permit limits of 25 mg/L 
monthly averages for CBOD5 and 45 mg/L for TSS.  The plant achieved greater than 99% removal 
of CBOD5 and 88% removal of TSS with an average effluent concentration of 8.3 mg/L and 33 
mg/L, respectively.  The 2002-2003 monthly average discharge concentration for ammonia nitrogen 
was 7.2 mg/L, which was less than the lowest limit for any season (7.5 mg/L).  All seasonal effluent 
ammonia limits were met. The average monthly effluent concentration for unionized ammonia 
nitrogen was 0.23 mg/L which is also less than the limit of 1.0 mg/L. All monthly average effluent 
unionized ammonia results met the limit of 1.0 mg/L. The plant is meeting all permit requirements 
year-round. 

 
The average phosphorus discharge level was 2.85 mg/L. The influent wastewater is not 

tested for phosphorus; therefore, current removals cannot be assessed.  There is an apparent 
seasonal removal of phosphorus in the lagoons based on observed effluent concentrations. Effluent 
phosphorus ranged from 3.0 to 5.4 mg/L between December 2002 and May 2003.  Between June 
and November effluent phosphorus ranged from 0.73 to 1.5 mg/L suggesting that some 
phosphorus removal occurs during summer and fall, probably due to algal uptake.  During October 
and November of 2002, the effluent phosphorus concentration was <1 mg/L as shown in Table 
5.7.1.2.  Additional data provided for August and September 2002 also reaffirmed the removal with 
effluent concentrations of 0.83 and 0.73 mg/L respectively. 
 

The Redwood Falls Lagoons also produce a significant population of minnows which 
supports a resident population of predatory birds. A few years ago the plant chemically treated the 
lagoons to reduce the minnow population. They removed seven 1-ton truck loads of dead minnows 
but many survived and the lagoons continue to have a significant minnow population. 
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5.7.1.2 Design Basis for Modifications for Phosphorus Removal 

The evaluation of phosphorus removal alternatives was based on the design basis presented 
in Table 5.7.1.3.  The table summarizes flow and wastewater characteristics used to assess the 
phosphorus removal alternatives.  It also summarizes the facilities available to be retrofitted for 
phosphorus removal if it is determined that excess capacity exists.  The only opportunity for 
phosphorus removal at Redwood Falls WWTP is to incorporate chemical addition to the lagoons.  
Some removal is already experienced seasonally; however, removal throughout the year can only be 
accomplished by chemical treatment. 

 
The Redwood Falls WWTP plant does not analyze the influent wastewaters for phosphorus.  

An influent concentration of 4 mg/L was used in this analysis.  It was based on an average of 4 
mg/L present in the effluent between December and May.  This concentration was the basis for 
developing chemical requirements and sludge production.  

 
Table 5.7.1.3 – Process Design Basis Used for Evaluation of Phosphorus Alternatives 

Redwood Falls WWTP 
 

Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TP (mg/L) 
0.824 200 297 4 

 
Process Step Dimensions Design Loading Comment 

Redwood Falls Lagoons 3 – 4.6 to 5 ac, 10 ft 
deep 

42 day HRT Accomplishes seasonal 
removal, can accept 
chemical addition 

Regional Lagoons 3 – 1.9 ac, 13 ft deep 21 day HRT (design) 
7 day HRT (current 
operations) 

Accomplishes seasonal 
removal, can accept 
chemical addition 

See Appendix 2.7.1 for summary of the design basis. 
 

5.7.1.3 Evaluation of Phosphorus Removal Alternatives 

The evaluation of phosphorus removal alternatives included developing conceptual designs 
and preliminary cost estimates for the viable alternatives. The only viable phosphorus removal 
alternative for the Redwood Falls WWTP plant is chemical treatment.  EBPR alternatives are not 
compatible with lagoon treatment systems because there is not enough control of the biological 
processes to promote the growth of EPBR bacteria.  

 
Chemical addition is capable of meeting the effluent target of 1 mg/L; however it does 

produce sludge and consumes alkalinity. Chemical addition can be accomplished as single or two-
point addition. For the process to be successful at Redwood Falls, chemicals should, at a minimum, 
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be added to the influent to the last Regional Lagoon.  This is the only point where all the 
wastewaters are blended. Alternatively, chemicals could also be added to one of the Redwood Falls 
Lagoons to accomplish partial phosphorus removal but chemical addition would still be required in 
the last Regional Lagoon to treat the phosphorus contributed by Central Bi-Products.  

 
A summary of the chemical addition process is presented in Table 5.7.1.4.  The table 

summarizes the calculated effluent phosphorus concentration, chemical requirements (alum and 
alkalinity), sludge production and facility requirements (chemical storage and piping) for each of the 
alternatives considered. 

 
Table 5.7.1.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit 

Needs for Phosphorus Removal Alternatives 
Redwood Falls WWTP 

 

Option Units 
Chemical Addition to Redwood Falls 

WWTP and Regional Lagoons 
Chemical Addition 
Regional Lagoons 

Effluent P  mg/L 0.5 to 1.0 0.5 to 1.0 
Chemical Addition lb/d 550 850 
Additional Sludge 
Production 

lb/d 700 425 

Alkalinity added lb/d 250 375 
Chemical Storage Yes/No Yes Yes 
Pumps/Piping Yes/No Yes Yes 

 
 
Biological processes that occur in the lagoons will consume approximately 0.5 mg/L 

phosphorus leaving 2.5 to 3.5 mg/L for chemical removal.  Single point addition applied to the last 
Regional Lagoon would require the addition of 836 pounds of alum per day, and will produce an 
additional 425 pounds per day of sludge.  This is an increase of approximately 14% above the 
current calculated sludge production levels of 3000 pounds per day.  Single point chemical addition 
would also consume 375 pounds of alkalinity.  

 
Two-point addition could be practiced in the Redwood Falls WWTP and Regional Lagoons 

as described earlier. The best location for chemical addition to the Redwood Falls Lagoons would be 
the first lagoon which has a high degree of mixing due to aeration. The analysis targeted removal of 
approximately 2 mg/L of phosphorus in the lagoon.  For the remaining 2 mg/L, approximately 0.5 
mg/L was removed by biological uptake.  Chemical addition to the last Regional Lagoon was based 
on an influent phosphorus of 1.5 mg/L. The two-point chemical addition process requires 
approximately 550 pounds per day of alum and will produce approximately an additional 700 
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pounds per day of sludge, an increase of 23%.  The higher sludge production is related to enhanced 
removal of TSS in the Redwood Falls Lagoon receiving alum. The alkalinity requirement for two-
point chemical addition would be approximately 250 pounds per day. In both the single and two-
point chemical addition alternatives the alkalinity consumption translates to approximately 18 to 30 
mg/L as CaCO3.  This is probably not high enough to depress effluent pH below the permit limit of 
6.0. 
 

Chemicals can be applied to the lagoons in a number of ways.  For lagoons that operate with 
continuous flow, like the Redwood Falls WWTP, the best way to apply chemicals would be in the 
vicinity of the aerators which will provide mixing of the chemicals between lagoons, in which case 
some supplemental mixing might be required.  Chemicals could also be injected near each of the 
static aerators at the front end of the first Redwood Falls Lagoon and/or at the jet aerators in the 
Regional Lagoons.  Both locations would take advantage of the mixing produced by the aerators.  

 
Preliminary budgetary cost estimates were developed based on the information presented in 

Section 4 and are presented in Table 5.7.1.5. The capital costs are presented as September 2004 US 
dollars and the present worth costs are based on the annual O&M costs over a 20 year operating 
period at an interest rate of 5%. The capital cost for two-point chemical addition would be 
approximately $90,000 with O&M costs of $46,000 per year which translates to a present worth cost 
of $663,000.  Although the capital cost for single-point chemical addition would be the same, the 
present worth cost is higher at $726,000.  This is related to the larger alum design requirement and 
higher chemical sludge production for single point chemical addition. 

 
Table 5.7.1.5 – Preliminary Cost Estimates for Retrofit for Phosphorus Removal 

with Different Process Options 
Redwood Falls WWTP 

 

Cost Factors 
Chemical Addition to Redwood 

Falls WWTP and Regional 
Lagoons 
0.5 to 1.0 

Preliminary Capital Cost $90,000 $90,000 
Daily Operating Costs $/d 
  EBPR 
 Alum 
 Alkalinity 
 Sludge Disposal 

 
0 
76 
0 
16 

 
0 
84 
0 
24 

Annual Labor Cost – Chemicals Only 
Total Annual Operating Cost 

$12,000 
$46,000 

$12,000 
$51,000 

$573,000 $636,000 
Total Present Worth $663,000 $726,000 

Chemical Addition to 
Regional Lagoons 

Effluent P (mg/L) 0.5 to 1.0 

Present Worth Operating Cost 
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The plant is considering phosphorus trading as a solution to any future phosphorus limit.  
They might be able to purchase excess phosphorus removal capacity from another municipal 
wastewater treatment plant at a cost of $1.70 per pound per year.  At an average annual effluent 
phosphorus concentration of 2.85 mg/L and the design flow of 0.824 MGD, the annual cost for 
phosphorus effluent trading would be approximately $12,200 compared to an annual O&M cost for 
two-point chemical treatment of $34,000.  The Redwood Falls WWTP should pursue phosphorus 
trading if it is a viable option. 

 

5.7.2 Thief River Falls WWTP 

 The Thief River Falls Wastewater Treatment Plant (Thief River Falls WWTP) is an aerobic-
anaerobic stabilization pond system providing secondary biological treatment using three large 
ponds operating in series.  The design flow is 2.57 MGD and the current flow is 1.24 MGD based 
on the data analyzed for the period of October 2002 to September 2003.  The ponds store the 
wastewater for most of the year except for a period during late spring through the summer when the 
treated wastewater is discharged to the Red Lake River. 
 

5.7.2.1 Plant Description and Performance 

 A schematic diagram of the pond wastewater treatment system is shown on Figure 5.7.2.1.  
The biological treatment system consists of two primary ponds (each 131 acres) followed by an 88 
acre secondary pond for effluent polishing.  The operating depth of the ponds ranges from 2 to 6 
feet.  The plant treats and stores the wastewaters in the ponds during most of the year with 
discharges to Red Lake River normally during the period of May through September.  The discharge 
is based on water quality data (i.e. CBOD5, TSS, pH) monitored in the secondary pond prior to 
discharge, and that the operating water level in the pond is greater than 2 feet.  Figure 5.7.2.2 is a 
view of the two primary ponds with Primary Pond 1 in the center of the photo.  Figure 5.7.2.3 is a 
view of the secondary pond at the outlet to the Red Lake River. 
 

 

The plant receives three major industrial loads from Northern Pride poultry processing 
plant, Dean Foods dairy operations and the Arctic Cat off-road vehicle manufacturing facility.  The 
largest industrial plant is Northern Pride which processes turkeys from May through November.  
During this period, Northern Pride wastewater flow averaged 0.303 MGD and ranged between 
0.047 MGD to 0.408 MGD.  The concentration of CBOD5 and TSS average 493 mg/L and 448 
mg/L, respectively and ranged from 200 mg/L to greater than 700 mg/L.  The total phosphorus 
(TP) level averaged 11 mg/L with a range between 8 and 13 mg/L. 

Dean Foods plant is a year round operation with high concentration of CBOD5, TSS and 
total phosphorus in its wastewater.  The CBOD5 monthly average was 3,105 mg/L, TSS was 836 
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Figure 5.7.2.1 -  Schematic Process Flow Diagram, Thief River Falls WWTP 
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Figure 5.7.2.2 - Two Primary Ponds, Thief River Falls WWTP 

 
 
 

 
Figure 5.7.2.3 - Secondary Pond Outlet, Thief River Falls WWTP 
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mg/L and total phosphorus was 35 mg/L.  The wastewater flow was consistent averaging 0.045 
MGD and ranging between 0.039 and 0.056 MGD. Arctic Cat, a snowmobile and all terrain vehicle 
manufacturer, contributed a daily flow of 0.06 MGD with low levels of CBOD, TSS and total 
phosphorus. 

 
 Plant influent characteristics are summarized in Table 5.7.2.1.  The influent characteristics 
are higher than CBOD5 and total phosphorus found in domestic wastewaters and reflect the 
impact of the food processing plants discharge loadings. 
 

Table 5.7.2.1 - Raw Wastewater Characteristics - Annual Monthly Averages 
Thief River Falls WWTP 

 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) Total P (mg/L) BOD:P

1.44 260 207 not sampled 15.8 16.5 

 
 
The treatment ponds performance is summarized in Table 5.7.2.2.  The plant is meeting 

permits limits for CBOD5 and TSS. 
 

 
Table 5.7.2.2 – Monthly Average Treatment Performance Summary 

Flow (MGD) 

May, June, September 2003 
Thief River Falls WWTP 

 
 CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 

Average 
Performance (1) 

1.37 6.0 24.0 4.1(1) 2.7(1) 

Permit 
Requirements 

2.51 15 45 Monitor only Monitor only 

Percent Removal -- 97.7% 85.2% -- -- 
See Appendix 2.7.2 for detailed monthly plant data analysis. 
 
(1) Discharge is intermittent during the year.  For approximately 7 months, the wastewater is stored in the ponds for 
treatment.  The plant normally discharges the treated effluent to Red Lake River during the period of May through 
September.  For the study period of October 2003-September 2002, the plant discharged in the months of May, June 
and September.  The plant is required only to monitor for ammonia nitrogen (NH4-N) and total phosphorus (TP). 
 

5.7.2.2 Design Basis for Modification for Phosphorus Removal 

The evaluation of phosphorus removal was based on the design basis presented in Table 
5.7.2.3.  Certain wastewater characteristics were either assumed or based on plant operating data.  
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The plant design CBOD5 influent concentration is 250 mg/L, however, the actual observed average 
CBOD5 was 260 mg/L and therefore the higher concentration value was used for the design basis. 
There was no design basis information available for TSS and total phosphorus therefore the 
observed average concentrations were used.  Pond sizes and design loadings are also presented and 
were used in the process design analysis on phosphorus removal. 
 

5.7.2.3 Evaluation of Phosphorus Removal Alternatives 

 The evaluation of phosphorus removal alternatives included developing conceptual designs 
and preliminary cost estimates for the viable alternatives.  The only viable phosphorus removal 
alternative for the Thief River Falls plant is chemical treatment.  EBPR alternatives are not 
compatible with lagoon treatment systems because there is insufficient control of the biological 
processes to selectively favor the growth of EBPR bacteria.  The preliminary design analysis 
indicates that chemical addition can meet a target goal of 1 mg/L total phosphorus in the final 
effluent. Two different application scenarios were reviewed, one with chemical addition in the initial 
primary lagoon cell followed by chemical addition in the secondary pond and the second being 
single point addition immediately following the second primary lagoon cell.  In the case of chemical 
addition in the secondary pond only, two scenarios were evaluated.  The first case was based on the 
influent phosphorus concentration of 9.90 mg/L which represented no biological uptake in the two 
upstream cells.  This was a worst case scenario.  The second scenario was selecting a phosphorus 
concentration of 2.70 mg/L which represented the average effluent phosphorus concentration when 
the plant was selectively discharging.  The design analysis is summarized in Table 5.7.2.4. 
 

CBOD5 (mg/L) 

Table 5.7.2.3 – Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Thief River Falls WWTP 

 

Flow (MGD) TSS (mg/L) TP (mg/L) 

2.57 260 207 11 

  

Process Step Dimensions Design Loading Comment 

Primary Ponds 2 @ 131 acres  No existing facilities for chemical 
addition or sludge removal 2-6 ft. operating depth 

100 day HRT each  
@ max operating depth 

Secondary Pond 1 @ 88 acres  
2-6 ft. operating depth 

67 day HRT @ max 
operating depth 

Plant discharges effluent when effluent 
meets permit limits; current operation 
removes ~ 70% of incoming 
phosphorus 

 

See Appendix 2.7.2 for summary of design basis 
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Table 5.7.2.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit 

Secondary Pond 
(using observed 
Effluent Data) 

Needs for Phosphorus Removal Alternatives 
Thief River Falls WWTP 

 

Operating Condition Units 
Chemical Addition 

to Plant Influent and 
Secondary Pond 

Chemical Addition to 
Secondary Pond 

(w/o Bio Reduction) 

Chemical Addition to 

Effluent P mg/L 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 

Alum Dosage  mg/L 375 367 88 

Chemical Addition lb/d 7861 8027 1893 

Alum Sludge Produced lb/d 1833 2562 604 

Alkalinity Depleted mg/L as 
CaCO3 

83 84 20 

 

 
 The design analysis showed that chemical addition to the secondary pond  required the 
lowest alum dosage and chemical addition, 88 mg/L and 1,893 lbs/day respectively.  This was based 
on using the observed effluent phosphorus data.  These rates also indicated the lowest sludge 
production and alkalinity depletion rates of 604 lbs of sludge/day and 20 mg/L of alkalinity 
depletion.  The impact of sludge production and alkalinity are considered negligible. 
 

Preliminary budgetary cost estimates were developed based on the information presented in 
Section 4 and are presented in Table 5.7.2.5.  The capital costs are presented as September 2004 US 
dollars and the present worth costs are based on the annual O&M costs over a 20 year operating 
period at an interest rate of 5%.  The costs were rounded to the nearest $1,000. 

 
Given the large variation in chemical application rates, the capital cost for each alternative 

was based on chemical application rates related to phosphorus levels at various points of application 
and not on plant flows.  Since the plant does not process sludge, the annual O&M cost for this 
analysis was based on chemical and labor cost.  The table shows that chemical addition to the 
secondary pond (using the current observed effluent data) would be the most cost effective 
alternative with the lowest present worth cost and the lowest capital and O&M costs. 
 

Chemical precipitation is a reliable means of phosphorus removal across multiple points of 
application.  However the point of application and the quantity of phosphorus removed significantly 
impacts the required chemical dosage, sludge production and the need for supplemental alkalinity.  
The lowest cost chemical precipitation option for the Thief River Falls Plant is to continue their 
practice of effluent storage and seasonal discharge with chemical addition to the secondary pond.  
This utilizes the maximum potential of the system to naturally remove phosphorus prior to chemical 
addition.  Such an option would not be possible with a continuous flow system or if the plant flow 
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increased such that discharge flexibility were impacted.  The shorter detention times and discharge 
during cold winter months would result in reduced biological activity and diminished effluent quality 
including higher TP. 

 
 

Table 5.7.2.5 – Preliminary Cost Estimates for Retrofit for Phosphorus Removal 
with Different Process Options 

Thief River Falls WWTP 
 

Operating Condition 
Chemical Addition to 

Plant Influent and 
Secondary Pond 

Chemical Addition to 
Secondary Pond (w/o 

Bio Reduction) 

Chemical Addition to 
Secondary Pond (using 

Observed Effluent Data)
Effluent P (mg/L) 0.5 to 1.0 0.5 o 1.0 0.5 to 1.0 
Preliminary Capital Costs – 
Traditional Chemical Feed System 
(Alum Feed only) 

$255,000 $260,000 $147,000 

Preliminary O&M Costs ($/year) $372,000 $402,000 $103,000 
Present Worth  $4,891,000 $5,270,000 $1,431,000 

  
 Chemical injection in lagoons is more difficult to implement than in an existing clarifier or a 
dedicated reaction vessel and clarifier.  Since lagoons are quiescent ponds, maximum chemical 
contact with the pond contents is critical.  Available methods include: direct injection in a mixing 
chamber located between the last two cells of the treatment system or by adding a new flash mix, 
flocculation and settling process; batch treatment using liquid chemical applied by motor boat; and 
by automated circulating equipment.  Direct injection is a common practice in the State of Michigan 
while batch treatment by motor boat is typical of treatment employed in the State of Minnesota.  
Batch application by automated circulation equipment was successfully piloted at two plants in 
Minnesota in 2003.  Batch treatment would provide the lowest capital cost investment since the 
treatments could carried out using the tanker delivery trucks avoiding the high cost of a heated 
building to store and feed chemicals.  Batch treatment by boat would likely have the lowest capital 
cost but the highest labor cost.  An additional factor to consider would be the added safety concerns 
imposed by chemical application by motor boat.  The best approach for chemical addition in 
lagoons was not evaluated or recommended in this report, as it is outside the scope of the project 
and highly site specific. 
 

 
   

 Additional options that Thief River Falls might consider for addressing the phosphorus 
discharge limitations include source reduction, phosphorus trading and alternate disposal methods.  
Based on MPCA phosphorus strategy guidelines, Thief River Falls should investigate source control 
as a means of reducing phosphorus levels in their discharge.  At an influent total phosphorus level of 
11 mg/L and two industries which may contribute more than a one-third of the daily phosphorus 
loading, an assessment of industrial contributions and pretreatment would reduce the plant influent 
phosphorus load and result in lower levels of phosphorus in the plant effluent.  Phosphorus trading 
would involve purchasing phosphorus removal capacity from another plant.  If excess phosphorus 
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capacity was available from a nearby wastewater treatment plant, their excess capacity would be 
purchased like a commodity.  Disposal via infiltration or spray irrigation, as evidenced in other 
Minnesota discharge permits, would provide an additional option for evaluating viable phosphorus 
reduction alternatives. 
 

5.8 ROTATING BIOLOGICAL CONTACTORS (RBC) 

The 3.613 MGD Brainerd and Baxter (Brainerd Area) Wastewater Treatment Plant (Brainerd 
Area WWTP) was the only RBC process evaluated for phosphorus removal.  The following presents 
a summary of the analysis. 
 

5.8.1 Brainerd Area WWTP 

 

 The Brainerd Area WWTP is an attached growth secondary treatment system using rotating 
biological contactors (RBC).  The design flow is 3.13 MGD and peak design flow is 6.28 MGD.  
The existing flow is 2.61 MGD.   
 

5.8.1.1 Plant Description and Performance 

 The process flow diagrams for the wastewater and sludge treatment are depicted on Figure 
5.8.1.1.  The influent entering the plant is initially treated for grit removal, followed by flow 
monitoring and screening.  After preliminary treatment, the wastewater flows to the two parallel 
rectangular clarifiers prior to biological treatment in the RBCs.  The RBC system is two parallel 
trains of 12 RBCs, and each train acts in series as the wastewater flows from contactor to contactor 
from the inlet to the outlet.  The treated wastewater from each RBC train then flows to one of the 
two covered 65 foot diameter secondary clarifiers.  The clarified effluent is then disinfected and 
dechlorinated prior to the discharge of the final effluent to the Mississippi River.  Sludge handling 
involves primary anaerobic digestion of the sludges from the primary and secondary clarifiers 
followed by secondary digestion.  The stabilized sludge is stored in the sludge storage tank.  The 
biosolids are land applied in the spring and fall.  The digester gas is used to heat the primary digester. 

 Figure 5.8.1.2 is an aerial view of the treatment plant.  The photo shows the headworks 
building next to the rectangular primary clarifiers followed by the covered RBC system.  In the 
background, the covered secondary clarifiers and the chlorination and dechlorination facilities can be 
seen.  Figure 5.8.1.3 is a close up view of the primary clarifiers with the RBC treatment system and 
secondary clarifiers in the background. 
 
 .
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Figure 5.8.1.1 -  Schematic Process Flow Diagram, Brainerd Area WWTP 
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Figure 5.8.1.2 - Treatment Plant Aerial View, Brainerd Area WWTP 

 

 
Figure 5.8.1.3 - Primary Clarifiers, Brainerd Area WWTP 
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 Raw wastewater and final effluent characteristics are summarized in Tables 5.8.1.1 and 
5.8.1.2.  The data represent the average of the monthly averages for CBOD5, TSS, and total 
phosphorus (TP).  The average influent characteristics are as follows: 
 

Table 5.8.1.1 – Monthly Average Raw Wastewater Characteristics 
Brainerd Area WWTP 

 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) Ammonia Nitrogen (mg/L) Total P(mg/L) 

2.61 167 152 not sampled 5.6 

 
 Influent wastewater characteristics were relatively consistent.  The CBOD5 averaged 167 
mg/L and ranged between 133 mg/L and 207 mg/L.  TSS averaged 152 mg/L and ranged between 
123 mg/L and 179 mg/L.  Total P concentration averaged 5.6 mg/L and ranged from 3.2 mg/L to 
7.6 mg/L. 
 
 The RBC performance during the October 2002 to September 2003 period is summarized in 
Table 5.8.1.2.  The table presents the monthly average effluent concentrations for CBOD5, TSS, 
NH4-N, and total phosphorus, the permit requirements for these parameters, and the percent 
removals for CBOD5 and TSS.  The data show that the plant is meeting the permit requirements for 
CBOD5 and TSS and had removal efficiency of 93.1% for CBOD5, and 94.6% for TSS.  The plant is 
required to monitor only for ammonia nitrogen (NH4-N) and total phosphorus (TP) on a monthly 
basis 

 
Table 5.8.1.2 - Monthly Average Treatment Performance Summary 

October 2002 – September 2003 
Brainerd Area WWTP 

 

 Flow (MGD) CBOD5 (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L) 
Average 
Performance 2.61 11.4 8.2 17.7 2.9 

Permit 
Requirements 3.13 25 30 Monitor Only Monitor Only 

Percent 
Removal -- 93.1% 94.6% -- -- 
 

See Appendix 2.8.1 for detailed monthly plant data analysis. 
 

5.8.1.2 Design Basis for Modifications for Phosphorus Removal 

 Attached growth processes are poorly suited for EBPR retrofits and are rarely considered.  
This concept was discussed in Section 4 in the Fixed Film, Biological Treatment Processes Section.  
Establishing the required anoxic and anaerobic zones necessary for EBPR would involve the 
addition of new tankage and equipment. The high mixed liquor concentrations and sludge ages 
needed for EBPR are difficult to achieve with fixed film biological systems without causing 
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operational problems that would preclude their use (ie. plugging and short-circuiting).   In addition, 
establishing and maintaining a consistent biomass in the anaerobic and/or anoxic zones downstream 
of a RBC through the use of “sloughed” attached growth biomass is not feasible. 
 

 Since EBPR is not a practical option for an RBC plant, the acceptable process design 
modification available would be chemical addition at various points throughout the plant.  
Therefore, process design basis would include design flow, CBOD5, TSS and total phosphorus 
which are presented in Table 5.8.1.3.  The plant design flow, CBOD5 and TSS were used for the 
phosphorus removal design basis.  Table 5.8.1.3 also presents process design criteria for the clarifiers 
and the RBC.  The observed average concentration was used for total phosphorus.   Phosphorus 
removal achieved across the attached growth system was assumed to be 1.5 mg/L and is reasonable 
based on plant influent and effluent phosphorus concentrations. 

 

5.8.1.3 Evaluation of Phosphorus Removal Alternatives 

 The conceptual design analysis indicated that chemical addition can meet a target goal of 1 
mg/L effluent phosphorus. Both primary clarifier and secondary clarifier application points were 
considered as well as two point chemical addition.  The design analysis is summarized in Table 
5.8.1.4.  As shown in the table, the range in operating parameters is narrow for the three alternatives, 
however, two point chemical addition indicated the most effective operating conditions in nearly all 
operating categories.  Two point chemical addition will have the lowest overall alum dosage (149 
mg/L), chemical addition (3,890 1b/day) and alkalinity depletion (34 mg/L).  While it does not 
exhibit the lowest primary and/or secondary sludge production, it does have the lowest alum sludge 
production and lowest overall sludge production.  
 

Table 5.8.1.3 – Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives 
Brainerd Area WWTP 

 
Flow (MGD) CBOD5 (mg/L) TSS (mg/L) TP (mg/L) 

3.13 210 230 5.6 

  
Process Step Dimensions Design Loading Comment 

Primary Clarifiers 2-100 ft. x 20 ft. 
10 ft. SWD 

783 gpd/sf Rectangular clarifiers, 
possible chemical addition 
point  

Rotating Biological 
Contactors 

12 units @ 12 ft. diameter 
x 25 ft long; 1.2 MSF of 
total surface area (min) 

2.60 gpd/SF; 
HRT = 1.53 hrs 

Plant does not nitrify 

Secondary Clarifiers 2-65 ft. diameter 
10.5 ft. SWD 

472 gpd/sf Preferred chemical addition 
point 

 
   

See Appendix 2.8.1 for summary of the design basis 
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Table 5.8.1.4 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit 
Needs for Phosphorus Removal Alternatives 

Brainerd Area WWTP 
 

Operating Condition Units 
Chemical Addition at 
the Primary Clarifier 

 

Chemical Addition at 
the Secondary Clarifier 

 

Chemical Addition to 
Primary and Secondary 

Clarifiers 

Effluent P mg/L 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 

Alum Dosage  

 Primary 

  Secondary 

mg/L 

 

200 

0 

 

0 

190 

 

50 

100 

Chemical Addition lb/d 5300 5000 
 3900 

Alkalinity Depleted mg/L 45 
 

43 
 34 

Primary Clarifier Sludge 
Production Lb/d 5550 3900 4280 

Secondary Clarifier Sludge 
Production Lb/d 850 2400 2050 

Alum Sludge Production Lb/d 1600 1200 1130 

Total Sludge Production Lb/d 7600 7900 7460 

 
 Chemical precipitation is a reliable means of phosphorus removal across multiple points of 
application.  In the case of the Brainerd plant, the preliminary capital cost estimates for alum 
addition in either the primary or secondary clarifiers or two-point addition were similar.  Table 
5.8.1.5 presents preliminary budgetary cost estimates based on design and cost information 
presented in Section 4.  The preliminary capital costs are presented as September 2004 US dollars 
and the present worth costs are based on the annual O&M costs over a 20 year operating period at 
an interest rate of 5%.  The costs were rounded to the nearest $1,000.   
 

The table includes effluent phosphorus concentration, preliminary capital costs, preliminary 
O&M costs and present worth.  Chemical feed facilities would incur a capital cost estimated to be 
$152,200 and was based on the ability to feed chemicals to one or both locations.  The O&M costs 
associated with the addition of chemical phosphorus removal for the single point options were very 
similar while two-point addition is roughly 32% cheaper to operate.  The O&M costs include alum 
requirements, labor and chemical sludge disposal.  The recommended alternative based on present 
worth analysis cost and operations considerations would be two point chemical addition. 
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Table 5.8.1.5 – Preliminary Cost Estimates for Retrofit for Phosphorus Removal 
with Different Process Options 

Brainerd Area WWTP 
 

Cost Factors 
Chemical Addition 
Primary Clarifier 

Chemical Addition 
Secondary Clarifier 

2 Point Chemical Addition 
Primary and Secondary 

Effluent P (mg/L) 0.5 to 1.0 0.5 to 1.0 0.5 to 1.0 
Preliminary Capital Cost –
Chemical Feed System (Alum 
Feed only) 

$152,000 $152,000 $152,000 

Preliminary O&M Costs ($/year) $215,000 $219,000 $170,000 
Present Worth $2,831,000 $2,881,000 $2,271,000 

 
  

Additional options that Brainerd might consider for addressing their phosphorus discharge 
concentration would include source reduction and phosphorus trading.  Based on MPCA 
phosphorus strategy guidelines, Brainerd should investigate source control as a means of reducing 
phosphorus levels in their discharge.  Although their influent phosphorus level of 5.6 mg/L does 
not indicate a large industrial contribution of phosphorus and no industrial inputs of consequence 
were noted by plant personnel, a review and confirmation of their possible industrial sources of 
phosphorus is prescribed by the MPCA phosphorus strategy guidelines.  Phosphorus trading would 
involve purchasing phosphorus removal capacity from another plant.  If excess phosphorus capacity 
were available from a nearby wastewater treatment plant their excess capacity would be purchased 
like a commodity.  

 
 It should also be noted that the Brainerd plant has reached 90% of its design capacity.  Any 
planned expansion of plant capacity should consider phosphorus removal objectives in its design.  If 
a new or expanded plant includes a suspended growth (activated sludge) process, consideration 
should be given to the incorporation of EBPR system.   
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SECTION 6 

6 

 This section discusses the results of the phosphorus removal alternatives analysis conducted 
on the 17 treatment plants.  In Section 5, conceptual designs were developed for each plant for the 
different phosphorus removal options involving either enhanced biological phosphorus removal 
(EBPR) and/or chemical treatment.  The process designs were based on retrofitting the existing 
wastewater treatment plants with a phosphorus removal treatment system to meet a monthly average 
discharge phosphorus target concentration of 1 mg/L.  Preliminary capital and O&M costs were 
developed for each plant and a present worth cost comparison was made to select the most cost 
effective phosphorus removal system.  The cost analysis provided a framework to allow 
comparisons of relative costs at a specific site and to assist individual plants to further investigate 
viable phosphorus removal options. 

SUMMARY OF PHOSPHORUS REMOVAL ANALYSIS 

 
Based on the findings presented in Section 5, process selection factors and process design 

criteria were developed and are discussed in this section for the phosphorus removal alternatives.  
These process guidelines provide conceptual design information for retrofitting an existing 
wastewater treatment for phosphorus removal for a wide range of wastewater treatment plants in 
Minnesota.  This section includes a summary of the plant evaluations findings presented in Section 
5, a review and comparison of the preferred treatment alternatives, a summary of the process factors 
affecting the selection of a phosphorus removal alternative, and a discussion on the basic process 
design guidelines for the phosphorus removal processes. 
 

6.1 PLANT EVALUATIONS SUMMARY 

Table 6.1 summarizes the results of the evaluation of phosphorus removal alternatives.  The 
table lists the 17 plants grouped into their specific biological treatment process, the various 
phosphorus removal treatment systems available and the preferred alternatives evaluated for each 
plant in a matrix format.  The table lists the plants which are nitrifying and/or providing phosphorus 
removal. There are eight (8) treatment plants that are nitrifying and four (4) plants required to meet a 
phosphorus limit of 1 mg/L.  A summary of the discharge permit requirements for all plants is 
presented in Table 3.3 in Section 3.  The phosphorus removal options considered four EBPR 
scenarios: EBPR with modifications to the existing aeration system for an internal anaerobic tank 
(EBPR with internal ANT); EBPR with an external anaerobic tank (EBPR with external ANT); EBPR 
with chemical additions; and EBPR with an anoxic zone for those plants that are nitrifying.  The 
evaluation of chemical treatment included single point addition to either the primary or secondary
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Biological Treatment Process (BTP)
Plant Name

Activated Sludge 5.1 ▲ ▲ ▲ ▲ ▲ ▲ ▲
Alexandria Lakes Area WWTF 5.1.1 ● X X X √ √ X

Grand Rapids WWTF 5.1.2 ● √ X √
New Ulm WWTF 5.1.3 X X √ X X

Biological Nutrient Removal (BNR) 5.2 ▲ ▲ ▲ ▲ ▲ ▲ ▲
St. Cloud WWTF 5.2.1 X X √ X X

Fergus Falls WWTP 5.2.2 ● ● X X √ √ X
Oxidation Ditch 5.3 ▲ ▲ ▲ ▲ ▲ ▲ ▲

Wadena WWTF 5.3.1 ● X X √ X
Whitewater River PCF 5.3.2 ● X X √ X √ X X

High Purity Oxygen (HPO) 5.4 ▲ ▲ ▲ ▲ ▲ ▲ ▲
Moorhead WWTF 5.4.1 X √ X X

Rochester WRP 5.4.2 ● ● X X X X √ √ X
Trickling Filter 5.5 ▲ ▲ ▲

Detroit LakesWWTF 5.5.1 ● X √ √ X
Trickling Filter/Activated Sludge 5.6 ▲ ▲ ▲ ▲ ▲ ▲ ▲

Faribault WWTF 5.6.1 X√ X
Marshall WWTF 5.6.2 ● X X √ X √ X X

Glencoe WWTF(6) 5.6.3 ● X X√ X √ X
Little Falls WWTF 5.6.4 X X X √ X

Lagoons 5.7 ▲ ▲ ▲
Redwood Falls WWTP 5.7.1 ● X √ X

Thief River Falls WWTP 5.7.2 X √ X X
Rotating Biological Contactors (RBC) 5.8 ▲ ▲ ▲

Brainerd Area WWTP 5.8.1 X √ X X
● = Ammonia and/or Phosphorus limit; See Section 3, Table 3.3, for a summary of the discharge permit limits
▲ = Applicable phosphorus reduction/removal option
X = Plant Specific Option reviewed

Notes:
(1) EBPR with internal anaerobic tank
(2) EBPR with external anaerobic tank
(3) EBPR with chemical addition to primary or secondary clarifiers
(4) EBPR with anoxic tank for denitrification
(5) Chemical Addition in the primary and secondary clarifiers

See Section 4 for detailed descriptions of available phosphorus treatment processes
See Section 5 for conceptual design details of Plant Evaluation and Recommendations of Phosphorus Reduction/Removal Methods

(6) Two scenarios were evaluated for Glencoe with and without dairy operation.  See Section 5 for details on the evaluation

Available Phosphorus Removal Treatment Alternatives

√ = Recommended alternative based on cost effective analysis

With Chemical 
Addition(3)

With Anoxic 
Zone(4)

Chemical 
Addition(5)

No 
Action

        Shaded area shows recommended 

Table 6.1 - Summary of the Phosphorus Reduction/Removal Evaluation

Report 
Section

With Internal 
AnT(1)

With External 
AnT(2)

Source 
Control

Nitrification 
Required

Phosphorus 
Removal 
Required

EBPR
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clarifiers and two-point chemical precipitation at the primary and secondary clarifiers.  Two-point 
chemical addition treatment was determined to be the more cost effective alternative than a single 
point chemical addition, to either the primary or secondary clarifiers. The column with the heading 
“No Action” indicates that no modification would be made to the existing facility.  It should be 
noted that the Glencoe plant was reviewed for two scenarios, one with the major dairy in operation 
and the second case for the present situation where the dairy operation has moved.  These scenarios 
are discussed in detail in Section 5. 

 
Both the EPPR process and chemical treatment (chemical precipitation) were evaluated for 

each plant.  The recommended alternatives were based on a cost effectiveness analysis including 
process reliability, preliminary estimates of capital and operating cost and present worth.  These 
parameters provided the necessary criteria to select the most cost effective phosphorus removal 
system.  The selected alternatives are shown on the table in the shaded box or boxes.  The shaded 
boxes indicate the specific process selected for each plant.  For example, the recommended 
phosphorus removal alternative for the Whitewater River PCF is EBPR with an external anaerobic 
tank, chemical addition and an anoxic zone. 

A comparison of EBPR and chemical treatment processes was conducted on 10 treatment 
plants.  The results of the analysis summarized in Table 6.1 indicate that EBPR was the more cost 
effective phosphorus removal system for 7 of the 11 treatment systems evaluated.  The treatment 
plants not selected for EBPR were Alexandria Lake WWTF, Wadena WWTF, Rochester WRP and 
Little Falls WWTF.  Alexandria and Rochester are currently meeting a phosphorus limit of 1 mg/L 
using chemical treatment, and the conceptual design analyses for Wadena and Little Falls indicated 
that chemical treatment would be the most cost effective phosphorus treatment system.  

 

 
The EBPR process was selected for the following seven (7) plants: Moorhead with EBPR 

and an external anaerobic tank; Glencoe (without the dairy operation), New Ulm and St. Cloud with 
EPBR and an internal modification to the aeration system for an anaerobic zone and chemical 
addition; Whitewater River and Marshall with EBPR with an external anaerobic tank, chemical 
addition and provisions for an anoxic zone or tank; and Fergus Falls with an ongoing BNR process 
(internal EBPR process and anoxic zone). Fergus Falls was not included in the cost comparison 
since it was considered a no action alternative.  It is currently meeting a phosphorus discharge limit 
of 1 mg/L.  Except for Moorhead and Fergus Falls, the other five EBPR plants would require 
chemical addition to the secondary clarifiers.  Stand-by chemical equipment would be recommended 
for the Moorhead and Fergus Falls facilities. 

 
Chemical treatment was the most appropriate phosphorus removal alternative for 10 of the 

15 treatment plants evaluated.  Grand Rapids and Fergus Falls were not included in the analysis.  
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The evaluation of chemical treatment, as a stand alone phosphorus removal alternative, considered 
both single and two-point chemical addition.  In all cases, the conceptual design analysis 
demonstrated that two-point chemical addition at the primary and secondary clarifiers would be the 
most cost effective chemical precipitation system.  Two-point chemical treatment would result in 
lower alum requirements and smaller chemical sludge production.  Chemical treatment was the 
recommended phosphorus removal alternative for the following ten (10) plants, Alexandria, 
Wadena, Rochester, Detroit Lakes, Faribault, Glencoe (with the dairy operation), Little Falls, 
Redwood Falls, Thief River Falls, and Brainerd. 

 
Five (5) plants listed in Table 6.1 (Alexandria Lake Area WWTF, Grand Rapids WWTF, 

Fergus Falls WWTP, Rochester WRP and Detroit Lakes WWTF) were designated as no action 
alternatives.  These treatment plants are meeting the monthly average phosphorus permit limit of 1 
mg/L using current phosphorus control measures.  Alexandria and Rochester were previously 
discussed.  Grand Rapids provides nutrient addition on site at the industrial pretreatment area for 
the nitrogen and phosphorus deficient paper mill wastewater and has the on-site controls required to 
regulate the concentration of phosphorus entering and leaving the treatment plant.  Fergus Falls has 
an ongoing biological nutrient removal (BNR) treatment system that is meeting its ammonia 
nitrogen and phosphorus discharge limits without chemical addition.  Detroit Lakes has a combined 
storage, spray irrigation, and ground water infiltration system with a winter surface discharge after 
chemical addition for phosphorus removal. 

 
 The preliminary cost estimate analysis discussed in Section 5 is summarized in Table 6.2.  
The table lists the capital, O&M and present worth cost for both the chemical treatment and EBPR 
processes, the estimated pay back periods to off set the higher capital cost for EBPR, and the 
recommended phosphorus removal alternatives for each treatment plant.  For the 10 plants where 
the EBPR process and chemical treatment were compared, the cost comparison analysis showed 
that EBPR was the more cost effective alternative.  The present worth cost analysis showed that 
EBPR process was the most cost effective phosphorus removal alternative for the following six 
plants: New Ulm WWTF, St. Cloud WWTF, Whitewater River PCF, Moorhead WWTF, Glencoe 
WWTF (without the dairy operation), and Marshall WWTF.  For two plants, Wadena and Little 
Falls, chemical treatment was more cost effective.  Alexandria and Rochester were designated as No 
Action sites.  As shown on Table 6.2, the EBPR systems had higher capital costs and lower O&M 
cost, and chemical treatment systems had lower capital cost and higher O&M costs. 
 
 The annual capital and O&M costs for each plant and for each phosphorus removal 
alternative are summarized in Table 6.3.  The table lists for each plant, the treatment plants grouped 
into each biological wastewater treatment process category, the design flow, estimated annual 
phosphorus removal, total and annual capital costs, annual O&M costs, total annual costs and an
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Biological Treatment Process (BTP)

 Plant Name
Design Flow 

(MGD)

Alexandria Lake WWTF 3.25 $15 $181,000 $2,410,000 $924,000 $92,000 $2,071,000 10.3 No Action - Continue with chemical treatment
Grand Rapids WWTF 14.3 - - - - - - - No Action - Implement source control

New Ulm WWTF 6.77 $190,000 $654,000 $8,340,000 $390,000 $137,000 $2,097,000 0.8 EBPR with chemical addition to the secondary 
clarifiers

St. Cloud WWTF 13.0 $250,000 $472,000 $6,132,000 $426,000 $130,000 $2,046,000 0.5 EBPR with chemical addition to the secondary 
clarifiers

Fergus Falls WWTP 2.81 - - - - - - - No Action - Continue to operate under present 
conditions of BNR/EBPR with standby chemical 
treatment

Wadena WWTF 0.50 $103,000 $40,000 $601,000 - - - - Two point chemical addition to primary and 
secondary clarifiers would be the most cost effective 
alternative.

Whitewater River PCF 0.80 $129,000 $69,000 $989,000 $389,000 $12,500 $545,000 4.6 EBPR with chemical addition to the secondary 
clarifiers

Moorhead WWTF 6.0 $180,000 $232,000 $3,072,000 $1,176,000 $30,000 $1,550,000 5.1 EBPR only. High BOD/P ratio eliminates need for 
chemical treatment. A standby chemical feed system 
is also recommended to ensure satisfactory 
phosphorus removal.

Rochester WRP 19.1 $320,000 $1,586,000 $20,085,000 $4,070,000 $734,000 $13,217,000 4.8 No Action - Continue with chemical treatment.

Detroit Lakes WWTF 1.64 $140,000 $204,000 $2,682,000 - - - - No Action - Continue to operate under present 
conditions of effluent storage, spray irrigation and 
chemical precipitation during winter.

Faribault WWTF 7.0 $191,000 $460,000 $5,924,000 - - - - Chemical treatment to primary and secondary 
clarifiers

Marshall WWTF 3.3 $160,000 $526,000 $6,715,000 $1,370,000 $278,000 $4,824,000 4.9 EBPR with chemical addition to the secondary 
clarifiers and bypassing the trickling filters.

Glencoe WWTF

w/o dairy

1.6

0.69

$137,000

$128,000

$381,000

$91,000

$4,885,000

$1,262,000

-

$488,000

-

$35,000

-

$924,000

-

8.7

EBPR not feasible, chemical treatment to the 
primary and secondary clarifiers (w/dairy 
operations).  EBPR, (w/o dairy operation)

Little Falls WWTF 2.4 $145,000 $91,000 $1,279,000 $1,090,000 $14,000 $126 12.3 Two-point chemical addition to the primary and 
secondary clarifiers would be the most cost effective 
alternative.

Redwood Falls WWTP 0.824 $90,000 $46,000 $663,000 - - - - Chemical treatment to a number of possible 
locations in the two sets of ponds

Thief River Falls WWTP 2.6 $147,000 $103,000 $1,431,000 - - - - Chemical treatment to the secondary pond based on 
phosphorus level in the secondary pond

Brainerd Area WWTP 3.13 $152,000 $170,000 $2,271,000 - - - - Chemical treatment to primary and secondary 
clarifiers

   (1) Estimated payback period to offset the initial capital costs for the EBPR process is based on the capital and O&M cost differentials between EBPR and Chemical Treatment alternatives.

Annual O&M 
Cost

Total Present 
Worth

Payback Period 
(years) (1) Recommended Phosphorus Removal AlternativeCapital Cost

Annual O&M 
Cost

Total Present 
Worth Capital Cost

Chemical Treatment

Table 6.2 - Summary of Preliminary Cost Estimates

EBPR

Activated Sludge 

Biological Nutrient Removal (BNR)

Oxidation Ditch

High Purity Oxygen (HPO)

Trickling Filter

Trickling Filter/Activated Sludge 

Lagoons

Rotating Biological Contactors (RBC)
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Biological Treatment Process (BTP)

 Plant Name

Alexandria Lake WWTF 3.25 36,000 $154,000 $12,000 $181,000 $193,000 5.0 $924,000 $74,000 $92,000 $166,000 4.6
New Ulm WWTF 6.77 120,000 $190,000 $15,000 $654,000 $669,000 5.5 $390,000 $31,000 $137,000 $168,000 1.4

St. Cloud WWTF 13.0 105,000 $250,000 $20,000 $472,000 $492,000 4.5 $426,000 $34,000 $130,000 $164,000 1.6

Wadena WWTF 0.50 8,000 $103,000 $8,000 $40,000 $48,000 6.0 - - - - -
Whitewater River PCF 0.80 17,000 $129,000 $10,000 $69,000 $79,000 4.6 $389,000 $31,000 $13,000 $44,000 2.6

Moorhead WWTF 6.0 93,000 $180,000 $14,000 $232,000 $246,000 2.6 $1,176,000 $94,000 $30,000 $124,000 1.3

Rochester WRP 19.1 256,000 $320,000 $26,000 $1,586,000 $1,612,000 6.3 $4,070,000 $327,000 $734,000 $1,061,000 4.1

Detroit Lakes WWTF 1.64 18,000 $140,000 $11,000 $204,000 $215,000 11.9 - - - - -

Faribault WWTF 7.0 120,000 $191,000 $15,000 $460,000 $475,000 4.0 - - - - -
Marshall WWTF 3.3 102,000 $160,000 $13,000 $526,000 $539,000 5.3 $1,370,000 $110,000 $278,000 $389,000 3.8

Glencoe WWTF
w/o dairy

1.6
0.69

68,000/
10,000

$137,000
$128,000

$11,000 $381,000
$91,000

$392,000 5.8 -
$488,000 $39,000

-
$35,000

-
$74,000

-
7.4

Little Falls WWTF 2.4 23,000 $145,000 $12,000 $91,000 $103,000 4.5 $1,090,000 $87,000 $14,000 $101,000 4.4

Redwood Falls WWTP 0.824 7,000 $90,000 $7,000 $46,000 $53,000 7.6 - - - - -
Thief River Falls WWTP 2.6 15,000 $147,000 $12,000 $103,000 $115,000 7.7 - - - - -

Brainerd Area WWTP 3.13 34,000 $152,000 $12,000 $170,000 $182,000 5.4 - - - - -

Annual 
Cost/Pr 
($/lb Pr)

Annual 
Capital 
Costs

Preliminary 
Capital Cost

Preliminary 
Annual 

O&M Cost

Total 
Annual 

Cost

Table 6.3 - Summary of Annual Preliminary Capital and O&M Cost

Chemical Treatment EBPR

ological Contactors (RBC)

Activated Sludge 

Biol cal Nutrient Removal (BNR)

Oxid tion Ditch

Hi urity Oxygen (HPO)

Design 
Flow 

(MGD)

Trickling Filter

Tric ng Filter/Activated Sludge 

Lago ns

Preliminary 
Annual 

O&M Cost
Total 

Annual Cost

Annual 
Cost/Pr  
($/lb Pr)

Preliminary 
Capital Cost

Phosphorus 
Removal (Pr) 

(lbs/year)

Annual 
Capital 
Costs
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unit cost for phosphorus removal ($/pound of phosphorus removal).  The annual capital costs were 
based on an interest rate of 5 percent over a 20 year period at a payment schedule of once per year.  
The annual costs show that the annual cost for a combined EBPR and chemical addition treatment 
system would be less expensive than for the chemical treatment only alternative. 

 

 

6.2 REVIEW OF TREATMENT ALTERNATIVES SELECTED 

 The ability to retrofit a number of different types of wastewater treatment systems for 
phosphorus removal to meet an effluent target of less than 1.0 mg/L was evaluated, and the results 
of these evaluations were summarized in Section 5, along with a description of the facilities and their 
wastewater characteristics. The two main pathways for phosphorus removal, chemical treatment and 
enhanced biological phosphorus removal (EBPR) were evaluated for all of the facilities to determine 
which process designs would be feasible to retrofit a specific existing facility and which process 
designs appeared to be more cost effective.  Chemical treatment is more easily implemented than 
EBPR treatment which is very much dependant on the plant layout and tankage available. 

 
The phosphorus removal efficiency of the two processes depends on several factors with 

those associated with chemical treatment more easily controlled. While chemical treatment requires 
feeding metal salts to the primary and/or secondary treatment processes, the EBPR process requires 
soluble BOD in the influent wastewater to support the growth of phosphorus-storing organisms. 
The EBPR alternative also requires additional process tankage within the facility above that needed 
for BOD removal or nitrification.  In contrast, chemical treatment could reduce the tankage volume 
required in the secondary treatment process by improving BOD removal efficiency in the primary 
clarifier if chemicals are added there.  However, additional sludge is produced and must be 
processed and disposed.  The plant evaluation analyses accounted for the cost of disposal of 
additional sludge, but did not conduct specific site investigations to determine if the existing facilities 
needed additional sludge processing equipment. 

Where there was a sufficient amount of soluble BOD available in the influent wastewater, 
the EBPR alternative was, in most cases, more attractive than the chemical treatment alternative for 
facilities that involved suspended growth activated sludge. For treatment processes without 
suspended growth activated sludge, such as trickling filters, rotating biological contactors and lagoon 
facilities, chemical treatment was the main viable alternative for upgrading existing systems for 
phosphorus removal without major changes in the treatment system design or treatment concepts. 

 
The EBPR process alternative could be used for the various types of activated sludge 

processes examined, provided that there was sufficient influent soluble BOD available to support
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biomass growth of the microorganisms accomplishing the phosphorus removal by biological uptake 
and cell storage.  A successful EBPR alternative also required that tank modifications could be done 
within the existing activated sludge system, which depended on the location and the availability of 
excess tank volume within the existing aeration basins.  For systems with plug flow aeration tanks, 
the EBPR process could be more easily accommodated. The ability to have some excess capacity 
within the existing aeration basin is affected by the EBPR process and the type of mixed liquor 
biomass that is developed. The solids settling characteristics are significantly improved with 
biological phosphorus removal, which allows the system to maintain a higher mixed liquor 
suspended solids concentration resulting in increased existing aeration tank capacity. 
 
 The impact of the influent wastewater strength relative to the phosphorus concentration was 
one of the major factors that determined the potential for using an EBPR alternative to achieve 
phosphorus target concentrations of less than 1.0 mg/L. This impact is illustrated in Table 6.4 which 
shows a comparison of the alternative evaluation process selection and the influent BOD/P ratio for 
the 13 plants with suspended growth biological treatment process.  The Grand Rapids facility is 
unique and is not included for this analysis as it had a phosphorus limited wastewater.  Neither 
chemical treatment, nor EBPR treatment was necessary as sufficient phosphorus uptake occurred by 
biomass synthesis and the treatment plant has the capability of phosphorus control when adding 
nitrogen and phosphorus to the wastewater.  Of the remaining 12 suspended growth facilities, the 
evaluation showed that two (2) facilities, Fergus Falls and Moorhead, could achieve an effluent 
phosphorus concentration of less than 1.0 mg/L with an EBPR process without continuous 
chemical addition. (It should be noted that these EBPR processes were recommended with stand-by 
chemical feed equipment available on-site as backup during periods with low EBPR performance).  
For Fergus Falls and Moorhead with EBPR treatment only, the estimated BOD/P ratio in the feed 
to the initial anaerobic contact zone of the activated sludge process as shown on Table 6.4 was 26 
and 32, respectively. These estimated BOD/P ratios accounted for variations in the influent soluble 
BOD fraction.  The data was normalized to an influent soluble BOD fraction of 30%.  Thus for 
facilities where the apparent influent soluble BOD fraction was estimated at 40%, the BOD/P ratio 
in the table is higher by a factor of 1.33 compared to its influent BOD/P ratio based on the total 
BOD concentration value. A total BOD with a higher percentage of soluble BOD would provide 
more substrate to the phosphorus-removing organisms and thus more phosphorus removal. This 
was accounted for in the process design evaluations. 

The effect of the plant type can be observed by comparing the recommended alternatives 
for New Ulm, St. Cloud, and Wadena.  The influent BOD/P ratio was similar for these three plants 
(22-23). The recommended alternative was EBPR plus chemicals for the conventional activated 
sludge system (New Ulm) and the existing biological nutrient removal facility (St. Cloud), but for the 
Wadena oxidation ditch facility the recommendation was chemical treatment.  The reason for this is
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Table 6.4 - Comparison of Selected Phosphorus Removal Alternative to Approximate 

Influent BOD/P Ratio to Activated Sludge Process 
 

Biological Treatment Process 
Plant Name 

Selected Alternative Activated Sludge 
Feed ~BOD/P Ratio

Comments 

Activated Sludge    
Alexandria Lake WWTF (Chemical) 27  

New Ulm WWTF EBPR + Chemical 23  

Grand Rapids WWTF (Biomass Synthesis) >100 Phosphorus limited, Source control 

    
Biological Nutrient Removal    

St. Cloud WWTF EBPR + Chemical 23 Demonstrating P removal 
(EBPR) 26 Demonstrating P removal 

    
Oxidation Ditch    

Wadena WWTF Chemical 22 
Nitrification and denitrification in ditch increases 
nitrate to EBPR process 

Whitewater River PCF  EBPR + Chemical 46  
    

   
Moorhead WWTF EBPR 32  

Rochester WRP (Chemical)  30  
    
Trickling Filter/Activated Sludge    

Faribault WWTF Chemical 12 
Highly loaded trickling filters/BOD ≈ 100 mg/L 
in trickling filter effluent 

EBPR 28 By-Passed Trickling Filter 
            Glencoe WWTF   

         1) with dairy operation 
         2) w/o dairy operation   

 
EBPR 

Chemical 

 
40 
10 

 
Includes bypassing the trickling filter.   
Excess nitrogen and insufficient tankage for BNR 

Little Falls WWTF Chemical 36 Highly loaded trickling filters 

Fergus Falls WWTP 

High Purity Oxygen 

Marshall WWTF 

(….) indicates process already in use 
 
 

that an oxidation ditch system process results in a less efficient EBPR performance compared to 
that for conventional activated sludge treatment due to its longer operating solids retention time 
(SRT).  At a longer SRT there is less total biomass production of phosphorus storing organisms 
(PAOs) due to more loss of biomass from endogenous decay.  With less biomass production less 
phosphorus is removed via sludge wasting.  

 
Another possible disadvantage for EBPR processes with oxidation ditch systems, and one 

that also had an impact on the retrofit process selection in the Wadena plant analysis, is that 
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nitrification occurs in oxidation ditch operations.  Nitrification was not required for the New Ulm 
and St. Cloud plants, and thus those plants were not impacted by nitrate as was the oxidation ditch 
system for this comparison.  For the oxidation ditch system, some of the nitrate produced enters the 
anaerobic contact zone of the EBPR process, which reduces the EBPR treatment efficiency because 
bacteria using nitrate consume influent soluble BOD that would otherwise be available to grow 
more PAOs.  In contrast to Wadena for which chemical treatment was the selected alternative, the 
selected alternative for the Whitewater oxidation ditch facility was the EBPR process with chemicals. 
The Whitewater influent wastewater had a much higher influent BOD/P ratio than for Wadena, and 
thus sufficient phosphorus removal would occur with the EBPR process in spite of the long SRT 
and nitrate production.  Where the EBPR process could accomplish most of the phosphorus 
removal without excessive tank installation costs, it was more cost effective than chemical treatment 
only. 
 
 More variable results were obtained from the alternative evaluations for the trickling 
filter/activated sludge (TF/AS) processes.  For the four plants evaluated, the alternatives selected 
were either EBPR plus chemicals or chemical treatment.  EBPR was not feasible for the Glencoe 
facility, which had a very low influent BOD/P to the activated sludge system after the trickling filter 
treatment with the dairy operation.  The system also had a very high influent nitrogen concentration, 
and there was only enough BOD present for partial removal of the nitrate and thus all of the 
available BOD could be consumed by the nitrate alone, leaving none for the EBPR process.  
Without the dairy operation and bypassing the trickling filter, the EBPR process would be the most 
cost effective alternative for Glencoe.  The EBPR and chemical treatment process was the preferred 
alternative for the Marshall TF/AS facility.  For the Marshall facility, a cost-effective EBPR 
alternative involved bypassing the trickling filters, as the existing basins had sufficient capacity for a 
biological nutrient facility including anaerobic anoxic and aerobic treatment zones.  Bypassing the 
trickling filter provided sufficient BOD for the EBPR process.  If a TF/AS process was used to 
treat a typical domestic wastewater, there would not be sufficient BOD to support a downstream 
EBPR process.  This was the case for the Faribault facility.  Recent plant data indicated low BOD 
concentration in the effluent of the trickling filter suggesting chemical treatment as the most 
appropriate treatment system. 

 
The fact that chemical treatment was selected as the most cost-effective phosphorus removal 

system for the Little Falls plant, even though the facility had a high influent BOD/P ratio (36), 
illustrates another aspect of retrofit considerations that impact the alternative selection.  The Little 
Falls facility also had a highly loaded trickling filter with a high influent BOD concentration so that 
sufficient BOD appeared to be available for good biological phosphorus removal.  However, the 
aeration tank had a limited volume which significantly increased the capital cost for a retrofit to an 
EBPR process which indicated that the payback due to savings in O&M costs would be about 12 
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years.  A final design analysis for EBPR for these facilities would require more extensive sampling 
and review of the influent wastewater characteristics and its variability. 
 

It is reasonable to expect that for a given type of activated sludge process a single retrofit 
method might be applicable in all cases, but the results from these alternative evaluations showed 
that this is not the case. More than one type of phosphorus removal alternative was selected for 
retrofitting a given type of activated sludge treatment process.  For example, a conventional 
activated sludge system with a lower SRT should be more compatible with EBPR treatment then an 
oxidation ditch system with a much longer SRT and with more nitrate.  However, for the 
conventional activated sludge system at Alexandria Lake the selected alternative was chemical 
treatment, but for the Whitewater oxidation ditch system it was EBPR plus chemicals. The reason 
that the selected alternative was different than the expected alternative based on the treatment 
process alone, was that the influent wastewater characteristics was also a major factor that can 
compound or offset the effects of the treatment process parameters.  For the TF/AS processes the 
wastewater characteristics, trickling filter loading rate, BOD removal efficiency, and downstream 
aeration basin capacity had a greater affect on the potential for EBPR then the fact that a TF/AS 
process was being used. Thus, the wastewater characteristics and specific process design conditions 
had a major effect on the retrofit process alternatives costs in addition to the type of process 
evaluated for phosphorus removal.  
 

6.3 FACTORS AFFECTING THE SELECTION OF A PHOSPHORUS REMOVAL 

ALTERNATIVE 

 In this study, a procedure for evaluating phosphorus removal alternatives for representative 
wastewater treatment facilities was developed and applied in a consistent manner.  The process 
involved defining the facility wastewater characteristics, design loads, and site conditions and 
preparing preliminary designs leading to a cost evaluation.  A result of this approach was the 
recognition that certain conditions could be identified that favored the selected phosphorus removal 
alternative and could meet the treatment goal at the lowest present worth cost.   
 

Table 6.5 presents a summary of the process selection factors for retrofitting wastewater 
treatment plants (WWTP) for phosphorus removal.  The table lists four specific wastewater 
treatment technology/type, the eight different biological treatment processes, the three basic 
phosphorus removal alternatives (EBPR, EBPR with chemicals, and chemical treatment only) and 
the process selection factors associated with each biological treatment process and wastewater 
treatment technology.  The eight biological treatment processes were divided into the following four 

   



6-12 
Table 6.5 - Process Selection Factors for Phosphorus Removal Options for Treatment Plant Retrofits 

Wastewater Treatment 
Technology/Type Biological Treatment Process Phosphorus Removal 

Alternatives (1) Process Selection Factors 

Suspended Growth EBPR ● Wastewater has a high influent BOD/P ratio (BOD/P> 40) or at a moderate BOD/P ratio 
has a high soluble BOD content (> 40%) 

  2. Biological Nutrient Removal 
(BNR) 

  ● May be able to increase MLSS concentration to ~3500 mg/L with conventional sized 
secondary clarifiers to gain aeration tank capacity 

      ● Excess aeration tank volume is available in existing tanks and can be converted to provide an 
anaerobic contact zone with a detention time of 1 hour or the site layout is compatible with the 
addition of a new anaerobic tank before the existing aeration tank  

      ● If effluent standard requires NH  removal an anoxic zone an

    ● Minimal phosphorus load from recycle streams 
-chemically treating centrate or filtrate from dewate
-using alternative to gravity thickening of waste activated sludge 
-digested sludge is not dewatered before land application 
-sludge is stored in lagoon before land application   

      ● System can be operated at lower SRT, which allows for a lower influent BOD/P ratio for 
same effluent P concentration  

        
    EBPR with chemical addition ● Wastewater has a moderate influent BOD/P ratio (25-35) and some variability in wastewater 

BOD concentration 
      ● May be able to increase MLSS concentration to ~3500 mg/L with conventional sized 

secondary clarifiers 
      ● Excess aeration tank volume is available in existing tanks and can be converted to provide an 

anaerobic contact zone with a detention time of 1 hour or the site layout is compatible with the 
addition of a new anaerobic tank before the existing aeration tank  

    3 d internal recycle can be 
incorporated within existing aeration tank  

  ●  If effluent standard requires NH  removal an anoxic zone an

     ● Aluminum or iron salts can be added to primary and/or secondary clarifiers for phosphorus 
precipitation to remove phosphorus from concentration possible with EBPR only to less than 
1.0 mg/L 

      ● Chemical addition also enhances removal of TSS and particulate BOD in primary treatment 
which results in excess aeration tank volume 

      ● Nitrification is not required and pH can decrease so that alkalinity addition is not needed  
offset the alkalinity reduction caused by chemical addition 

      ● System has excess solids handling capacity to handle increased waste solids due to chemical 
addition 

1. Conventional Activated 
Sludge 

3 d internal recycle can be 
incorporated within existing aeration tank  

  
ring digester sludge 

(1) Source control and phosphorus trading are options that should be considered by all plants. Protocols for evaluating the effectiveness of source control are discussed in detail in the 
MPCA PMP Guidelines Document. Phosphorus trading or nutrient trading can be developed through participation with MESERB’s Minnesota River Nutrient Trading Committee. 
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Table 6.5 - Process Selection Factors for Phosphorus Removal Options for Treatment Plant Retrofits (Continued) 

Wastewater Treatment 
Technology/Type Biological Treatment Process Phosphorus Removal 

Alternatives (1) Process Selection Factors 

  3. Oxidation Ditch EBPR and External 
Anaerobic Tank 

● Wastewater has a high influent BOD/P ratio (> 40) 
● Space available for construction of external anaerobic tank with a detention time of 1 hour. 

      ● Oxidation ditch has control system, sufficient volume, and aeration control to provide for 
significant nitrate removal in ditch 

      ● Minimal phosphorus load from recycle streams 
-chemically treating centrate or filtrate from dewatering digester sludge 
-using alternative to gravity thickening of waste activated sludge 
-digested sludge is not dewatered before land application 
-sludge is stored in lagoon before land application   

        
    EBPR and External 

Anaerobic Tank with 
chemical addition 

● Wastewater has a moderate to high influent BOD/P ratio (30-40) and some variability in 
wastewater BOD concentration and periods of low soluble BOD in influent 
● Space available for construction of external anaerobic tank with a detention time of 1 hour. 

      ● Oxidation ditch has control system, sufficient volume, and aeration control to provide for 
significant nitrate removal in ditch 

      ● Aluminum and iron salts can be added to the ditch influent and/or secondary clarifiers for 
phosphorus precipitation 

    ● Wastewater has high alkalinity to help maintain pH after alkalinity depletion due to chemical 
addition 

        
        
    Chemical Treatment ● Wastewater has low influent BOD/P ratio (< 25) 
      ● Wastewater has a variable influent BOD with low soluble BOD at times 
      ● Insufficient space available to construct an external anaerobic tank 
      ● Aluminum or iron salts can be added to the ditch influent and/or secondary clarifier for 

phosphorus precipitation 
      ● Chemical feed system can be easily and rapidly implemented 
      ● Wastewater has high alkalinity to help maintain pH after alkalinity depletion due to chemical 

addition 
      ● System has excess solids handling capacity to handle increased waste solids due to chemical 

addition 
        

  

(1) Source control and phosphorus trading are options that should be considered by all plants. Protocols for evaluating the effectiveness of source control are discussed in detail in the 
MPCA PMP Guidelines Document. Phosphorus trading or nutrient trading can be developed through participation with MESERB’s Minnesota River Nutrient Trading Committee. 
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Table 6.5 - Process Selection Factors for Phosphorus Removal Options for Treatment Plant Retrofits (Continued) 

Biological Treatment Process Process Selection Factors 

  EBPR and External 
Anaerobic Tank 

● Wastewater has a moderate to high influent BOD/P ratio (30-40) 
● Space available for construction of an external anaerobic tank with a detention time of 1 
hour 

  

4. High Purity Oxygen (HPO) 

  ● Minimal phosphorus load from recycle streams 
-chemically treating centrate or filtrate from dewatering digester sludge 
-using alternative to gravity thickening of waste activated sludge 
-digested sludge is not dewatered before land application 
-sludge is stored in lagoon before land application 
 

    EBPR and External 
Anaerobic Tank with 

chemical addition 

● Wastewater has a moderate influent BOD/P ratio (25-35) 
● Space available for construction of an external anaerobic tank with a detention time of 1 
hour 

      ● Aluminum or Iron salts can be added to the primary and/or secondary clarifiers for 
phosphorus precipitation 

      ● System has excess solids handling capacity to handle increased waste solids due to chemical 
addition 

      
    Chemical Treatment ● Wastewater has a low influent BOD/P ratio (< 25) 
      ● Wastewater has a variable influent BOD with low soluble BOD at times 
      ● Aluminum or Iron salts can be added to the primary and/or secondary clarifiers for 

phosphorus precipitation 
      ● Chemical feed system can be easily and rapidly implemented 
      ● Influent has high alkalinity to minimize pH drop due to alkalinity depletion from chemical 

addition 
    ● System has excess solids handling capacity to handle increased waste solids due to chemical 

addition 
        
Combined Biological 
Wastewater Treatment 

EBPR  

● Trickling filter has a high organic loading (> 150 lb BOD/1000ft3-d) so that less than 40% 
BOD removal occurs 

      ●Trickling filter can be bypassed to direct more BOD to EBPR anaerobic contact tank 
      ● Excess aeration capacity exist for handling higher BOD load if trickling filter is bypassed 

Wastewater Treatment 
Technology/Type 

Phosphorus Removal 
Alternatives (1) 

  

  

5. Trickling Filter and Activated 
Sludge  

● Wastewater has a high influent BOD/P ratio (> 40) and a high soluble BOD content (> 
40%) 

      

(1) Source control and phosphorus trading are options that should be considered by all plants. Protocols for evaluating the effectiveness of source control are discussed in detail in the 
MPCA PMP Guidelines Document. Phosphorus trading or nutrient trading can be developed through participation with MESERB’s Minnesota River Nutrient Trading Committee. 
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Table 6.5 - Process Selection Factors for Phosphorus Removal Options for Treatment Plant Retrofits (Continued) 

Wastewater Treatment 
Technology/Type Biological Treatment Process Phosphorus Removal 

Alternatives (1) Process Selection Factors 

      ● May be able to increase MLSS concentration to ~3500 mg/L with conventional sized 
secondary clarifiers to gain aeration tank capacity 

      ● Excess aeration tank capacity available so that it can be sectioned to provide anaerobic 
contact zone with 1 hr. detention time 

      ● Minimal phosphorus load from recycle streams 
-chemically treating centrate or filtrate from dewatering digester sludge 
-using alternative to gravity thickening of waste activated sludge 
-digested sludge is not dewatered before land application 
-sludge is stored in lagoon before land application   

      ● If effluent standard requires NH3 removal an anoxic zone and internal recycle can be 
incorporated within existing aeration tank  

        
    EBPR with chemical addition ● Wastewater has a high influent BOD/P ratio (BOD/P> 40) and a high soluble BOD 

content (> 40%)  
      ● Trickling filter has a high organic loading (> 150 lb BOD/1000ft3-d) so that less than 40% 

BOD removal occurs 

      ● May be able to increase MLSS concentration to ~3500 mg/L with conventional sized 
secondary clarifiers to gain aeration tank capacity 

      ● Excess aeration tank capacity available so that it can be sectioned to provide anaerobic 
contact zone with 1 hr. detention time 

      ● Aluminum or iron salts can be added to the primary and/or secondary clarifiers for 
phosphorus precipitation 

      ● System has excess solids handling capacity to handle increased waste solids due to chemical 
addition 

        
    Chemical Treatment ● Wastewater has a low influent BOD/P ratio (< 25) 
      ● Trickling filter has conventional or low organic loading (< 80 lb BOD/1000 ft3-d) 
      ● Wastewater has a variable influent BOD with low soluble BOD at times 
      ● Aluminum or iron salts can be added to primary and/or secondary clarifiers 
      ● Chemical feed system can be easily and rapidly implemented 
      ● System has excess solids handling capacity to handle increased waste solids due to chemical 

addition 
(1) Source control and phosphorus trading are options that should be considered by all plants. Protocols for evaluating the effectiveness of source control are discussed in detail in the 

MPCA PMP Guidelines Document. Phosphorus trading or nutrient trading can be developed through participation with MESERB’s Minnesota River Nutrient Trading Committee.
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Table 6.5 - Process Selection Factors for Phosphorus Removal Options for Treatment Plant Retrofits (Continued) 

Wastewater Treatment 
Technology/Type Biological Treatment Process Phosphorus Removal 

Alternatives (1) Process Selection Factors 

Attached Growth 6 & 7. Trickling Filter, Rotating 
Biological Contactor (RBC) 

Chemical Treatment ● Aluminum or iron salts can be added to primary and/or secondary clarifiers. 

      ● Chemical feed system can be easily and rapidly implemented 
      ● System has excess solids handling capacity to handle increased waste solids due to chemical 

addition 
      ● Influent has high alkalinity to minimize pH drop due to alkalinity depletion from chemical 

addition 
        
Lagoons Chemical Treatment  ● Chemicals can be applied upstream clarifiers (primary or secondary) if available 

  

8. Facultative Ponds, Aerated 
Lagoons, Stabilization Ponds 

  ● Chemicals can be added to ponds at inlet structure, or near aerators for continuous discharge 
lagoon systems 

      ● Chemicals can be batch fed with motor boat or other acceptable feed and mixing systems for 
lagoons/ponds with seasonal discharge 

      ● Alum is the chemical of choice as it will provide a more stable aluminum phosphate 
precipitate with potential pH variation in lagoons 

    
(1) Source control and phosphorus trading are options that should be considered by all plants. Protocols for evaluating the effectiveness of source control are discussed in detail in the 

MPCA PMP Guidelines Document. Phosphorus trading or nutrient trading can be developed through participation with MESERB’s Minnesota River Nutrient Trading Committee. 
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wastewater treatment technologies: suspended growth, combined biological wastewater treatment, 
attached growth and lagoons.  For each type of biological treatment process, process selection 
factors are presented for the three basic phosphorus removal alternatives.  These factors and the 
process design parameters discussed in Section 6.4 were developed to provide broad based process 
design guidelines that could be used to evaluate and select cost effective phosphorus removal 
alternative for a wide range of wastewater treatment plants in Minnesota.   

 
Factors that favored one type of phosphorus removal technology over another and the 

conditions that were most advantageous for each phosphorus removal technology option for each 
type of secondary wastewater treatment process are summarized in Table 6.5.  Several of the process 
selection factors presented on the table for wastewater treatment plants retrofits are discussed for 
the three major phosphorus removal technologies: EBPR, EBPR with chemical addition, and 
chemical treatment only.  
 

The most important factor affecting the EBPR option is the amount of readily degradable 
organic material in the influent wastewater that is available to the PAOs relative to the amount of 
phosphorus.  The influent BOD/P ratio was used as a general characterization parameter for 
different wastewater facilities.  Higher influent BOD/P ratios were required to make EBPR a 
favored alternative for wastewater treatment processes that were operated with a longer SRT, had 
more nitrate recycled to the anaerobic contact zone, or had pretreatment processes (e.g. trickling 
filters) that removed influent soluble BOD.  The influent BOD/P ratio can be affected by recycle 
flows, which can reduce it in some cases to make it more difficult for the EBPR process to meet the 
effluent phosphorus concentration goal.  Facilities with anaerobic or aerobic digestion and sludge 
dewatering equipment can produce recycle streams with the highest phosphorus concentration and 
with minimal BOD to essentially decrease the influent BOD/P ratio and increase the amount of 
phosphorus that the EBPR system has to remove. Some Minnesota facilities stored waste sludge 
without solids dewatering prior to land application of the biosolids.  These practices minimize 
recycle phosphorus loads and provide a more favorable condition for an EBPR process.  

 
 Retrofitting existing plants for an EBPR process required a means to provide an anaerobic 
contact tank with about a 1.0 hour detention time prior to the aeration basin.  The aeration basin 
layout and configuration and capacity at some facilities provided favorable conditions for installing 
an anaerobic contact basin at less costs.  Because the EBPR process generally improves sludge 
settling characteristics, existing aeration basins could be designed at higher MLSS concentrations, 
which then led to excess capacity in the aeration basin that could be used for the EBPR anaerobic 
contact tank. When nitrification was required, additional tank volume was needed to provide an 
anoxic zone for nitrate removal.  Systems with excess aeration tank capacity to accommodate anoxic 
tanks also were more favorable for an EBPR process.  For some applications, because of the process 
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configuration, the installation of an external tank for the EBPR anaerobic contact zone was 
unavoidable. This was the case for facilities with oxidation ditch and high purity oxygen processes. 

 
The option of an EBPR process with chemical addition appeared to be most favored when 

the EBPR process could provide substantial phosphorus removal, but not enough to meet the 
effluent phosphorus concentration goal of 1 mg/L based on a monthly average. In these cases, 
chemical addition for polishing, usually in the secondary treatment process, added a nominal cost to 
the overall phosphorus removal treatment technology and resulted in a favorable combination.  
Conditions that favored the EBPR process with chemical addition were a moderate influent BOD/P 
(25-35) ratio, a higher variability in the wastewater strength, and additional phosphorus from return 
flows. 
 
 For systems with low wastewater strength, as indicated by a low influent BOD/P ratio (< 
25), an EBPR process was less effective and chemical treatment alone became the more cost-
effective and more reliable alternative.  Systems with highly variable influent wastewater BOD/P 
ratios would also have poor or unreliable EBPR performance and thus would favor chemical 
treatment. Wastewaters with higher alkalinity were more favorable for chemical addition, as there 
would be less cost for pH control by purchasing alkalinity to offset the alkalinity consumed by the 
chemical addition.  Though not evaluated specifically in this study, systems with excess capacity for 
handling increased sludge, especially in the primary treatment step, would provide a more favorable 
condition for the chemical treatment option.  Site layout conditions could also increase the cost of 
constructing necessary facilities for the EBPR process to thus make chemical treatment more 
favorable. Most systems had convenient locations for chemical addition, either to the primary 
and/or secondary treatment steps.  Chemical treatment was the only viable option for systems that 
did not have a suspended growth activated sludge process (necessary for EBPR). Secondary 
treatment facilities that fit this category were trickling filters, rotating biological contactors, and 
lagoons.  
 

6.4 PROCESS DESIGN GUIDELINES FOR PHOSPHORUS REMOVAL 

PROCESSES 

This section presents a summary of the basic process design parameters that should be 
considered in the evaluation, design and selection of a phosphorus removal treatment system.  
Process design factors and the effect of these factors on the effectiveness of the treatment process 
are presented for the EBPR processes and chemical treatment processes. 

 
Important process design guidelines critical to the final design and evaluation of EBPR 

processes are summarized in Table 6.6. The table lists specific process design parameters, key 
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Table 6.6 – Process Design Guidelines for EBPR Processes for Phosphorus Removal 

Retrofit Designs 
 

Design Parameter Key Factors Effect 
1.  BOD Sludge production, tank volumes, oxygen supply 
2.  rbCOD Amount of EBPR 
3.  Total Phosphorus Higher values require more rbCOD for low 

effluent Phosphorus (P) concentration 
4.  TKN For nitrification designs – NO3 concentration, 

oxygen demand 
5.  Alkalinity pH  
6.  TSS Sludge production, tank volumes 

Wastewater Characterization 
 
 
 
 
 
 
 
 
 

7.  Variability Stability of EBPR 

1.  (WAS) Thickening Gravity thickeners have anaerobic conditions with 
Phosphorus (P) release 

2.  Aerobic Digestion 
and dewatering 

P is released – 20 to 40% returned 

3.  Anaerobic Digestion 
and dewatering 

P released – 40 to 50% returned 

Waste Activated Sludge Recycle 
Streams 

4.  Sludge storage and land 
application 

Minimal P returned to EBPR process 

1.  MLSS concentration Higher MLSS concentration possible with EBPR 
and conventional secondary clarifier loadings 

2.  Sludge production Function of WWT characteristics and pretreatment
Need > than 4-5 days for EBPR 

Aeration Tank Volume 

3.  Sludge retention time (SRT) 
Longer SRTs such as for nitrification or oxidation 
ditches decrease EBPR efficiency 

Oxygen Supply Aeration design Need sufficient DO for phosphorus uptake by 
PAOs 

Activated Sludge pH Alkalinity Need pH above 7.2 for more efficient EBPR 
EBPR Anaerobic Tank Detention 
Time 

MLSS concentration and influent 
rbCOD  

For 3000 – 4000 mg/L MLSS and 30-60 mg/L 
rbCOD, 1.0 hour detention time is typical 
Wastewater characteristics 
Upstream biological treatment such as trickling 
filters deplete rbCOD 

1.  rbCOD in influent to 
anaerobic zone 

12 – 15 mg rbCOD/mg P removed 

EBPR Phosphorus Removal 
Efficiency 

2.  NO3/NO2 to anaerobic zone Nitrification systems need anoxic zones for 80-
90% NO3 removal 
Higher influent BOD and rbCOD and higher 
MLSS concentrations allows shorter detention 
times 

1.  Anoxic zone detention time 

Colder temperature requires longer detention time 
2.  Sufficient BOD Need influent BOD/N ratio of > 4.0 

Nitrate Removal 

3.  Oxidation ditch 
design/operation 

Need effective DO control 

1.  Overflow rate, gpd/ft2 Excessive levels lead to higher effluent TSS and 
lower P removal efficiency 

Secondary Clarification 

2.  Solids loading rate, lb/d-ft2 EBPR provide better settling sludge and higher 
solids loading rates  

Polishing Filtration Media and hydraulic application 
rate, gpm/ft2 

Filtration improves P removal efficiency 
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process factors, and the effect of a specific parameter on the effectiveness of the EBPR process.  
The process design parameters listed include wastewater characterization, recycle stream, aeration 
tank volume, oxygen supply, activated sludge pH, EBPR anaerobic tank detention time, EBPR 
phosphorus removal efficiency, nitrate removal, secondary clarification, and polishing filtration.  
These design parameters were discussed in detail in Sections 4 and 5.   

 
For example, an important aspect of any EBPR process design is the influent wastewater 

characterization. Included in the characterization data is the readily biodegradable COD 
concentration (rbCOD), which is the main substrate consumed by the phosphorus-storing bacteria 
in the anaerobic contact zone.  This wastewater characterization parameter was not available for the 
facilities evaluated in this study, and thus estimates of the rbCOD were made based on the 
information on the industrial wastewater inputs.  A plant design evaluation would include a 
wastewater characterization plan, as well as a sampling plan for characterizing recycle streams that 
could add a significant phosphorus load to the EBPR facility.  The design guidelines table, Table 6.6, 
also includes typical design considerations for aeration tank volume, oxygen supply, secondary 
clarifiers, and polishing filtration.  EBPR performance is also affected by liquid solids separation 
steps as indicated in Table 6.6.  Low effluent suspended solids concentrations from the secondary 
clarifier, or possibly a polishing filter, remove solids that contain phosphorus and thus provide a 
lower and more reliable effluent phosphorus concentration.  Another factor critical to an EBPR 
process identified in the table is the nitrate influence on the EBPR phosphorus removal efficiency.  
Factors related to nitrate removal designs must be considered where EBPR systems have 
nitrification requirements.  
 
 Similar process design guidelines are provided in Table 6.7 for chemical treatment processes 
for phosphorus removal retrofit designs.  The chemical dose and dosing points are major factors 
affecting the process performance and economics.  The plant evaluations showed that, for chemical 
treatment, two-point chemical addition with chemical addition in the secondary clarifier for 
polishing was the most cost-effective approach. When alum or ferric is added where high 
phosphorus concentrations exist, such as in the primary treatment step, the chemical dose is close to 
the stoichiometric condition for metal-phosphate precipitation at about one mole of metal per mole 
of phosphorus. Other important factors included as design guidelines are sludge production 
associated with the chemical addition and the alkalinity concentration of the wastewater which may 
have to be replenished due consumption by the chemical dose. 
 
 
 
 
 

 



6-21 

Table 6.7 – Process Design Guidelines for Chemical Treatment Processes for Phosphorus 
Removal Retrofit Designs 

 
Design Parameter Key Factors Effect 

1.  Total Phosphorus Higher values require more chemical 
addition 

2.  Alkalinity Higher alkalinity helps buffer effect 
on pH of alkalinity depletion by 
chemical addition  

Wastewater Characterization 

3.  TKN For nitrification designs – higher N 
concentration depletes more alkalinity
For lower effluent  Total P 
concentration of < 1.0 mg/L, need 
1.5-2.0 mole metal/mole P 

Chemical Dose  Effluent P and stoichiometry 

For effluent Total P of 2-5 mg/L, 
need 1.0-1.2 mole metal/mole P 

1.  Dose both primary and 
secondary clarifier influent  

For two-point dosing less chemical is 
used 

Chemical Dose Points 

2.  Dose secondary clarifier 
influent 

For low dose requirements for 
polishing 

Clarifier Sludge Settling  Clarifier hydraulic application 
rates 

Normally clarifier operation 
improves. No need to use lower 
application rates. Polymer may be 
used in secondary clarifiers with alum 

Sludge Production  Thickening, digesting, and 
disposal 

Sludge quantity will increase with 
chemical addition 

1.  Sludge production  Sludge production increases due to 
chemical sludge and improved 
primary settling performance 

Chemical Addition to Primary Clarifier 

2.  BOD load to secondary 
treatment process 

Reduces load to secondary treatment 
process, which may provide more 
aeration basin capacity 

Secondary Clarifier 1.  Overflow rate, gpd/ft2 Excessive levels lead to higher 
effluent TSS and lower P removal 
efficiency 

 2.  Solids loading rate, lb/d-ft2 Chemical treatment will not reduce 
normal loading rates  

Polishing Filtration Media and hydraulic application 
rate, gpm/ft2 

Filtration improves P removal 
efficiency, can reduce chemical dose 
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SECTION 7  

7 CONCLUSIONS  

The following is a list of conclusions developed from the findings of this report.  
Conclusions are presented for the following biological treatment processes; activated sludge and 
biological nutrient removal (BNR), oxidation ditch, high purity oxygen (HPO) and trickling filters, 
lagoons, and rotating biological contactors (RBC).  In addition general conclusions are provided on 
important aspects of retrofitting existing plants for phosphorus removal.  
 

7.1 TREATMENT PROCESSES SPECIFIC CONCLUSIONS 

 

1. ACTIVATED SLUDGE AND BIOLOGICAL NUTRIENT REMOVAL (BNR) 

 
• Enhanced biological phosphorus removal (EBPR) is a viable phosphorus removal 

alternative that requires an anaerobic contact tank that can be incorporated into existing 
tanks if there is sufficient capacity. EBPR processes can be operated at higher MLSS 
concentrations to help increase the aeration tank capacity. Plug flow aeration tanks 
facilitate retrofit conversions to EBPR by the use of baffles and mixers.   

• Cost comparisons between EBPR and chemical treatment indicate that the EBPR, in 
most cases, is the most cost effective phosphorus removal alternative. 

• Alkalinity consumption by BNR or chemical phosphorus removal must be evaluated 
during detailed evaluation of phosphorus removal options to determine if alkalinity 
supplementation is necessary. Where nitrification is required and the pH must be 
maintained, alkalinity addition may be necessary to compensate for alkalinity 
consumption due to chemical addition.  

 
2. OXIDATION DITCH 

 
• An EBPR process will require construction of external tanks for an anaerobic contact 

zone.  
• High levels of nitrate reduction are necessary in the oxidation ditch channels to assure 

that an EBPR process can be operated successfully.  Sufficient tank volume and a 
control system must be available.  The control system is used to assure nitrate removal 
and can be ones that control aeration to provide anoxic zones within the ditch channels 
or provide on/off aeration operations with mixing for nitrate removal.   
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• Because of their relatively longer SRTs, oxidation ditch systems are less efficient for 
EBPR removal and require a higher influent BOD/P ratio compared to conventional 
activated sludge processes.  

 
3. HIGH PURITY OXYGEN (HPO)  

 
• An EBPR process will require construction of external tanks for an anaerobic contact 

zone.  
• HPO systems are generally operated at lower solids retention time (SRTs) than 

conventional activated sludge systems, which should improve the efficiency of EBPR 
performance.  

• A minimal SRT is required for EBPR and should be greater than 5 days and 3 days at 
100C and 200C, respectively. 

 
4. COMBINED BIOLOGICAL WASTEWATER TREATMENT (TRICKLING FILTER 

 AND ACTIVATED SLUDGE) 
 

• For weaker wastewaters or low trickling filter loadings, bypassing the trickling filter to 
provide BOD for EBPR may be necessary. This approach requires that sufficient 
aeration tank volume is available downstream for treatment and to accommodate the 
EBPR anaerobic contact zone.  

• For high strength wastewaters and high trickling filter loadings there may be sufficient 
BOD remaining after the trickling filter to support a successful EBPR operation.  

• EBPR treatment with chemical addition is more likely than EBPR alone.  
• Some trickling filter/activated sludge processes may not have sufficient aeration volume 

for an EBPR retrofit and chemical treatment would be the likely alternative.  
 

5. TRICKLING FILTERS, LAGOONS AND ROTATING BIOLOGICAL CONTACTORS 

 (RBCS) 
 
• Chemical treatment is the only viable alternative for these processes.  
• Two-point chemical treatment is the most cost effective chemical treatment alternative 

for trickling filters and RBC plants (attached growth systems). 
•  Lagoons (as the primary means of biological treatment) with seasonal discharge can 

consider batch chemical treatment. 
• Lagoons with a continuous discharge should consider continuous two-stage chemical 

treatment.  
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• Alkalinity consumption by chemical phosphorus removal must be evaluated during the 
engineering evaluation of phosphorus removal alternatives to determine if alkalinity 
supplementation is necessary. 

 

7.2 GENERAL RETROFIT CONCLUSIONS 

 
• EBPR and chemical treatment are the most common phosphorus removal technologies. 
• EBPR has the higher capital cost and lower O&M cost. Chemical treatment has the lower 

capital cost and higher O&M cost. 
• For a given type of activated sludge system, the EBPR retrofit design and the choice of 

EBPR, EBPR with chemical treatment, or chemical treatment can vary depending on other 
site-specific factors. 

• Wastewater characteristics must be determined to establish process requirements and 
effectiveness of EBPR. 

• Wastewater characteristics have a major impact on the feasibility and economics of an EBPR 
retrofit for phosphorus removal.  The influent BOD/P ratio has been used as a rough 
parameter to provide a general indication of the effect of the influent wastewater 
characteristics on EBPR performance.  However, the influent soluble readily biodegradable 
COD, which is not commonly measured, is more directly related to EBPR performance.  
General guidelines for BOD/P ratio are as follows: 

 
- Wastewaters exhibiting BOD/P ratios of greater than 40 may be able to consistently 

achieve an effluent phosphorus of less than 1 mg/L. 
- Wastewaters with ratios between 25 and 35 will need chemical treatment for effluent 

polishing.  
-  If the BOD/P ratio is less than 25, chemical treatment is typically the most cost 

effective phosphorus removal alternative 
 

• The pH of EBPR processes should be maintained at 7.2 or greater. 
• Stand-by chemical treatment should always be provided with EBPR treatment systems. 
• The cost analysis for the wastewater facilities requiring supplemental soluble BOD 

indicated that sugar is more expensive than adding alum or ferric metal salts for 
phosphorus removal, and that the construction and operation of a fermenter to process 
primary sludge to produce volatile fatty acids for EBPR is not cost effective unless the 
plant size is significantly greater than 10 MGD. 
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• The cost analysis indicated significant cost savings for phosphorus removal with effluent 
phosphorus levels greater than 1 mg/L.  The present worth cost for the EBPR process 
was compared for each of five treatment plants for discharge phosphorus 
concentrations of 1 mg/L or 2 mg/L.  For each plant, the present worth analysis 
indicated that the cost for phosphorus removal was less expensive for a phosphorus 
discharge of 2 mg/L.  Similar cost savings would be recognized for seasonal phosphorus 
discharge requirements or for more stringent phosphorus removal only during the algal 
growing season. 

• For treatment systems requiring chemical treatment only, two-point chemical addition at 
the primary and secondary clarifiers is the most cost effective system. 

• Chemical addition to primary clarifiers should consider the nutrient requirements of the 
activated sludge process. 

• For chemical treatment, the capacity of the sludge processing and handling operations 
should be evaluated during the design of the phosphorus treatment system. 

• Sludge processing residuals and other plant returns must be characterized to assess their 
impact on phosphorus loads when evaluating phosphorus removal systems especially 
EBPR. 

• Source control should follow the MPCA PMP guidelines for defining influent 
phosphorus loads and developing a management plan to control phosphorus. 
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Wastewater Facility Screening Form
Preliminary Information

1. Plant Information

Plant Name:

Contact Name:

Phone:

E-mail:

Design Capacity:

( )

MGD

Fax:

Present Flow:

( )

MGD

2. Discharge Permit Concentration (mg/L)
(provide Available Parameters)

Permit Limit

BODs

COD

TSS

Settleable Solids

TKN

Total Nitrogen

Total Phosphorous

Soluble Phosphorus

FecaI Coliform

pH

Others(?) List

Receiving Water body:.

{I)type - composite, grab
(1) frequency - # samples/week o.r month

Actual Discharge

1 of 4

Expected Future Sample
Type/Frequency(l)

Revised 7/22/03



3. Liquid Process Description

Pre-treatment (check)

Barscreen

Self Cleaning Screens

Aerated Grit Removal

Other Grit Removal

Number of Treatment Trains

Primary treatment (please check)

# of clarifiers

Chemical addition

If yes, chemical(s) used

Secondary Treatment (please check)

Trickling Filter

Activated Sludge

Lagoon

Yes

Yes

Comminutor

No

Diameter

No

Rotating Biological Contactor

Oxidation Ditch

Biological Nutrient Removal
i.e. (Anaerobic and/or anoxic compartments

Chemical addition

Ifyes, chemical(s) used

Secondary Clarifiers

# of clarifiers

Chemical addition

If yes, chemical(s) used

Tertiary Treatment

Polishing Filters

Type of Filter

Yes

Yes

Yes

No

Diameter

No

No

# of Filters

Media/depth

Disinfection (please check)

Chlorine

Area/Filter-----------

Ultraviolot

Dechlorination Yes No

Please provide a copy of the most recent monthly plant performance reporting form.

2 of 4 Revised 7/22/03



4. Sludge Processing/Ultimate Reuse or Disposal

Please provide ultimate destination of plant solids (i.e. landfill, agricultural application, lagoon, etc.)

PrimatY Sludge Thickening (please check)

Primary Tanks

Secondary Sludge Thickening (please check)

Gravity

Centrifuge

Combined Sludge Thickening (please check)

Gravity

Belt Thickeners

Dissolved Air Flotation

Belt Thickeners

Yes

-Please Name Thickening Process

Sludge Digestion (please check)

Aerobic

Other (name)

Sludge Dewatering (please check)

Brying Beds

Belt Filter Press

Storage/Disposal

• Summer
Storage
Disposal

• Winter
Storage
Disposal

No

Anaerobic

Centrifuge

Other (name)

Quantity
ecy or lbs)

3 of 4 Revised 7/22/03



5. Additional Information

Industrial Wastewater

List name/type of any significant industrial wastewater load to the plant:

Estimated percent of plant BOD load:

Collection System (check)

Separate sanitary sewers:

Combined domestic/storm sewers:

Plant Sampling and Analyses

Influent

24 hr composite

Frequency (days/week)

Effluent

24 hr composite

Other

Frequency (days/week)

Does plant have a lab?

Analyses done by plant lab (check)

BOD

NH4-N

Soluble Ortho P

Others (List)

TSS

N03-N

Coliform

40f4

Grab·

Grab

Location

PH

N023-N

COD

Other

TKN

Total P

Revised 7/22/03
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Plant Screening Forms

H

[ ; " ...... I • I

'·"Il'n " <; .. ' .... 'i.'.



" .- -' - ~ ,' ~ .-- ..: -

Plant Screening Forms

Activated Sludge Treatment Plants
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PInn[ Name:

Contact ~ame:

Phone:

/

Expected Future

LS

LS

ACDlqJ Discharge

Dischargr: Permit Concentration (mg/L)
(provide A~ablc Par.uneter!)

Pennix I imjt

Design Capacity:

E-m:lll:

2.

Serrle:lble Solids

TSS

Nf·T-I-N

TKN

Total Nitrogen

Total Phosphorous

Soluble PhoGpborus

FeoJ Coliform

pH

I

.2.b () c;¢t,:l M:~5V>.

((&0 J.<.\ fo~ 0

L.-. 20

OthCIS(?) LiS[

-:riving Water bOQY:

(\lrypc • composite, grElb
(llfrequenc)' .. # s:unples/week or monm



14:09 A LAS D ~ 12066859185 ND.330 l;J02

4. Sludge P~Qc:eAAiJlg/UltimateReuse Dr Disposal

Please provide uIrimale destination of pl:uu solids (i.e. landfill. :lgDcultunl :lpplication, lagoon, trc.)

--Ag hie u L tLJr ;:;L

Primarv Sludge Thickening Wl"3~" check)

PDmOlty Tanks

SecondiU:Y SlUdge Thickening (pk::J.se check)

Gr:lvity

Gravity

Belt -Thkkenet9

Belt Thickeneril _

Centrifuge Dissolved Air Floration

·\:mbin~dSl\ldg.e Thickening ij;1lense check)

Yes

Pleage Name Thickening Process

5hadge Pigmjon (Flme checl;J

No

."erobic

Other (name)

$ludg.ePeu:;uenng (ple:ase check)

BryingBeds

Belt Filter FIC:SS

.,
i

./

Centrifuge

Other (nnme)



"~ , .•.. 7.··.• __ "_"_~;-;-':-::"~';"~'.'.~'~'_", .. ,._.,...::...~::..:..:;,~;'A'':

r-
d
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i
08/18/21211213 14:09 R L R S D ~ 12066859185

",;,.";.":_':". '''''''':'.'-':

NO. 330 [;11213

') Additional Infonnarion

!udy:mia,l Waatt:Jlolllrer

Iisl name/type of any significant industrial w:lStew:1ter load to the poor;

f)

-lVm tl!£:"rlll hop) J. O~Aj~"/-F-?'_'--'---:-------_
-ir 12 r 0r·c:. IIsc err} c .-

3 fVl - Ir~r Il-VlIE 5

Combined domesticlsrorm sewus:

PI;mt SaIDJlljng Ill's! Analyses

Infln"1H

)lu r;ompositc

Frequency (da}'3/week) o
Grab Other-----

W11K!1!

24 h:r composite 'f Gr::Lb

Orner Location

Frequency (dnys/week) 1 p

Does plant have n lab? Y~5

7-\!la!ys"~ doneb.y pbnt b.b (check)

./

~ P )(LEOD b TSS PH 1KN

XNI-L-N NOl-~ N02j-N ToulP

Soluble Qrrho P Coliform ,,' COD f.
~then (list)

)
/



.......::.: :.:

.- .. _..... _:..

14:09 R L R 5 D ~ 12066859185 NO. 330 1;104

3. LiQuid Proc""ss DescriptioD

_ }trea!menr(~heCk)
BlUscrec:n

Self Oeaning Screens

..-iernted Grit Removal

Other Grit RemoV1l1

Number ofTrelltmenrTcins

PPm;uy [wumenX (plee.<;e check)

# of clarifiers

Ifyes, memic:L1(s) us~d

SecondaJY Treanneor (ple;)se check)

,
Yes

Comminutor

No

Diameter

No +-

x

No

Trickling Filter

.Jrivated Sludge

Lagoon

Chemic:u :lddiriDn

Ifyes, cbemicl1(s) used

SeCQOd;IIY Cbrifj""

# of clarifie~

Chemical addition

If yes, chcmic:iI(s) used

Tem;u;y Tre:ltwenr

Polishing Filrers

Type· of filter

11edislldepth ~

Routing Biological Coot:lcror

.Oxidatioo Ditch

Biologicnl Nuuient Removal
i-e. (A.nnerob~ -;wd/o. llnOx1C compamnt1m

Yes ~ ~o . .

J&'1ai~#~ J.nd-.w~~

DilU'tIerer

No ~

Yes A
~JIv~E!kT~J1c..;'7c # of FilrcIs

.\.Lea/Filter-----------

Chlorine

DechloM::ttion Yes P-
Ultraviolot

No

Pte~8e provide a copy oime moar r.eccm monrhly plant perfonuance repa.mug COOtl.
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PAGE 01, 08/25/2003 13:20 _~~3259199
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PUBLIC UTILITIES COMMISSION .

Fax #0 VrtJJI.L

"" (f/e-t/rSR& -$iti:;/ ...... =rt "" ~tt.J
Pax:ZDI 5:)..9 57 L ~ Pq-= s=

eer

I
I

!

)

o Urgent 0 For Review Cl Please Comment 0 PI_.e Reply

.. Comments:

o PIe... Rec:yc:f.

500 SE 4'" Street
Grand Repids, MN 55744

WWTP Fax (21B) 326-7199 Service Center Fax (218) 325-7499
Phone(218)326~7024
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PAGE .02

Phlnl Name:

ContaetN~:

:)
i.

w..u=w1lb:, Facility~ Form
PrdimiDaty Information

""Dr Jpfggwtprm

.Gr~rJJ Ro.p,Js LA!~~ lf~~,4 f?~~ I:tt
;IJ "" Bs.-~t~etrc.....!"""~tW~ ~ _

PbQne: Fax:

E-mail:

Desigp Capacity: 1J.'2 MGD

2. l)iKb,f&'" Pennit 4tnct nmttion lpW/I..)
(I>(o..-ide Available PIl[lltnetel:'&)

Permit I,imit ~
rype/~r;m;yll)

BOD~

TSS

Settleable Solids

NH.-N

Total Nitrogen

30

-

"3.0

/0

3.0

/0

'fota! PhosphorOu&

Soluhk Phosphorus

Fecal Califon»

pH

Others(?) List

~ "J(w'::'

-:,.,..... b )Iw~

RecdV1qg Watet body:

.. )

...",/
liltype - composite, grab
(Jlfft'qucQ.q - # Sl\lJ1pJC1O/~L: or In<;>nth



2183259199
PAGE 03

; -) J..iQuid PmcelJ8 prs-tiptioD

~rn:itlnent(Check)

ell Cleaning Screens

,cJ:Sted Gril Remowl

)thcx Grit Removll1

~wnber ofTrn~tTlllins

Comminul.Or o

# of claritlexs

Chemical addition

Ifyes, r::hemical(a) used

SCCQnduy Twnnept (please chc:ck)

Ttielding FJlter

'iivlltr.d Sludge
/

Yes ./ No

V Diameter ;00,

Y"'8 No V

Rooting Biological Coomctor

Oxidlttlon Ditch

"Biological Nutrienl &mow1
tl;:. (Anaerobic ,.nd/o'f' jlI'.loxic coml?aetmentB

Chemical ...ddhion

I f yes, chemiclal(s) UM:d

# of cluificJ;1l

Chemical additioa

IfJU. chemical(s) used

Ierti»t1 Tmetment

Yes

Yes

Yes

No

Diameter

No

No L
Type of Filre.!

Medialdepth

____------- # of Filren

________~~_ ,A$ea/J:ill~

Dc<:h1orination
Yes

Ul\r.l.viO)O/

No

PkPI! pwvide a copy of me ro08t recent monthly p)1Iil1 petfortDliDce reporting form.
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PAGE 04

•") 51ud&o: PJoceuiaelWtiroate &W!e or DjIJl'O!!a1

p~... p"",&L::p~'.""". Q••• .....1iII, ogri<uI..,., .~~Ik.b••. I....... Ok.)

. primaty Tanks

l'rimatr Sh)~ Thiclceniog (plwe ,beck)

V-

~ooduySludgs:; Thjda'llWg (pkue cbock)

Gravity

Gra..nty

Belt 'Thickener.!

Dusoli'ed Air Flou.tioo

Belt Thicke~,r;~" _

Combinc;d~ Thickcniqg (plem check)

Yes

J\erobic

No

Anaerobic

BryiogBeds

.B~tFilter Press

• SUlUtnc.r
Sto~

Disposal

Centrifuge

OthEr (nam<:)

Quantity
('1 OX lbs)

• WinJEr
Storage
Disposal
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. ..~) MdiriorwJ Jnfoanarion

Estimattd pen;:ent ofplllnt BOP load:

Collection ~tem (check)

Contbined domeliDc/litottn Ge'laren:

-., .
lrCOmpo:l1kJ -

Frequency (dayB/.....et:k)

Emu~m

24 he composite .

Othc:.t

Frequency (dayB/wa:k)

DIX'8 plant hAve a lab?

Soluble Ortho P

Omen (List)

)

TSS

NO~-N

Colifomi

Gbb

Grab

Locauon

PH

COP

OthCf

TotalP



AUQ.. 8.2003 12:30PM 011 16512259088
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NO. 3257 P. 1/6

MINNESOTA ENVIRONMENTAL SCIENCE
AND ECONOMIC REVIEW BOARD

Wastewater Phosphorus Control and Reduction Initiative

c/o 444 Cedar Street, Suite 1200
St. Paul, MN 55101

(651) 225-8840
(651) 225-9088 (Fax)

Please deliver the following .--.2- pages (includes cover page)

TO:

FAX:

DATE:

FROM:

George J. Kehrberger. HydroQuaI, Inc.

201-529-5728

August 8, 2003

Steven W. Nylros.I~.

Attached please find the City of New VIm's facility screening form.

If you have problems receiving this fax, please call (651) 225-8840.

08/08/03 FRI 13': 54 [TXlRX NO 8762)
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New Ulm Wastewater Facility
Public Vlm/ie.s Commission Telephrme: (507) 359-8360
J Tower Road FaX: (507) J54-7293
New Ulm, Minnesola 56073 .

8.2003 12:30PM WA011 16512259088.ANT FAX NO. 5073547293 NO. 3257 P. 2/6 I
. . . ... :...; '-~ '.

FAX COVER SHEET

DATE: ~l ~/_D_~ IIME:,~ ~#OFPAOEs S
(Including this page)

TO:~_ ~.Q...., .

COMPA~ fl(}.~ 'H--\o\)~
FAX NUMBER; ~O, .... S;fj-$'l-lt~ . U:-6t:..2-~S-qofJ~
FROM:.__~_ ~

08/0B/03 PRI 13:54 [TX/RX NO 8762J
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FAX NO. 5073547293 NO. 3257 P. 3/62

WalluWakl Facility Sccc:r:nlgg Faeth
P.climtnaJ:Y JnfonnalioD

PJaJJf Nasnc::

Conl2C( N:amc:

1. plant InConna.ti9D

&we,'ln

£J~/ ,£e,7$7'

Phone:: Fu:
..s~7""'S~.y-?JP3
() -

E-mail:

Design Capacity: -,~=r;;;.:..z..7-J;,?__ MGD _iJ..:....-i~~_ MGD

2. Discb:uge Permit ConccnttadQD (mg/Ll
(plouidr: J\v:illable Puamereu)

~
Type/Frc*,SpQ11)~

2£,{r r:;pm/(,

Expc:c:red FUMe

~.I

Aeon! Di",bl~:e.e,m;r I,iPlir

cop

BOD.

TSS

. Settleable Solid.

NH.-N·

. TDw Nitrog=

Tow Pbosphoroul ¥-5

Soluble Phosphorus

Fr:C:lll Colifotm

pH

{I)t)1lC: - composite. grab
('lfrequenc)' - It lamplcshJ1eek or moot:h

lof4

08/08/03 FRI 13:54 [TX/RX NO 8762J
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,AllGAUG. 8.2003 12: 30PM WA:Oll 16512259088,ANT

J. liquid Procell!! Description

FAX NO. 5073547293 NO. 3257 P. 4/63

No

No

Chernicll.! "dd.i~on

If yClI, chemical(s) Uied

aonting Biological C:onractoJ:,

Biolo~caJ NUtdCDt RUDon)

i.e. (Anaerobic and/o~ '2.J1os.ic cornpartmetllS

No .L

# DC dari.li'H8

Chcmic31 addJtion

[f ,er, chetft.inJ(s> used'

Ye:l No

I:c;aiarv Tr!OjlJll'l,eRr

'PoltdUl'lg FihCl"S Yes No

Type of Filter

Hedia/d~prh

Chlorine

#- of Pibets----------
_\rca/F"Jltel"----------

tllua-ioloc

Dccbloriludon Yes L No

'pJeIlJC p..o~dc a copy of the lOon recent mOllthly plaDt pC'dormllnce repoll'li1\g fonD.

2of4

08/08/03 FRI 13:54 [TX/RX NO 8762]



....;.,..

,AUGAUG,. 8.2003 12:30PM WA:Ol1 16512259088,ANT

4. Sludge Proseuinr/Uhimale Reuse 01' DbpM~1

.'.-,' .

" -. '".. :-.'

FAX NO. 5073547293 NO. 3257 P. V6 4
.... -_.' ..'. :".::'

Please provide ultimate descinacioD ofplant 501i~5 (i.e-landfill. agrlculNIal application, higDon. etc.)

A&,,'~ V III/ rCL-1 4#~ /; ~,6£? .

~II.{}' Sludge IhickcniIl,g (Plg"s check)

Centrifuge

Csl,mbine.d Sludge lhidtro,ing (pJmr cbeck)

Belt 1hickene[S

Dissolved.Nt Flotation

Belt Thiclcetloeu ----

Yes

Please Name Thickeniog Plocess

No

Actobic

Odler (name)

S!y~eDewJrcring (plwc du:ck)

BqingBed,

BdtFU(f!.r Pteu

Centrifuge

Othe( (n:nne)

30f4

08/08/03 FRI 13:54 [TX/RX NO 8762J
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,AUGAU@, 8.2003 12:31PM 'WA:Ol1 1651225908BJNT 5073547293 NO. 3257 P. 6/65
: .:. : _ '

5. AddicionaJ IftfocmirlAQ .

Lisl n2.mc./~pe of any sjgnUicanr indusu:ial ,,,,,,slew,m:r load (0 me plane

K ...d'i ;L;',/s ;It':'~~~~ ~~&d ~ AA1~4 4~~r L~s4-

{7 "

E.timlltcd percent ofplant BOD l~d!

CoUeetion Sy.rrm (£hs:ck)

Sepatllle sann:21Y ,!:Wen;

Combined domesne/storm lleWelt':

PIi!DlSampUpr: andAn.alyll~ll

24~ composite

Ptequwcy (d.ays/week)

Gnb Other

~

24 hr composite Gnb

OtheJ: ~.. tiop

Fl'Cquem;y (day:s/-ueelc) :7/7,
Does pla~r have a lab? yl4.5

I

I
Anl\ly,cs done by ~pt1al:z (r::hWs)

I LBOD v: TIS PH TI<N

I
Toral P! N~·iA'J ~O)·~ N02)-N

I

I Soluble anilo P Colifolm V COD

Othel' (Lisr)

40f4

08/0B/03 FRI 13:54 [TX/RX NO 8762]
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W;asttwater Facility-Screening Fonn
P1:elinUnaty Inft»tml\tiDn

08/_.22_/2"':~"'~~1~~..';35~~5;;;;~;-~--~~-~;:==~=~=~======= ======~.~ 12172355391"'" .
FAIRMONT WASTEWATER

PAGE

~+- f!lfJlJ+-

Fu:Phone;

Contal;t NlUDe,

:"'N::tofogn~r»Jt uMdeWP!er rrl:ftiw;1#01 :
13y fc~l~Idy~b~-be~r±...l..----__~

() -00'7 -d3S'- (p:5CJ-

E-mlliI:

Design w.pacity: MGD P:tdcnt Flo'lll': MGD

2. J)iQr;hBr,g£ Pgmit CoPC(!!:!ttpTioQ (m2/L)
(provide A~bleParl\met~s). '

BODs /Dm~

Sa.mpjt
TYPlOlFregucns.;Wl

gc;Arc ZL
COD

TSS

Settleable Solids

NF-4-N

Totlll Nitwgen

TD~ Phospho:tous

Soluble Phosphoms

Fecal Colifo.an

pH

Othen(?) List

Rec:ei--aing \"Uale.I body:

(lltypF,; - composite:, g1ab
()If(equency - # Sllmples/week or month

1of4

08/22/03 FRI 15:34 £TX/RX NO 8972)



08/22/2003 13:35 5072356391

......: .

FAIRMONT WASTEWATER PAGE 02/08

3. Liqpid :Pr!2,;Cc:ls DC8cri+tD,gn

Pt~-treatD:lI:nt (ch~clr;l

Bars=

Sd£ Cle=ing Screcm.~

Aer;l ted Grit Removil

Othe;J: Grit Removal

NllW1>~ofTreatlnent Trains

Conuninutrn:

, .'
.' :

I

# of dari£iers

Yes No

Secondw Tm,t:ttlent (pbW::c~

I
, I
I i
i :

Ifyes, che.111kal($) lL'lM

Trickling Fil,t~

ActivRted Sludge

L:>.goQO

Chemical J'lddition

If yes, ch..,rnical(s) used

# of cbrifiets

Chemical addition

Ifyes, chemical(s) used

Tewsl:Y Treatment

Yes

Yes

Yes No

Rotating Biologic:al Conrat:.ror

Oxidarion Dhch

........... .' ..
Biological Nutrient Rcmow

i.e. (A\nacxobic 'iUld/OI anoxic.comparb;o.ents
~..

No

No

--.;.

Polishing Flltcrs Yes No

Type of Filter

Medh./depth

_____............ # of FiIten

.l\rea{Filtcr------------

Cbloooe

Occhlorinll.tio,," Ycs

Ultl,'nviolot

No

PIClllle provide a copy of the most recent moo.tbiy pla:tlt perfoxm.;m.ce n:porti~g form.

2of4

08122/03 FRI 15:34 [TX/RX NO 8972)



...: ..... ;...

Estimated peI:cell.t of.pln1:tt :eOD load:

List o=c:/rype of nny signifl.Cnnt industtinl ~tewltter load to the flint: . .
. . . .- '•.' .•. _v···_.·.. .. ..1'" .,. ,.

~-n--,19--.

Collc:~on System (ch~1U

Combined domestic/stann SltWeJ;9:

'.' .. -;.' ;.:::-.;; .

I
~··~~~=::;~~~~-::::,.. ::::.:-:::::::::::::==.
I .... 08/.22/2003 13: 35 5072355391 . , ' ... '. " '. ""

/

. FAIRMONT WASTEWATER ..... ··
PAGE 133/08

V?-~t fkv+·
I 5. Additional Infog:na.UQl/, +-1}'-I/2...J?rt.~+

i lPdu3xOOW~ I I

i

I
I
!
i
I

I
I

24-h.t co~p0l;ite

. .
"Fif¢qmrttY'(~\ryS'/week)'- '- ...

..~~.
." .- _..- .

: .....

• : ......~ :. '._.,,: ; ~ 1 ...
1

•

•• '- .... -' ,' •••••• ~-, -_.••,...... • .. ·•• • .....__ ...r ....;_.--..........

r.·. ' .•

~. . . . .' : ... '....

Other

Frequency (day-$/week)

DO~5 plllilt have ~ ili.b?

Grab

Loc;ation

BOD

NH.t-N

t,-- TSS

'!.L: N03':'N

_____: CoJ.i,fonr,l..,

~ PH

N023-N-----
. ~ COD ..

To~P-----
,,':' .....

. : ..... :~.: :
.. . -.- •. .; .• ". ".' --' " .- - _',. _.. .. ,L_ .

, .-.

. M'."'~""" ..... '. """.

40f4

08122/03 FRI 15:34 [TX/RX NO 8972)
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08/22/2003 13:35
FAIRMoNT WASTEWATER

~rff f/~
Fit-t~--t-

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

PAGE 041138

PrimaE}' Ta$~ Grllvi~ Belt'I'hickenen _

Centrifu~

Bdt. Thickenets

Dillsolved Air Flomtion

Yes .'. ..• :.. : ... _-·No-:...
..~
,:,~ ....._..

Pl~c Name: 'Ihick~ Pr:oc:ess

Othe:x Conme)

Bry;ng Beds

Belt Filter Prc$s

.AnaeJ:obic

3of4

08/22/03 FRI 15:34 ITX/RX NO 8972J

_: .~... .~..
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~IGD
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Present f1o~

. ' .. ;, .'"

. :.:-.'--::.;.: .: .. : ....:;.".

. . '. ... .. :... ~.:.: ' ." .' '.:':. ' ..." -

.' ... - .....

5072356391

.. ~ '., . '. :-:-:

() -5i>7.Jjr~~o2- :Fu: () $UL~~b37:1

U)uJuJ~WuJt££hev Cvrrv~n_ !J et-

-",,3~~~cr-:..-_ MGD

08/22/2003 13:35

CODtlIet NlUl)e:

Phone:

..... '." ..... _. ':.~:.:~ : ~.:".:'- :. . .,. . '-'" '.

I
I
I
I
I
!

2. J)i.s;blU;gl" PmuJ,t Con.cCpttaJigo. (mglLl
cP.to'l'ide A.,..wahle Pantnet=)

COD

TSS

Settlt:able ScUds

NI-4-N

PerroitI.lmi;

15roWL
,3r)

~
IJpeI Freqy=,-Cii!5\)

J0JvCJ3/uLc
JJd7f- c/$oL

dYAV' -3j~~k=

Torlll Nit:rogen

Total Phospho2:oml

Soluble Phosphorus

Fec:al Colifomt

pH

Others(?) List

cnt)l'e - composite, pb
(l}f(e.q~ency - #- ~amplcs/week or .month

1of4
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3.

Pre-treatment (check)

,.'.. ' "' ..--, :. . :. ' .. :,_.

FAIRMONT WASTEWATER

r;:viur~ f11P-f- ~i~·

. '.': .-:., . '.: '. ~~. :".. .... ;:.. :

PAGE 06/08

Sell' Cleaning Se::teerlS

. Comttllnutnr

Aeated Grit .Removal

OmC! Grit R~oval

Number ofTl:~tmeo.tT~

.;

~ ..

# of clarifiers

Yell No

Di~ctcr

Ifyes) chc:rnk;al(s) tJ.9ed

~ NQ

Rat C- cbk:~J~e ~__
-Scr:gpdstjT TJ;~tmem: (plcallc check}.

Trickling Filter

Lago01J.

Chemical addition

Ifyes, chemical(s) used

~.
Qcldation Ditch

-.: .:~.. :..•... ~ ," ', ....: .. '-"~

Biological Nutrient Removal
i.e. ('\.ll.lletobic.'!ld/o.r_~oz:ii::CO~~eD-t5

Sccondu.cy OPrifi",u

# Q f cl:u:i£ie.x:s

Chemical addition

JEyes, chem.ical(.~) used

Polishing Filten Yes No
~.

Type of Filta

Mcdialdepth

Chlorine

_~ ..;. # ofP"ilicrs

Acca/Filtcr------------

Ul(raviolot

Dechlorination No

Please provide II. copy of the most (ccr:nt monthly plant p«fonnance repCilnWg fattn.

2 of 4-
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:,'..:.. : ~:~ ' :.~ ,:: <

FAIRMONT WASTEWATER
'.-: .' .' . ..' ~ ....:. : . .

PAGE 137/138

Pkll$e pro~de ultimate destinatio.D ofplane solids (i.e. /lIndfill, agricul

Prlmat:y SjndFr 1hiCkrning (pleasQ cln;ck)

Gravity

Ses:Q!1g~tYSb~dgel4ickMlng (pls:i1&e che~

~ BeltThick~9

:Belt ':('hickcn= ----

... _.... -_.
CQm,bmed Sludgs ThigeniAg (plea.se cbet!&).

Yes

Dis50Iv c:d,M Flon..t1on

IJ/'wv-r-.. ilL l e-t-elbtr-

,..... :., , ..N.o:. _. ",
...~.

Please. Naa'1c: 'Tbiel!:.mitlg Ptacc:ss

Anaerobic

Othe" (n:une)

s~ De.WI!.teOOg (plt:!w: check)

. Brying Beds Centrifuge

Other(~e)

30f4
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FAIRMONT WASTEWATER

~~~ f!~
m-/~

. · ... _·:.. :c· .... '_: .. ..... - .. - .. ' .'- . '" '.. ".:.-: : ---"

IndustrialWSAt~t

I,
I

! I.~ .i·.-

!

I
I ;

- !

Colkction System(~

Combined domestic!stoxm sewers:

24--lu: eompo.site
. . ;.

'- .. ·..F-b!:q'irerttY·(~llys1~ek]'···-· '. ., "'-'" .-
....:'. ". ,.!': r~· ":~I"! •. ,

.. - .-. _ .•._.. _~ .· _..•.. 1._"' _-_ .

24 hr composite Grab

Does pi~t have a .lib?

M!llysc:s done by p1ant..Wl (chllck)

BOD __~__ TSS _____ PH _____ '!KN

_____ N03~N _~ Total P

.".,.- ...._....-- ... - - _.... ,.'., .: ."; :. " .. : .... . .
. ... . '. ,

• " ";•••(j .~ •

'. -. ' -.•• ., - - o. ••••• _.
_______"--_ COD.___'_......'_"_; Co!ilonn..-- .Soluble Orthl;) P

40£4
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003 2 26PM CITY OF WINONA COMM OF DEVAug. 11. 2 :
No.4482P. 1/9

'FAJ('TI~tANSMJnAL COVER ,SHEET
City of Winona FAX NUI~er': [o07}'457-821~

Transmit'tal Oa~e ~ -l\-o~. Transmittal Tlrne· _

Phone NUII,ber:' 1=8X Nun:1b~r:
, ,-

Con,peny:' , -..... _

Fr'orl.:_~~,~~1~~~t:x:Jt.I W~90~t\.' W().)LP'.
To'tal l:Jages ., OJ Including Co~ep Sheet, '

INSTI=IUCTIONS; ,

IF YoU DO NOT RECIEVE ALL THE PAGES, F7LEASE CAt~L AS $'001'1 AS POSSIBLE (507) 457-623'\



Aug.ll.2003 2:27PM

1. Plant InformatioD

CITY OF WINONA COMM OF DEV
··_.~.·_'~A ~ -~-'J - ~ Form

Prelimirulty Information

No.4482 p. 2/9

Plant Name:

Contac::t Name:

Winona Wastewater' Treatment Plant

. Jack Lipinski

Phone: 5'07/457/820-7 Fax: ( )

E-mail: JHerbertl@Cityha)1\ )uminet .net

Design Capacity: 6.5 Present Flow: 3.4

2. Discharge Pennjt Concenttation fmg/L)
(provide AvmIable Pa.tameters)

Permit Limit

25

ACPJal Dischaxge Expected Furore ~
Type/Frequenc:y<I)

comp/3X week

30 11 comp/3X week'

monitor 0.1 comp/lx day

mQllitor . 0 •.1 cmnp/1 month

monitor

200 mpn/lOOml

between 6+9 s.u.

See attached list

3

5.-5 mp1!'/lOOml

7.2 s.u.

comp/lx week

grab/3x week

grab-/lx day

. Receiving W,-tex body: Mississippi Riyer

(llt}l'e - composite. grab
(llfrequency - # samples/week or month

lof4
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Aug. 11. 2003 2:27PM CITY OF WINONA COMM OF DEV No.4482 p. 3/9

4. Sludge Pcocessing/Uirimare Reuse or Dizwosal

PleoJSC: provide ultimate destination of plant solids (i.e. landfill, agricultural applicarion, lagoon, etc.)

Agricultural application.

Primaxy Sludge Thickening (please check)

Primaxy Tws x Gravity Belt Thicke~ll:U ----

Secondary Sludge Thickening (ple;!.se check)

G.ravity

Centrifuge:

Combined Sludge Thickening (plme check)

Belt Thickeners

Dissolved Air Flotation

Yes

Please Name Thickening Process

Sludge Di~stiQn (plme check)

_-\.erobic

Other (mme)

No

Anaerobic x

Sludgs Demtering (please cbe~

BtyingBeds

Belt Filter Press x

.Centrifuge

Othc,; (name)

30f4
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Aug.11.2003 2:27PM CITY OF WINONA COMM OF DEV

Wastewater Facility Screening Form

No.4482 p. 4/9

,,

I

:...j
J
1

I
I
!

j
!

I

. Additional parameters tested for.

P8IlIIneter Pexmit Limit ActUal Discharge Sample type/Frequency.

Copper monitor 0.018 Comp/Ix month

Zinc monitor 0.007 Comp/Ix quarter

Mercury monitor 0.000003 Grab/Ix quarter

Dissolved oxygen monitor 4.7 Grab/lx day



WASTEWATERTREArMENT
CISCHARGE MONfTORING REPORT

-;:;p....~
~q a 1"

PERMITTEE NAME/ADDRESS:
Winona city of

PO Box 378
Wlnona, MN 559870378

FINAL
UMIT STATUS

MN0030147

.' PERMITt#

FACILITY NAiU'lElAODRESS:
WlnonaWWTP

650 Winona SI
Winona, MN 55987

CT.>

-.......
Lr:>

"AriON INFORMATlON:
c:... S·001 (Influent Waste Stream) MO NITORING PERIOD

Waste Stream, Influent Waste EARj MO. I CAY I'flSAFq MO. I OAY

~ ~ention: Jack Lipinski FROM 2003I06I01 Tol 2003J01if.l0~. I. J NOr-lOW I MPCA;MK- .,.- -- ..--
C> PARAMETER QUANnrv UNiTS CONCENTRATION UNITS OF ANALYSIS TYPE
= .. '.
Preclpllatlo" I

3, J
In I I

SAMPg ...- ....... ......... ....... ..... .,. X ;X I,
VALUE !

00193
PERMIT

_. "lOr",", 1Xray M&asur......... -* _....
REQ CalMoTot

Flow
SAMPLE ICJ~, 16"1

MU

3,339 i./, /37
mga

X ~-- _.-
VALUE

50050 ..- /'lC"Vl'\l
,,_. _.. 1Xray .Meal,,;On

PIf{];~TT -*carMoTot CaIMoAvg CalMoMax

-SOD 05 Day
SAMPLE ......a .......- .... _..

/2. 7 2.0'/
mgJL.

X X I"~C) VALUE
)82 -- ._. J x/wee", vOmp:.l4

PERMIT ...- ._.
REQ CalMoAvg CalMoMaIl

S
SAMPL_c lIS- l'B'g

mOIL.

7-._. ...-. ..- ...... ((VALUE
530

_.. ,_. -
~ ltfe8K l,,;omP:.l'l

PERMIT _H
~.-

REQ CalMoAvg CaIMoMax

he:>
su I

SAMPf:,!. -- .."..... .- _....
7:3 X )< I

VALUE I
100

PERMIT
._. ,_. -,,, 1xray (:jrao_Ir _'H

REQ CalMoMln CaIMoMax

osphorus
SAMPLE. -- ...... ..... ...... 3/6 - mglL

;<,Lal (as Pl VALUE X
665

PERMIT - 1 X l'tYeeK' Ir.oomP:.l4.- -* ..- ...-
REO CalMoAvg

:::;,:
C>

l..J....
C>

==

:::>
LLJ
c:>

<C=C>
=

l..J....
C>

>
I--

<:....)

:::;,:
CL.
r-

""
C-..J

7- 'A .... :>
CATE

7-£-0-1
DATE

~ ,
~ i I n _ J

COMMFNTS:

I • nd original with supplemental DMR (If=olicable) by the 21st day of month following
. Jortlng perlod to:

t>Q INNESOTA POLLUTION CONTROL AGENCY
~ 10 LAFAYETTE RD

ST. PAUL., MN 55155-419<1
ATTN: Discharge MonItoring Report

...,.~_ - .. - . ._----_.__ .._~.. ,-"'.,~-_.~-.-. -------_._ -.._----- .. -....... . .. '-.-.-._--'cr"r-o----·.. .. .. - -----~--.----------



WASTEWATER TREATMENT
CrSCHARGE MONITORING REPORT

-me" ---:::;--
~15''''

,. .~MITTEE NAME/ADDRESS:

~"Jinona city of

POBox 378

Winona, MN 559B70378

FINAL

UMlT.STATUS·'.PERMlTlIl
MNOO30147

FACILITY NAME/ADDRESS:
Winona VVWTP
650 Winona SI
Winona. MN 55987

en
.........
(,D

. AnON INFORMATrON:

.";

~.....o01 (TOlal Facility Discharge) RINGP2RJOD

Surface Discharge, Effluent To Surface Water IfCARj,MO.1 DAY I IYEAR! MO. IDAY
C'..l

FROM 2003106101 I TOI 2003106130:::; ~nlion: Jacl< Lipinski LJ NO ulsenarge I MPCA:MK
~ .... - -
C> PARAMETER QUANTITY UfifTS CONCENTRATlON UNITS OF ANALYSISt TYPE= .,

eeoo DB Day
SAMPLE. /tJ2.- 120

' kglClay
g' 9

mg/L

X IX I..-(20 DegC) . VALUE
80082 lIUl l~O~ - ~ 4U J XIVV&eK I ,-omp"..

PERMIT
R~O . calMoAvg MxCalWkAvg CatMoAvg MitCalWkAvg

eeOD 05 Day
SAMPLE ...- ..- 93 ...- -- ~

><
t1,A....

)<.% Removal VALUE
60091 ......... lfll ~XrHK l.<alClUI

PeRMIT
._. - ..-.

REO MnCalMoAvg

TSS
SAMPLE. ' t'it.. /9:1.

Kg/Oay

II /s- mglL y. 'r---::::> . VALUE
~i30 1I./1I11 1~ IlU 40 II x/weeK comp24

PERrt,'T
_...

L.L RE< Ca'IMoAvg MxCalWkAvg CalMoAvg MlCCalWkAvg=
::z:)

SAMPLE ....- -- _.
'it? ..... .....- -- ~

)C I~·l~ ~emoval VALUE
<-.J 111

PERMt1 ~-
III> ",xreell; va'CUI

<C

_. _.... .._.
= REO MnCalMoAvg== SAMP!::§.

;)U- _.... _... .... ZO ......... ZZ X X I:;;::
VALUE,

~,OO

PERrtfT ...- ....... Il.lJ ......... \I.U 1 x lay ~fat:l

I>- RE ' CalMoMln CalMoMax

!:: )sphorus
SAMPg

_.. - _. .......... 3
_.... mglL

Ix<-.J )<Total (as P) VALUE
00665

PE~~/1 - 1 x reeK ...omp",q,- _... _.
::a: CalMoAvgCL . RE
~:al Collfonn, MPNI

SAM~~ -..... - ......... _... ..._.. I'91UUml

I~.;.:, mbrane Fltr 44.SC . VALUE 5;¥7 X
4tl:101

PERMIT - "'uu ;s l( reel\; Il.:IfaD"'" - ....... .........
= CalMoGlHlMn= REQ

--------~_._---....- ....... .... .... --_...._---_ ...._-----,~~--_.... _........

/ certify that / 8m famlJia, with tile 7 i eo) J
information contained In this - -
reporll1nd that to /he besl of my SIGNA DATE
knowledge and be/isf the infor
mation Is true, complete, snd
accurate.

--_._._-

C'..l ,

i i K~ .. ".....,::::f ./ f-=- ,d original with supplemental DMR (If
- )Ileable) by the 21st day of mDnth followIng

. orting period to:
~ INNESOTA POLLUTION CONTROL AGENCY

--q;:JO LAFAYETIE RO
ST. PAUL, MN 5615&-4194
AnN: Discharge MonItoring Report

COMMEWTS:



·_---_~~_---------------------------

WASTEWATER TREATMENT
DISCHARGE MONITORING REPORT

...... --=:-~q .,.

PERMmEE NAME/ADDRESS:
Winona city of
PO Box 378

Winona, MN 559870378

FINAL

t:.IMITSTATUSPERMITfI.

MN0030147

FACILITY NAME/ADDRESS:
-N/nona WlNTP
550Wlnona 81
Winona, MN 55987

• ITION INFORMATION:

CT>
.........
r--

X 1)(

)< 1)<

x jy

, x ruarte r I GraD

x
Grab 1

x
Grab

x

2<

1 Xray

1 JC ronm I C<lmpZ4

1 lC ron til I Comp24

'1""""' /C:p,,!

TXfav

ugll:

nglL

mgfL.

lJg1C

mglL

mglL-..
.-..

0, I

18'::2.

2,'1

0.038

DallyMax

/,U:I"VKI

DallyMall

SlngleVal

II~

f'J:;,rv,,",

SlngfeVaI

.,... r ...", •

SlngleVal

Lo,1.....A....

_......

--
..........

-
.......

_.
..........
-

....H.

.........

..........

~-.

.......

......

........

.-

........

-
'I,?
I'" _

calMoMlh

H"*

.....

.....

_.

II"IN.....

....-

~-

ItO""

_...

....-

......

-
..........

._....

_...

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

..........

...-

._.

......

.......

-
-
..........

........

..,...........

C">
=>
=>

""
- nd original with supplemenlal DMR (If
-::- :lllcable) by the 21st day 0' month following
too lortlng period to:
~ lNNESOTA POLLUTION CONTROL AGENCY
I olO tAFAVETTE RD

ST. PAUL, MN .55156-4194
ATT.N: DIscharge Monitoring Report

r.nNl MI=NTlto:·

1.!':1:~!'fl ~~ w VI' l T~ /-4:iGO? 7-9'''-42
- DATE

7- "J-j:>
DATE

~-~-...,.....,--,---_....... -_.._.. ----------.---...



Month <:1"btu..· ,20~ OU~'a.ll Numbe.r ~a~o,",,{ _

~
i=fJ
ol!",
~~
1lI!:,.8
o~c

5~
faI
~

~~i ~
S"~ool \lII
~Ool! 'Z,j
li:t:l~::> ii!-~... 0

t.I cl
I)

i-0&
~~
~~<..,Us.
l:l

~~ ~~ ~
!S~i ~I ii
E~- ~~~-III is . lUiS 5

i

I
i

I
a
~i
f~

~~
l5 0

~~

~p~

~i2-

f< 8
~ =!ft ~-

;..Q §~00 ""
1Il~1Il 'illr.l!:jU ....
Qo S-

Qo
!S ....rt
~

ISo'
B....
~l
~

~
I:!-

~i
5

~
£~
ti~
!§e

~

~
j:~
~o

~~
~
Qr"

o

~

c=~
~~

CL.

I
c!.. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 16 17 18 19 20 21
:: 1 S,rlI 0,0 4,t.'96 7,/) 7.1') . -~.t.... 4,1 J10 IJ./rJ
.,; 2 Moll, 0,0 Jt.l~9 7, Z. 1, / J{,A'" -GO,,/ ~tf) I~

=,3 -r(J~, o.,()_LJ,tJf61 I:?I./ /, C/~() 93 It.:2., Lj no ,,~ 7,;z" 1JI ~z.. I ~t).I 160 !50
4 Iwer/.1 .1).0 13,Q't. I I 'i;R-I- 7 19't,O I tOs'" 1'..r2fl--~ IetiLb II~ 17,~ L7,d,_L_L_ 1~3 I 3 I ~,/I2.Dn I (SO
5 J-rAlJrl6,OJIf.02.b1 1/36 1-?--r~{foT/31TIlh 1/3 L~~/~-'J18~LL1 7,/12,1 I tiL( IS;s I , 1~"J1 h/O-rj~a
6 l,c~/, I O,s""1~6'1/1 I . -, 1 I /1- I I I 7./17,,/1 I 15'.tS'1 I-<.~./I io/O I/~o

7 1.~fL I tJ.O 15.'6i I J I I . I I 1--1- r - I '7111 7,/1 I __ I~5" I r ~,II.zoc' 1!.JO
8 Igw'l.I~.<'I.:ttijll I I I I I --1- I 17,/17.. 11 I 15':$11 I~,jl/b(j 1110
9 l/linlll I ~,t: Ig,Sil?7 j . - I 1 I I I I ~I--l--- I 7. Z \ :z I I I j.s;~ I 1-<.a,/lvo I I~()

10 1"1CJ.t-. 119.·4 1~.S"13 I -TlY.] /CJ 19/,t) 1133_ LIlLI 1
U

-I r~(j 1/64 Ii.%.\ '2.z I I 1.1';/ I 1. I~JILLa-.Qil~()
11 V.lklL !nJls.,SJ71--=1 120..:1 I 7 u 1'l'1(£0 In I az, IIJCJj{),o_[W.-l~~2i.LZ_L-' L ~l E6'J ~3 I~,I [UIJ 1/3()

,

~9.gC

/ 1/06

._---~ __ . _-_.---_.~ ...........•..

124 I"';J.I'~ I ~,5'J.1.J]ol 1'1.i141 S( 19'~..o I q~ 1./5""0/ I I? I C12~{)' I~t. 17.3 11,/ I I I ~,~ ,~ I~,71/i6 I '-Y6

:::>12 1;rt,1.. a.6 Iq.?L? 9Z- J,j 1ii.f) i/4.flJ Jl9 Zt) I'F,b ;U"(j ?J~ 7:7 '17: Wl{,~ Cj' -4!J.I :2.0(.)- -J.q()
~ 13 hu' t:'J 0 I~. 4i~ '1,,2.. 7./ S; / -<.oJ JJ?6 IZ()
~ 14 . ~ L!l () L~;/"2. 7,,2. 7./ ~p -4:),/ :2.1It\ /2. C
::ElS . ~J"" .n·0 12.~.t.t . ~Z 1• .2.. _~.~ '<0,1 ~'L~ 1,40
25 L6 IMM1~ t?),() ~/~"f. 7. = ",'z ."f"':'L ~,I /f,O 1.2.0
~ L7 I'1":"H /.)J) fJ,~"e, 'l.or b ~!/.O 7.~ 6'7 /2.. j 2,0 1:')'0 7, ~ "? --; ,'5"': ¥ 2... "'-t) ( /t:. t) J2. ()

2318 II 1.1';, tf:JD 1.~.J'tIi J~/) /1 q2../) ,_~) //,( 1'/ 5r'ff.O J'7 ~~ ?,/ .r"':"V 7 I~j 2..IJ() 19{)
:[9 ~,./J'" 1t1'l.t'J 3,1.'1.1 -1}~iI ~ c ',0 '12. 13K /t'J 9:,:/\ 11./ '71.'f '7,/ 2.~9 3,?' ~¥ / -GO I IP6 /.50
LJ... to p,.) , o,() I.~..tlill "'1, 77" J 4l '7 4!J. J J~() I~ ()
on ~~ /.l,() A1i'J.LI "/11 7.7.. '/. 9 «;./ ~/)~ /~o
;:: ~2 ~.pf" I t9,D 1~,57lJ' . ~ / "7,le:z- <0,) 2..~/") J~1l
'i'..t3 /I1MIJ ('),0 13,1I.t . 7.~ "}',; tr.5' -4?.1 Il() 1'10

- - . -

...; rota] dd , % 01.
=

Lf,ts form replaces the 703 and 704 fOnTIS. and sbould be submitted with your preprinted Discharge

:::;;;;:'5 IJ.J.~,f, f':J() ~A't"~ l-:LrI-~ Cfff/) ~ 117 B'~$,() 92.. 7,£,-:".7 .ir;;;J _,,'I -<-6,72(;" 1':11>

~'-6 r~i"".n::( l.z~~o ilt..., ~/) ~fJ 571.. t. 14'=t.t> t8 1~; 7. / 2.,(,.:J11 _~J, /"~ .t:.A,1 ?Id} /I.JC;

;;"~7 ~/"l·. ($).0 iJ,IJJ(/ 1,.1' 7,/ ,s-;A./ ~,/ ~'V) .(~b

J:,:.l8 SI1-h I'),~ 2.,K2L . ..,,/ -- 2.. .r;~ ~ I 2.~~ )'ICJ
~ ~9 .~e-A I}, 6 1.2.~1 ?/ "",~ f: Y "'-d, I {~6 ''1O
""10 M6I1. ~,o l-l.It'J$' "'1.~~ ~q S;G <t::J.J 1~/1 l~~fj

11
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ADDITIONAl PARAMETERS .l:- &. !-. ....:

to. - " .~'''' "1- ~ . ~ ~v~... ~ . t Yol....c. ~ ~ ~

.~~ ~.~ ~ \ll.. '" \i.~ ~'4.~ ~~ ~ ~
T \) ~ 4i1 ~ ~ ~::!S~. ~ .~~~ "U. ~ ~ 3"-
'l~\--1 \i) G~'t) .~~ l$ ~

CL 21
1

~*1. I~ /.~17~~llf.~ 3.9

~ -I 1'1

a I I I I I I I I I I ISu~. I 3"''1' I6/
9 . j I I I 1 f· I j I I ~lMAIf, I"1 I t:. /

10 I I I . I I I I . I I. I f-r.".lf. I" I I t I
11 I I I I I I I I I I fw,.,,..),1 ~/. 1',5
12 I I I I I I 1 I I 1 mid, I ,( I~ I
13 I j I 1 I I I I I I I~J'~ I ~ I I '" I

13.2:

-'I

>- 14 . Ii;nh ~) II
~ 15 lsI...n. I. I ~ 'I ~ 1- I
LL 16 . 'AI.i',,'! I!./ ~.oj ~.4J-}I'H:'Ll~ AI. IlilJ7l.o

o 17' I1"'JJf ~ / ~. ~ , I R- I I

~ 18 11 U.l'J~ '.-1. j;) 'I . . .
g 19' ~ oJl', 63 I~: t,I J"JI,J~Ij 0,1 lllJD
<C 20 ",:, ~.. I~=
~ 21 . 'd/: ~,~ , .5
~ 22 . 'ill! r? I ~ ~

LL 23 " hlMl& I~'V' .
: 24 I-f.'~ It ~ Il:;" 1 1 1 1],.2.
~ 25 lPtd. ~~ It:~

"i' 26 r1hUl'> ,~ c=
I 27 I I I I I I I I I I I ~D'. I i Y 14 <I
~ 28 ~fo... bY /(/ I

~ 29 . , s:"'" J. C/ ~: ~
~ 30. . J'l/tI.n. ~: i/ 'J Ii.

I ~ I I
~OTAL ; 1J'IL{lj JI'Ult"'l471 ':13 •.310,1 IPi,l I
~ '. I I

Send with preprinled OMR:s 10:
Minnesota Pollution Control Agency

~ 'OMslon 01 Waler QwHty
<c, 520 Lafayette Road

Sl. Paul, MN ~155

• Al1n: Training Info, Management

WJh-dI1'«" !Y1vlI.,'cj/?...1W~J.<tVdu-
FacUityName: "1'r-eq lin"z.;f= 1114111" Permrt Number. tf1!'JtJIJ50PI?

_____ • __._ ••• ~ •••• h. •
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.Plant Screening Forms

Biological Nutrient Removal (BNR) Treatment Plants



· '.1, ',' .• ;".'

AUG 12 '133 11:133AM SC WASTE WATER P.l

.... ' .. ' .

PUBLIC UTILITIESi

WASTEWATeFi
WATER '
HVOROELECT,RIC

FACSIMILE TRANSMITTAlL

WASTEWATER TREATMENT FACILITV
S25 60TH STREET SOUTH '

ST CLOUD MN 56301
(320) 255-7226

(320; ~:5·72~1l

(:laO) 255·7225
(320):15;.722.9

FAX' !:tiG! 2S5·i221
FA>; CJ:!o, 65,)·2e:l·:

DATE:

TO:

FROM:

,

Un.C~k~ CL ~().\.YYL

)<~~~tJ~ - S-'t .CJLetc.uL l~vJT P

,
1--

Please phone to verify receiving document:

Please review and phone/FAX comments, ete:

For your information only:

MESSAGE:

S uJV~ - M 'CS ER.B .......... _

Please deliver to the above addressee(s). Call number above to reP;Ort any problems.

400 2nd SlrB1!1 South' S1. Cloud, MN 56301-3699
hllp:J/ci.1I1cloud,mn.us

The ell\' or St. Clll\Id, Mmn_13 wiD not diacrl",jnala llfllM baSiS or nice. color, cre~, religion, na[:onal origin. sex, disllbi!lry, Ig~, malilal SiJlIU6.'BI.tU~ ",11iI f1!llaId 10 public .usisl!ll1ca. lammal 61a1u~ or sexual
QrienlalJgn, Upon l'9que&l accor.lInodaliQll will Il8 ptOVided to anow Indl'/iduals with disabilities 10 par.icipale in all cit~ 8./Yic;l!5. progmm. and aeti~lje&.

,

08/12/03 TUB 11:53 [TX/RX NO 8816]



AUG 12 '03 11:04AM SC WASTE WATER
Wastr:~tc:r Facility Scrc:c:ning Form

Pre1U:Qinary InfonnatioD

1. Plant In[c>rmIQon

· .... : •...

P,2

Plant NlImCI

Con~ctNlUI'1c:

St. Cloud Wa5~ewatex Treatmen~ Facility

Patrick. ~hea

2. J)jscb!l~e Permjt tOQceptradon Cmg/L)
(provide Available Parameters)

Phone:

E-mail:

Design Capacity:

( )(320) 255-7226

pshea.@ci.stcloud.lIU1.us

__...;1:.::3;.:_..;;0,;:;,0_ MGD

F~: ( )(320) 255-7221

MGD

BOD;

COD

TSS

Settleable: SoUds

NfL-N

Total Nitxogen

Total Phosphorous

Soluble PhosphotuS

pH

Permit Iamie

25 .. MoMaxAvg
40'WkMaxAvg

30 MoMaxAvg
45 WkMaxAvg

NA

200 CFU/IOOmL
MOGeomeanMax

6,0 MoMin
9.0 MoMax

A£D1!11 Di.ehatge

6.0

7,5

0·97

37 MaxMoGemnean
6.7 MoHin
7.7 MoMa-x

Ex~ec:red FUMe
!

lessj than 1.00
I

!

Comp/3xWeek

COPlPl3xWeek

Comp/ 7XWeek

Grab/3:ltWeek

Othets(?) List

. Total Chlorine
Residual

ReceiviAg Water body;

0,038 MoMax 0.027 MoMax

Mississippi River
Grab /7xWeek

(I}type • composite, grab
(l}ftcqUl!l1cy - # 52mples/week or month

lof4

08/12/03 TUE 11:53 [TX/RX NO 8816]



..,. . . -'- ..' " .~ - ..

3.

AUG 12 '03 11:04AM SC WASTE WATER
. Liquid PCPc;sS$ DemjprioD

P.3

Barscrc:c:n x COmnUnutQt

Self Qenning Sc~eeDs x

.~ecatcd Gat RemovuI

Orher Grit Removal x
~UJnbecofTteauneQtTr.Uns

Primo,," trenmmt (please check) x No

# of cbuificr5 4 Di:lme~r 41.5' W X 100' L X 8' D

Chi:mic:u addition Yes No x
It res, chemicl1Cs) used

OxidlltioQ Ditch

x

xNo

.
I

Rotating Biologicll1 Conta~tor

i
I

i
I

Biological Nutrient Remcl.a1
i.e. (Anaerobic nn.d/or nJoxic comp:u-unents

-;---
i,

!
i
I

x

ChemkOll addition

Trickling Filter

.-\ctiv:uea Sludge

S"spodaq Treaement (p!eg~" ..heck)

If res, chemicll1(lI) used

Secgndl!~" Chrifieg

#. of clnrifiers 3 Dhmerer 96' DI(l2 t D)

Chemic:u addition Yes No X

lIres, chemic:;d(lI) used

Tertian: TreprmEiPt

Polishing Filters No x

Type ofFUttr #ofF'aIten

Media/depth

OisinfeccioD (,ple;ue check)

Chlorine

Dechlorination Y-=s

x
x .

UltraViolot'

No
. ;

Plellse provide a copy of the most recent monrhly plant pcrformllltCe nportiDg form,

20£4

08/12/03 TOE 11:53 [TX/RX NO 8816)
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r
·1

I
\

1
I

AUG 12 '03 11:04AM SC WASTE WATER

4. S!ud~e Processing/Ultimate Reuse DC Disposal

Plea5e provide ulclmllte desUnllt10n of plllnt solid5 (s.e. land£i!J, l1gric;ultWa! nppU,ation, !ago~n> etc.)

Agricul~ural application

P.4

.• - :.<: ..-

Primm Sludge Ihlckening (pleu!;; check),

Primar:y Tanks x Gravity

,
Belt Thickeners ----

Sewpdllp' Sll1dgs; Thickening (pleau: c:b~ck)

Gravity x Belt 1bickeners

Dissolved Air Flotation

x

X:

Combined Sludge Thkk$nini (please checkJ.

Yes

Pleas!;; Name 1biclu:ning Pr;Ol:eu

Sludgl! Digestion (plegse checK!

Aerobic

.Othet (nume)

SbuJge Dewptt;ring (please check)

BryingBeds

Belt Filter Prcss

No x

Centlifuge

Other (nllmc)

30f4

x

Bioso1ids Scorage Tank
wi Gfaviey Settling'

08/12/03 TUB 11:53 [TX/RX NO 8816J



· . ". ::~ - .'.
.... : 0'.'. ,"

I
I
I

AUG 12 '03 11:04AM SC WASTE WATER

5. Additignnlln!Qrtnarion

IndUli;trill! WBstc;wBter

List nnmc:/type of lUIy signific:lI.Qc industDa) WllSre~'llCer lood to th~ pl:mc:

Elec~rolux Home'Produ~ts / Northern Wire; Metal

~
I
I
I
I

I
i
!

finishers I

P.5

AmeriPride Linen Apparel Services I G&K Services; laundry

E5timllted perceQt ofplane BOD IQad: 74:

CoUs:ction SYstem (sibelik)

x

Combined dOIDl:tcic/stonn I~'U/ers:

2~ ht compo~ite x Gtab ___1-..-_ Other

x

i
i

Alka~1nity

i'
Takeniprior to discharge,

I

af~et dechlorination

i
I

!.
i
I

!

i
I

XI"Il<N X

___+-!__ Tot'l1 P

xl

Grab

Location

x

Yes

7.x Week

Anplms done:.~· planr lnb (sheck)

BOD X "ISS X PH

NfU·N X N014 N oX N02J-N

Soluble Ormo P X Coliform X COD

Ochers (List) Tot:aJ. Chlorine Residual. Volatile 'Acids.

Does pl:lllt h:ave 111llb'?

Other

24 hr compo5ite

40f4

08/12/03 TUE 11:53 [TX/RX NO 8816]



.............. ,.

' ..~. -' ..... "';: .. " ..:, .....

ROM : REIN &- ASSOeIATES' PHONE NO. 218 2366281 -Aug. 06 2003 12:06PM P4

Wastewater Facility Screening Form
Preliminary Information

Phon~

Plant Name:

Fa..'C

Plilntlnfonnation

Contact Nllme:

1.

E-mail:

Design Capacity: MGD Ple$ent Flow:

••••p

2. Di5cbarge Pennit c.oncentration fmg/L) .
(px:ovide A~ble Parameters)

~OD5

)
COD

Permit J imjt

z..~

S1unpk
.Iypc:/Freqnem;y{l)

TIS

Sen:l.l;llbl.: Solids

Nl-L-N LJ,3 1.0

Total Nitrogen

Total Pho~phorous

Soluble Phosphorus

FeCll Colifonn 43
pH

Others(?) List

{J-/-fer 76 J { «(vet

(I)r:-pe - composite:, grab
ll\f:rc'l=ncy . # samples/week or month



":--"

5. Additional Infonnation

:1l>SUio.l Wastewat:er

List name!type of any signiiic:mt indusu:ia.l WlIstewatcc load to the plant;

Esriroatcd percent ofpl:tnt BOD load:

Collection $yg.,m (check)

Combined domestic!storm st:Wc:rS:

Plant: Sampm,g and Analyses

24 hr composite

.1quency (d-:J.ys/wt:.ek.)

Grab Other

24 hr composite Gr:lb

Other LoC".dtion

f.ccquency (dAys/week)

~- --'- '---' -----~'_.~---.-.-, ... ,.._.: .... : ...._.:- :

,-\nalyses dons by plant hb (check)

BOD

NI-L-N

V
_..:v'"'--__ NO~-N

PH TKN

ToralP

- .' j

Coliform V COD

~ C6iJdu,.-~I/JL1 )Others (LiSt)

Soluble Orrho P

40f4



..- .~.:'
:....-...-.... ..... "-

.". ." . .':'"

3. Liquid Pmc<:$$ Desc:tiprion

.. ")ttca~em (.check)

i~sCJ:een

Sdf Oeaning Scrc:cns

A"r3ted Grit Removal

Number ofTreatmenr Train"

Primary treatmenT (please;; check) .

"# of da.tifiers

Ch~c:!!l addition

Ifyes, ch=ical(s) llsed

Secot\d"!1 Tre;l.trn.ent (plta$e check)

Trickling Filrer

_~ctiva~ed Sludg~

Yes V
-z..

Yes .1/

Oof) e

ComminutO!

No

No

RotaTing Biological Cont:lc:tor

Oxidatiol1 Ditch

Biological Nuoienr Rr:moval
i.e. (An:lc:robic :md/or anoxic comp=o::nrs

Chemical addition

If ye$, chemical(s) used

Secondary Clarifiers

# of clanIiers

Yes No

Diameter ~O

...

Chemic:ll :lddirion

Ifyes, chemical(s) used

Polishing Filters

Type of Filter

Medialdeprh

. DisinfecTion (pkase check)

.)orine

Dechlorination

Yes V

j) e :>1'/ 1'1 e. <!

Yes

Yes 1

No

~T ·alum or:f~rrTt~-·-·-·_·.-.-..---:---~ .-- ..

No

# ofFilters

Area/Filtet:

Ultraviolot

No

Please provide a copy of the most recent monthly plant. performance reporting form.

20f4



ROM REIN &. ASSO€IATES· PHONE NO. 218 2366281

,- - ... ~.' . ':'.. .

Aug. 06 2003 12:06PM P3

4. SIudg(' Processjng/tDtiYnate Reuse Qr Di5posal

Please provide ultimate: destination ofplant solids (i.e. landfill) :IgPcu.lrural application, lagoon, etc.)

Aqru-uL..f.wvI ~,c.ab~ .
. ) .

.. Prim:uy Tanks

I>rima;ty Sllldgs Thlckening (plCi'sc checkJ

V
._--.--- .. - _. _ .. _ .. __ .__ . ...::_--

See:ooduv Slud£:e Thickening (1?lose check)

Gravity

Centrifuge

)
C~mb~sd Slu~ Thickening (please check)

Gravity

Belt Thickeners

Dissolved .-\ir Flotation

Belt Thick=.ers

Yes

Please Name Thickening Process

5tudge Digesiou (j?Iease c;hr:ck)

Aerobic

Other (ruune)

Sludge Dew;uering (please check)

BryingBcds

No

Amlerobic

Centrifuge:

Bdt Filter Press

.)
..,~

Other (name)



!
I

I

Plant Screening Forms

Oxidation Ditch Treatment Plants



:.. : .... :.~.... :

.... -;..

... ' "

. .' ~_.. ' ....~. . ''; .... : .. :
. .... ~ ..,' ~. ~._. :....:>~:.::._ :'. ..::":.:.-:l-;:.~

't
Wastewater Facility Screenirig Form

Preliminary Information

Plant Information

Plant Name:

Contact Name:

Phone: ( ) Fax:

E-mail:

Design Capacity: Present Flow:

2. Discharge Permit Concentration (mg/L)
(provide Available Parameters)

Permit Limit

J

J

c'c.n"1poC ~ ~..,.

'{k /w~-lk

Sample
Type/FrequencJ(1)
{:, r"lp"S ; /....".

b /~-<k.

Expected FutureActual Disch'arge

BODs

)D
TSS

Settleable Solids

NH.;-N

TKt"J 6.:lMJ/L ::JV>I-L·-S't,J. , ...LiM.q.~

t'- /5 ...,)L [)u. -on....d. c...l , Nt", """J
T alN' . C> oJ " " " -'0 ILot r Itrogen c> "'JIL tti/",L-- M"'j -_....::.::-.:-'--'''''''U~~

' ..
Total Phosphorous ..: mtJ",;t,.". (JNi:J l:l<.l,t1lo. ct'a-.J-__.....;t=... .:..:';/~;.;~FfLI.....;l'-

Soluble Phosphorus

/ ,;} r- l) l~",~"~ ,"~

h /<.y~~k

,bO It~OInL qe~J-cJ.

".0 rn:~
'9.(1 00"')(.,

Others(?) List

pH

Fecal Coliform

.. ~)eiviog Water body:

(I)type - composite, grab
(I) frequency - # samples/week or month

II



,: ..' " ~" ..,

......•

3. Liquid Process Description

.··')earment' (check)

Barscreen

Self Cle:ming Screens

.-\erated Grit R=oval

··,1 .. ····

....
.'.-:;.: ..

..........
.. .,".~.i' .. r- ••.•.• ",..,•

Other Grit R=oval

Number ofTreatment Trains

Primarv treatment (please check)

# of clarifiers .

Chemical addition

Ifyes, chemical(s) used

Yes

Yes

No

Diameter

No

Secondary Treatment (please check)

TrickJing Filter

)vated Sludge

--Lagoon

Chemical addition

If yes, chemical(s) used

Secondary Clarifiers

Yes

Rotating Biological Contactor

Oxidation Ditch

Biological Nutrient Removal
leo (.-\.naerobic and/or anoxic compartments

No

# of clarifiers

Chemical addition

Ifyes, chemical(s)· used

Tertiary Treatment

.. ~. Yes

Diameter

No

Polishing Filters

Type of Filter

~fedia/depth

.~2infeCrion (please check)

Chlorine

Dechlorination

Yes
Lt ....~~C. !?tt.c.f(cAJl<JA
-,;:;,..,.t.f,'rJ (."l.rn ~r~

Yes

No

# of Filters

.-\rea/Filter

U1traviolot

No

Please provide a copy of the most recent monthly plant performance reporting forin.



'.-': :.... .~ _i.·..'~. .

-)
4. Sludge Processing/Ultimate Reuse or Disposal

Please provide ultimate destination of plant solids (i.e. landfill, agricultural application, lagoon, etc.)

, , '.:... ~- ,.

ao riC ..... fl .....~ (

Primary Sludge Thickening (please check)

Primary Tanks

Secondm Sludge Thickening (please check)

Gravity

Centrifuge

)mbined Sludge Thickening (please check)

Yes-No

Please Name TIUckening Process

Sludge Digestion (please check)

Aerobic

Other (name)

Sludge Dewatering (please check)

Brying Beds

Belt Filter Press

Gravity

Belt 1bickeners

Dissolved Air Flotation

Anaerobic p(..

Centrifuge

Other (name)

Belt 1bickeners



... : .:.~ .. -:
:'.'

";!i:.

. - '.....
~:~~... '-- _.. ..... ;... ; .

. .5. Additional Infonnation

.Jdustrial Wastewater

List name/ type of any significant industrial wastewater load to the plant:

Estimated percent ofplant ;BOD load:

CoIlection System (check)

Separate sanitary sewers:

Combined domestic/storm ·sewers:

Plant Sampling and Analyses

)hr composite

Frequency (days/week)

24 hr composite

Other

Frequency (days/week)

Does pl~t have a lab?

Analyses done by plant lab (check)

Grab

Grab

Location

"( ,J~ /t-PJc.~k,
d~~.

Other-----

BOD

Soluble Orrho P Coliform

PH

_____ COD

.,..~ d~ 1'1- I> ...../.; ~'"('

-IUD +- (~r /.,'t.,~J ~ <. f-



r
I

.' ' , . ' . . . :."..

\)cr'-l:ffCl D. E. S. San ito o.r '" D i st. r jet. 1507932.4217 P., Bl

PlamName:

ContactN~e:

1.

k '-tJ-lZA WancwatcJ: Facility Screening Form
~ "7 c,~. Preliminary Information

Plant Infognluion

Phone: Fax: scor- !3:Z - :'ie- /7
i

E-mail;

Design Capacity: --::;.0_,8=-__ MGD Present Flow: 0,,-83: MGD

2. Dillcbaxge Pennit Coneentmtion Cm,g/L)
(provide Available Par.ttneters)

I
I(}

1/7
!

!_ ..

-l

--

Smlpk:
Ixpe/Freq.u~cy(1)

;Wt f/.a

:_~r~b !/7
1/7

-

30

:Zoo

~, 0 +0 ~, ()7.07

3.5"3

II '3

Actual Discharge

BODs 5,·~

COD /(tt:

TSS 30

Settleable Solids !lAo

NH.-N t/J4-

N01-N /fA

TICN N*
Tota! Nitl:ogen W,4

Tota! Phosphorous NA
Soluble Phosphorus Jilt
Fecal CoJifoxm :2.00

pH 6,0 to tt.o

Others(?) List

Permit TjmiI

Recciving Water body:

(Iltype - (:omposite, grab
lilfrequency - # smlples/week or month

lof4



• ".1 .' •...• ;.

\=~~~~~~OO=O~O~~~_O~~~~~--===O~O_._=~.__ .~_~~~~='~"_-_.=~'O"=-:;.~O~
D.E.S. Sani~ar~ Dis~riG~ 15879324217

5. Addition,,1 InfonniuiQD

Igdusrrial Wa6tcWatcII;

P.82

I-. ~
\

Estimated petc~tof plil.at :BOD IOl1d:

Collection SyUeffi (ched)

Sepuate sanitaJ:y sewets:

Combined domestic/stoon sewers:

Plant Sampling and Analyses

24lu: composite

F.z:cqurocy (days/week)

24 hr composite

Other

Frequency (days/week)

Does plant have a tab?

Analyses done by pl:mt hb (check)

x·

.38 ~o

x" .

Grab

GI\l.b

Location

Other, -',-----

BOD

NH..-N

Soluble Onh.o P

Omen (List)

TSS------
NOrN------

______ Coliform

_-"',("--_~ PH

_---'- COP

40£4

_-,X,--O__ TKN

Tor-.u P

)(



·: . :::.--~. .: .. ' ~'-.. ~, '.' . -".' ", .... -:: - •... :.:.:.:~.: ...:_.. _~ ':..~ '.-: "~.. _ ... _. - . ". : ... ~

......

3. LiQyjd Process Dc::scripIiQD

Pre.qea.troen[ (.chc;c1(l

Barscreen.

D.E.S. Sani~arY Dis~ric~ 15B79324217

Comminuto:

P.B3
i

!

Self Cle:ani.ng Screens

Aerated Grit R.emoVll!

Other Gne Removal

Number ofTte:ttment Trains

1- VOrle)l C-n'ltie~~iJY"'/ 5jf.)em

;<

Primaxy uemment (please check)

# of chrifien

Chemical addition

Ifyes. chemi~(s) used

$c;eooduyTrearmepr ~lease cherrk,)

Trickling Filter

Activated Sludge

Yes

Yes

No ~_

Di2metet

No.

Rotating Biological COUtlletOI

O:<idatioQ Ditch x
Biological Nutrient Removal ! _

i.e. (Anaerobic and/or moxie compartments :

Chemical addition

Ifyes, chemical(s) used

Second:l:CY C!,ui6m

# of cla.Iifi~

Chemical 'ilddilion

Yes

Yes x

No

Diameter

No

x

If yes. chemical(s) used

Tertiaq Treatment

Polishing Filters Ye:; x
Type of Filter

Medialdepth

Disinfection (please check;!

Dechlonn3.tion

('R '7 s...... ll
(8 " ~,o..\

Yes

#- of Filters

_-\rcll/Filee:

Ultraviolot

No

3

Please provide a copy of the most recent monthly plant petfounllnce reponing fonn.

20f4



. ".. -. --: ...:::.:: . -
.... : :

, .'

D.E.S. Sani~arY Dis~ric~ 15079324217

4.S1)1d~ePI:oeessingllJltimate ReUl~e 0t Diq>osal

Ple:J.septo~deultimate destination ofpll\Dt .50lid3 (Le. bad1ill, 'agd=1rur.al application, lagoon, etc.)

P.04

Primal)' Sludge Thjclssgiftg (please check)

01

I
I
I
!

Primary' Tanks

Second:ll1 Sludge Thickening (pleasc ebcclQ

Centrifuge

Combined Sludge Thickl:l:ling (pleJl.se chec~

Gravity

Belt Thickeners

Dissolved AU F)oution

Belt Thickeners

Yes

Please Name Thickening Process

Sludge Digestion (please check) 0

Aerobic

Othcl (name)

BryingBeds

Beh Filrer Press

No

Anaerobic

Other (name)

30f4



Plant Screening Forms

High Purity Oxygen (02) Treatment Plants
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CITY OF MBD WASTEWATER l@001

:".~" '; - :.'.

OJ ••~ft..telll'"..~
ftlUUft..S=CMY
MINNESOTA

WASTEWATER SYSTEMS DIVISION
PO BOX 779
2121 28 ST N

MOORHEAD MN 56561
(218) 299-5386

FAX (218) 299-5381

FACSIMILE TRANSMITTAL SHEET

"he information in this facsimile message is privileged and confidential. It is intended only for the use of the individual to wnom it is
sent. If you have received this communi~ation in error, please immediately notify us by telephone at 218-29~5386.

{}eO"-1 e, Keh r ber'1er - fh cl~o QtI..A-/
To: D~.hJl·d S+ense.f .

:J..o I - S-;1..q - 5"7:LR
Fax: J,o(, - (p r~ - q/ ~S

From: ~()b 6immerman __- _
) Date: ~h:J--/0 3

Re: 6t<J-JJ e.vr
Pages: tf
Message:

)

.
Filrg(J/Ml)orh"'Old

~

'1111.'
2'00

TDD (for hearing and speech impaired only): (218) 299-5370
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08/12/03 15:02 FAX 218 299 5381 CITY OF MIlD WASTEWATER Ial002

W::lstc:watCf FOlCility Sc;r.c..ning Foon
Prdh:nin;uy Information

PlaurName: MDorh~ad Waste~~ter Treatment Facility"-=='-"-'-------------

Ci:>llt~o;:tName: Robert Z!mmennan

Phone: 299-5381.

T!.-mail: bob.zimmerman@ci.moorhead.mn.us

D;:sign C:~pacity: 6.0 MGD Pres=t Flow: 4.2 MGD

2. Di"chatge ~ermitConc::entri)tion (Tng/L)
(P.rovide: Available Par;lI:ne.tcrs)

Sll>1"lpJc
TypdEr"'ln"oC)'{I)

24 hr c:omp .~J~_

24 hr comE._..._1/wk

2..!L.b..~ ~ omp 3/wk

N...l.A.
24 hr camp 3/Wk

N/A

N/A

Nt/>..

2!Ll1r camp IMM

N.l.A-_

Grab. 3/wk

Grab 5/wk.
Grab 5/wk
Grab Sjwk

}>lCpe.ct~Future

---~---

:\r.tultl Dischax~

77.0 mglL

7.0 mg/L

3-9 mg/L

N/A

8.7 my,/L

N/A

_N..LA"-- _

~llOO mL

6.4 sU17,~

~9.0 mg/L

N/A

~ .. _m-,g,,",Ic....L _BOD;

,\.)

)
TSS

Settleable Solids N/ A ~ JJ..l..A
Jilll-Sep 647 kg/d@19mg/L(riverflow'""":">-:S;;-";O"-c"";:f""'s7"")-

NfL-N Jun-S~p 108 kg/d @19111gL1......W-ver !low< 50 efs

NjA

Othc:rs(?) list ---......-::="ic-.-r-7==r::----Chlo;n.ne Residua1 -::<:."-('Or.-tD'\"3~8!'l--o,,,....'t""MD"""L--------:;z:..-nO-.-nO"'4~m::;:g;:""/l1L:------------'

Dissolved Oxygen N/A 4.3 mg/L

N03-N N/A

TI<N N/A

Tow Nitrogen N/A

. Tom! Phosphorous N/A

Soluble Phosphorus _~/A

Fecal CotifoD'U ...1.~O/IOO mL

pH 6.0 SU1.9.0 SU

Reeeh-ing \V';uer body: Red River of t:he North

:) "

. :<S1"~ - composite, grab
(IHreqllency - # samples/week or mouth

1 of 4
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08/12/03 15;02 FAX 218 299 5381 CITY OF MHD WASTEWATER ~o 3

•..;''') J,dqpid Proc~l\.S Dc,".eription

k· ",,,tmt=t (ch~

elf Clcming Sc:reens

.eIllted Grit Re:.:nov.u

)rll~ Grit Re=oval.

2

2

2

,fumber ofTrc::aanent Trairis 2-----------
~i!!:Y tr~bnent(p1r~·'...;E: check)

~ 0 f cJ;u:ifiers .

:h=ticaI addition

f yt:.s, c:hemioJ(s) used

rcic:lding Filter

Yes

Yes

2

x No

~erer Rectangular 90 ft x 36 fc (LxW)

No x

Rotating .Biological Contactor

ktivated Sludge

\1
x High Purity Oxidation Ditch

Oxygen Activated
Sludge Biological N ut:x:ient Removill

ie:. (Anaerobic and/or ;moxie compm:tments

:hemical add.ition

:fyes, chcu>.ical(s} used

:hemi.cal addition

4

Yes x

No

Diameter

No

x

60 ft

{fyes, chemic."\l(s) usd

tertiary Tre!l,lment

RAS chlorination used in~ermi~tently

-s;;;;; c::=="'".'=:.~"'~ =.

Polishing Filtt:.rs

Type of Filter

¥e:s No

# of Filters

~rl:dja/depili

Di,infcclion (plO',c chc:ck)

____________ .-\rea/Filtcr

DechloUnuooa Yes

x

x

Ultraviolot

No

Please provide a. copy of the mOst recent mondlly plant pctfOllnance reporting Conn

20£4



08/12/03 15:03 FAX 21B 299 5381 CITY OF MUD WASTEWATER

.-:-.-::.-;.:- .- - . .:':.' -~ .
. . _. \

~004

4. S).ll.,l;!.ge Proccssing/UlrilI13.te Rcu!it: or Disposal

Plc:lsc: provide ultimate destination ofplant solids (i.c. h.nr;lfilJ, ;lgU<;=\lltuml ilpplic"ltion.lagoon, etc.)

AEplied to agricultural land at agronomic rates.

P.tim~Sludge Thickcning (please check)

Primary Tanks

~~gndjltySludge: Thickening (please: check)

Centrifuge

Please Nilmc TIrickcning Pmccss

Sludge Digestion (R1ea.se che,s:k)

GrnviLy

BdtThick=~

Dissolved _.w: Hotation

x

Belt '1bick~ers ----

Aerobic

O~cr; (name)

Sludge Dewatering (please check)

:Brying Beds

Belt FiIrer Press

)

Centrifuge

. Odu:r (mune)

30f4

x

BiosolidsStorage Facility - gravity
- thickened and decanted
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CITY OF MUD WASTEWATER

".:.,. ' .

I4J 005

:') AddiriofiAll Infonnati9.I!.

ndust.cb.l Wasrew,ucr

jsr name/type of any signific:l.O[ induswal 'I."""stewater ~o;ld to rhe plant:

Busch Agricultural Resources .-. Malt House

Pactiv Corporation - molded f~ber (paper) packaging

Burling~on Northern & Sance Fe Railway·- railway· yard

~stima.tedpcrt:<;:nc ofplnne BOD load:

;;"QUccnon SYSTl:fi1 (cbes::k).

:orobined dOlTIe.stic/storrn sewers:

40%

..'y composirl::

/

r'ti:quency (days/week)

24 hr composire

Other

Frc:quency (dap/week)

DOl::" plant have II lab?

_\n'lJ,ySC5 dotl.~ by plan[ lab (che~

3/wk

3/wk

yes

Grab

Grab

Location

5/wk

S/wk

Othc:{

BOD

Soluble Orrho P

Others (LIst)

x

x

TSS

Colifonn

x

x

40[4

Plf

NOZ,-N

COD

x

x

TKN

ToralP
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WS-(}01 (Influent Waste Siteam) MONITORING PERIOD
Wast~ S1ream, Infll1E1ntWasle rtEARj MO. I DAYI 'YEARj MO, IDAYI

Atttlnlion: Robert .Zlmmemnan FROM 2003106101 TO i.. ZOO3l0~30 j ~o:Frow-i MPCA:MK

. PARAI~ET!:~ __ '" :.. _. QUAN;/;'" ..- ~~;~--._.... .......J.. ~.... C~N;~~r~~TIO~·- . . ....._- ·~~/~s fb~~%~t~~l'S~~iEi

~~~~:~~ay :~~AfuI.f - . _...... 'j .._-~..w .. ..... ... ....:. .. J.i"-ltl..·· ..·~ iio Img/L v' I ./
IJ0082 "'-. _ .._--~ --.-~- -~~~'R"" R:!' 1-~·ii:We-'i'f....I·Com-24

IpeRMiT ..-. •..,.. , . .H". . I. P
REQ , . . . t____ _ ~al~oA-"'!L_ _......£al~CJ~ax . :

SAMPLE: ••:.... ~..'·~:m -- ·1··.. _..- ..::'" f" ~35T"-L,t3~-' mgt .,/ t; a/ j
VALUE _...... ---,,--,-1------ .,.... R~~Re ·"'3·iire1C ·- ~orfiP24,
PERMIT _.... : ......., CalMoAv CalMoMn .

, ReO J 9

s~~~~ '~...::'.' r·......--:.:~ ..- T:,:"r-·---·:w·.. ~~~]·-~J.-f1- ;............:..~... ,.. ··1 mgJl:

pr:gr '---::.~'" i ._~ ~-l r- =~-..- I

<;l ~.

\Xl
"-
'"' ..
N
......
<;l
<:.>

'"'l:lI..
<;l
<:.>

.",

~
..

l><I :

N

'"'\Xl

N
<:ll
<:ll

l:lI
<:.>
\Xl

'"' .' ,
"j ,-;I.,'

..

C":l....
~

.;1

0
"!j

~
~
tIJ
;3
~
;3
:;Q

1\ J.. '......./

iCi; ....p#

/I~j

-",'1""""j
~'T..-~,~i

, /' ' V"" I'

'-oraY ....·1MoaCiln:

1Hr

Moorhead city 01
PO Box 779
Moorhead, MNS65610779

DISCHARGE M0tJITORING REf
,----,.'

_... '---" '~--'-'-'--1

I ....~~ .____ IL~~.~T~~~T .~:~~~.~R #j

~=,~ ~~---r·- :~~=r:·F-~~--T~='~-·F'~---
's~:t.u~ ......._- ] 'H'._'~;~:... '''~-=l ...... -...~~+ .. - J- .. ;~¥. 1 '--T :i'~'. i.'.' I mgiC

p~~~~l'''''' '-".;'~:' -....-I~ ...- --1. t-·~ .""H' .. -_I cal=~::9 I c:~~::-
._---

STATION INFORMATION:

\ '""'''''.'''1 , I.,...\ ... ' .... ~

M<lorhead WWfP'., .
2121 28th 51 N '''-..--'

MOl>rhead, MN 56561

pH

TSS

0053<J

P'hoi>phorUi

Tlital (as P)
00665

00400

Nltrogen, Amm onla

Total {as N}
00610

Send original with supplemental OMR (if
appll~bl&) by the- nst day of month follow1ng
reporting period to:

MINNESOTA POLLUTION CONTROL AGENCY
520 LAFAYETIe flO
ST, PAUL, MN 55155-4194
ATTN: Dlschar-ge Monitoring Reporl

COMMENTS;

'J.Ig·'-f4.S$fl,.
- - •. --_._- -- _..._- ---- ._-- PHONE

t§J
<;l
<;l
-.j

'.!:. '.;. .'.:'. ·1.·.·
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MPCA:MK

Moorheati city of
PO Box 779
Moorhead, MN 56561077~

D NoDi~~~~

'FORMERI'----'

....• TO I. __.... .. _ .. _

,.y",,, • L. .",." L ....1'\, I. " ....n r" ....:'

DISCHARGE MONITORING RE. .r
.'-..../.

MNOO4S069

--'-PERMif,"

." ...... ' .-...... 'f"'''' , '.._~.· .._·.--,-·,.T_~."~. __ .. ,_.'__,~ ...~-~~.--., " .•_~=~~._.-.-. s'u"'1=hJ
I ~ .SAMPLE: ....... ...... 7 0 ....... / t/

VALUE ~.. •. _..... - . --'~S:·~ :O~'~ S~l\'- ..'GF.ifj--
PERMIT1 ......, ...... I -.... ... I

REO l . .. talMoMln __ _

i~~trJj ...... .. ... ~~~.."......_..J--.:~. i .. 'q~-:"C;-.----f- ....... . T' .... ·....~~---_...... ; V"" : vI
p~,,! --::::.:---- ':::·---'"1 f-i;"", -.:;: _.., I'T;",,-tClil"1

~~E .. 'Il/t! f-- -;qiUf""vru '~;':--~--I~7~--q-'--'" ..... ·i~--q·- . ! mglL" v/ : V '
~·--"-f1l2.r· ...... -'-"~f5az ~-~r""~"- 0 _4J

1
·... 3·3fwgeli---,-comp~'41

REQ'-l . CalMoAvg MxCillWkAvg 1_ ........ _.__ CalMoAvg MXCaIWkA~~_, I i 1

I;j~ti~l"" 'IM ' ! "/1i' '1-"""'1 :..::. --1'-'" .. '::;~----'-'r--'q~j' ...-. mg,~ i. t/ i /
: . 4Cl8' .....- -:-'l"13...._·~ _ ...-_.- '1'2- -~r"-'~ 1....3-lireeTc..tcomii24-.
'PERMIT' ••_.

REQ CalMoAvQ j MllCalWkAvg Cal MoAvg __M.ic.CaIWkAvg _._

!S~AfjE -... _...._- .~~~~c-....._. .-:..... ' q /., .q'~"" -~.~"-- .11-~ ..-- .··~:~~:--I. v"../ !

IP~rcr~ --.. --:~:--- ~~.. -- .. ~"".MoA"_ ~---[--=:_-__ ~i -"3'X"jK--rCarCUI'1

STAnON INFORMATION:
SO-oOl (010 Main Discharge)
Surface Discharge, Effluent To SlJrfaae Water

Atlentlcm: Robert Zimmerman

r-A ~11.11 Y NAII'll:I 1C"";

Moorh~adWNTp·."------,,
2121 '28Hl SI N .
Moorhead, MN 56561

CBOD 05 Day

l2il Oeg Cl
BOoa2

60091

CBOD 05 Day
% Removal

TSS

TSS

%Removal
81011

Ffow I~:&~·~-· -.~~~~- '"--lif~Tr-~l''' ...... -_.~.:~-- ....~~·:-rmga- v/ 1../
50050 I.... . '" --- 'EJ'tJrll....·! ~lJRr-..T 1 f·-·n:1Dr... l'MiaCori':

PCRMIT-' -.. . I ...... .. "H" y,.
REO :, CalMoTot j CalMoAvg c :

[ ~~~~~~~eR "I' "~~~-~;;;..,""""" ~~;~~r·----· ..~ -- -·-·-~ON~;T;A_;O~n --~.~-.-. ·-..~~J;·ib~~~~f~g~rs~~~EI

00530

pH

00400

Phosphorus
Totar (as PI
00665

~~fu~ .. ,,-.~~:~ .... _. 'T'" -~w~:..--·· j..~::::1--~--:·7:·=~"·i.. ·· .. ·'1-·.··1i ' .~... TffigtL- .,/ /; I
..~-..... ~~:~.. . ~.~._. H"H-'-::~""'~" -~EP't1'R'I'-··t·-~::---"i ll""""·.I-Ofi,p->ol

REO l / C.a.IMoAvg ,; [ r!
roertlfy that I am familiar with Iha I~~7~cr-g;~~C..?:g~'~Vl~~~~~~ft~ ----------InfomlllUan contained In II1/s I: .
repDrt flnd lhat to the bast ofmy STURE OF f'RINCIPi\L EXECVTI eOFFfCER OR AUTHORIZED AGENi
knowleage and balief Ilte infor- --- .-
maHon Is true, r;omp!etfl, and
accurate.

Send original with supplemental OMR (If
applicable) by the 21st day ofmontll followlng
reporting psrlod to:
MINNESOTA POLLUTION CONTROL AGENCY
520 LAFAYETte RO
ST. PAUL, MN 551S5·4194
ATTN: Discharge Monitoring Report

COMMENTS:
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Moorhead cIty 01
PO Box 779
Moorhead, MN 665610779

'.~ ...
DISCHARGE MONITORING F RT

...~.~ ~~-~ ~ :r"'·_"···~:::~·I·"·..·-l~~~i-l". "··_"~":;=-~I m~c
...... _u : ---t ._. J .._.

...: . j CalMoMin

~m~~"-"-::'~T "., ..~~""- ..:-~-:- :: "T~:::- ,·r~ f,:f!-
PERMJ ....... ...... 1 H ._.

REO .! DallyMax

SAMPL~~'"
I VAWE ...

PERM/
REQ

!S:A~E 117' r··.-:.:" -~Tgr'''T·----=~·~-1-· &. '!
, --··--S'J7--·· ... ; ..9;·...;:--IoI'~ 4._
'PERMI . ...... •.....
i REO. CalMoAvg- ; . . CalMoAvg

STATION INFORMATION:
SD·001 (010 Main Discharge)
SlJrlace Discl1arg6, Effluent To SUrface Water

MQ{)rhead WN .
2121 281h St N'-...-··
Moorhead, MN 56561

Chlorine
Total Rilsldual

50<J60

Nltroge11, Ammonia.
Total (as N)

00610

Allentll>n; RobertZimmermall FROM~~~ TOL. 'VV.>IUOl,)V••. ..J ~SC.~~·~T] MPCA:MK

I . ';ARAMETER: I I ·-QUAN~TyE' P... . -~N;T~I ..sc.. ,.. " ....• I n c~~~~~~~Ano~- . .. ·__m· UN/Ts··IG~~~~f~~~S~~~E,

~::~~a~~~:'~:i" _n •• ~~;:~LJ ,..-._ .. ~~... .... T . "-'~.-::." '-r'"....:.....,... ...~.~....- ...-<. ~_... '-:' ....~..~. 11I'-1001ilr. v/ /
48201 -~ ...n.;-_.•.._.•.• _.--,-.- '-.' .. = far-:-J' .. ·-nrei'(·"r-·GHilJ·-;

. ·PERMIT ~..... : ...... ~...... _...
i REQ I. CalMoGeoMn

Oxvgen, Dl5solved

00300

.'

l§J
o
o
<:D

I~. (J/f-:::N:gf., '1 ,,--

I certify that / 11m familiar with fhe Lf."~~:::;:;=':;~=?::#~~~1f::::::::-::=-::,"':"""""":""':~~-::----",;,Information contaIned in Ihi8 r..SI
report and that to the be~t ofmy
knowledge end be/lef the Infor- I. .1 _ .... -

mallon is truEI, complete, and
eccqrate.

Send original with supplemental DMR (II
appll~abIEl) by the ztst day 01 month followIng
reportIng perIod to:

MINNESOTA ?OLLUTtON CONTROL AGENCY
520 LAFAYETTERD
ST. PAUL, MN 55155·4194
ATTN: Ols41harge Monitoring R9port

COMMENTS;



Aug 12 03 03:00p WATER RECLAMATION PLANT 507-287-1389 p. 1

DATE:

FROM:

ROCHESTER
--~---

FAX TRANSMITTAL COVER PAGE

t:;,::g--- /1"".1"7,.... ~

/-.~/~ ::Y ..2~ ~.--.. ; __
~'

WATER RECLAMATION PLANT
301 NW 37TH STREET
ROCHESTER, MN 55901

WATER RECLAMATION PLANT
301 37th St. NW. .

Rochester, MN 55901
(507) 281-6190

FAX #(507) 287-1389

TO:

FAX NUMBER SENT TO:

TOTAL PAGES, INCLUDING THIS PAGE: ~ ~

ZSC /' :::;-;2.? 5-?~~

IF YOU NEED A RESEND OF ANY PAGE, PLEASE CALL (507) 281-6191.
IF YOU DO NOT CALL, WE WILL ASSUME YOU RECEIVED THE PAGES
SATISFACTORILY •.

COMMENTS:

08/12/03 TUB 14:50 ITX/RX NO 8818]
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Aug 12 03 03:01p WATER RECLAMATION PLANT 507-287-1389 p.2

Wastewater Facility Screenmg Form
Preliminary InfonnatioD

1. Plant Infounation

P/antN:>me:

COnl:ll:t Name:

Phone: Fax:

E-mail:

Design Capacity: ~ 19:/ MGD(~ "'0-4 th) Present Flow: MGD C~.4c.»

2. Dischatge Permit ConcentratioQ (mgIL)
(provide Available Pm::uneteES)

SMnpk
Type/Fre!plen~,:I;

mected Future

~_oaa..,- A~.:>~Q

It/qV'9!kJ~ ~ /5""""?,i> <"'0/ J/?
.. ~,- ~--'b' '... ...,

..r-.n->"'" D~-N-

~/?.5l.f;J [~.;J... ~4fd
iJ'2..c. -"'1.... ../,.~~ j

~~ t'D•.J' C"""'V- /k.~ft)-
~~ .~,?r-~K

,,:;.oe;. ..... ".., _JIa

~_A. 3//7(3l7A,;a. K;;U-~
~r O~7:t -'?/"2

,
4 ff~'" , 1."'1 t '$"¥--'..s,

~.,o G-~!? ;?/Z

b- 7 ~6 .3"0

_-L/.-=-~....~~-:>,V/L-=."':::;4_,,- ~~__~O:;"':':..:/.c....:(7::-_

;;<(,

Fec:>l Colifonn

Penni! Limi[

pH

Tolal Phosphorous

Soluble Phosphorus

NJ-L-N

Total Nitrogen

COD

TSS

BOD;

Settleable Solids

I
!

I

Orbers(?) List

Receiving \Vater body:

(1)t)'Pe - composite, gr:>b
(llfrequency - # s:>mples/week or month

1 of 4

08/12/03 TOE 14:50 [TXIRX NO BBIB]



Aug 12 03 03:01p WATER RECLAMATION PLANT 507-287-1389

- .. "... - : -.. -.". - ,- .~.

p.3

i

I
i

I
I

3. Liqyid PT;O<;C:SS Dc:scription

Pc<:-treatment (check)

B:u:sereen

Self Cleaning Screens

."'>crated Grit Removal

Other Grft Removal

Number ofTreattnent Trains

Primary ueatmcnt (please check) •

# of clarifiers

Chemical addition

If yes, chr:m.ical(s) used

Second"",¥ Tre'ltrnent (plcas~

Yes

Corn.aUnuror

No

Diameter

No

Trickling Fillet

.\ctivaled Sludge

Lagoon

Rotating Biological Contactor

?.S~- • /
H;t? (7 A c t".,.J,e,f 5/J;p- Oxidation Ditch

Biological NutIient Remov:1l
i.e. (..-\n"erohic and/ot anoxic compartments

Chemical addition Yes No I.
If yes, chemical(s) used

~.''''.~... -" .. : "-'.

Yes

Second:tO' Clarifiers

#' of clarifiets

Chemical addition

rryes, chemical(s) used

TertiaIY Treatment

Polishing Fillers

Type of Filter

;\Iedia/depth

Disinfc:crion (,please check)

q ..rA -I.e ..---~,/.~
&.7 ~-.~

~

Yes

Di:uneter

No

No

# of Filters

.-\rea/Filler

90 'Z4rQ"--~~

/::z-o I'6~..J?-

Chlorine

Dechlonnanon Yes

Vltraviolot

No

Please provide a copy of the most recenl monthly plaut perfoIDl:lQCe reporting fOlDt.

2of4

08/12/03 TOE 14:50 [TX/RX NO 8818J



507-287-1389
Aug 12 03 03:01p WATER RECLAMATION PLANT

--'.:_~--~_... -- . --..:...:._:.
.'..~ _.... -- .....:.... --:..::..

p.4

4. Sludge Processing/Ultimate Reuse or Disposal

,PI~se provide ultimate destination of plant solids (i.e. land6lI, agricultural application, lagoon, etc.)

La t'l rl' 4. 9 t C 4 f, PI) "" £f.rc '9 ",;, DriP .6.. -.". A ~ e?/'"? 42':> -T;' ;" e..,7 ;;r:;7'
A'C'~""" r? 'L/t.-A ,u.e4.E. T~__ .KfZ,#'/ Jv-/?..s "'0 d d,7-!?~~

5 1..... ,(;7 a- "''"' ;7r-"'1 _.? ~.i2- /r- ~ .. ~k_J;>_...=> 1-0 t:: %.

Primm Sludge Thickening (please check)

Second;)!;)' Sludge Thickening (pleas" ch"ck)

Primary Tanks

Gravity

Centrifuge

---:~-

Gravity

Belt Thickeners

Dissolved .Ai1: Flotation

Belt Thickeners ----

~-

Combined Sludge Thickening (please check)

Yl:S

Please Name Thickening PrOCl:SS

Sludge Digestion (plense check)

.-'.erobic

Other (name)

Sludge De~teDng (please check)

No

Anal:robic

Belt Filter P:ress

Centrifuge

Other (name) b ~-~I'~K-.-/ 6> '"

30f4

----- -----------'-------- ---------,----_.._-
08/12/03 TUE 14:50 [TX/RX NO 8818)
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Au~ 12 03 03:01p WATER RECLAMATION PLANT

5. Additional InfonnatioQ

Industrial Wastewater

List name/rfpe of any significant industri2l wastew.ater load to the plant:

Estimatcd percent of plant BOD load:

ColJecrion Svsrero (check)

Separate sanitary sewers:

Combined domestic/storm sewers:

Pla~t Sampling and Analyses

24 hr composite

Frequency (days/week) z
Grab Other

24 hr composite Grab

Other

Frequency (days/week) z
Location

Does plant h",ve a lab?

Tot:ll P

PH

~_____ CODColifOrnl

TSS

"'n:llyses done by plant lab (check)

NH.-N

BOD

Soluble Orrho P

Others (LiSt)

40f4

OB/12/03 TOE 14:50 lTX/RX NO BBIB]



Plant Screening Forms

Trickling Filter Treatment Plants
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~Aug 'II 03 03:28p .Jarrod Christen 218-846-7109 p. 1

~
1- .

, ~~' /;Jjjj S
• 1025 Roosevelt Ave., P.O. Box 647 Detroit lakes MN 56502

Office of Public Utilities,
218-847-7609 '
FAX 218-847-8969
dlpublic@lakesnet.net

)(
1 Y ) clr ; 5-7-'"

~u " e j) t< -e s -r ,'0 ,., 5

).. J g- 8 $I/,- ~t>~

f f ;7 O&{

Ca//

'J

)mmissioners: JAMES THOMAS, President
DIXIE JOHNSON
DUANE WETHING

The City of Detroit lakes ',;;

Curt Punt
SUPERINTENDENT

Richard GraOow
SECRETARY
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Jarrod Christen

Wastc",·atc[ FaciJity Screening Form
Prclimin~u:yInformation

218-846-7109 p.2

1.. Plant InfQnnation

Pbnt N;unc:·

Contact Name:

Phon,,:

E-mail:

City of Detroi~:Lakes

Jarrod Christen

( ) -218-846-7102

jchristen@lakesnet.net

)218-846-7109

1.64 Pre~cntAow: 1.3 MGD

. DDs

Dischar:gc Pcanit Co~ntr2riQn(mglL)
(provide Av::a.il..ble P:narnc.tc[s)

20 mg/L

&rn..l Disch,,~

3 mg/L

SJ!mpk
~~~.!=n<;y(l) .

Grab 3 X Week.

(1)

)

:ttle..blc. Solids

I!-L-N

KN

·ora! Nitrogen

'ota! Phosphorous

oluble Phosphorus

;ecal Coliform

)thers(?) List

20 mg/L

Monitor Only

Monitor Only

Monitor Only

Monitor Only

1 mg/L

?OO mpn

6.0 - 9.0

5- 10 mg/L

0,5 mg/L

50 mpn

7.5

Grab 3 X Week

Grab 3 X Week

Grab 3 X Week

kcciving Waler bod
Lake St. Clair

.~. 1N~ .5(~ee. j- : composite, grab.
.. _·~"quency - # samples/week or month

1 of4
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:;'.

218-846-7109..Jarrod Christen

I" .•.• ...• . .•-: ".. .....•.

:1 ~~~~~~~~~~=-==~~~=-==-~~~~~~~~

j
-' -- -- ,,- ----.-- ..

. ~';"

"." ..

j7Aug 11 03 03:29p

") Liquid Process Descripti9Q

"-lXe:lrment (.check)

rscreen Yes CommmUlor

If Cle:lOing Screens

:.rated Grit Removal Yes

ther Grit ReOloval

wnba ofT.ceatment Tr:lias OneCO '

im;u;y trr:atmrot (please chcl;k) Yes x No

of cl:u:ifiers 2 Diameter 49'

b=llcal "",ddition Yes No x
·yes. cbemical(s) used

:condaxy Treatmr:nt (p1<=ase check)

ridding Filter

l)-~~~~ tJ.~
(2- \==-'l-€. fA, ..

___Y.:...:=e:.::s,--_ Rolating Biologic~Contactor

.ctivatcd Sludge

)
/n

Oxidation Ditch

Biological Nut.rient Rcmo.....l
i.e. (.'\naetobic and/or anmc:ic. comp:l[tments

:hem.iCll addition No x

f yes. i:hemic:1l(s) used

cconduy, Clarifiers

~ of cl:uifiexs 1 Diameter 40 •X 60'

:hem.ical addition Yes N.o x
.fyes, r:hemica1(s) used

[ertiatY Treatment

Polishing FiltersIPowd:,
rype of Filtct

No ,~

# of Fillers

Media/depth Are:t/Filter

Disinfection (please check)

r "",One

')
De'chlorination

x Ultr:l'.;olot

No X---
"Please pmvide a copy of the most receot monthJy plant perfo rnlance ceporting form.

2 cr4
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Jarrod Christen

- _ •• '='-" _ •••• - -,' •• ~••••~ •• , • ••••• •

218-846-7109 p.4

4. Sludge Processing/Ultimate Reuse or DjsP-9..ID'J

Please provide ultimate destination ofpl:tnl solids (i.e. landfill, agricuJrur.d application, lagoon. etc:.)

ag appl iea·tion

PrirnjU:Y Sludge Thickening (please check)

Prim:uy Tanks

Secondacy Sludge Jbickening (ple"se check)

x Belt Thickenrors

Gravity x Belt 11uckc:nrors

Cronrrifuge Dissolved Air Aot:ttiol1

r:ombined Sludge Thickroning (please check)

.2s No _X__

Please Name Thickening Process

Sludge Digestion (please check)

Aerobic

OtheJ: (n:lme)

Sludge Dtwatering (please chcck).

BI}'ing Beds

Brolt Filter Press

Anaerobic

Centrifuge

Olher (name)

x

\

)
....,/

After the tfickling filter plant. the effluent goes to a three acre pond and then to·a
25 acre pond. We spray irrigate 54 acres of crop land and also apply to 21 acres of
infiltration basins in the. summer months. We remove phosphorus chemically approximately
January 1st to May 1st•. In this process we use ferric sUlfat~ The effluent is
chlorinated and filtered before discharge. . ( II J [)

Q,d 5wlA.. Q.lo\..\Ot{Jr~
po\~ ~,'e.<--

3of4
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°Aug 11 03 03:29p

-, . '.~ .' ':.. ~ .....: :'

Jarrod Christ,en

. ,'... '

.;':.

218-846-7109

.: .

p.5

)
Additional InfQtrnation

Industrial W":ItJ:watn

ust name/rype of :my signific:lnJ indfjtri:1l wastew;\tcr load to the plane

None ~ 5-ee ~clM;cU5.? (Q:)

Estimated percent ofplant BOD load:

CoUeGtion System (check)

Sepa:catc sanitaxy sewers:

Combined domestic/stonn sewexs:

x

Plant S:ampling lmd Analyses

..,,, .hr composite

)
••"qucney (days/week)

Effluent

24 hr composite

Other

Frequency (daY$/wee~)

Does pl:mt have :a lab?

Analyses done by plant lab (check)

Grab

GJ3b

Location

Other

__.:c.X PH

______ N02J-N

BOD

N~-N

Soluble Ortho P

<::idlers (List)

)

x

x

TSS

Coliform x

4 of 4

COD

_X TKN

Total P------
x



Plant Screening Forms

Trickling Filter/Activated Sludge Treatment Plants
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138/12/213133 14:55
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15137384135139 CITY OF FARIBAULT PAGE 81

.~OfFaribault

FACSIMIL6 TRANSMITrAL

'P~D~: _

FAA: 1D1o- ~~5-q~&5

'R.t:,~S~LvvJ~~-?L1~+-. _

pho~: 507:=333-0361

5OT-3R+-050L......

.'.- .011·

p!.tase caLL tli\.\.~oItt:lteLI1 tf 110l.( c:(U;( lII.Ot rec.etve
the ~li\.\.beY ofpaee.s we t;ylb\.s~ttt:ec:( or [f there
was fA probltl'K. wt.t:h the trRlI\Sli\.\.LsSWll\. oft~Ls
oIoCL(MtIM:. Th/illl\.~ 11°1.01..

Co"'"-Mtll\,ts: --,-- _



PAGE 132CITY OF FARIBAULT

"Wastewater Facility Screening FOlDl
P~c:liU1ulluy In{olDlatioD

1507384050908/12/2003 14:56
--~.- "

, .

· -- ..__ __ _-_ _._..-.-._- _ ' .

r -=~~~~~-- --~------------~~~""~""""~""--~-"-~"-~-_..~._.~--.~-_.~_."~_."""'"""-~

i r"'

1. Plant Infonnation

Plant Nurre::

Contact Name:

Phone: SlJ]<) 7:53 -.;1. q I 7

E-mail:

Design Capacity: _---'-"2:...-__ MGD Present Flow:

2. Diacbicg.e PelDljt Concentration (mg/L)
(provide Available Par.unerers)

Pennit Limit Actual Discharge Expected fuMe ~
Type/Ete'luencyCIl

BOD,

COD

ISS --:'0.> Cfj" L
Setdeable Solids

N&-N

TKN

Tora! Nirrogen

Tota! Phosphorous Lf. " ~t.-
Soluble Phosphoros

Fecal Colifonn

pH

;tOb

10." 0

0/'1/
20 - t:O

3x

I x.

Receiving Water body:

Cl1typc: - composite, grab
(Ilf):e:quency - # samples/week or month

10f4



08/12/2003 14:56 15073840509 CITY OF FARIBAULT PAGE 03

· .3. ::Uquid Process Descriptioo

Pce.m:armeor (check)

Barscreen

Self Cleaning Screens

.-\eI3ted Grit Removal

Other Gric RemoV2l

Number ofTrc:atment Tnins

Primary [Ce}l,tnleo[ (please ched)

# of clarifiers

Chemical addition

x
"

>(
•

X

I.
Yes X

r-f

Yes

Comminuto,;

No

Di:lmeter

No -X.-_
-" .~. /

(

If yes, chemical(s) used

SecoodatY Treatmenc ()!leilse check)

Trickling Fucer x Rotating }3iologic:u COI1t":Letor

.-\ctivated Sludge

Lagoon - .5/u,(;tl.:
Jh-~I!..

x
x

Oxidation Ditch

Biological Nutrient Removal
.i.e. (.\naerobic and/oJ: :moxie compartments

Chemic:!.l addition

Ifyes, chemic:J-l(s) used

Yes -k-

~~fr1=£V=

No

Sc!('Qnd:IJ:Y Clarifiers

# 0 f darifiels Lj J

Diameter 7c.J
Chemical addition Yes

Ifyes, chemical(s) used

Iertiat)l TIearmenr

Polishing Filters Yes ~'.
T~-pe of Filter # ofFlltets

~[edi:L/depth .-\re:l/Filter

Disinfection (please check)

Chlorine Ultc;lviolot

).joYes --4-
Please provide a copy of the most fl:ccnt monthly pl::lnc pexfonnance reporting Conn.

Dechlonnarion

20f4
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CITY OF FARIBAULT
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PAGE 04

4. Sludge Processing/Ultimate ReU6C Of Disposal

Please provide uli:imate destination ofplant solids Q.e.landfil!, agricultural application. lagoon, etc.)

Primacy Siuda: 11Uckming (please cbs:s:kl.

PIirnaty Tanks

SecopdarY Sludge Thi,ks:nin~ (please check)

Gravity Bdt Thic,keol:J;s ---

Gravity

Centrifuge

x Edt Thickeners

Dissolved Ai.t: Floration

Combined SI.Thickening (please check)

Yes

Please Name Thickening PJ:ocess

Sludge Dige?rioo (please check)

.-\erobic

OmCI (name)

Sludge pewatering (plejlse chec;;lU.

Br:ying Beds

Belt Filter Press

Anaerobic

Centrifuge

Other (name)

30f4

x
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;.:,'.'...
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CITY OF FARIBAULT

.". '. . ::. :':. ~-:"",,:,.~ .

PAGE 05
'~

I

I
.~

\

5. Additional InfonnarioD

Industrial Wauewatcr

Estima.ted percent of phnt BOD load:

Collection System CdJrclcl

Sepante sanituy sewers:

Combined domesticlstorm sewers:

Plant Sampling and Ana1vsc;s

r V

x

.\n~ly~es dooe by plant Jab (cbeckJ

;

:j

i
:j
:~

"Ii'..,

i

I
!
!

j

I

I

24 hr composite

f(equency (days/week)

Effluent

24 hr composite

Other

Frequency (days/week)

Does plam have a lab?

BOD

NH.-N

Soluble Ortho P

Others (List)

x

x
:3

x

:3

TSS

Coliform

x

Gab

Grab

Location

PH

COD

4of4

_____ Other

_.......uoK.....,_ TKN

Total P
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Wastewater Treat.

600 Erie Road
Marshall ·MN 56258
Phone: 507-537-6776
Fax: 507-537-6201

Fax

507 537 6201

CITY OF MARSHALL
WASTEWATER
TREATMENT
FACILITY

p. 1

o Urgent 0 For Review 0 Please Comment [J Please Reply CJ Please Recycle

• Comments:

'\\M\~~\ '\ (i\.JOrVVY1~~'(\ U~CV

'6)lclJ()~.

08/12/03 TUE 08:52 [TX/RX NO 8812]



Aug 12 03 08:02a

1. Plant Information.

Wastewater Treat.

Wastewater Facility Screening Form
Preliminary Information

507 537 6201 p.2

Plant Name:

Contact Name:

Phone:

E-mail;

City of Marshall Wastewater Facility

Robert VanMoer

bvanmoer@marshallmn.com

Design Capacity: 4.3 MGD Present Flow: 2.4 ~IGD

2. Discharge Pennit Concentration (mg/L)
(pwvidc Available Paramctets)

Permit Limit .\cm.d Discharge Expected Future Sample
Trpp./Frequem;y\ll

BODs

COD

5 mg/l ;3 mg/l 3 mg/l 24 br camp

1'5S

Settleable Solids

TKN

Total Nitrogen

30 mg/l 7 mg/l 7 mg/L_____ 24 hr. compo 3x weE

20 20 24 hr. camp. 7x weE
I-I s.----

• "is'
lot

~.) Fa" ·~·3 7.'" "r. <.,.".... "]~..-.x
'l~ la,lt:.t-c' ,.,

I...., .5~.~ 'z-.'"

Totlll Phosphorous

Soluble Phosphorus

.FCCl\l Colifo.cm

7.5 mg/l

200 organisms/IOO rol 5-------

1

5

24 hr. compo 3x weE

Grab - Daily

pH

Others(?) List

Receiving \V,uc.c body:

6-9

D.O. 7.5 mg/l

Redwood River

7.5

10.0

7.5

lO 0

24 br camp Daily

Grab - Daily

~.:

(Ilrype _composite. grab
;.I\frequency - # s:lIDplcs/week or month

10f4

08/12/03 TUE 08:52 [TX/RX NO 8812]



Rug 12 03 08:02a Wastewater Treat. 507 537 S201 p.3

· .....":

3. - Liquid Process Description

PrS:-Ireaunent (l;het;k)

B'lIscreen

Self Cleaning Screens

.\cl:"olted Grit Removal

Comminutor /

Other Grit RemoV:J.I

Number of Treatment Tuins

Primal)' treatment (please check)

#: of cl:lIifiers

Chemical addition

If}'es, chemical(s) used

Vortex

1

Yes

2

Yes

/ No

Diameter

No

60'

I
I

Stconda~ Treatment (please check)

Trickling Filter

.-\.ctiv;lrcd Sludge

/z Rotating Biological Contactor

Oxidation Ditch

Lagoon

Cbemic:Jl addition

[f yes, chemical(s) used

Second;u;y Clarifiers

Yes

Biological N utDent Removal
i.e. (:\n.aerobic and/or anoxic compartments

No /

# of clarifiers

Chemical addition

If yes, chemical(s) used

Te:niaLY T relltillent

Polishing Filters

2

Yes

Yes /

Diameter

No

No

70'

No

Type of Filter

~I<:dia/d<:pch

DislIlfectioD (plt:ase cbeck)

Chlorole

De:chlonnation

Traveling Bridge

Sand/Anthracite 20"

Yes

'# of Filters

. :\realFilter

UltIl\violot

L

2

1216 sq. it. _.-'e"'aou.c""b'-- _

./
Please provide a copy of the: most recent monthly plant performance reporting form.

20f4

OB/12/03 TUE OB:52 [TX/RX NO B812)



Rue: 12 03 08:02a Wastewater Treat. 507 537 6201

4. Sludge Processing/Ultimate Reuse or Disposal

Please provide ultimale dc:stimuion of planI solids (i.e. landfill. agriculrurnl application, lagoon. etc.)

Anaerobic Digestion. land apply liq~lid biosolids 2%-37. solids.

fumar;y Sludge Th.ickeo.in~ (ple:lse check)

Primary Tanks Gr:1Vity Bdt Thickenexs ~(no< currently used)

Secondilr;y Sludge "'Thickening (please check)

Gravity Belt Thickenen

Cenrrifuge Dissolved AU: Hotation

NoYes

Combined Sludge lluckening (ple3se check)

1
Please Name TIlickening Process We pump our WAS to primary clarifiers for lbickel1ing.

Sludge Digestion (please check)

.\erobic .\naerobic

Other (mime)

Slud~e Dewatering (ple3se check) None

Bll'ing Beds Centrifuge

Bell Filter Press Other (Qame)

30f4

08/12/03 TOE 08:52 [TX/RX NO 8812]
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Aug 12 03 08:03a

...- .. ";'. ~'. '. '..: - :'.:.: .... .. . .. , .. : ......

Wastewater Treat.

,'",',' .. ,-

507 537 6201

'';:'"''-.,, .. '" ::....:., ..,

p.5

;';.' -':.:'.'

5. Additional IuIonnatiQn

lnduuri:.l! Wastewatcr

List mune/type of any significant indusuial wastew:lter load to thc plant;

ADH. ·Corn Processing Plant; (ethanol, corn sweetner, corn syrup, corn starch)

Schwan Food Company - Ice Cream Plant, Convenience Food Plant

Esli.m:ltcd percent of plant BOD load: 60%

(oUeenon System (check)

Separate sanitary sewers:

Combined domestic/storm sewers:

Plant Sampling and Analyses

24 hr composite / Grab Other

FrequenL:' (days/week)

24 hr composite / Grab

Other Location UV Bid.

Frequency (days/week) 7

Does plant have ,\ lab? yes'- _

:~~ses done by I?lant 1;jb7~k,)

1'5S / PH / TK1'\I

N~-N -/ NOJ-N N02J-N Total P /
Soluble Ortho P / Colifoxm / COD ,/

•

Volatile Solids - Conductivity
UV Analyzer - Chlorides - Chlorine Residual - Heteroophic Plate CountOthers (List)

40f4

08/12/03 TOE 08:52 [TX/RX NO 8812)
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MPCA Monthly Discharge Monitoring Report 1ft

Marshall MN Permit #MN0022179 Jul,2003
...
N

0
Rainfall Snowfall InfFlow Inf CBOD Eft CeOD CeOD % Eft. CBOD InfTSS EffTSS TSS % Eft. TSS Inf. pH Elf. pH EffDO Elf Fecal W

Date Inch Inchs MGD MG/L MG/L Removal m MG/L MGIL Removal IS§ SU §!l !!l9L! . No/100ml 0

07/01/03 0.00 0.00 2.40 430.00 1.20 99.72 9.53 330.00 8.80 97.33 69.85 6.70 7.60 10.30 0.00 CO

12.47 435.00 99.36 23.28
..

07/02/03 0.00 0.00 2.50 460.00 1.50 99.67 2.80 6.60 7.50 10.30 0.00 0

07/03/03 0.00 0.00 2.40 6.60 7.50 10.40 w
QI

07/04/03 . 1.25 0.00 2.20 7.30 7.60 10.50

07/05/03 0.00 0.00 2.10 7.20 7.60 10.60

07/06/03 0.00 0.00 2.00 144.00 4.50 96.88 . 32.32 175.00 2.40 98.63 17.24 7.30 7.70 10.60 i·'
:',

07/07/03 0.00 0.00 2.40 280.00 7.20 97.43 65.32 460.00 4.80 98.96 43.55 7.10 7.50 10.50 0.00 e: (
I

07108/03 0.15 0.00 2.50 277.00 3.70 98.66 29.37 235.00 2.40 98.98 19.05 7.00 7.50 10.80 0.00 QI
Ul

07/09103 0.55 0.00 2.40 393:00 4.50 98.85 39.12 630.00 2.00 99.68 17.39 7.00 7.60 10.10 0.00 ('t

07/10103 0.02 0.00 2.40 6.BO . 7.60 10.60 ID ~ .
e

07/11/03 0.00 0.00 2.50 6.90 7.60 10.80 QI ;':

07/12103 0.00 0.00 2.70 7.00 7.50 11.00
('t
III

07113103 0.00 0.00 1.70 7.20 7.30 10.90
,

07114103 0.37 0.00 2.30 365.00 4.00 98.90 31.75 670.00 4.80 99.28 38.10 7.00 7.40 10.40 -i I I

07/15103 0.00 0.00 2.30 450.00 2.60 99.42 21.62 1,080.00 13.60 98.74 113.10 7.00 7.40 10.70 20.00
, ,.
III

07116/03 0.00 0.00 2.50 410.00 3.30 99.20 27.44 430.00 10.40 97.58 86.49 6.90 7.40 10.60 9.00 QI

07117103 0.00 0.00 2.40 430.00 3.10 99.28 24.61 275.00 5.20 98.11 41.28 7.00 7.50 10.30 12.00
('t

0 07118103 0.00 0.00 2.40 6.80 7.40 10.50
CD

07/19/03 0.00 0.00 2.20 7.00 7.50 10.00"-....
N 07120103 0.49 0.00 2.10 7.10 7.20 9.90
"- 7.000 07121103 0.00 0.00 2.40 7.00 9.50
c:.>

07/22103 0.00 0.00 2.30 313.00 4.50 98.56 35.72 500.00 7.20 98.56 57.15 6.70 7.50 9.40

~
07123103 0.00 0.00 2.30 530.00 2.20 99.58 17.46 390.00 6.40 98.36 50.80 7.00 7.40 9.70 0.00

07/24/03 0.00 0.00 2.30 . 355.00 2.00 99.44 15.88 510.00 2.80 99.45 22.23 6.80 7.70 10.00 78.00 U1
0 07/25/03 0.00 0.00 2.40 7.00 7.60 9.70 85.00 0
CD -oJ..

07126/03 0.00 0.00 2.30 7.00 7.20 9.90
U1
N 07127103 0.00 0.00 1.90 215.00 2.00 99.07 13.61 580.00 8.60 98.52 58.51 6.90 7.40 10.10 U1

w
..... 07128/03 0.00 0.00 2.30 278.00 2.00 99.28 15.88 430.00 5.70 98.67 45.25 7.00 7.40 10.00 -oJ

~ 07129103 0.27 0.00 2.40 365.00 2.00 99.45 15.12 720.00 2.50 99.65 18.90 6.80 7.50 9.90 12.00 en
"- 6.80 7.40 10.10 N
~ 07130103 0.00 0.00 2.40
Po<

0 >.
07/31103 0.07 0.00 2.40 510.00 2.40 99.53 19.05 955.00 4.00 99.58 31.75 6.90 7.BO 9.90 ...

z
0

00 Minimum 0.00 0.00 1.70 144,00 1.20 96.88 9.53 175.00 2.00 97.33 17.24 6.60 7.00 9.40 0.00
CD
~ Maximum 1.25 0.00 2.70 530.00 . 7.20 99.72 65.32 1,080.00 13.60 99.68 113.10 7.30 7.80 11.00 85.00
N

Total 3.17 0.00 71.80 6.205.00 52.70 1.682.93 426.27 8,805.00 94.40 1,679.45 753:92 215.40 231.80 318.00 216.00

Average 0.10 0.00 2.32 365.00 3.10 99.00 25.07 517.94 5.55 98.79 44.35 6.95 7.48 10.26 18.00

Geo Mean 23.58
'11 ,.

Page 1
.
en



MPCA Monthly Discharge Monitoring Report
:0
c: .

Marshall MN Permit #MN0022179 JuI,2003

fQ '.'

....
N

River 1 River 1 River 1 River 1 River 1 River 1 River 2 River 2 River 2 River 2 0

InlNH3 Eft NH3 Eff Amm. Inf. Phos. Eft. Phos. Eft. Chlorides Ammonia DO Temp. pH Union. Amm. Dilu1ion Ammonia DO Temp. pH W

Date MG/L MG/L m !llill! m9L! MG/L MG/L MG/L ~ SU ~ Ratio MG/L MG/L ~ SU 0

07/01/03
11.60 7.10 410.00

CIl..
07102/03

0

07103103

W
Ql

07/04/03
07/05/03
07/06/03

7.30

07107/03
8.50

E:

07/08/03

Ql
IJI

07/09/03
380.00

et

07/10/03 12.00 0.10 .88 6.70 . 0.10 8.50 19.00 8.00 0.00 3.70 0.10 8.20 19.00 8.10
rll
e

07/11/03

Ql

07/12/03

et
rll

07/13/03

,

07/14/03

-l

07/15/03

,
ID

07/16/03
400.00

Ql

07117/03
14.00 7.40

et

0 07/18103,Q!l

"-
I-' 07/19/03
N
"- 07/20/03
0
t.l 07/21/03

~
07/22103
07/23/03 5.30 0.13 1.14

0.04 9.10 19.00 8.00 0.00 1.42 0.08 6.30 19.00 8.10

0
07/24/03

U1

Q!l 07/25/03
420.00

0

..

oJ

ClI 07126/03N

07127/03
7.10

U1
W

..... 07/28/03

oJ

~
"- 07/29/03

460.00

en

~

N

~ 07130/03

0

:z 07131/03

I-'

0

Q!l
Q!l Minimum 5.30 0.10 .88 11.60 6.70 380.00 0.04 6.50 19.00 8.00 0.00 1.42 0.08 B.20 19.00 8.10

I-'
N Maximum 12.00 0.13 1.14 14.00 8.50 460.00 0.10 9.10 19.00 8.00 0.00 3.70 0.10 8.30 19.00 6.10

Total 17.30 0.23 2.02 25.60 44.10 2.070.00 0.14 17.60 38.00 16.00 . 0.00 5,12 0.1 B 16.50 38.00 16.20

Average 8.65 0.12 1.01 12.80 7.35 414.00 0,07 8.80 19.00 8.00 0.00 2.56 0.09 8.25 19.00 8.10

Geo Mear'l

"ll

Page 2

,
oJ
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MPCA Monthly Discharge Monitoring Report :D
r:::

Marshall MN Permit #MN0022179 JUl. 2003 ~

...
N

River 2 River 3 River 3 River 3 River 3 River 3 Week 1 Week 2 Week 3 Weel<4 Week 5 0
Union. Amm. Ammonia DO Temp. pH Union. Amm. CBOD eBOD eBOD eeOD eaOD W f'

Q.IDg, MG/L ~ MGIl Deq e SU MG/L MG/L MGIl MG/L Mill!. MG/L 0

07101103 3.60 al..
07/02103 0

07/03/03
W
1lI

07/04103

07105/03
07106103
07/07/03 e:
07/0B/03 4.07

1lI
UI

07/09/03 ct.

07/10103 0.00
III
e

07111/03
1lI
ct

07112103 III

07113/03
,

07114/03 -l

07115103 3.00
,
III

07t16/03
III

07/17103
('t.

0
07t18/03co

" 07/19/03...
N

" 07/20t03
0
c.. 07/21/03

~
07/22103 2.44

07/23/03 0.00

0 07/24/03 U1

co 07/25/0J
0.. ..J

en 07126/0JN

07127103
U1
W

.....
07128103

..,J
>-,3
1><.

07129103"
en

!;l:l
07/JOt03

I\l
I>< a

~ 07131/03
...

co
co 0.00 3.60 4.07 3.00 2.44...
N 0.00 3.60 4.07 3.00 2.44....

0.01 3.60 4.07 3.00 2.44

0.00 3.60 4.07 3.00 2.44

'lJ.
Page 3 CXl
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MPCA Monthly Discharge Monitoring Report ::D
l:

Marshall MN Permit #MN0022179 Jul,2003
fl

.... ,
N

,.

Week 1 Week 2 Week 3 Week 4 Week. 5 ADM CITY ADM ADM 0

TSS TSS TSS TSS TSS Effluent Flow MGD Effluent Flow River Flow Dilution W

Date MG/L Mm!: MG/L MG/L MGIL Discharged to River MGD CFS Ratio 0

07/01/03 4.70 1.37 2.10 53.00 9.80
(Xl..

07/02/03 1.21 2.20 50.00 9.50 0

07/03/03 1.16 2.20 46.00 8.90
~

01

07/04/03 1.23 2.20 56.00 11.00

07/05/03 1.44 2.00 39.00 7.30

07/,06/03 1.16 1.90 36.00 7.60

07/07/03 1.13 2.40 32.00 5.90 e:
07108/03 3.07 1.08 2.10 32.00 6.50

01
Ul

07109103 1.30 2.30 38.00 6.80 ti

07110/03 1.38 2.30 38.00 6.70
fIl
e

07/11/03 1.15 2.40 37.00 7.00 QI
ti

07/12103 1.43 2.20 28,00 5.00 /1)

07/13/03 1.29 2.10 23,00 4.40
,

:.;

07114/03 0.94 2.10 19.00 4.00 -f

07/15/03 9.73 0.69 2.20 19.00 4.20
,
/1)

07/16/03 1.04 2.20 16.00 3.20 01

07/17/03 0.98 2.10 16.00 3.40
ct.

Q
07118/03 1.01 2.20 15.00 3.00

.1 ,-
go
"- 07/19/03 0.93 2.10 15.00 3.20....
N

07/20103 1.19 1.90 16.00 3.30"-
Q
w 07/21103 1.04 2.20 16.00 3.20

~
07/22/03 5.31 0.87 2.10 16.00 3.50

t'1
07/23/03 0.73 2.10 14.00 3.20

Q 07124103 0.92 2.10 14.00 . 3.00 Ul
go 07125/03 0.73 2.10 12.00 2.80

0
.. -J ,:

til 07/26/03 0.69 2.10 8.20 1.90
N Ul

07/27/03 1.04 1.80 8.30 1.90 t certify that lam familiar with the Infonnatlon w .,

....
07128/03 1.03 2.10 9.40 2.00 contained In this report and that to the best of -J

~
"- 07/29/03 1.03 2.00 7.60 1.60 my knowledge and belief such Information Is true, tTl
;0

07/30/03 1.37 1.90 18.00 3.60 complete, and accurate.
N

~ 0

z 07/31/03 1.08 2.10 21.00 4.30

iLit~,~~
....

0

COl
COl 4.70 3.07 9.73 5.31 0.69 1.80 7.60 1.60 SignAture of Principal executive....
~ 4.70 3.07 9.73 5.31 1.44 2.40 56.00 11.00 Officer or Aut orized Agent.

4.70 3.07 9.73 5.31 33.64 65.80 770.50 151.70 I :f

4.70 3.07 9.73 5.31 1.09 2.12 24.85 4.89 Date

"'ll.
Page 4 c.o
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Wastewater Facility Screening Form
Preliminary Information

1. Plant Information

Plant Name:

Contact Name: Sc-k REIFEl S

Phone:

E-mail:

Design Capacity:

3~Q) -~"q -~q~4 Fax:

-----J-A t Yse.-k@. Ar.rtdJl;I. MEr

. :/. (p__ MGD PresentFIow: -----=.:......::~~6::.....0_·_ MGD

2. Discharge Permit Concentration (mg/L)
(provide Available Parameters)

CBODs

COD

TSS

Settleable Solids

~l.

Actual Discha~e

;p·1-7}9...

~. t "flf(

:&q?ected Future Sample
Type/Frequency<t)

C· 3XuJ

C 3XvJ '

TKN

Total Nitrogen

Total Phosphorous

Soluble Phosphorus

Co

Fecal ColifoDIl

pH

Others(?) List

d(J{)() MPN
(,.0 - ~~.O=--_ ~.~_··7XvJ·

Receiving Water body:

(lltype - composite, grab
(Ilfrequency - # samples/week or month

lof4

Post-it"' Fax Note 7671

To <0.
CoJDepl.

Phone it



I

3. . Liquia Process Description

Pre-treatmen eck {) \£f""'
~~t. f(lL

\,d~

Self Cleaning Screens

"\erated Grit Removal

Comminutor

_ r~ ,

Other Grit Removal

Numper ofTreatment Trains

~
oPttmMy treatment (please-check)

# ofclarifiers

Chemical addition

Ifyes, chemicu(s) used

-- 6.iJLitM-_-
--~-

Yes

Yes

No

Diameter_

No

Seconda:r:y Treatment (please check)

T;ickling Filter

Activated Sludge

X- - I it:. I Rfl'J.? B- I 'cal- C-
__-,,_,--=-__ g\i;7 otatlng 100gt ontactor

- :- ~ ~

-'----'X'--,,--~s1_ ~ Oxidation Ditch
.. ;:.

Lagoon

,Chemical addition..~.

Ifyes,cheroical(s) used

_Yes

Biological Nutrient Removal
i.e. (Anaerobic and/or-anoXic compartments

No X

Secondary Cillrifiers

-#--of clarifiers -

Chemical addition

Hyes, chernical(s) used

Tertiary Treatment

- Polishing Filters

1
Yes

Yes L-

Diameter _~
No ~-

No

TypeofF*er

Medialdepth

# of Filters-----------

Please provide a copy of the most recent monthly plant performance reporting form.

Disinfection (please check)

Chlorine

Dechlorination Yes

x
x

Ultraviolot

No-

2of4



"" .. ','.,

4. Sludge Processing/Ultimate Reuse or Disposal

Please provide u1timat~destination of plant solids .(i.e. land~tural ap~1agoon;.:~.) '. . .

f..~ :Jq .it Clj:'.J.,r,;;;Q &- JlJ~

Prima.t;f Sludge Thickening (please check)

. Primary Tanks

Secondaty Sludge Thickening (please check)

Gravity . ,. Belt Thickeners ----

Gravity

C~trifuge

Combined Sludge Thickening (please check)

Belt Thickeners

Dissolved.AU: Flotation

Yes

Please Name Thickening Process

Sludge Di~stion (please check)

Aerobic

Other (name)

, Sludge Dewntering (please check)

Brying Beds )(

Belt Filter Press

No

•.-\naerobic

Centrifuge

Other (name)

3of4

x



5. Additional Information

Industrial Wastewater

~tn~e!o/E~.0f.:lIlY_significant .indllS~ "\:V'a.S!ewatt:r load to the plant

A.wrP.Ib~J

., -: ~- -

,

Estimated pc:rcent ofplant BOD load:

.Collection SVStem (check)

Separate sanitary sewers:

Combined domestic/storm sewers:

Plant Sampling and Analyse9

24 hr composite

Frequency(da;g

Effluent

3X··

x.

Grab· .. Other-----

24 hr comp9site

Other

Frequency (days/e

Does plant have a lab? .

X Grab

Location

~)(

"-
y£"5

Analyses done by plant lab (check)

CBOD )( TSS X PH X TKN

NfL-N N03-N· N023-N Total P

Soluble Ortha P Coliform X· COD
•

-.1>1' • C.J~ •
Others (List) • •

L

40£4
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. -'.'

.-.: :::':"~'>'....' .••.... '.

0B:c~; CITY OF LITTLE FALLS -7 BP1206G859185P2l2l8772

.' .' .' ~ _::..:.- '. - . '. -".: .

,. " .a8/·18/2003

I£Ittle::Falls
- 2. ~ 2, .. -.

DATE:
FAX TRANSMISSION CDVER SHEEr

8-/~,...c"3

TO:

COMPANY: _

FAXNUN!JER: __2_&_'_~_-_~--.8_.S-__~_y..;;;.8'=:s;.....- _

FROM: LJrrLEFAL!SCnYHALL

~Q/,,./ ..
NAME: ~~;;:c77/ //'~

FAXNUMBER: {320} 616-5505

TOTAL PAGES (rncluding coversheet): -S _

MESSAGE:

)
. ,

.

JY /-IALL P.O.BOX 244 100 NE. 7TH ..\VENUE 1.ITILE FALLS. MN 56345-0244 PI-lONE: t320) 13 J6-5500 FA~: n~I"l\.~ I ",-",..,...~
"" EQuclJ ODDontJnirv J Jl rfI......, ....._. _ _
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NO. 133

'-'.~'- ' ..' ....
. .... .- ..,. -: _. .': .. :':..- -- _...- .'~':.- .'.; .

-, ' -- :,. -. .' . -' .

08:12

Connet N:une: :

08/18/2003
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Wastewater Fllcility Screening Fonn
Preliminl1$}' InlonnOltiol1

C):;"'N~~·'lufo"'~61i1Ls ~J~
~q6//~~~ LI/l_:7Z2~~

Phone: F8;It:

E-mail:

Design CapacitY: Present Flow:

2. :Qischarge Penoit Concentration. (mg/Ll
(provide Available Par:uneter6)

Acroal Dbcha~

BOD;

COD
)

...... -.

ierne-able SDlids

PetmitLitNr

a 0 --oIL

Rxpet:tm Furore .~

. T$9C/Fre~\1eTl!;tl)

___I...;.....O~~0 /l.- ¥...~~l-Uoe:llV/(tkmt~d£-

8EP ~ ~/L""""",,-----..;,,.z;3~~·~L ~/t.i.~ ,
~ : Vd ~,e~

ID ~/c- /K~ ~p

)

the.rs(?) List

.'oral Nitrogen

ceiving Wafer body:

IE~~

-# ~~
~~::0ft.Qf..v Zr:s 0 #-b6~ I I;) 0 ~!'!,J /ff:'~ 3)JK .j&.k ~

i (P.t';),. 2" " / .. () 7" f!j / '11J'tJ (jrk ~ !
~~U.Q~) C~~·'l.:tJM.,,)-~f¥?..;::.~-=I!..~J _

\M,'l;s~ I §is. "tp-J.~~~~t~£~!L.=___ _

)}uble Phosphorus

onI Phosphorolla

'Pe - composite, grab
:equency - # a:lmples/weekor monrh

1 1'\.4
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NO. 133 003

3. liquid ;eiOCeSi P':sCOiuipn

. - Pre-trt;!lIIDent (chedd

)
'B:lrscteen ComminutO!

$elrCle'lOing $cleens

.\cnrc;d Gut Remov:d

Debet Grit Remov:U

:: of darifien

1£ yes, chemical(s) used

Ss;pndMj' TCC3IXl\aU (please check)

Tticlding Filtu

.V'"

Yes No
I

~"2- DiameteI

Yes No L

ROll1ting Biological Contactor

Chemical addilion ,- . .Yes

Oxidation Ditch

Biological Nutrient Removal
i.1;. (.-\naerobic andJ.o~.anoxic Cl;lmp:trtJ:nenu

l-Jo

If yes, chemicaJ(r;) used

Second;),Q' GlIjlieC!

(f yes. cbemiC3l(s) U3d

Yes No

eM·M€ fD'1~ ¥r.-~'I-!)
Yes. No

:ype ofFilter # of FilteI3-----------
___________ .'\tea/Filrer

ec:hlODnllnOn

Ultraviolot

No

ease provide 31 copy of the most recent monlbly plant perl"onnancc reporting rotm.
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)
4. Sludge PcocessiDglJllriml1u Reus; or Disposal

Ple..se provide ultimate &Sbn:l1ion ofplMt solids (Le.,l:md6ll, agricultural 2pplicatioQ. lagoon, ere.)

~r</4&1€ Af//:C'¢eJ?

PrimaIy Tanks Gnvity Belt Thickeners ---

,

Belt Thickenexs

Centrifuge Dissolved Air Flotation

·No

Combined Sludge Thitkcping (please ch,;ck)

'ls
Pleue NlUI1e Thickening PIOC~9

BzyingBeds Centrifuge

Belt Filter Press Other (name)

j

.I

..

30f4
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5, MdjDoDlil] Infgall;uj.9B

~d\lilria) W!l$JeWiUer

Estimated pelceii.t of pl:u1f BOD load:

Collection System (dteck)

Combined demesric/swIm SCWc:r.l;

plant Sam51Jing and AIllWscs

-'r composite

F~equc:ncy (days/~c:k)

. tc::.
3-'

_____ Oth~

E.tllU!!nt

24 hr composite

Other

Grab

Location

Frequency (days/ivea)

..'nalfses done by pl:L1lt 19b (s:heck)

i
I

I
\
i

I
I

i

'k:::: TKN

COD

?v~~ £fAJt

_____ N02)-N

_____ PHv- 1'55

DOe5 plant bYe \l bb?

BOD



Plant Screening Forms

Lagoon Treatment Plants
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CITV OF REDWOOD FRLLS 51217 637 2417 P.0V19

CITY OF REDWOOD FALLS
333 S WashingtonSI•• P.O. Box to
Redwood Falls .. MN ·56283-0010

507.637.5755 phone· 507.631.2417 fax
e-mail: info@ci.redwood-faUs.mn.us

FAX TRANSMISSION

! To: 1170../5/1 IIhIUJoAi
Fa~Number: /--2t>/-529- 572.8

From: &1 /I'1AAfuZ ~IT~· EJlJ.
I

Subjed: /I7£SO'UJ /l;D.f. I",,)

CommeDts:

Date: /ll/b: 27. &JO 3

P.ages: 21 Including this cover page
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CITY OF REDWOOD FRLLs

Wastewater Facility ScreeDiDg Fonn
.tJ~liminatyItLf'Qttl;J.atioft
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.. ",,:. :.' ... '-:,' ...
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1. &nt Infoanation

Redwood Falls Municipal Wastewater Facility

Ronald G. Mannz

Phone:

E·m;W:

Design Capacity:

~Ol 637-5755

rmann~@ci.redwoQd-faJJs.mn.us

1 . 32 MGD (wet wea ther )

Fax;

Present Flow:

~01 637-2417

high 
low
avg -
YTO -

2. DiJcba~Pwnit ConcenlrujoQ CmglL>
(provide Available P'nam~t~)

Perm.itLimit

BOD; 25 MG/L

(Yrly t.vg)
MOlal DisSibiIge

LON 5.afl'G/L
High 22.0 MJ/L
Ayg 10 2 MO/J

mp'ceted Future Sample
Typc:/Frt:$l¢n~{I)

24 HR. CcJrlJ/2 X !TDflth

COD

TSS

Settleable Solids

!'=~·N (amrr:tlia)

Tow Phosphorous

Fecl Colifonn

pH

45 MGtl

2&~JJC lfrmll
~ MarCh 94.9 i'¥EA:

No standard

Apr;1 - O::tober
200 organism/100 t>'l

6.0 - 9.0

I:Lw 11.0 !"tilt
Hi gh m'LO fob/L
Avg. 31 .8 ML

lOW .tB lYGI[
Higil 33.0 ft'G/l
Avg. 6.68 M3/L

tow 0.65 ~1L
High'5~85"M;IL

Avg. 2,48 MilL

li"'1 LOI'i 10
G'1 High 189
GM Avg. 48.9
Lo.-I.02 A;,§ 8 5
High 9.2"

24 HR rrtqJl2 X lItXl1tI

24 HR l)]q)12 X li'CJDth

GRAB

GRAB

Orhcts(?) Ust

Unionized Pmronhl 1.0 MG/L ~.~ Avg, .17.l"GIl 24 HR. Co'rp/2 X rrcnth

:lirype - composite:. grab
t1iftequency. #- samplcs/ur"ek Ot month

lof4
08/27/03 WED 12:51 [TX/RX NO 9046]



AUG-27-2003 12:07

3_ Liquid Process pesctiption

.. Pre.rre;mneor (check)

Bar~crt:cn

Self Cleaning Sc;reens

Other Grit Removal

Number ofTrcat:ment Trak,s

Primg;y !Iejltmenr (plClse cbecl()

:; 0f cl:llifiers

Chemical addition

Ifyes, ch~(s) used

Secondary TTS"jIMlenr (plg!~ cbs:ds)

Trickling FiI~r;

:\ctiv:lted Sludge

Yes

Yes

- . -.. _" -".:'. -.-:. .". "~-"."

CITY OF REDWOOD FRLLS

**SEE ATTACHED**

Commin\ltor

No

Rotating Biological Contactor

OxidatiQn, Ditch

507 637 2417 P.03/19

. .;) ...~ ... "" " .

C:hc:micu ad.dition

Jfyes, chemicaI(s) u$l;d

SecQndOltY Clarifiers

#- of claclie;rs

Chemical addition

tf~=. chemieoU(s) U$ed

TertiiltY Ire:ument

Polishing Filt=rs

TyPe of Filter

Yes

Biological Nutti~r Removal
i.e. (_~actobic md/ot anoxic com~ents

No

Di;lZDeter

No

No

# of Filters

:\kdia/dcpth

Dismfr;cQop (ple3se check)

Chlotinc

Dechlotln:laon

___________ .•~ea/rJlter

l!lrr.lviolot

Ye~

Plnsc provide a copy of the mOSt rcceDt mootbly plant ped"ormauce reportiDg form.

20£4

08/27/03 WED 12:51 ITX/RX NO 9046]
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**SEE ATTACHED**

· ;. ,- .' ."~'.

507 637 2417 P.04/19

4. Sludge Procnsing/U1timate Revs!: 0t Disposal

Plcase provide ultimate desnnaaoa ofplanr ~olids (Ll:. ~(ifill, agriculrural Olpplication, la~OD. etc.)

Primary Sludge XhickeniAg (please check)

primllty Tanks

Secoodpry Slud,gt: Thick5J'ing (pleus we4)

Gevity

Centrifuge

CQmbined Sludge Thickening (li'lease check)

Bdt Thicken£J:s

Dissolved .\ir Flotation

Belt Thickc:nc:is _

Yes

Please Name 'Ihickening PIOce~s

Slud~ Digestion (please che'Ml5J

Aerobic

Other (nOlme)

Sludge Pewatering (please chec!9

Brr-ing Beds

Belt Filter Press

No

AOlletobk

Centrifuge

Other (name)

30f4
08/27/03 WED 12:51 [TX/RX NO 9046]
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5. Additiona' Ipfnnnstion

CITY OF REDWOOD FRLLS

**SEE ATTACHED**

507 637 2417 P.05/19

Indusrrial Wi!stewat"'r

Li~t name/type of~y signific:lnt industrial .....-.rstcwatet 1000d to the pbnt:

Estimated percent of pb.nt BOD load:

Collection $vsts:m (s:heck)

S~te swtuy sewets:

Combined domestic/stonn =s:

Plant Sam~1ingand Analyses

______" NO}-~

·24 hr composit¢

Frequency (days/week)

24 hr composite

Other

Frequency (dOlys/week)

Do~ plant b2ve a lab?

dpalv..ses done by p!;1Qr lab (ch¢elr;)

BOD

~I-4·N

Soluble Ortho P

Others (List)

Colifoan

40£4

Gxub

Grab

Loe;uion

PH

N02}-i'i

COD

Other

~-----
_____ Total P

08/27/03 WED 12:51 [TX/RX NO 9046)
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RUG-27-2003 12:08 CITY OF REDWOOD FRLLS

Nl'DES PElUITl' APPLICATION - APPENDlX A

507 QJ7 2417 P.07/19

The 1993 Legislature revised the Minnesota Pollution Control Agency's
responsibilities in Minnesota Statutes Se~tion 115.03 1 subd. l(e)(lO)
"Requiring that applicants for wastewater discharge permits evaluate in their
applications the potential reuses of the discl1arged wastevater; It

As a result of this 1993 La~, the Minnesota Polluti~n Control Agency has been
charged wi th requiring permi. t applicants to evalu'ate the reUse po teDtial of
their vastewater prior to discharge.

Therefore, please provide, in narrative form in the space below, an evaluation
of reuse potential of your wastewater prior to dis~harge to'a receiving stream,
lake, or storm sever. Some ideas include water conservation measures, 1,lS6 of
cooling toYer blovdown for thermal discharges, lavn watering or irrigation of
parks and public property, wetland reclamation/development/recharge.

POTENTIAL REUSE OF WASTEWATER EFFLUENT - The City ofRedwood Falls is
curreritly investigl!lting the potential of using the wastewater effluent from our facility for golf
course iIrigation. The Redwood Falls GolfClub is currently developing an additional nine holes
at their current location. The expansion ofnine holes will place the course adjacent to our
facility. Initial discussion was favorable, with the Club expressing int~rest in exploring this
option. Construction of the additional nine holes is anticipated to begin in the summer of2001
and open to play the summer of2002.

Tc:ltpbooc Or:vi~ lQr~ (1DD): (6U1 :1.97-SID

PriDted 01;1~ pap:r (Elinainillg It IClI5t 10% pDp:!' rt:qdc;l by CD~-=r.,;;

REV. 11/93

08/27.103 WED 12:51 [TX/RX NO 9046]
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~
Minnesota Pollution

Control Agency

CITY OF REDWOOD FALLS

TRANSMITTAL FORM

507 637 2417 P.08V19

COMPI.EIE APPliCATION BYPRINTING OR mING. PLEASEMADA PHlYrOCOn FOR YOUR RECORDS.

Facility Owner tiD and/or Operator 0 (Public Entity. ciiY Of Busine$s Firm legally xesponsib1e for facility operarlon)
[sec MUm. It. 7001:0050] .
PennitteeName: Ci ty of Redwood Falls Phone: Q07} 637-5755 FAX: es07) 637-2417
Mailing Address: p •Q. Box 10 City: Redllood Falls' .
State: ~ Zip: 56283 Type of ownership PubllctX]/PrivateD

Facility ~ocation No Post Office Bo:r.es allowed. Actual phrsicalloc:atioo of facility - must use actual street or
highway addtess (or SectionrrownshiplRange coordin~es). IftlpplyingfoT a permit thar can cover mDT/! thtm one sib!
(e.g. aggregtZl~ anJ/or lIDt mix asphalr opertzriorrs). write NA.
Facility Name: Redwood Falls Ar2a Wastewater '1'reatment Pac. Phone: (507) 637-5755 ..
Locadon Address: Redtvood Count'f Ed _ No. 25
Faciliry is locared in the s:e quarter of the SE quarter of section 19 township Henner

of Rcdwnod county. Township 4#: 113N Range f 35 East 0 West IXI
City.: Redwood Falls State: MN Zip: ~:----=5::;,:6:.:2:.:8~3~__,""",,::,"-::--:_:--
Is the facility located on tribal land? 0 yes ~.,.o .Ifyes. apply to EPA Region V. John Coletti; (12) 886-6106.

Technical Agent or Consul~gEngineer Ted Fieid Title: _---=E;:01:.;::Sr..::i=:n:;;;e:;;;e:;.r--__
Name of firm or organization: ~Eo~n:.:;;;e:;;;s_t~ro~o~,......'R"'"'o;;.;;s;;.;;en=e'-<-,_An=d;;;.;e;;;;;r;.;;;l;.;;;i;;.:1c;..,;;;;an;.:.;d;;...::As=s;.;;o;.;;c;;;i.;;;a.;;;t=es~ - _
Mailing Address: 2335 W. Hwy. 36 Phone: (61~ 636-4600
City: St. Paul Stare:· MN Zip: 55113----':.=-_---
ConUct Person (Operatoc. Plant Manager. City Official): _=R.::;on~M1.:.::a~n=.::nz=- Title: ci ty Rngineer

Reason for Application. (check all that apply):

IX) E:r.piration of existing permit (reissne)
o New pennitlfacility

Type of AppIicariQn (check all that apoh,):

o Modification to existing permit
o Land Applic~on Site Appt'OvaJ

o Agency requesto Other, please specify

/XI Municipal 10 Industrial! 0 Stonnwater 10 Dredge I 0 Po:~nt /0 Feedlot 10 Water Trealmeot PIan~ I .
o Sanitary Sew~r /0 Biosolids I 0 Aquaculture .

Have you ever applied for. or do you currently have a Niiltional Pollutant Discharge Elimination System (NPDES) Of Stale

Disposal System (SDS)pcmUt for this facility? ~yes Dna
Ifyes, please list pennit number(s) __----lMN~r-'Q"""Q...2:.:oQ~4""O""1~ ~__

Name on existing permit Redwood FallS MUnicipal wastewater Treatment Facility

PrifU~d,,,. TI!C)'cll!d papi!T c:amaining Qlli!QSI IO'J>Jibl!rz[Tom ptlpt:T n:cyeli!d by CQ/I.IIII7II!TS

D,o," 1 trnnsmilCl1 fann f'I:8 98

08/27/03 WED 12:51 [TX/RX NO 9046]
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507 637 2417 P.09/19

List. all current MPCA pennits or certificates, and their numbers, which also may apply to this facility:

None

Iftbis is a QCW or.dcd fiK;ili~. h~ an Environmental Impact Statement or an Environmental Assessment woiksh~beeD pmpared?

yes 0 no IXI Ify~. note the title and
dam:

Annual Pmoit fcc invoice should be maxled to 1XI Owner/operaror address 0 Facility location address 0 Nat~Ie

Disc:harge Mocitoring R,c:port forms shoold be:: mailed to IlG Owner/operator address 0 Facility location address D Not applicable

AD application fee is required under Minn. Stat.. § 116.07. subd. 4d' (1990) and Minn. R: ch 7002 (permit Fee Rules).
This application fee must be submilled with the pemnl application.
App1il;atiDn fees aTe as folIo74's:
Sa:niJ4ry SewerH ._••••••_ ••_. $240.00
ComtructiDn Stormwtder_._._ $240.00
All other applicdiorrs [inclwiing non-eonstnLction storm water] $85.00

Applic(ltums that are submitted without an authorized signature, the required application fee, tl1U1~hme1lJs
will be retzr.med. Please make your check payable to the Minnesota PoilutiLl.". Control Agency. SeM t1u
completedpermit applicotir:m1 attar;hments (including plo.ns antI specifications. if ap1?licabl~)and check to:

Minnesota Pollution Control Agency
Water Quality n.vision
Point Source Section
520 LafaYette Road North
St. Paul7 Minnesota 55155-4194

For more infonnation please contact:

In Metro Area: Water Quality Di"ision Customer Service Center at (612) 296-7162.
Outside Metro Area: 1-800-657-3864 and ask for Water Quality Customer Service Center

08/27/03 WED 12:51 [TX/RX NO 9046]



': ":,.' :. .. ,.. :< '.:' .'.:, ',. -- ... :.:. -;.' ... ,_ .. .., . '-.-. .i
'. ':',:..' . .::;" ,:... ':- ....:: :'-" '- ..:., ~ -. '-". --- -:....: .. :' '. ',. ':'

AUG-27-2003 12:10 CITY OF REDWOOD FALLS 507 637 2417 P.10/19

~
~

Minnesota Pollution
Control Agency

ATTACBMENTFOR
BIOSOLIDS INFORMATION SHEET

COMPIETE APPUCA:rlOli BYPlUNTlNG OR TYPING. PLEASE!fADA PB070COPY FOR YOUR /JECORDS-

PERMITTEE N/A

1. FadUty Type IV Certified Operator's Name: ----=- ---_
Certification Exp~tionDate:
Business TelephoI= Number: _(~-.L-) ---~ _'__~ _

2. DeScribe and diagnim all biosoJids treatment~d storage facilities and attach an actDal laboratory report of the
analysis (inclUde information on quantity and quality of any biosolids transferred to your facility). .

Facility diagram:

Treatment Description: How is Qass A or B pathogen reduction achieved'! (Include infonnarion all time. tempeIa1Ure.
detention limes, pathogen or indicatol;' organism data.)

How is vector attraction reduction mer?

3. How are biosolids utilized or disposed?

o Land Applied o Transferred to anotherWWTF' .0 Other(specify)

4. Ifyour biosolids 3l"e transl'etnd to another facility for lnatlQent or disposal, fist the DalDe of the fadlity and the
name of applil:utors, contractors, or distnDutors who will utilize or dispose ot the biosoUds and the amount
tnDsferred anDJ.IBUy_

Name of the Facility Name of Applicators COl1naetOrs Distributors AmoUDr: Tr:ansfeued Annually

•

5. Estimate how often biosolids wiD be hauled to the land application sikeS)? (i.e.., monthly, weeklY72 " pel; year)

Priltled 0(1 recyc~pap"r t:onrm"u,g arletUt 10%fiber..frf>m pap." ,,,eyded byt:D~n
. P3ge 1 biosolids FEB 98

08/27/03 WED 12:51 [TX/RX NO 90461



RUG-27-2003 12:10 CITY OF REDWOOD FRLLS 507 637 2417 P.11/19

6. How many dry tons of biosolids are expected to be generated annually at your facility? (ADswer must be in dry
to.-:a,s per year)
___________ row~m~~~~

Total dry tons per year:::: gallQns x % solids (do not change to a decimal)
. 24,000

7. Representative Sampling - Descn"be holl'" and when samples will be takeD to be representative of the biosoJids
which are applied to the land.

8. Include the foUowing with this application form:

A. A ropographic map of the aeatInent facility e:Uending one mile beyond the property boundaries. showing the location of any
sludge management facilities, or sites and bodies ofwale;. Show the location of any wells known by the applicant or in public record
used {ordrinking water within one-quarter mile of the lrel1anent facility boundary.

B. Any ground water monitoring data, and a description of the welllocadons and aPPfo~imale depth to ground water if this
infon::oaD.on is not already on file at the MPCA.

9- CERTIFICATION Al~DSIGNATURE

Fudf,JrQl regulations (Scx:liQn J09(c)(2) of the Clean Waler Act dnd state r9suJation; (Mlnn.ll. 7DDl.D01D) require the aufhorizedslgn9l10
be one of Ih9 fo1l9wing: .

A. Fer cerperCllion. 0 principal executive efficer of at 1f;JQSf Ihelovel 0' vice pre::iident;
B. For d parln81Ship or scle proprietarship. a general parfneror!he proprietor, I9spec:fively; or
C. For a munidpcUfy. StaIB. ~ederal. or other pubrlC facility. eilher a principat eXElCOuffve o!ficer or rcnJ(jnQ e:cecutiYe omciaL
b. 1I the operator 0' IhE' fcciDty is c1ilfer&nt thon tI'Ie owner, both the operClIQr QI1d the owner ccc:ord"mg to items A to C.

-I cenlfy undor penalty of law 1hat this dcc:ument and all attachmtlnts were prepared undf;JI m'l dirar:lion or supsrvlslon In at:eDrdanCQ witn a systBm
designed to assure thatq~fiedpersonnel pn)perly gathered and avaJuatllCltho infonnatlon submittecl. Based on my inquiry of the parse", or
porsen~.who managli lhe sysfttm. or mosEtpe~s direclly responsible fer galhering the infotmatiCln. the information submitlBd is. to ltIe best of
my knowledge and belief. lJ'Ue.aceurate, and complete. I am aware that lhero are significant penailles 'or submitting false iriformallon. inclUding
ltIe possibil"dy of fllll;l and imprisonment:

mNTEDN'AME ~ Trr~ --.....~----='--;T:....>.J,/'---_-------
AUTHORIZED
SICiNA'1'URE'-- DATB>--_~ ~ _

$TATE TAX I.D.1t FED8R.AL TAX I.D."

App/icaziDns submitted witlwut an auJhorized sigMtun. the requiredapplicotiolljee andQtt4ehmeIlB, will be retunred. Please
'INI.ke your checkptlJabk If) the Minnesota Pollution Control Agency. Send cDmp1l!li!dpennil uppTiCIZtio1f, a1tDI:hments
(inclutf"rng pkms lind spedficarlo1tS, ifapplicable) and check tQ:

MiD.Dtsl)l.:Il'Dllu!1oD Control A;em:y
Wida' Qua1lty DivbloD .
PointSoonz SedlOD

520 Laraydtll Rlln Nonh
SL hut, Miimosota $5155-4194

Pa~2 biosolids fEB 98
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~ ATTACHMENT FOR MUNICIPAL FACaITIES
~ National Pollutant Discharge Elimillation System (NPDES)

Minnesob Pollution Permit For Municipal Surface Water Discharge
Control Agency Was;tewater Treatment Fadlities

COMPJIrEAPPUCAnONBYP.RJ1'i'Di.rG OR TYPING- I'LE.43EM.4lCEA PHutocOPYFOR 'fOUR. RECORDS..
ThisfDTm applio to trrIUridptZllllU!privtllJy tlWffe4f0dJ"iJi8 tlttll Ut!DI dD1III::SIk"'~ftlr disptJ$tIl WD C sw:ftio! 'fI/lltu ofrk sttlte.

City of Redwood Falls

. 1. Provide a colXlpIete description ofyour WstiD~or proposed -wastewater treatment system: The Redwood Falls
Area wastewater Treatment Facility is a 6 cell ae12ted pond systan with a continuous dischar;te.
Pond area totalS a raximately 19.5 "acres. Pond volume tot!l1s 49.5 mg.. Detention time is
approximately 67 days, at avg. flow of 0.7 6 mgd. D~s arge 15. to ~ e Minnesota River at
outfall 010. Influent 15 pretreated Wl.tn. a bar screen ana grit ch6i'dber. Central 81 PrOducts

p'UIllps up to 30 m;rf of treated w"'astawater to the area facility. Central Bi-Products waste
water is then tr~ated for additional ammonia removal and is blended with Redwood Falls waste
water for dilutlon of chIorlne.
2. Were any changes.or additioDS made to the wastewater coUectioD. or treatment system since your last permitwas
issued? 0 Yes RJ No

«yes, please describe and provide the date th~ new or upgraded system began operating:

3. »0 you plan to make any changes or additions to the W25tewater collection Dr treatment systelll withiD the next
five years? 0 Yes KJ No .

1fyes, please describe:

4. What is the classificati~nofyoarwastewater trcatDaent facility! Please check one; 0 A 0 B 0 COD

. 5. Name o[Wastewater Treat~entFacility Operato..:
Certification (please check an that apply): 0 A gg B
Certification Expiration Date:
Number orslaffassigned to operate and lllaintain the facility:
The percent ottUne each qperator spends at the facility:

David Johnson (Cert. #B-521B)
DC OD OTypelV DTypeV

9/15/2001
4

5%

6. Design nOW! of the existing or proposed facility in million gallons per day:
Average wet weather design flow: 1.321 mgd
Average dry weather design flow: 0.824 mgd
Annual average: design flow: e. 8 mgd
Actual Documented Average Drj' Weather Flow _.....;:;.O,;;.;.S::;.;8;:;.;1::;.-.. mgd (~ yr. average)

Printed ..,. ft:c:;yc1t:dpapt!T canttJEnlng at Is4st lO%jlbenfrQ1ItptJpun!e:ycbuJ by ,;a~f7
Page 1 . municipal surfa~ waleX' discharge wwtfFEB 98
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~
r'~ D . .

7. De:si~CODceDttatioDiu. milligrams pe.. Iit~l'and/or tJae design loading in pounds per day for the , ••
following pataJDeten : . . kg/da f
S-day BiocheD1ical Oxygen Demand (BODs): 25 Dlgll 12 5· ~
Toral Suspend=! Solids (TSS): 45 mgll 225 ~
Total Phosphorus:. N/ A mgll tVA 1tiil&,9C
AmmoniaNitrogen~{varies ·with time of lear) 7.5-64 mgll 37.4 - 319 ~

8. lJ the 'W3Stewater discharge continuous, conttoDed, intermitteht. or periodic/seasoDal? continuous
Ifthe discharge is intermiaent or periodic/seasonal, p1e:ase describe the ftequency using average days per year and/of the
months of the discharge.

9. HoW' maDY separate discbarge points (outfaUs) are in your treatmellt system, 1I0t iac:)udiDg bypass poiDts? l

10. IdeDtify the discbarge route to the receiving waters tor each discbarge point (outfall) ideDtified ill qUestiOD 9
above. (Eumple: 010.. SO foot ditch to the Mississippi River.) .
Outfall Point Number Route to Receiving Waten

DiD A 1,500 foot un-named eitch to Minnesota River

11. What 1ype of disinfediou is 1I5ed or proposed tor the eIDueDt: None---....;;..;;,;;,;;...:....-_------------Ifclisillfectioia is by c:hloriDation, does this facility clechloriDate? N/A
----.;~.:.....-_-----------Ifyou dechlorinate, what type ofcbemical is used? ...:N::I.-/...:A~ _

12. Do you couduct 4-hour inflDeu.t aDd emtleat sampllag? 0 Yes f» No
Do you conduct 24-hoor iafluent and elUueDt composite sampling? R!J Yes 0 No
Ifyes, are your samples flow composited or time composited? 0 Flow Composited ~ Time Composited

13. Provtdethe lUl~e of the laboratory that analyzes your samples:· Minnesota VaHey Testing - Nelo1 Ulrn, MN
,Provide the MiDDe5l;1ta Department ofHealth Laboratory Certificatiou Numbn for tb~ laboratory: Q27-015-125

14. What type of equipment aDd/or methods do you USe to measure the'following parameters:
Dissolved oxygen: Winkler titratio~

-~~=-......::::..~==~----------------------pH: Bach Meter
-~-~---------------------------

Total residual chlorine: _.I.lIN~/""'1( ~____:_..,,_~~:__--------------_:_-----
Influent Flow clrexelbroo1c calibration frequency 2 xJyear
EtfluentFlow milit:rpnics calibration frequency 2 "$/year
Is flow monitoring accurate within plus or minus 10%1 0 Yes 0 No . ~ Not Sure

munic:iDal !<Urrf.:I..... _,ot.... die","".",,, -..ff'FF.R Qjt

08/27/03 WED 12:51 [TX/RX NO 9046]

1lfyes, how many?

tlow discharge estimat~
----~

flow discharge estimate
-~---

DNa1:5. Does the treatment facility contain any bypass points? e9 Ycs
Also, if yes. answer the following questions regarding the bypass(es):
• Is/ar~ the bypass structurc(s) manual or automatic? manual
• Ware the bypass structUre(s) controlled and kept locked? -....::;y-e-s==..--------~---

"Was/were the bypass strUcture(s) approved in the plans and specifications? yes. structure 020 to Redwocid River
·Proyjde the number ofbypass incidents in the past five years: none-:-----'......._---=--~~---:---Wet weather incidents average hours ofduration
Dry weather incidents average hours ofduration

Pi\ZC :z
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16. Have any bypass eveutc 04:cllI"rtd in any part ofthe sanitary collection system ill-the l'ast five yean? 0 Yr;s g] No
Ifyes. pl;Qvide the bypass location(s). the number ofeven~.estimate ofthe flow byPasSed and descn"be the reasoos for each
event:

17~ .& the treablltnt fscility equipped with a $bDcJby power supply? DYes ClINo

18. Is the treatment facility equipped 1ritb an alarm system? DYes [lNo,

219. How lIIany lift stations 2.l"e equipped with st2Jldby power?
:Please describe the standby power for each lift station equipped: --:::Ig::::en~e:=ra~t~o~r~s~ _

:zoo How many lift stations are equipped with an alarm system?
Please describe the abnn system ro~ each lift station equipped:

all

ala;r;m light and horn

:Z1. Please complete the following chart for aDy industrial or Don-dokDestic wastewater receiYed:

NAMEl'I'Y.PE OF CONTRIBUTOR FLOW (mgd) CHARACTERISTICS OF WASTEWATER

Central Bi-Products 30 million/year renderi~~~i-productswhich are
ol""f"!"':f,,.o~

12. Are any of the c:obtributorslisted above coDSid'ered a ICSigni6t;ant LJdustrial User (SIV)" or have the potential to
sdversely impact the treatment fadJity? (A "SIU'" is defined as an)' indu5trial user that disch:uges 3n ;lVef2ge of
15,000 gallons per day or more ofprocessecl \W!rtewater to the, w:astewater treatment facility., etcllleliDg saDitary.
IlOllcontacl cooling. aad boiler blowdoWD wastewater; P'rDce=JS wastewater which makes lip at least5% ofthe
facility's design BOD loadirig; or has the potential, in the opinion of the Permittee or MPCA, to adversely impact the
Permittee's treatment works or the quality oftbe emncnt.) ag Yes 0 No . ~

Ifyes. please jdentify~ CBI effluent exceeds discharye standa.rd for chloride. At timas TSS
are hic;h du~ to ALGE blov...~

13. Do you currently have a pretreatment agreement or permit with any of the c:olltributors listed above?
flIYes 0 No
Ifyes. please identify: see attac:h~d agreement

P:lgC 3 municiplll SurrfllCC water dischOlll!:c wwtCFEB 98

08/27/03 WED 12:51 [TX/RX NO 9046]
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·.;.

24. Do you uticipate allY new coutributors oj" significant changes in volume or quality ofdischarges from existing
coJltributors to the treatlnent facility? 0 Yes mNo
Ifyes, please explain:

15. Is septage, leachate, holding tank waste, or any other type ofwastewater traD$ported into the treatment system?
mYes oNo
Ifyes, describe the waste aDd pro~de aD estimate of the amount iD gallODS per year:

20,OQQ GPY of septage

'.. :S.l;S-":,,.;s;'-~"'''''''''<-,,"2i\'mIiT $T[Q:lI;l4'~!:I:'fI.;'O."IIS:n-LI'l~ "~mu1'a"''')'DDY.'.-'ri!'*A.'''m'~~',',,,"" ....:~~~~·~·k~:r.-~..'!,~r~~~~,B"; ~1 . '~Ji'-W~~ :. . l'. .,~~-.~~ ~. :::.. ~l.. ~.» ~
i" ' -:::i:>~.;:-. • :-:~ ~.~.~••~~ --:••••• : •••••• ,:l ,:;:.lo;~ ""- '" ~. J,;, ••••• ...... , Jo • .N, , , ~•••• ,o!~~ , .., ."

26. Does your facility generate biosolids (sewage slQdge) Of do you intend to become a ~reparer" ofbiosolids
(sewage sludge) within the next five years? 0 Yes '~ No

.l1'yes, cOnlplete Biosolids InfD'fIIIlwlI Sheet, included with this application form.

'].7. ])0 you monitor gro1Qld water? 0 Yes, R:J No
Hye9, provide a list ofthe wells, Iyshneters, or tile dniDS that are sampled with a map showing the ground water
monitoring points or locatioD of tile drains.

18. Do you mOllitor tbe receiving water? 0 Yes IX! No
Ryes, identify the location(s) of the receiviDg water mollitorillg and the parameter(s) you are required to monitor.

, .

19. It this is aD appliL':atiOD for reissu3nce ofan existing permit, review your existing NPDES/SDS pennit to see ifit
bas special testing requirements for the ~p'plicatiouCor reissuaace ofthe permit. Ifso, be sure to comply with those
requirements. The existiag permit also may have special requirements for reports or other submittals for the
application for reissuanc:e of the permit. Be sure to comply with these requirements also. Failure to complete the
application for reissuance of a permit as required by the permit is a violation ofthe permit itselfand is subject to

enforcement action.

30. A detailed map (either U.S. Geological Su",uy, COUDty Soil Survey, or County Plat) showiDg the location of the
Wastewater treatment facility, each discharge point and/or laud application site, aDd all receiving wateI'$. Sho. the
location ofany hypass poixlts described in questions IS and 16 above. see at tachrnen t.

31. A schematic diagram (flow chart) showillg the route ofwastewater Bow through the treatment ra..ility fcom the
intake point to the discharge poiDt(s). Show the location ofuy bypass poiDb described above. see attachrrtent

32. If this applic.ation is for a stabiliu.tion potld facility with a eDntrolIed discharge, complete the enclosed
supplemellW information sheet. N/A

33. If the system is currently covered under a NPDES/SDSpcrmit, has the system been in. compliance with tbe
permit limits during the'last five yeat'S? 0 Yes 119 No

Hno, please explain. At times TSS and Chloride exceeded b?er:mit limits. See anffiler to
question #22 on reverse side of this ?age

Page 4 mllniciplll sumll(:<; water dischargG wwtfFEB 98
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~etal regula1lans (Secffon309(cJ(2) of ftIe cree" Water Act and Slale regulotiom (Minn. R. 7001.0070) requi'e the aultlotfzed signer
10 be Ofltt of the foDowing:

A. For CCfJ)OI'QI'lon. Q principcl executive officer of at remt the leve( of vice president;
B. For a patfnelShip c.sole proprfefolship. a generol portner <X the pro~t<x.respectively: or
C. For a municipality, state. Federal. or other public fcci6ty. either a prindpol t!P:ecutlve officer ()I'ranking executive offICial
D. If the operator of 100 fc::ICllny 'Is different them the owner, both the: operater ond the owner occording to Iterns A to C.

-, C8rtlfy undetpenalty of law IbalUlis dcr::wnenE and all a1Iachments~ prepared under my direction or 1iupeNlsion in ag:Qm8nce \lritn ill sys1en\
de&igned 10 assure !hat qualified pe1SonnefJlftlPeIIy gathered and evaluated the iIformafiall $lbmilted. Based on my Inquiry af1he petSon.. or pec:san:ll.
_110 ma1ta9" ttI8 GYSfern. Dr Ihese perstsns ditedIy responsible rar gathering the infonmttion. DIe information submitled is. to the best elf my knGWlcdge
and Ile&ef. 1nIe. iIC:lIrale, and g;mplete. I am aware th<lt there are s1gl1iflcant penalti~ fer 5UbmMing false ii1fonnati01l. including the possibility r1f fine

and imprisonmenl~ ~ •.•/V~Lp-t-

PlUNTEDNAME Jl::!fheY w.·~n 1TIl.E ~Y &J1tdnist;aeOl
AumOlUZEDSlGNAnJRE.__--- ....JDATE.__~_- _

STAlE TAX J.D. II FEDERAL TAX LD. II

ApplicatioltS submilted without an authorized signature, the requirf!d flJJPlic;Wonfee and attachmenu7 will
ke returned. PlellSe 1IUIk.e)lOUT checkpayable to the Minnesota Pollution ControlAge';t:y. Send completed
permit application, a1tJ1drments (including plans andspecifications, ifIIJIplicable) rmd check to:.

Minnesota Pollution Control Agency
Water- Quality Divisioll
Point Sour~eSection
520 Lafayette Road North
St. Paul7 Minnesota 551554194

rage 5 municipal sunfacc water dischaq:e wwtfFEB 98
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CITY OF TI-Hfc:F RIVER FALLS
Ir:LI~CTRICDEI'ARTMENT

1"_0. BOll 528
803 South Barzen Avenue

Thief River Falls. Minnesota 56701

Pbone: (218) 681-?816

Date~ y-... s::- C) .3

To: Hydra a'M I
Fax No: /-.:-201- S-J9- £7~ ~ _

~ttn: Dr(_ 6-&"9 -e k..e /,;. Nt"P~ yo

Number of Copies Including Cover Sheet: 7
Please. Respond By:

Operator's Initials: _--_

.. " . .. . ... , ' ..." . '... ',"- ~.:-.. -".. :,.. " ~.

"

~OO1l007

-----~~-----_.- .._- _.__..

._-------- .._-....,.._._-----_._-~ ..

--_.,--
..._------ -.-.-..- _..-._.- -

---------------- ------
------------_.-.~

----'---_._._- .. '- ....

....5~S~~ "'-'~._.S~---
Thanks
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141002/007

PhmtN'ilIDC:

) Plant: Infonnation

W.3.5l:CW3"[C:"[ Facilixy Scrc:cQing Form
1>xdiJninary- ("foonation

Conmct Name.:

Phone:

S7:r II -e. 5 I, 2 "p-:>.S' c"'-I

E-mail:

D<:sign Capacity: ,/. £3;;2. MGD

2. J2h.cbro:gc: Pamlt Concentration (mglLl
(p=vide Available PlU3DJereB)

Eennit Limit

BODs

COD

Expected FUDJ'li Sample
J::pr:lFttqP=q(1)

4mbbX~ek

)
S~ttleable Solid:!

NfL-N

TKN.

Total Nittogen

Total Phospho!:ous

Soluble PhocphofU5

I%mL,.r tAXms£

6itJvttllwt;...~

,rid I.'X~Th.

~Mb I::z.x wt:<1>. ,

pH

FeCll1 ColifoIm ." sT'tZHn!) ~(,~e

Co - Cf 7,¢hiu#/zn~ &,..,J"I\' I~.c.-
I

Orhen(?) List IYl.eI"CcJ"f__~~::.:;,u---..;;.e~__--,,----=3..:...-'7c..:D::;...&.t1oJ"7+I.....L=--_...G~rsIwt, «rJerrl!Sc
. I

:stat.. Ia.x fMC·",,,y..."f;!.t. vJJ~k
;\ k'ftD I, Xd IgLa..~e.

R&:edving Water body:

(ll~~e - composite:,~
.. )nenc::y - # s~ples/we:ek O~ month

lof4
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;c:!f Clellning Screens

Ac<att:cl Grit Removal

:)the.t: Grit Rcmo"2l

~umba:ofTxeabnent Tmins

"" ofclari.6ets

ChemiC21 addition

Sccondax;y Trc;ltmrnt (please: cbccl<)

rJ3clding Filter

Ae:tivat.,d Sludge

Yes

Yes

.'. , •. ;1.

ComminutO!

No

Diameter

No

Rotlting B~logi.cUCODaCtoJ:

.Oxidation Ditch

. ,.,.

I@003/007

.. :.:; ....; ... , ..... -

Lagoon

·)-alddi"L .....emlc.. bon

Ifyes) chemical(s) \1$ed

~ODdjltY l.lag6t:n

# of clati£t¢J;5

Yes

o

Biological ~utrie:ntRemoval
ie. (.~eJ:Obic.lIlldlor llDoJlic compllttments

No ..;

Di:Jwcter

ChemiCll1 :addition

IIyes. chcmio;od(s) vs<:d

Polishing Filters

Yes

Yes

No

No

/

Type of Filter

Medialdepth

Di:;in (cerion (please check)

ChJotine

# ofFlIrers

.-\n:a/Filtc:1"

Ultraviolot

r :')oIination Yes NO -/

Ple"as., provide a copy of rhc most recent monthly p1ant penormomce reporting fonn.

20£4
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4. SJ.Iu!ge Processing/Ultimate Reuse or 1lisposaJ

PJ~s~ provide ult.itruo.te destination ofplant 30lids (i~. landfill, lIgUCultur.tlllppliCltiOn" lagoon, etc.)

Priam,. Sludg!: 'Thickening (plene check)

,. ".' ",~."

. .. _.~.~ . ' "';": -~: :, .:.: '" ..

fgj004/007

p.timw:y TlInks

Gnvity

Gtntrifugc:

Comhined Sludge 'Thidee:ning (p1l;!!5<;; check)

,.~ No

)
J'le.l~e Nsune Thickening Process

SbuJgc Digcsrion (pIcasso check)

Other (name)

B:yingBcds

Belt Fiher PJ:C55

)

Gravity

Dissolved Air Flotation

J\Qlle~obic

Cemrifuge

OthCl (UOUDC)

30f4

Belt Thickeners ----
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,. AdditiQnal Infoonation

--~~}J(ial WAl:!tcWj5tcr

. .
:..ht D:MDe/type of \lIlY significllllt industcial Wdst~terload to the plllJlr:

Igj 005/007 -

.'-'. -~,

3.stimated pCICan ofpbut BOD load:

:ombined domesric/stoml sc:was:

rss;

...... nJ!;..l<~~ &.ciC<$SI,...J----~=--~..._·.;4.0""""::;lJ"-..c.Z~-S....~S,"-- _

~tvd-~OVrf/tHh, <:4 s

J

~4hr composite

Z4 hr compositc

::>ther

r1c'lut:m:y (days/"'f:ck)

Docs pbnt ha~ a lab?

Gmb

Gr.ili

Location

-J OJ:h=

;\nalnes dOJle by plant lab (chede)

BOD

Nf4-N

Soluble Ortho P

Others (Li.n)

)

_~"__ TSS

_____ NO""N

Colif()DD.-----

__11'-"'--_ PH

_-=-./_-.'--_ COD

40£4

. .;_---.,; 'IKN

TotalP-----
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DATE
~'C-/~J

PHONE

r Conll" , 11:01:. nl'U"CI""UU"C"~:

Thief RIver Fall, elly or
PO BOll $28

Thle1 River Falls, MN 567010526

DISCHARGrrMONITORING·t \T",,---,,:

MNjOj143C5JNP'L

I cerl/fy IhStI em Ismtiiarw{fh the ~~ 7- ?_ 03
. information canJatnedIn Ihl$ IGNATUR'E OF PRINCIPAL EXECUTIVE efFie OR "UTHORIZEO AGENT DATEreport, end th8110 !he best ofmy .

knowledge end bs/lefths (nror· I-------~-----------------------l
matiotl Is 11Ue, complete, snd.
eCClltate. 'SIGNATURE OF CHIif' OPERATOR

FROM""-=-
eBOC 05 Oay
(2.0 Deg C)
60062

Phosphorus
Total las P)
'J0665

FlQw

OO'O'J

5005:>

COMMENTS:

STATION INFORMATION:
SD·C'04 (010 - hom 8B acre secondary Q&1I)
.Swtaoe Discharge, EmJenlTo Surface Walfll

Atl~ntlon: SIeve Swanson

TSS

Fecal ColiloRn, MPNI
Membrane Fltr 44.5C
4e201

pH

Thief Rr~er Fal'. 'TP
603 Barzen AvL,
Thief River Falls, MN 56701

C·053·j

Send orlglnal with supplemental DMR (If
appl1cable) by the 21st day of month following
reporting period to:

\

MINNESOTA POLL.UTION CONT~OLAGENCY
52.0 LAFAYETTe JU)
ST. PAUl, MN 55155-41'4 '

. ATTN: Discharge Monitoring R&port

Nitrogen, AmmonIa
. Tob] (as N)

i C~510,



----_.

Thief RiIIer FlIl" .' TP
803 eaJ2.en AV~v'
Thiel River Falls, MN 56701

STATJON INFORMATION:
50·01)4 (010· from 89 acre secondary ~II)

Surface DisQ!1,arge, Effluent To Surface Water

Allen!lon: Ste'o'e SWanson

I -

Oxvgen, Dlssolv9d

e'OJOO

OlSCHARGE'MONITORlNO"f;: IT
.-/

~~

I ..,.nn' I .... ,,"n...,"""'''''''''~..:;J.

Thl&fRive( Falls city 01
PO BOll 528
Tllief River Falls, MN 567010528

0,
Q:l
'-.
I-'
N
'-.
N·
o
o
to>

~
o
Q:l

"'"to>

'~

.,.,

;',

::.

"::.: .

'. ~ .

i§I ..
Q
Q
"-l
"o
o
"-lCATE

'7-/~1!J3
PHONE

1certIfy IhBIi sm famU{er with Ihs ~ 7-1- ~ 'r
information OOIIlBMed in th(3 _'...;;...--=V-I=..
1&porl SIld /bet to tIl& be.st ofmv IGNATURE OF PRiNCIPAL EXECUTIVE OFFICE UTHORIZED AGENT DATE
knowledge IJJld belief thein/or·
mal/on ~ tMI, CtJmplellJ, IJJld

BCOurala" 'SIGNATUR.E OF CHJEF OPERATOR

Send origInal wlthsuPJlllmental DMR III
applicable) by lhe Z1s1 day 0' month followIng
reporting ptrlod Ie:

rmNNeSOTA POlLUTION CONTROL AGENCY
51D LAFAYE.TTE RO
ST. PAUL, MN 5&1~194
ATTN: Dlscharge MOlIltorlllg Report

COMMENTS:
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. '.' ." .., .. _ .

p. 1

CITY OF WARROAD
DARREL ANDERSON, CI1Y SUPER.D\TENDENT

121 Main Ave NE, P.O.Box 50
"Warroad, MN 56763"

(218) - 386·] 873

DATE: R-Lf~03 # ofPages:_---'-"~ _
""

f" Dr ~~~ber~_r_

FAX#: ~O",·(pg5-ql.g~-"/ ~~r;}..

FROM: --'.4m~

COMME?\TS:

i I~~---'-
~V / A±i1J~"J<e 01---"- _

32{) - to5o -.25130
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1. Plant Infoanation

PIantName:

WasteW2tet Facility Screening Fo.rm
Pre1iuiiouy Infomwion

2183863837 p.2

Fax:

Con~Name:

Phone:

-=0 -A-,,<,~ L ~-eS--=-'v~y()__.-;;.s~~...IL.- :--

(l GJ~l.--'5g,,-?237

r

I

E-mail:

Design upacity: , '3~.~ MOD Present Flow: .31( MGD

---".-_:-- ...._.. ;..._ ......... _.---_ .

2. Discharge Permit Concentratioo (JDI'/L)
(provide Available Pamsnc:tets)

BODs

COD

TSS

Settleable Solids

NHrN

TKN

Total Nitrogen

, Total,Phosphorous

Pennie IJrnit

-~S 1)1., It;
iu"/4-

-

--
...-.

-'

Actual Discbugc

---
&pcctes:1 Future .~

I~e/Freqpenc:,v(1)

a.,....b/to«J:::

Soluble PhospholUS

Fecal Colifonn

pH

Others(?) list

~.

J..oo ~,.., /;~ it)L

,"e fJ .~ 9;0

I Fe> .~III'-- _.-.,- _

'11£

tSrrh/~'

Oyyb I £Q ~d(:__

Receiving W2te1: body:

(I)type - composite, grob
(I)frequency - # samples/week or month

lof4



.' .... , .. '. : ~ .' .. ; .
., .... :... : .. ~-: '.: ::'.. - .': . . .:'.::
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'~~~~~"..i~'F'~""~ol'~'''''-' .,

.:.~ .;·::,~:r:·,~·· . .
::' '" 3: IJqpid Pmc;eM DescriptiQQ 'A/jIJ-' .
....

''-'0'\:'' : Pie-treatment (check>
! ...

2183863837 p.3

:~X~·~: .Busaeen

:,;/; .:: ~ SelfCleaning Sc:rCCDS

.AWLted Grit .Removal

Other Grit Removal .

Primary trea.tm.etl.t ~case che~ ,..>/A:;;s
# ofclarifiers

Cbemial addition

IEyes. chemical(s) wed

Secogdas:;,v Treatment (please check,)

Tric:kling Filter

Activated Sludge

Lagoon

Comminutor

No I,i;{y'
Diameter

No

Rotalirig Biological ContaetoE

Oxidation Ditch

Biological Nutrient Removal
ie. (A,naerobic ~/ot anoxic·compartmeots

'.~ "~ ...' . I

'. :.

Chemical addition. .

If yes, chemical(s) used

$ecQndacy Clari.6ers

# ofclarifiers

Chemical addition

Ifyes. chc:mical(s) used

Tertiaty Treatment

Polishing Filters

Yes

Yes

Yes

No ·X

. Diameler

No

No

:' .

Type of Filter

Media/depth

Disinfection (pJellSe cbeck,)

Chloane

# ofFilters---'---------
•\realFilter----------

Ultraviolot

Dechlorina tion Yes No

Please provide a copy of the mOlt recent montbJ,y plant performance teponiDg form.

20£4
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4. SludgeProcessiu&'/Ultiinate Reuse or Di:(posal

2183863837

. . ~ . -' .... -~ .. - ..-.. -': --.. ::.' , : ...._...

p.4

Please provide ultimate destination of plant solids (i.e. bndlill. ,agricultuI3l application, lagoon. etc.)

PrimaxJr Slud~ Thickcnior rJl1we check)

PDmaq Tws Gnvity Belt Thkkenen ----

Gr.nrity

Centrifuge

BeltThickeners

Dissolved Air Flotation

Yes

Please Name Thickening Process

Sludge Digestion (plelJ3<: check)

Aerobic

Other (name)

. ..:... - .

Sludge Dewaterigg (please check) .

BIying:Beds

Belt Filter Pless

No.. ,_,",--,,,-,-_

Anaerobic

Centrifuge

.Other (name)

.30f4



WARROAD#UTILITIES

....... ~.-'.--- ; '..- -'._----...•_ ,

'.: ::_.:.:'

AUG 04 2003 12:35PM

5. Additi?Dallnfoanation

Ipdustrial WlLltewllter

• _~: .:•• 0 •• , :. : .... :.: .
. . ".. '. ~ .

2183863837

.. -- ~. . -,' _....-.~ ..

p.~

.:;.~ : ..

,List name/type of~y significant indumial 'I¥"OlStewatet load to the plant:

Estimated pezccnt ofplant BOD load:

Separate sanitary sewexs:

Combined dOmestic/sto.cm 'sewcn:

Plant Sampling apd AnaJ.yscs '

24 lu: composite - / ,

~, Gab __-'--__"Other

Frequency (days/week)

EffluQlt

24 h.r composite

Other

Frequency (days/week)

"Does plant have a I:1b? ,

Glab

Location

.-\nalyaes dpne by plant lab "beck)

BOD

NfU-K

Soluble Onho P

Othen (List)

____ TSS

Colifonn-----

Y:: PH

_____ COD

4of4

_____ TKN

TotalP-----



Plant Screening Forms

"Rotating Biological Contactor (RBC) Treatment Plants



~OOlBRD WASTEWATER PLANT,08/08/2003 FRJ 08;52 FAX 218 825 3258

1--::-:::C=::-C=:7.·,-::;... ,,,..,.,.,,,",,.. :-:-:...-:-:..-,-c··~.·.·.=.·_.=•.·.-:-:_·_c-::·..·o:-::..=_..=._.=_..=_.=_.. -::-:-_.=... _=_...,..,-::-:::-::-:-;-~~~~.,..,,"',.,..,:.=.~.'.=::::7.....=:..=...:-:-:..=... =:-:-:--=---,-----,-,--~----:c-=.....=...=....=....:_:_:..=,._:_:_".,..,-c.~.-,-,.__,_,_.. -:-:-_._,..,-c._=_..7C,.=._c_:_==-:7•.=... =...=....=_.=..,=.__=__ ,C"7C"

I

I

Phone: . .'. 4>.' -m-~2'~·'.~ii~iJ:""~~y12·i~~'~Jz2;;j':·-,~i';t:~~':~.:~:.
"...,!,~:j.~~~. tl"b;c;1>~ H' >.:;'.--.::~~~L:- --,. .;,i:!;';;,;,;;T~.; "i~·':-:

. 3' ·i~·- .'.r··\.fi-D·:···....:.:·~;:.,·;:..:· .'::"~.- "' .. p '-:':~?k': ".:.' ··cl':1"C}.':.:~:<?t,r.·M?:..~J,;.:P~.rt;qp:::;,.~,:~:;::;: .... '.

.."./') ~ :.:~-i:~\~:.{::~,i"L : .....;>~~~:.;!~~\:.: ..::.:... ',', .~. ~:=:.: ...&...~_. .... ," ~ ~;::,:.::.~:.r~l. '.'

';'

llaut InformatioD1.

Pbnr NlliIle:

Contact Name:

2.

'" " .
'-.:.

BODs

COD

TSS
''3' ~ tu~<::.;l{c:: ..:,;
.)" #~ .. t;Q'h1;·os.-

Sett1cahle Solids

NHrN
_...:...._-~--;--::•.7.;..,. :-::..:-:-.""•.• -=.~.,:::_~._~.,~~.'"':":'.,.,.,,....:- ~ __ _. _ _" .

: .

TonI :PhosphotOUS

Soluble Ph~;ph~~

Feel COIifODD

pH

Othc:ES(?) List

"..: . , ..

R«dWog W.... bod" ... H.. - -;;;~~~'i~~ ft!;G:·'~':cr- ~_"_H_H" "';.

.'"" _=p~pb ··I;,;·c,--2:·;~~r~4~kf:~::;";'~~:s~;:~-
(I)frequency • # samples/week or month .,"; ...... ' ;:~. {

i .
I:

'!

:.; ....

• J

.• f.•".".·.:.:":--.,,, ""'~ ::,.•. ,;••,~.•,.;.:'...•:'••,' "~••.•.••.., ••.•'.~_.~••.(:.••.;.~.:,~.:;;#..,;.-.:_..~.·.•.·i.••·',,'_:·r;,.·.; ..",:". ". J '.~ • .' .• '. • . •• I
~ " v .. c:~·~:...~~~;:T.: ..:.f~~<!;'.:·~~f};l: ~'.;.~':'::"# ~q"':~~.~·=,.)1:.~·~)";;;:,,£:;,,y:~,;;.!~~

'.":.
", '.'



08/08/2003 PRJ 08:53 FAX 218 825 3258
.: -'-'- _-- .., .. --' ._- '. -_. ~'. _.....-. -. -"

BRD WASTEWATER PLANT I4J 002

3. liquid Proceu D"?oI?- .

Pre-qeaQnent (check,).

.:.

Bancreen -..: : ~;:; ';,".~.

....: .'
.:.~. ::.;..::- ... ;....{;;1. ,·:Co·~:..:".;:~~.~ ..,.- .:.: :. ~:........ . ~ .~.

~~, ~··::t .. !'_.C?,·•.• ..••.~,_·_..·.·:•. i· ._ .., - '.'" .-"--'''- -- --:-,-..,.---'-"';~ --..-. ~ : .

:.; '.

Self Oeacing Sctea1S

.': ..Number ofTreatmentTnins

' .. ; .. '

.......... ;'.::: ~ .....

. ~ ." _ " .__.:--.._ _~-:;-. __.__ .

,.

.... : ... -:
:lo.': ..

...... :.' .... ;- ... '. .,......... ;" .........--,.~ .._....., ..-..........
. .".-.,:. . . .:. '.,... ~.:.-~: ~:...:.., .. :-.......~._.-;- :.---:-

Ii' :,{.~~~~~:\':::).;..

. :~~~J;\~1~~~~.~ali~\7~~:~. ,::~" \:~
Oxidation'DitCh .

.....~:.. '". '," .".-.: .'"

Lagoon" ~." . ,; ..'

......- ,---- ...;~.:

TOcliIingFilr.e:r .,; ".
.' -' ....~~ \" -i';

Activarecl Sludge

Sec~dal1Tr~~rnt (please chej;kJ;:·:··~··:··r;;·,;;~:,::·
......... - .:..~.:

Ch~c:al acldiri~ ,.. ' ';' ..-
'.' -.. -' - .....

1fYes;~aI(~j~- -

£l:r:onc!aJ;y aatifu:7s
..; . ':.. :" ..,.. ::"'-1
"#of~etS"; .' I

:.,
' ..... ;.

!.Medialdq)th

... ..~.f"\·
Type o(Filter ......----.- ...... _.,._._.~;;..:..;....;............, =';''::'''::;-'':..:0'''='''='''....' ---..;_~~

Teniaty Deacmem·
-, 1 .i l'

. PolisbipgFilteo:·. ;"

Disipfc:gion (please ciJeck) ::.., ... ,: ::~ ..... : .. ':" '.'

Chlonne

Der:blorinarion Yes
' .. ----

Please pfovidc a copy of the: mosHCcCIlt monthly·plant p~doDWUlcef~OttiDg"fo~
. .. :i:of 4- ~ ).:~;.' .:;:: .":' ...'-: :::



08/08/2003 FRI 08:53 FAX 218 825 3258

141003

.....

'. . :"

.~-;.:::.~:.:.·.:~i;;~~j~~·(:i::~';~~.:::~i;,~:~:~.;f:;

. . .
--:---.......~:.~~·~.l~:.lt~~~.:.:.::l;'?;j.::.:}

' :.- :.- ~)~:;·.-:::f}.t~tt:i....i;:~XS~;~;~7~:·
.. .~":. .";~ -;". . . .- ." . .' . ...' .

~. Sl~ggk ~roce89i~~/~~a~i~ry~f~·~l~~~~8.~: ::::·::':~"~:~:~;~:::~:~~4;-.~;~~~~;~:~~~:~;.=~;~~~2~~~*:::::~:{1':'~~:T::~i~:.;i:~;;~t):~~:f{!;~tJ.(.:-· .:: ::. ,,:,
Please provide ulnmate dcstlnaooil ofp:ta.z:!.r.sDlidsi[t;c:,.~;lI8Dc:u,l~~Pn,.big@Q,etc.) '.;"., J.":'? :;.....,.:.,: ~;. {,~~:' ~,.::,~"% .....< . ';..

."-;j~;~4~']~;;f1~~{1;i~;W~~~~i~~f!~~:fu~~~X¥T',"•.'
... , ..:.:, '-··<'-.~:·":·:::·:::';:.;.~::·.:;;::';.'F.:·~:.;~· .i.~:.;:f..·t.YS·T;:··.':;··· ....' .... : .\.: <: ~";>~:5?::J~"" :~~.C_'~_'

.: '~' _:. . ~_~_. '" :!:.~.;; .c:A ~\~,~;~;,\{,:~~:?'~A ::':;j.,,~'i"'~:2l:.. ._.;.-;;.......--.. -

':G~::: :~':j9;':::~ .:~.~·f:··:.··.~·~~~en

.-'-.-- --"~ ':~: ..;~::~:;>,~;~~~;.~~:' <~~: .: ..:.:
SeCQf!dMJ~dgs Thickening (pleas die~

. ~.'
Gmvity t/

Ceotcifuge

':'.. ..
. .

• ....... •.• ,.~ .-,r. ••• _ .. •••": ••..

..
Belt1b.ic:ki:ners .. . .-.,

.. ';.:.

. Dissolv~.AifFlotan6ll:, .
.. :. :'0 "

. . i

::~~~.?+( ..::~~..) .;,~;.f.;':l!.;i~§i'~.~.~~~;.;-t

....

Please N2me Tbidtenhlg Proc:ess
• : ':'" ".. r

'. ···.1·.·· ... ':

....;._.~

·V··

.. ::.;~.

·Anae;Obii·.-; .------

0" :;-

:: '.~:: ..... -:
Sludge D~3tion (please check)

Aerobic

." .. :.

. .
.: \'~~ti ~:':';:~~i.1i;;,,:,~,,::~:,,~,,·t

. : '. ' .... :. ".-'..~...

·,,~':~:~SfL:-,c ;;~:,:_~-==:.,:,~
'. ~.:

Sludge DewaISrine: (plea.se t;1)eclc) ..

B.tyingBeds

Other (name)

\
I
I

\

t· •••• I •

' ..
.....

.....

.... :.....,~ ,'.:~:. ',:: f ... ~.·.:··,:...·:>.. :: :: :... . .
'.

..: .

.........

'.
,:,.~ p' ,. '~;.~ •

:: .
.',

.' "
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' ;.

...... '

'. '.;:' ..'

.. ,' ..

...... _ "",.-. I ;:. '":''''' : ~ .:.:

'.:" " .

.' .

........

.:<'., .

.- : .. _. : .'.:: .-4·:.:.::t:· ::~.:...·.,.:~.:.·.:.·.'.:~·.·./·.~.;::,_.:.: ':~':;".: .
.:.:' ~ .~ :':;~' .

. ~.:: ..... , " -
..' .~. . '.~. .; ...,. : . -. -

. '.' ..: ..~..-.:--:.:~.~.::::: ~;_:~...: :;.: '~' .. :.
. : .....

. ' :;".;

............:.

.' .
.;:,:.,: ~:"': /.-: ..~:{: ·.jr·:~!.~~;;'··:;'- j:'

. ~ .'.

. : ..

. ...., .,: .

.' . .'

''':'.'",:._- ...:..,,~,

.. . :..'~:

Additional InfQimad'cm. . '.
. . i ..... :. . :'.. ~ :'.::' .. : .

24 hr· composite .

Combined domestic/stql:in sewers: :

~.

5.
. '.. .IgdumtaI Wastewater ~. -. -. : ,

-_.~,-;~~~~~~~~~~~~~j,.~~~,~~:;~;4;:;i:.~:_:;t:;:,~B~i~Z€::-'-. :~,:i;:
:4.~_c ~.~k.~ ... _~..:.. ·.,,~:_ ...· ·!.::~:l~di31,~L ,:~;..::;..s..sit!i:.,..1;-:i"",._'" ... ,>.~ ..::".._.,,.. ,.... ..:_.

~Jj~~·k,·.ri.~·:J?;:f~4;:l4~:: ::~:~;~::·.~·t:~::L·.~L/f:};lt(:~~·;~fi~~~W~~t~?i .·:)~~):~d{~¢;0·~~f·~:~::~:'.;;::~~~:S~··:
.... :," .~;_:.... .... ....... ,.~.~ ':~,'~: ~:'~)S~.:i~·!;.:r::_::. ~:}: ~.\./:.::-.~;:.:?~~ _...": ,'.. :; X;.'-~~:.. .

,
,

i

\,

, ,
_ ~ ,.~' :.""": ':_'-: ~"".:: : ..1::.;- :,,~:;'_.~.':-:-':'~::~:::~'.

:.' _: .... .
.. :' -:... .- .....•• ",~: '. :"';:'~1:.

..........

:.... : ....

""::' '.

........

....

.:" '.'

.': ..

":'.,

I .

.' .

. : .,o

'::".

"

oluble Ortho P - ...-----

300

Other

.¥J;Uyses lione b.y plant lab (c:heck)

i/:'

24 hr compoSite..

Frequency'(daY~/~9'r·:··,;i,·: ~'::'...:.,,-':._"'--=.,.:.=..:..::;..o~

?~P~~~~,~~J:~:~:~.·.\~~:~~·$·.e·~. '.: .:'.::./;.... :.~.-.:, ....

,
i

..~

'I
I
\
\
I

\
. '. ., ~ .

. '.,'

,·4 of 4.,?· :;~.:..f~.
.. ~ .-.



Appendix 1.3

Site Visit Presentation

H

£n.-;.on ..... n'~1
[ngl ...... , ... S ..... ",I.,.



Minnesota Environmental Science and
Economic Review Board

Wastewater Phosphorus Control
and Reduction Initiative

Wastewater Phosphorus Control and Reduction
Initiative

Minnesota Environmental SCience and Economic Review Board
(MESERB)

George Kehrberger, Dennis Scannell, Gary Grey - HydroQual, Inc.

H. David Stensel - Univ. of WA

,.-_.:._,--'---~ ,---. __ .:_,,,~,~ ........:.. :::_:.:_.:..~.-':..._._:.: ..~.:: ":_":"-",'

The Problem with Phosphorus

• Enriches nutrients in receiving waters to decrease water
quality

> Increases algae growth

> Increases weed growth

• Problems
> Taste and odor

Fish habitat - lowers DO

> Aesthetics

1



Objectives

• Provide a description of Best Management
Practices (BMP) for effective phosphorus control

• Demonstrate BMP alternatives through
evaluation of different types of WWTPs

• Develop protocol for BMP evaluations
• Provide technology transfer via report and

seminars

Wastewater Treatment Facilities (continued)

• Different sizes
> 0.30 to 19.5 Mgal/day

• Different sludge handling methods
, Aerobic digestion
> Anaerobic digestiol'l
, Land application

• Different phosphorus removal needs at present
> Treated effluent less than 1 mg/L
, No standard yet

Wastewater Treatment Facilities
Located Across State

1--_~~~_-:-=":==:",,,"_~w, =W"".c.,•• ,
• 17 facilities selected

• Different designs
> Activated sludge

o High purity oxygen

o Oxidation ditch

o Conventional

o Biological Nutrient Removal

> Trickling filter/activated sludge

> Trickling filter

> Rotating Biological Contactor

> Aerated lagoons

Approach

• Characterize Selected Existing wwrPs
• Identify range of applicable P removal

alternative designs

• Systematically evaluate effectiveness and impact
of alternatives

• Identify most appropriate Best Management
Practice

2



Information Needed for WWTPs Site Visit Agenda

I---------=..~..,._'". .,_~c_~"'__~".

• Design capacity and loadings

• Existing permit requirements

• Receiving water body

• Plant layout

• Unit sizes and equipment

• Treatment performance
1 year of data

, Data collection methods

, Plant monitoring procedures

• Wastewater characteristics

• Sludge processing methods

Ultimate sludge disposal/reuse options

Site Visit Agenda (continued)

• Plant monitoring data

• Influent wastewater characterization data

• Sludge processing approach and data

• Review data colrection methods by plant and
laboratory capabilities

• Introduction - goals and approach

• Phosphorus removal technology summary

• Facility Tour

• Permit information

• Plant design details

• Obtain latest facility plan report

• Obtain plant performance reporting data

Phosphorus Removal Technology

• Chemical precipitation

• Enhanced biological phosphorus removal (EBPR)

• Combined Chemical and EBPR

3



Chemical Precipitation

• Types of Chemicals
> Metal salts - alum or ferric

o Forms alum or ferric phosphate precipitate
o Uses alkalinity, decreases pH
o Causes modest increase in sludge production
o Costs

> Lime
o At high pH causes calcium phosphate precipitate
o Not desirable due to handling and sludge production

Biological Phosphorus Removal

• Bacteria consume BOD and store large amounts
of phosphorus - 20-30% dry wgt

• Phosphorus is removed via sludge wasting with
phosphorus aCQJmulating organisms (PADs)

• Phosphorus can be released by bacteria with
some return to treatment system

," ~'';;:''--' - -:.._"-...:':..":. '-"_'..:_:..-..:._" "-' '-- - - '-"-'-_"':..~~-

Application Issues For Metal Salts for P Removal

1---------,--,----
• Dose

> Stoichiometric at high Pconcentration - mole/mole
> Increases as P conc. Decreases below 1.0 mg/L

o 2 - 4 moles/mole

• Dose location
> Primary treatment - needs control
> Activated sludge
> Prior to final final clarifier
> Tertiary treatment mode

Biological Phosphorus Removal Requires an Anaerobic
Contact Zone Followed by an Aerobic Zone

• Anaerobic means none or little oxygen and
nitrate or nitrite

• Mixed liquor is mixed and contacted with
influent wastewater

• Contact times typically 45 to 60 minutes

• Need aerobic SRT of 4 days or greater

4
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AnaerobiclAerobic Process
t-- ~_'f"'''~ll>ll''''<_4t__~

A Number Of Process
Configurations Can Use EBPR

Phoredox With AnoxiclAerobic
Minimize NO-3-N to Anaerobic Zone

RAS
WAS

1980s - Other Processes Used to Minimize Nitrate
Effect on Bio P removal

WAS
Or A2/0

UCTPROCESS

1 mg of N03-N consumes COD for
about 0.4 mg of P

VIP Process another form

5
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Alternatively Remove Nitrate" in RAS Anoxic Zone

JHB PROCESS

WAS

Key Findings for Bio P Removal

• Specific organism selected (Acinetobacter
Rhodocyclus -)

• Wastewater characteristics important
» N03-N bad (1. mg addition'" 0.4 mg P)
» Readily biodegradable COD good (Hac)

• Stoichiometric parameters defined
• Transient loading effects important

sequencing Batch Reactors Demonstrated
BNR in late 19705 and early 19805

P-H'~~H~H__ lJ=JLJ_~
FILL FILL REACT/SETTLE DECANT IDLE

ANOXIC/ AERATION
ANAEROBIC

MIX

Useful Stoichiometry

• Anaerobic contact
, 0.5 mg P release/mg Hac

• Effect of readily biodegradable COD (rbCOD)
addition
> I mg P removed/IO mg Hac
, 0.3 mg P/mg biomass

• Effect of N03-N on rbCOD
> 6.6 mg rtJCOD/mg N03-N

• Effect of DO on rbeOD
> 2.3 mg rtJCOD/mg DO

6



Bio P Removal Related to VFA availability

• Total BOD/P is a crude parameter

• How much VFA is available in anaerobic contact zone?
> VFNP ratios reported range from 10 - 20 gig

• Approximate VFA production from readily biodegradable
COD (rbCOD)

• VFA potential test method proposed
> VFNrbCOD ranged from 0.80 to 1.8

Floc!Filtration Method

• Method of Mamais and Jenkins:
> Water Research, 27, 195-197, 1993.
>. Zinc Flocculation at pH 10.5 Followed by Filtration. (0.45 ~lm

filter)
> 100 ml sample

a Add 1 mL of 100'mgjL ZnS04 soln - stir not shaken
a Add 2 mM NaOH scln to raise pH, stir, floc, settle, filter

Influent and effluent samples
> COD Analysis.
> rbCOD ranges (20 - 30%)

Readily Biodegradable COD (rbCOD) In Influent
Can Be Used To Indicate Bio P Removal Potential

OUR

Endogenous/part

Time

• Also measured by floc/filtration procedure

How To Increase VFA for Bio P Removal?

• Add acetate or sugar to anaerobic zone

• Produce VFA by fermentation of primary sludge
> 0.10 to 0.20 g VFNg VSS applied

> 2-4 day SRT

• VFA produced from RAS fermentation

• Consistent feeding of VFA may improve performance
> Le. lower overall VFNP ratio

7



Factors That Affect P Removal Efficiency By The
EBPR Processes

• Wastewater characteristics
> VFA availability

> Variable loading

• Biological process design
> SRT, aerobic zone, nitrate in recyde

• Recycle loads

Summary

• A number of "tools" available for phosphorus removal
> Chemical methods
> Biological methods

• Site specific conditions affect EBPR process designs and
P removal efficiency

• Site conditions and permit level affect combination
chemical/biological design processes

Combined Chemical and EBPR Processes

• Chemical prior to biological process

• Chemical in biological process

• Chemical as polishing step

• Combinations of above

8
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Alexandria Lake Area Sanitary District WWTF
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Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.A: Plant Design Parameters

Parameter Value Units
1. Plant Loadinlls

Flow
Desilln Average Flow 3.25 MGD
Annual Average Flow 2.57 MGD

BOD
Desian 6,501 Ib/day
Annual Averaae 5,151 Ib/day
% Induslrial 35%
TSS
Desian 5,192 Ib/dav
Annual Averaoe 4,113 Ib/dav

2. Treatment Unit Sizes

Grit Chamber 1
Volume 20.197 oallons
Depth 13 feet
Area 216 SQ. feet

Primary Clarifier 2
Volume 130.869 oallans
Deoth 11 feet
Diameter 45 feet
Area 1,590 so. feet
Overflow Rate(1) 803 aod/ft2

Delention limeI') 1.9 hours

Aeration Tanks 2
Volume 103,231 oallons
Deoth 15 feet
Area 920 SQ. feet
Detention time(1) 1.5 hours

Secondary Clarifier 2
Volume 213,269 oallons
Depth 12 feet
Diameter 55 feet
Area 2,376 SQ. feel
Overflow Ratel') 806 aodlft'
Detention lime!') 3.1 hours

SC Tank 1
Volume 495,718 oallons
Depth 15 feet
Diameter 75 feet
Area 4,418 SQ. feet

Sand/Anthracite Filters 6
Overflow Rate!') 1.97 - 2.95 aodlft2

3. Siudoe Handlino

Thickening None

-
Digestion Aerobic
Volume oer tank 410,679 oallons
Death 15 feet
Area 3,660 SQ. feet

Storaae None

Siudoe Dewaterinll Cenlrifuoe

Sludge Disposal
Land application

(1) - based on design dry weather flow



Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.8: NPDES Permit Limits

Parameter Limit Units Limit Tvpe Period Frequency Tvpe
Ammonia Monitor mg/L Monthly Average Jan-Dec 3/week 24 hr comp
CBOD5 25 mg/L MonthlyAverage Jan-Dec 3/week 24 hrcomp

CBOD5 40 mg/L Weekly Average Jan-Dec 3/week 24 hrcomp

CBOD5 85 % Removal Monthly Average Jan-Dec 3/week Calculation
Total Residual Chlorine 0.038 mg/L Daily Max April,Oct .7/week Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean April- Oct 3/week Grab
Total Mercury Monitor ng/L Single Value Mar, Jun, Sep, Dec 1/month Grab
Dissolved Oxygen Monitor mg/L Monthly Minimum Jan-Dec 7/week Grab
pH 6.0-9.0 SU Monthly MinIMax Jan-Dec 7/week Grab
Total Phosphorus 1.0 mg/L Monthly Average Jan-Dec 3/week 24 hrcomp
Total Suspended Solids 30 mg/L Monthly Average Jan-Dec 3/week 24hrcomp
Total Suspended Solids 40 mg/L Weekly Average Jan-Dec 3/week 24 hr comp
Total Suspended Solids 85 % Removal Monthly Average Jan-Dec 3/week Calculation



Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.C: Biological Secondary Treatment Process Design Information

Month RAS SRT F/M MLSS MLVSS
2002 MGD days kq/kg mq/L %

January 1.41 0.55 0.70 1,863 74.0%
February 1.35 - 0.90 2,664 72.0%
March 1.32 - 0.74 2,374 71.0%
April 1.30 6.3 0.29 2,495 71.0%
May 1.50 6.4 0.34 2,346 73.5%
June 1.50 7.1 0.42 2,464 72.0%
July 1.51 8.0 0.55 2,340 73.0%
August 1.37 9.8 0.44 2,442 73.5%
September 1.25 8.1 0.42 2,312 72.4%
October 1.22 9.5 0.52 2,461 71.4%
November 1.24 9.3 0.24 2,451 71.9%
December 1.23 9.4 0.29 2,461 74.9%

Average 1.35 7.43 0.49 2,389 72.5%



Influent

Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.0: Wastewater Characterization

Month Flow BOD5 B005 COO TSS TSS Total Phos BOO/P
2002 MGO mg/L Ib/day mg/L mg/L Ib/day mg/L (mg/L)/(mg/L)

January 2.3 288.8 5,544 523.3 200.5 3,849 7.0 41.2
February 2.3 326.0 6,256 584.5 197.7 3,794 6.5 49.8
March 2.4 209.3 4,175 476.0 170.0 3,392 6:2 33.9
April 2.6 203.1 4,436 504.2 186.0 4,063 6.2 32.6
May 2.8 202.8 4,746 460.9 184.5 4,319 6.0 33.9
June 2.7 216.6 4,922 451.5 191.8 4,359 6.0 36.3
July 3.1 232.5 5,917 421.7 192.7 4,905 5.9 39.5
August 2.8 250.9 5,834 423.7 203.5 4,731 6.9 36.2
September 2.6 223.2 4,782 439.9 184.1 3,945 6.9 32.3
October 2.5 294.5 6,170 523.5 213.5 4,473 7.0 42.1
November 2.4 ·212.3 4,324 491.9 183.5 3,738 7.0 30.5
December 2.4 218.3 4,351 492.5 190.7 3,802 7.5 29.3
Average 2.6 239.8 5,121 482.8 191.6 4,114 6.6 36.5

Effluent

Month Flow B005 B005 TSS TSS rrotal Phos
2002 MGO mg/L Ib/day mg/L Ib/day mg/L

January 2.3 5.0 96 2.0 38 0.71
February 2.3 3.1 59 1.6 30 0.36
March 2.3 2.6 50 1.3 26 0.38
April 2.5 2.9 60 3.8 79 0.66
May 2.8 3.4 80 3.2 74 0.50
June 2.7 3.8 86 3.0 68 0.25
July 2.9 3.4 81 2.0 47 0.34
August 2.8 2.2 50 1.4 33 0.39
September 2.6 2.7 57 1.9 40 0.35
October 2.3 3.1 59 2.0 37 0.27
November 2.2 2.6 47 1.5 26 0.40
December 2:'2 2.5 46 1.2 23 0.32
Average 2.5 3.1 64 2.1 43 0.41



Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.E: Plant Performance - Percent Removal

Month CBOD5 TSS Total Phos
2002

January 98.3% 99.0% 89.9%
February 99.1% 99.2% 94.6%
March 98.8% 99.2% 93.8%
April 98.6% 98.0% 89.4%
May 98.3% 98.3% 91.6%
June 98.2% 98.4% 95.8%
July 98.6% 99.0% 94.2%
August 99.1% 99.3% 94.4%
September 98.8% 99.0% 94.9%
October 98.9% 99.1% 96.2%
November 98.8% 99.2% 94.3%
December 98.9% 99.4% 95.7%
Average 98.7% 98.9% 93.7%



Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.F: Probability Analysis

Influent Effluent
% TSS COD BOD TP TSS BOD TP

Occurrence(1) mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 156 371 ' 174 5.3 1.0 2.0 0.20
50% 190 474 228 6.3 2.0 3.0 0.29
90% 236 589 320 7.8 4.0 5.0 0.52

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Appendix 2.1.2
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Table 2.1.2.A: Plant Design Parameters

Grand Rapids WWTF

Parameter Value Units

1. Plant Loadinas

Flow
Desian Flow 15.2 MGD
Annual Averaae Flow 8.8 MGD
% Industrial 46%

BOD
Design 38,908 Ib/day
Annual Average 23,330 Ib/dav
% Industrial 62%
TSS
Design 34,007 Ib/dav
Annual Averaae 19,501 Ib/dav
% Industrial 87%

2. Treatment Unit Sizes

Flocculation Basins 2
Volume 0 gallons
Depth 16 feet
Area 1,000 SQ. feet
Detention time(1

) 0.5 hours

Primary Clarifier 3
Volume 0.85 oallons
Depth 14.5 feel
Diameter 100 feet
Area 7,854 So. feet
Ovelilow RateP) 330 gpdlft"

Detention Ume(1
) 7.0 hours

Aeration Tanks 2
Volume 7.8 oallons
Depth 18 feet
Area 58,000 so. feet
Detention time(1) 42.6 hours

Final Clarifier 2
Volume 0.56 gallons
Depth 9.5 feet
Diameter 100 feet
Area 7,854 SQ. feet
Ovelilow RateP) 970 apd/If
Detention time(1

) 3.0 hours

Final Clarifier 1
Volume 2.82 gallons
Depth 14.0 feet
Diameter 185 feet
Area 26,880 SQ. feet
Ovelilow RateP) 970 apd/If
Detention timel ) 7.7 hours

Effluent Polishing Ponds 2
Volume 19.75 gallons
Depth 20.0 feet
Area 132,000 SQ. feet
Detention limeP) 108 hours

Effluent Polishina Ponds 2
Volume 16 oallons
Deoth 20 feet
Area 106,000 so. feel
Detention Ume(1

) 87 hours

3. Sludge Handling

Thickenina Gravitv Thickeners

Diaestion None

Storage None

Sludge Dewatering Belt Filter Press

Sludge Disposal Landfill

(1) - based on design dry weather now



Table 2.1.2.8: NPDES Permit Limits

Grand Rapids WWTF

Parameter Limit Units Limit Type Period Frequency Type
Ammonia 8 mg/L Monthly Avg Jun - Sept 3/week 24 hrcomp
CBODs 25 mg/L Monthly Avg Jan - Dec 3/week 24 hrcomp

CBODs 40 mg/L Weekly Avg Jan - Dec 3/week 24 hrcomp

CBODs 85 % Removal Monthly Min Jan - Dec 3/week 24 hr comp

Total Residual Chlorine 0.038 mg/L Monthly Max April- Oct 1/day Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean April- Oct 3/week Grab
Total Mercury Monitor ng/L Single Value Jan - Dec 1/Quarter Grab
Dissolved Oxygen Monitor mg/L Monthly Min Jan - Dec 1/day Grab
pH 6.0-9.0 SU Monthly Min/Max Jan - Dec 1/day Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan - Dec 1/week 24 hr comp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 3/week 24 hr comp
Total Suspended Solids 45 mg/L Weekly Avg Jan - Dec 3/week 24 hr comp
Total Suspended Solids 85 % Removal Monthly Min Jan - Dec 3/week 24 hr comp
Total Zinc Monitor ug/L Single Value Jan - Dec 1/month Grab



Grand Rapids WWTF

Table 2.1.2.C: Biological Secondary Treatment Process Design Information

Month RAS WAS F/M MLSS MLVSS
2002-2003 MGD GPD Ibllb mg/L mg/L

October 6.0 0.31 0.09 3,943 2,821
November 9.5 0.20 0.17 3,558 2,132
December 9.5 0.29 0.10 4,261 2,540
January 9.1 0.34 . 0.20 2,978 1,744
February 10.3 1.0 0.24 2,849 1,741
March 9.4 0.22 0.19 3,293 2,146
April 8.1 0.39 0.05 4,453 2,661
May 5.5 0.35 0.07 3,586 2,171
June 5.5 1.49 0.05 3,846 2,256
July 5.5 1.86 0.05 4,138 2,074
August 5.5 0.15 0.05 3,992 2,112
September 5.4 0.19 0.04 4,646 2,503

Average 7.4 0.56 0.11 3,795 2,242



Influent

Table 2.1.2.0: Wastewater Characterization

Grand Rapids WWTF

Month Flow 8005 8005 TSS TSS
2002-2003 MGO mg/L IbId mg/L IbId

October 10.6 444 39,229 214 18,959
November 11.5 405 38,892 290 27,859
December 11.5 399 38,160 240 22,920
January 10.4 350 30,274 262 22,614
February 8.1 288 19,547 254 17,208
March 7.9 317 20,948 219 14,463
April 7.1 258 15,225 309 18,223
Mav 6.5 258 14,058 259 14,082
June 7.1 288 17,023 337 19,904
July 8.1 230 15,560 268 18,199
August 8.5 214 15,157 301 21,350
September 8.2 232 15,881 266 18,236

Average 8.8 307 23,330 268 19,501

Effluent

Month Flow 8005 8005 TSS TSS Total Phos
2002-2003 MGO mg/L IbId mg/L IbId mg/L

October 8.8 5.2 382 5.2 382 0.33
November 8.4 4.9 338 18.3 1,277 1.06
December 8.5 4.4 313 16.1 1,141 1.40
January 8.2 1.9 129 11.3 774 0.21
February 7.1 2.5 147 13.2 776 0.17
March 7.9 3.3 217 14.9 985 0.42
April 7.1 1.8 104 12.7 747 0.17
May 6.5 1.8 96 8.8 479 0.20
June 7.1 2.6 153 13.1 773 0.26
July 7.2 1.3 .79 9.0 540 0.70
August 7.5 1.7 106 6.9 431 0.92
September 7.2 1.5 90 7.2 433 0.86
Average 7.6 2.7 179 11.4 728 0.56



Grand Rapids WWTF

Table 2.1.2.E: Plant Performance - Percent Removal

Month BOD5 TSS
2002-2003

October 98.8% 97.6%
November 98.8% 93.7%
December 98.9% 93.3%
January 99.5% 95.7%
February 99.1% 94.8%
March 99.0% 93.2%
April 99.3% 95.9%
May 99.3% 96.6%
June 99.1% 96.1%
July 99.4% 96.7%
August 99.2% 97.7%
September 99.4% 97.3%

Averaqe 99.2% 95.7%



Grand RaDids WWTF

Table 2.1.2.F: Probability Analysis

Influent Effluent
TSS BOD TSS BOD TP

% Occurrence(1) mg/L mg/L mg/L mg/L mg/L
10% 132 189 6.2 1.3 0.2
50% 247 294 12.7 2.1 0.6
90% 416 467 18.8 5.7 1.1

(1) Percent of sampies with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Table 2.1.3.A: Plant Design Parameters

Parameter Value Units

1. Plant Loadinas

Flow
Desion Flow 6.77 MGD
Annual Averaae Flow 2.55 MGD
% Industrial 34%

BOD
Desian 21,828 Ib/day
Annual Averaae 8,141 Ib/day
% Industrial 80%
TSS
Desian 15,412 Ib/day
Annual Averaae 5,755 Ib/day

2. Treatment Unit Sizes

Treatment Trains 2

Primary Clarifier 2
Volume 248,745.00 aallons
Depth 10.0 feel
Diameter 65 feet
Area 3,318 sq. feet
Detention timeP) 4.7 hours

Aeration Tanks 4
Volume 737,350 aallons
Depth 13 feet
Area 7,396 sa. feet
Detention timel ') 28 hours

Final Clarifier 3
Volume 298,500 gallons
Depth 12 feet
Diameter 65 feet
Area 3,318 sa. feel
Detention timel ') 8.4 hours

Clz Contact Tank 2
Volume 68,816 aallons
Depth 5 feet
Area 2,000 sa. feet
Detention timell) 1.3 hours

3. Siudae Handlina

Thickenina Gravitv Thickeners

Diaestion Aerobic 4
Volume 58,798 aallons
Depth 14.1 feet
Diameter 29.5 feet
Area 683 sq. feet

Storaae Tank 4
Volume 800,000 aallons

Siudae Dewaterina None

Siudae Disposal Land Application

(1) - based on design dry wealherflow

NewUlmWWTF



Table 2.1.3.8: NPDES Permit Limits

NewUlmWWTF

Parameter Limit Units Limit Type Period Frequency Type

CBODs 25 mg/L Monthly Avg Jan - Dec 3/week 24 hrcomp

CBODs 40 mg/L Weekly Avg Jan - Dec 3/week 24 hr comp

Fecal Coliform 200 #/100 mL Monthly Geo Mean April- Oct 3/week Grab
Fecal Coliform 400 #/100 mL , Monthly Geo Mean April- Oct 3/week Grab
pH 6.0-9.0 SU Monthly Min/Max Jan - Dec 1/day Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan - Dec 1/month Grab
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 7/week 24 hr comp
Total Suspended Solids 45 mg/L Weekly Avg Jan - Dec 7/week 24 hr comp



Influent

Table 2.1.3.C: Wastewater Characterization

NewUlmWWTF

Month Flow CBODs CBODs TSS TSS TP BOD:P
2002-2003 MGD mg/L Ibid mg/L Ibid mg/L

September 2.7 296 6,647 204 4,574
December 2.4 375 7,371 262 5,145
January 2.3 595 11,408 420 8,053
February 2.3 421 8,095 282 5,411 13 32
March 2.3 371 7,213 260 5,052 8.0 46
April 2.4 382 7,577 260 5,165 7.3 52
May 2.8 360 8,530 236 5,594 8.0 45
June 2.6 360 7,812 257 5,594 9.1 40
July 2.8 361 8,356 267 6,183 9.2 39
Auqust 2.7 393 8,970 292 6,673 8.0 49
September 2.7 340 7,568 263 5,863 8.8 39
Average 2.5 387 8,141 273 5,755 8.9 43

Effluent

Month Flow CBODs CBODs TSS TSS TP Ammonia N03

2002-2003 MGD mg/L Ibid mg/L Ibid mg/L mg/L mg/L

September 2.7 2.8 62 3.5 78 < 0.08 38.3
December 2.4 3.3 66 3.4 67 < 0.08 39.4
January 2.3 4.3 83 3.9 75 < 0.08 38.4
February 2.3 4.7 90 4.8 92 5.6 < 0.12 31.3
March 2.3 4.4 86 6.0 117 6.2 < 0.51 38.1
April 2.4 4.2 82 5.9 117 4.6 < 0.21 44.1
May 2.8 3.5 83 5.0 119 4.7 < 0.08 47.2
June 2.6 2.8 62 4.5 99 3.9 < 0.08 40.8
July 2.8 3.2 74 3.5 81 4.4 < 0.16 48.3
August 2.7 2.5 58 3.3 76 4.6 < 0.08 54.9
September 2.7 2.3 50 2.8 63 4.8 0.00 43.1
Averaqe 2.5 3.5 72 4.2 89 4.8 < 0.13 42.2



Table 2.1.3.0: Plant Performance - Percent Removal

NewUlmWWTF

Month CBOD5 TSS TP
2002-2003

September 99.1% 98.3%
December 99.1% 98.7%,
January 99.3% 99.1%
February 98.9% 98.3% 58.0%
March 98.8% 97.7% 22.9%
April 98.9% 97.7% 37.1%
May 99.0% 97.9% 40.4%
June 99.2% 98.2% 57.5%
July 99.1% 98.7% 52.1%
August 99.'4% 98.9% 42.1%
September 99.3% 98.9% 45.4%

Averaqe 99.1% 98.4% 44.4%



Table2.1.3.E: Probability Analysis

New UlmWWTF

Influent Effluent
% TSS BOD TP TSS BOD TP NH3 N03

Occurrence(1
) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 164 271 5.7 3.0 2.0 4.4 0.080 32
50% 253 378 8.0 4.0 3.0 5.6 0.080 42
90% 364 462 1.1 6.0 5.0 7.1 0.21 53

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Appendix 2.2.1

St. Cloud WWTF
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Table 2.2.1.A: Plant Design Parameters

Parameter Value Units
1. Plant Loadinas

Flow
Design Flow 13.0 MGD
Annual Average Flow 10.8 MGD
Industrial 2.2 MGD

BOD
Design 15,578 Ib/day
Annual Average 26,800 Ib/dav
% Industrial 17.1%
TSS
Design 16,547 Ib/day
Annual Average 26,100 Ib/day
% Industrial 17.5%

2. Treatment Unit Sizes

Primarv Clarifier 4
Volume 273,000 aallons
Deoth 8 feet
Area 4,563 sg. feet
Overflow Rate(') 712 gpdlff
Detention timet') 2 hours

Aeration Tanks 3
Volume 1,070,000 gallons
Deoth 15 feet
Area 9,537 Sg. feet
Detention timet') 5.93 hours

Final Clarifier 3
Volume 647,000 gallons
Deoth 12 feet
Diameter 96 feet
Area 7,238 Sg. feet
Overflow Rate(') 599 gpdlft2

Detention timet') 3.58 hours

CI, Contact Tank 2
Volume 142,000 gallons
Detention timet' 0.52 hours

3. Sludge Handling

Sludge Thickening
Sell Thickeners and Dissolved Air Flotation

Digestion
Anaerobic Dioesters 4
Diameter 60 It
Caoacitv 575,000 gallons

Storage Tank

Sludge Disoosal Land Apolication

(1) - based on design dry weather flow

St. Cloud WWTF



Table 2.2.1.8: NPDES Permit Limits

st. Cloud WWTF

Parameter Limit Units· Limit Type Period Frequency Type

CBODs 25 mg/L Monthly Avg Jan - Dec 3/week 24 hrcomp

CBODs 40 mg/L Weekly Avg Jan - Dec 3/week 24 hr comp

CBODs 85 % Removal Monthly Avg Jan - Dec 3/week 24 hr comp
Total Residual Chlorine 0.038 mg/L Monthly Max April- Oct 1/day Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean April - Oct 3/week Grab
Total Mercury Monitor ng/L Monthly Avg Mar, Jun, Sep, Dec 1/month Grab
Dissolved Oxygen Monitor mg/L Monthly Min Jan - Dec 1/day Grab
pH 6.0-9.0 SU Monthly Min/Max Jan - Dec 1/day Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan - Dec 1/week 24 hr comp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 3/week 24 hr comp
Total Suspended Solids 45 mg/L Weekly Avg Jan - Dec 3/week 24 hr comp
Total Suspended Solids 85 % Removal Monthly Avg Jan - Dec 3/week 24 hr comp



St. Cloud WWTF

Table2.2.1.C: Biological Secondary Treatment Process Design Information

Month RAS SRT F/M MLSS MLVSS
2002-2003 MGD days Ibllb mg/L mg/L

October 0.20 8.6 0.18 3,189 2,413
November 0.20 9.7 0.18 3,483 2,779
December 0.18 9.3 0.17 3,769 2,935
January 0.19 8.4 0.13 3,906 3,134
February 0.24 9.3 0.16 3,215 2,601
March 0..18 9.3 0.16 3,542 2,800
April 0.20 8.9 0.17 3,466 3,200
May 0.23 8.7 0.18 2,779 ·2,164
June 0.23 9.4 0.18 2,486 1,947
July 0.23 9.1 0.18 2,358 1,853
August 0.23 8.7 0.21 2,007 1,613
September 0.19 8.6 0.20 2,180 1,800

Average 0.21 9.0 0.17 3,032 2,437



Table 2.2.1.0: Digester Process Characteristics

St Cloud WWTF

Month Volatile Acids Alkalinity % Tot Solids % Tot Vol. Solids
2002-2003 mg/L mg/L % %

October 513 3,740 2.12 63.3
November 411 3,558 1.80 65.3
December 387 3,762 2.00 63.8
January 555 3,887 2.06 64.5
February 512 4,396 2.34 65.8
March 492 4,490 2.33 65.4
April 970 4,390 2.59 64.9
May 724 4,535 2.75 61.4
June 688 4,851 2.93 58.9
July 602 4,741 3.13 59.6
Auqust 597 4,609 2.88 61.3
September 590 4,184 2.25 62.8

Average 637 4,453 2.58 62.7



Influent

Table 2.2.1.E: Wastewater Characterization

St. Cloud WWTF

Month Flow CBOD5 CBOD5 COD TSS TSS TKN Ammonia Total Phos BOD/P
2002-2003 MGD mQ/L IbId mQ/L mQ/L IbId mQ/L mQ/L mq/L I(mQ/LI/(mQ/L

October 12.7 119 12,665 461 141 14,977 25.0 17.6 5.2 23.1
November 11.7 139 13,574 462 154 14;965 27.4 19.8 4.8 29.1
December 10.5 150 13,135 532 158 13,837 31.0 21.8. 5.5 27.2
January 10.2 164 13,975 159 158 13,418 32.1 23.4 5.6 29.6
February 10.1 154 13,049 164 179 15,157 32.8 24.2 5.7 . 27.0
March 9.8 171 13,966 178 166 13,562 34.0 25.8 5.9 28.7
April 10.6 165 14,529 182 166 14,614 30.9 25.5 6.2 26.6
May 10.9 141 12,838 177 153 13,924 28.2 21.3 5.0 28.2
June 10.9 123 11,179 185 154 13,965 26.5 19.6 5.0 24.8
July 11.0 132 12,100 194 138 12,661 23.0 19.3 4.7 28.0
August 10.6 165 14,606 204 130 11,518 25.0 20.1 5.4 30.5
September 10.6 101 8,951 432 136 12,051 24.6 15.2 3.8 26.3
Average 10.8 144 12,881 278 153 13,721 28.4 21.1 5.2 27.4

Effluent

Month Flow CBOD5 CBOD5 TSS TSS TKN Ammonia Total Phos
2002-2003 MGD mQ/L IbId mg/L IbId mQ/L mQ/L mQ/L

October 12.7 5.0 536 7.7 822 6.2 4.3 1.5
November 11.7 6.0 585 10.4 1,009 13.6 11.2 0.71
December 10.5 6.3 550 8.9 783 15.3 12.1 0.80
January 10.2 9.0 762 13.3 1,134 12.1 19.9 1.9
February 10.1 9.0 757 9.9 840 6.5 20.9 1.6
March 9.8 6.0 491 5.9 486 10.3 20.4 0.91
April 10.6 6.9 608 9.1 805 15.0 21.9 1.0
Mav 10.9 4.8 436 6.1 554 8.5 15.3 0.50
June 10.9 2.7 247 3.8 343 5.0 11.4 0.29
July 11.0 3.8 349 4.9 449 3.5 2.8 0.51
August 10.6 4.4 392 6.8 602 4.3 0.81 2.0
September 10.6 4.0 354 6.9 607 4.9 2.7 1.3
Average 10.8 5.7 506 7.8 703 8.8 12.0 1.1



Table 2.2.1.F: Plant Performance - Percent Removal

Month CBOD5 TSS Ammonia Total Phos
2002-2003

October 95.8% 94.5% 75.6% 71.5%
November 95.7% 93.3% 43.4% 85.2%
December 95.8% 94.3% 44.6% 85.4%
January 94.5% 91.6% 14.9% 66.3%
February 94.2% 94.5% 13.7% 71.2%
March 96.5% 96.4% 21.0% 84.7%
April 95.8% 94.5% 14.3% 83.1%
May 96.6% 96.0% 28.1% 90.1%
June 97.8% 97.5% 42.0% 94.1%
July 97.1% 96.5% 85.4% 89.1%
AUQust 97.3% 94.8% 96.0% 63.6%
September 96.0% 95.0% 82.5% 65.9%

Average 96.1% 94.9% 46.8% 79.2%

St. Cloud WWTF



Table 2.2.1.G: Probability Analysis

st. Cloud WWTF

Influent Effluent
"lo TSS COD BOD TP TKN NH3 TSS BOD TP TKN NH3

Occurrence(1) mg/L mg/L mg/L mg/L mq/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 118 105 116 4.0 25 17 3.5 3.0 0.33 3.3 1.0
50% 180 205 163 5.2 30 21 7.0 5.6 1.0 14 11
90% 135 563 452 6.5 34 26 13 9.0 5.6 26 22

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Fergus Falls WWTP
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Table 2.2.2.A: Plant Design Parameters

Fergus Falls WWTP

Parameter Value Units

1. Plant Loadings

Flow
Desian Flaw 2.81 MGD
Maximum Starm Flow 7.75 MGD
Annual Averaae 1.76 MGD

BOD
Desion 6,600 Ib/day
Annual Averaoe 3,336 Ib/day
TSS
Desion 6,248 Ib/day
Annual Average 3,000 Ib/day

2. Treatment Unit Sizes

Primary Clarifier 2
Valume 139,500 oallans
Depth 10 feet
Diameter 50 feet
Area 3,926 SQ. feet
Overflow Rate(1) 716 gpdlff'
Detention timell) 3.8 haurs

Aeration Tanks 2
Volume 550,000 gallons
Depth 15 feet
Area 4,960 sa. feet
Detention lime!') 15.0 hours
Aeration Blowers number 4
Aeration Blowers (capacity) 8,000 dm

Final Clarifier 2
Volume 298,000 gallons
Depth 12 feet
Diameter 65 feet
Area 5,655 SQ. feet
Overflow Rate(1) 497 apd/lf'
Detention timell ) 8.1 hours

Disinfection 2
Volume 78,091 gallons
Depth 7.5 feet
Area 696 SQ. feet
Detention time!') 2.1 hours

3. Sludge Handling

Thickenina None

Dioestion Anaerobic 3
Diameter 50 It
Capacity 471,000 oallons, each

Storage None

Dewatering
Belt Filler Press
Siudae Storaae Tank 1.48 MG

Siudoe Disposal
Haul or Land Application

(1) - based on design dry weather now



Table 2.2.2.8: NPDES Permit Limits

Fergus Falls WWTP

Parameter Limit Units Limit Type Period Frequency Type

Ammonia 4.3 mg/L Monthly Average Jun-Sept 3/week 24 hr comp
CBODs 25 mg/L Monthly Average Jan-Dec 3/week 24 hrcomp

CBODs 40 mg/L Weekly Average Jan-Dec 3/week 24 hr comp

CBODs 85 % Removal Monthly Average Jan-Dec 3/week Calculation

Total Residual Chlorine 0.038 mg/L Daily Max April- Oct 7/week Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean April- Oct 3/week Grab
Total Mercury Monitor nQ/L SinQle Value Mar, Jun, Sep, Dec 1/month Grab
Total Lead Monitor ug/L Single Value Jul 1/month Grab
Total Copper Monitor uq/L Sinqle Value Jul 1/month Grab
Dissolved Oxyqen Monitor mg/L Monthly Minimum Jan-Dec 7/week Grab
pH 6.0-9.0 SU Monthly Min/Max Jan-Dec 7/week Grab
Total Phosphorus 1.0 mQ/L Monthly AveraQe Jan-Dec 3/week 24 hrcomp
Total Suspended Solids 30 mg/L Monthly Average Jan-Dec 3/week 24 hrcomp
Total Suspended Solids 45 mq/L Weekly Average Jan-Dec 3/week 24 hr comp
Total Suspended Solids 85 % Removal Monthly Average Jan-Dec 3/week Calculation



Fergus Falls WWTP

Table 2.2.2.C: Biological Secondary Treatment Process Design Information

Month RAS SRT F/M MLSS MLVSS
10/02-10/03 MGD days kg/kg mg/L %

October 59 0.20 4,666 72.5
November 57 0.15 6,178 68.6
December 55 0.14 7,271 67.5
January 53 0.13 6,561 71.5
February 53 0.13 5,927 72.2
March Goal: 53 0.15 5,122 73.6
April 1 MGD 56 0.21 4,409 75.5
May 63 0.08 7,083 73.8
June 65 0.12 7,004 73.7
July 66 0.11 8,154 69.2
AUQust 60 0.12 7,433 69.4
September 57 0.13 7,537 65.5
Average - 58 0.14 6,445 71.1

NOTE: SRT based on maximum wasting capacity of 30,000 gpd



Influent

Table 2.2.2.0: Wastewater Characterization

Fergus Falls WWTP

Month Flow B005 B005 TSS TSS Ammonia Total Phos BOO/P
10102-10103 MGO mg/L IbId mg/L IbId mg/L mg/L (mg/L)/(mg/L)
October 1.80 191 2,858 224 3,354 23 5.1 37
November 1.73 192 2,779 228 3,292 27 5.8 33
December 1.66 205 2,823 272 3,759 2.0 6.5 32
January 1.61 200 2,680 226 3,035 22 5.8 34
February 1.61 179 2,404 194 2,607 22 5.9 31
March 1.61 180 2,414 227 3,042 21 5.4 33
April 1.72 204 2,925 210 3,014 20 5.5 37
May 1.89 168 2,647 215 3,388 21 6.1 27
June 1.96 160 2,611 194 3,170 18 5.9 27
July 1.99 153 2,549 197 3,270 19 5.8 26
August 1.79 180 2,697 194 2,898 20 6.4 28
September 1.70 200 2,841 219 3,115 21 6.5 31
Average 1.76 184 2,686 217 3,162 20 5.9 31

Effluent

Month Flow B005 B005 TSS TSS Ammonia Total Phos
10102-10103 MGO mg/L IbId mg/L IbId mg/L mg/L
October 1.77 2.0 30 4.4 65 0.5 0.85
November 1.71 2.2 31 7.9 113 6.3 0.67
December 1.63 2.2 30 7.1 97 2.1 0.34
January 1.59 2.8 37 8.5 112 3.3 0.37
February 1.61 2.5 34 7.3 98 13.0 0.36
March 1.65 3.6 49 7.9 109 18.7 0.39
April 1.78 4.7 70 6.6 98 18:6 0.68
May 1.90 3.5 55 8.4 133 ·17.7 0.83
June 1.98 3.3 54 4.6 76 1.5 0.44
July 1.97 2.4 40 5.7 94 1.0 0.58
August 1.77 3.1 46 7.3 108 0.9 0.83
September 1.69 4.2 59 5.0 70 2.3 0.85
Average 1.75 3.0 44 6.7 98 7.2 0.60



Table 2.2.2.E: Plant Performance - Percent Removal

Month CBODs TSS Ammonia Total Phos
2002-2003

October 99.0% 98.0% 97.8% 83.5%
November 98.9% 96.5% 76.7% 88.6%
December 98.9% 97.4% 94.8%
January 98.6% 96.3% 85.1% 93.6%
February 98.6% 96.2% 40.1% 93.9%
March 98.0% 96.5% 12.0% 92.7%
April 97.7% 96.8% . 8.6% 87.5%
May 97.9% 96.1% 16.4% 86.5%
June 98.0% 97.6% 91.7% 92.7%
July 98.4% 97.1% 94.9% 90.0%
August 98.3% 96.2% 95.5% 87.1%
September 97.9% 97.7% 89.2% 86.9%
Average 98.3% 96.9% 64.3% 89.8%

Fergus Falls WWTP



Table 2.2.2.F: Probability Analysis

Fergus Falls WWTP

Influent Effluent
% TSS BOD TP NH3 TSS BOD TP NH3 N03

Occurrence(1) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 170 141 5.0 13.6 3.0 2.0 0.28 0.05 1.0
50% 214 185 5.7 20.5 6.0 2.0 0.40 2.7 5.6
90% 277 224 7.0 25.7 11.0 4.0 1.1 21 13

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Table 2.3.1.A· Plant Design Parameters

Parameter Value Units
1. Plant Loadinas

Flow
Desian Dry Weather Flow 0.50 MGD
Design Wei Weather Flow 0.75 MGD
Annual Average Flow 0.32 MGD
BOD
Design 640 Ib/day
Annual Average 412 Ib/day
TSS
Design 849 Ib/day
Annual Average 549 Ib/dav

2. Treatment Unit Sizes

Primary Clarifier 1
Volume per tank 65,802 gallons
Depth 7 feet
Diameter 40 feel
Area 1,257 sa. feet
Overflow Ratel') 398 gpdlff
Detention timeI') 3.2 hours
Oxidation Ditch 4 passes
Middle Passes 2 110 ft
Inner Pass 15.5 It
Outer Pass 16+ It
Depth 8.5 ft
Width of Pass 16 ft
Volume per tank 396,000 gallons
Depth 8.5 feet
Detention timeI') 19.0 hours
Final Clarifier 2
Volume per tank 103,403 aallons
Depth 11 feel
Diameter 40 feet
Area 1,257 sa. feel
Overflow Ratel') 199 gpdltf'
Detenlion timel') 9.9 hours
CI, Contact Tank 1
Volume per lank 6,970 aallons
Depth 4.67 feet
Area 200 sa. feet
Detention timel') 0.3 hours
Effluent Filter 2
Anthracite and Anthrasand 12ftx 12ft
Media Depth 11 ft
Filter Area 150 ftmedialfilter

3. Siudae Handlina

Thickenina None

Diaestion Anaerobic
Primary Digestion
Diameter 40 ft
Capacily 189,000 gallons
Secondary Digestion
Diameter 35 ft
Capacity 130,000 gallons

Storage
Tank 2
Capacitv per tank 250,000 aallons

Dewaterina None

Disposal 858,000 gallonsNear
Land Appiy in Spnng and Fall; Store in Winter and Summer

(1) - based on design dry weather flow

WadenaWWTF



Table 2.3.1.8: NPDES Permit Limits

WadenaWWTF

Parameter Limit Units Limit Type Period Frequency Type

Ammonia 15 mg/L Monthly Avg Dec - March 1/week 24 hrcomp
Ammonia 8.0 mg/L Monthly Avg April- May 1/week 24 hr comp
Ammonia 2.0 mg/L Monthly Avg June - Sept 1/week 24 hr comp
Ammonia 8.0 mg/L Monthlv Avg Oct - Nov 1/week' 24 hrcomp
CBODs 10 mg/L Monthly Avg Jan - Dec 1/week 24 hrcomp

CBODs 15 mg/L WeeklyAvg Jan - Dec 1/week 24 hr comp

CBODs 85 % Removal Monthly Avg Jan - Dec 1/week Calculation

Total Residual Chlorine 0.038 mg/L Daily Max April- Oct 1/day Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean April- Oct 1/week Grab
Dissolved Oxygen 7.0 mg/L Monthly Min Jan - Dec 1/day Grab
pH 6.0-9.0 SU Monthly Min/Max Jan - Dec 1/week Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan - Dec 1/week 24 hrcomp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 1/week 24 hrcomp
Total Suspended Solids 45 mg/L Weeklv Avg Jan - Dec 1/week 24 hrcomp
Total Suspended Solids 85 % Removal Monthly Avg Jan - Dec 1/week Calculation



Table 2.3.1.C - Biological Secondary Treatment Process Design Information

WadenaWWTF

Month RAS WAS SRT SVI MLSS RAS Solids WAS Solids
2002·2003 gal/day gal/day days mg/L mg/L mg/L

October 432,000 7,710 16.5 374 1,640 2,906 8,117
November 432,000 8,910 19.3 390 1,818 3,118 6,676
December 423,871 9,200 24.8 433 1,824 2,871 5,175
January 432,000 12,755 18.0 392 1,907 3,130 5,408
February 432,000 10,232 18.9 340 1,453 2,371 5,225
March 432,000 11,390 18.1 415 1,865 3,023 6,149
April 432,000 9,503 17.5 343 1,794 3,149 6,287
May 430,645 11,532 21.0 442 2,041 3,779 5,166
June 404,500 10,600 15.1 483 1,599 3,121 5,788
July 408,935 5,294 31.5 443 1,939 3,879 7,234
August 432,000 5,610 23.2 335 1,692 2,843 7,753
September 432,000 4,300 29.4 284 1,948 3,301 9,422

Average 426,996 8,920 21.1 389 1,793 3,124 6,533



Influent

Table 2.3.1.0: Wastewater Characterization

Wadena WWTF

Month Flow CBOD5 CBOD5 TSS TSS Ammonia Total Phos BOD/P
2002-2003 MGD mg/L IbId mg/L IbId mg/L mg/L (mg/L)/(mg/L)

October 0.330 158 433 180 495 25 7.7 20
November 0.320 124 331 175 468 26
December 0.309 158 407 172 443 28 3.6 44
January 0.308 183 471 147 378 26 11 17
February ·0.315 127 333 209 549 23 6.6 19
March 0.303 148 374 167 421 21 6.3 24
April 0.310 179 463 210 543 25 6.4 28
May 0.333 164 456 233 646 25 8.9 19
June 0.350 141 411 237 691 19 5.3 27
July 0.360 146 440 226 679 17 5.3 28
August 0.321 153 409 232 621 18 9.7 16
September 0.309 161 414 255 656 22 5.6 29
Average 0.322 153 412 204 549 23 6.9 24

Effluent

Month Flow CBOD5 CBOD5 TSS TSS Ammonia Total Phos
2002-2003 MGD mg/L IbId mg/L IbId mg/L mg/L

October 0.330 2.3 6 1.3 4 0.51 5.9
November 0.320 2.0 5 1.8 5 0.72
December 0.309 1.9 5 1.2 3 0.47 5.3
January 0.308 2.4 6 1.8 5 2.2 8.5
February 0.315 2.5 7 1~7 5 12.4 7.4
March 0.303 3.1 8 2.0 5 6.3 7.2
April 0.310 2.6 7 1.2 3 0.59 5.1
May 0.333 2.4 7 1.8 5 0.28 7.6
June 0.350 1.6 5 1.1 3 0.53 6.3
July 0.360 2.1 6 1.0 3 0.23 4.7
August 0.321 2.3 6 1.4 4 0.44 7.0
September 0.309 2.0 5 1.1 3 0.93 3.4
Average 0.322 2.3 6 1.5 4 1.2 6.2



Wadena WWTF

Table 2.3.1.E: Plant Performance - Percent Removal (CBODs, TSS, Ammonia)

Month CBOD5 TSS Ammonia
2002-2003

October 98.5% 99.3% 97.9%
November 98.4% 99.0% 97.2%
December 98.8% 99.3% 98.3%
January 98.7% 98.7% 91.6%
February 98.0% 99.2% 46.0%
March 97.9% 98.8% 70.7%
April 98.6% 99.4% 97.7%
May 98.5% 99.2% 98.9%
June 98.9% 99.5% 97.1%
July 98.6% 99.6% 98.6%
August 98.5% 99.4% 97.5%
September 98.8% 99.6% 95.8%

Average 98.5% 99.2% 90.6%



Table 2.3.1.F: Probability Analysis

WadenaWWTF

Influent Effluent
% TSS BOD TP NH3 TSS BOD TP NH3

Occurrence(1
) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 117 116 3.5 17 0.7 1.5 3.2 0.10
50% 200 152 5.4 24 1.4 2.2 5.8 0.53
90% 266 191 9.9 27 2.3 3.1 9.6 4.7

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Table 2.3.2.A: Plant Design Parameters

Whitewater River PCF

Parameter Value Units

Flow
Design Capacity 0.80 MGD
Annual Average 0.66 MGD
Industrial input 0.12 MGD

BOD
Desiqn BOD 3,089 Ib/dav
Annual Averaqe BOD 2,422 Ib/dav
TSS
Desion TSS 2,298 Ib/dav
Annual Averaoe TSS 1,833 Ib/dav

2. Treatment Unit Sizes

Oxidation Ditch 2
Volume/Unit 598,400 gallons
Area 12,600 so. ft.
Depth 6.25 feet
Detention time(1

) 36 hours

Clarifier 2

Volume/Unit 193,800 gallons
Area 2,124 sq. ft.
Depth 12 feet

Tertiary Filter 3
Diameter 12 ft
Height 13 ft
Surface Area 113 sq. ft.
Hydraulic Loading Rate 3.5 qpm/sq. ft.
Anthracite Depth 18 in
Sand Depth 18 in

Chlorine Contact Tank 1
Volume 27,700 qallons
Area 758 so. ft.
Depth 11 feet

3. Sludqe Handlinq

Thickeninq None

Dioestion None

Storaoe -
Lacoon 1
Volume 693,400 gallons

Sludge Disposal
Land Application

(1) - based on design flow



Table 2.3.2.8: NPDES Permit Limits

Whitewater River PCF

Parameter Limit Units Limit Type Period Frequency Type

CBODs 5 mg/L Monthly Avg Jan - Dec 1/week 24 hr comp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 1/week 24 hrcomp
Fecal Coliform Organisms 200 #/100 mL Monthly Geo Mean April- Oct 1/week Grab
Total Residual Chlorine 0.038 mg/L Monthly Avg Jan - Dec 1/day Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan - Dec 1/week 24 h'rcomp
pH 6.0-9.0 su Monthly Min/Max Jan - Dec 1/day Grab
Ammonia-N Monitor. mg/L Monthly Max June - Sept 1/month 24 hrcomp



Influent

Table 2.3.2.C: Wastewater Characterization

Whitewater River peF

Month Flow CBOD5 CBOD5 TSS TSS TP BOD:P
2002 - 2003 MGD mg/L IbId mg/L IbId mg/L

September 0.60 424 2,131 240 1,206 12 35
October 0.54 418 1,876 175 786 11 39
November 0.58 378 1,821 200 963 12 32
December 0.58 384 1,850 226 1,091 11 34
January 0.47 790 3,118 557 2,199 12 68
February 0.42 665 2,328 398 1,391 11 58
March 0.60 548 2,756 960 4,828 14 40
April 0.71 608 3,619 345 2,053 9.5 64
May 1.02 312 2,658 288 2,453 6.4 49
June 0.86 318 2,286 254 1,826 8.4 38
July 0.81 339 2,290 267 1,803 8.1 42
August 0.75 372 2,335 223 1,400 10 37
Average 0.66 463 2,422 344 1,833 10 45

Effluent

Month Flow CBOD5 CBOD5 TSS TSS NH4-N Total TP
2002 - 2003 MGD mg/L IbId mg/L IbId mg/L mg/L

September 0.60 3.0 15 7.0 35 0.24 7.5
October 0.54 2.8 13 2.3 10 0.82 6.'3 ,
November 0.58 3.0 14 1.4 7 0.23 6.6
December 0.58 2.6 13 1.9 9 0.27 7.2
January . 0.47 3.0 12 5.8 23 0.25 8.4
February 0.42 3.3 11 2.5 9 0.23 8.4
March 0.60 3.6 18 17 83 0.24 8.8
April 0.71 2.7 16 2.3 14 0.25 6.8
May 1.02 2.3 19 3.8 32 0.21 3.4
June 0.86 1.7 12 3.0 21 0.24 5.7
July 0.81 2.2 15 4.7 32 0.22 6.1
August 0.75 2.4 15 9.1 57 0.29 8.9
Average 0.66 2.7 14 5.0 28 0.29 7.0



Whitewater River PCF

Table 2.3.2.D: Plant Performance - Percent Removal

Month CBOD5 TSS TP
2002 - 2003

September 99.3% 97.1% 37.6%
October 99.3% 98.7% 41.2%
November 99.2% 99.3% 44.4%
December 99.3% 99.2% 36.3%
January 99.6% 99.0% 28.1%
February 99.5% 99.4% 27.2%
March 99.4% 98.3% 36.4%
April 99.6% 99.3% 28.0%
May 99.3% 98.7% 47.2%
June 99.5% 98.8% 31.9%
July 99.3% 98.2% 23.7%
August 99.3% 95.9% 12.2%

Averaqe 99.4% 98.5% 32.9%



Whitewater River PCF

Table 2.3.2.E: Probability Analysis

Influent Effluent
% TSS BOD TP TSS BOD NH3 (T) TP

Occurrence(1) mg/l mg/l mg/l mg/l mg/l mg/l mall
10% 188 259 7.0 1.8 2.2 0.21 4.5
50% 244 381 9.5 2.7 2.8 0.24 6.7
90% 413 614 12.4 8.2 3.3 0.31 8.5

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Moorhead WWTF

Summary of Plant Data

Table 2.4.1.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling

Table 2.4.1.B: NPDES Permit Limits

Table 2.4.1.C: Biological Secondary Treatment Process Design Information

Table 2.4.1.D: Digester Process Characteristics

Table 2.4.1.E: Wastewater Characterization

Influent

Effluent

Table 2.4.1.F: Plant Performance - Percent Removal

Table 2.4.1.G: Probability Analysis



Table 2.4.1A: Plant Design Parameters

Moorhead WWTF

Parameter Value Units

1. Plant Loadings

Flow
Design Flow 6.0 MGD
Annual Averaqe Flow 3.9 MGD
% Industrial 25%

BOD
Desiqn 13,357 Ib/day
Annual Averaae 8,575 Ib/day
% Industrial 55%
TSS
Design 9,372 Ib/dav
Annual Averaqe 6,042 Ib/day
% Industrial 11%

2. Treatment Unit Sizes

Primary Clarifier 2
Volume 290,000 gallons
Depth 12 feet
Area 3,240 sq. feet
Overflow Rate(l) 925 qpdlfl"

Detention timell) 2.3 hours

Aeration Tanks
High Purity Oxygen 2
Volume 510,000 qallons
Depth 12 feet
Area 5,700 sq. feet
Detention timel') 4.1 hours

Final Clarifier 4
Volume 250,000 'aallons
Depth 12 feet
Diameter 60 feet
Area 2,827 sq. feet
Overflow Rate") 530 qpd/tr
Detention timel') 4.0 hours

Chlorine Disinfection Tank 1
Volume 36,500 gallons
Depth 17 feet
Area 288 sq. feet
Detention time(l) 0.15 hours

Polishing Ponds/Nitrification Basin 3
Total Area 9.6 acres
Total detention time(1) 4.3 days

3. Sludge Handling

Thickening
Air Flotation Thickeners 2
Capacity 63,500 gallons

Dlaestion
Anaerobic Diqesters 3
Diameter 60 ft
Capacity (maximum) 550,000 gallons

Storage BloSolids Tank

Siudae Dewaterinq (thickeninq onlv) None

Sludqe Disposal Land Application

('lBased on design flow



Table 2.4.1.8: NPDES Permit Limits

Moorhead WWTF

Parameter Limit Units Limit Type Period Frequency Type

Ammonia 19(1) mQ/L Monthly Avg June - Sept 3/week 24 hrcomp
CBODs 12 mg/L Monthly Avg Jan - Dec 3/week 24 hr camp

CBODs 18 mg/L Weekly Avg Jan - Dec 3/week 24 hrcomp

CBODs 85 % Removal Monthly Avg Jan - Dec 3/week 24 hrcomp
Total Residual Chlorine 0.038 mQ/L Daily Max April- Oct 1/day Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean April- Oct 3/week Grab
Dissolved Oxygen Monitor mQ/L Monthly Min Jan - Dec 5/week Grab
pH 6.0-9.0 SU Monthly Min/Max Jan - Dec 5/week Grab
Total Phosphorus Monitor mQ/L Monthly Avg Jan - Dec 1/week 24 hrcomp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 3/week 24 hrcomp
Total Suspended Solids 45 mQ/L Weekly Avg Jan - Dec 3/week 24 hrcomp
Total Suspended Solids 80 % Removal Monthly Avg J9.n - Dec 3/week 24 hr camp

(1)Ammonia discharge load is 647 kg/day @ 19 mg/L (River flow> 50 cfs)

(1)Ammonia discharge load is 108 kg/day @ 19 mg/L (River flow> 50 cfs)



Moorhead WWTF

Table 2.4.1.C: Biological Secondary Treatment Process Design Information

RAS SRT F/M MLSS MLVSS
Month North South North South North South North South North South
2002 MGD days Ib/lb m J/L m IL

January 0.27 2.02 46.1 1.3 0.32 0.68 3,296 2,476 2,880 2,183
February 0.99 1.02 4.4 7.3 0.38 0.43 2,405 2,073 2,117 1,873
March 1.01 1.01 2.5 4.1 0.42 0.34 2,422 2,766 2,211 2,421
April 1.01 1.01 1.8 4.3 0.42 0.38 2,279 2,537 1,968 2,172
May 1.01 1.01 1.8 4.6 0.39 0.34 2,384 2,786 2,008 2,356
June 1.01 1.01 2.1 3.9 0.38 0.40 2,149 2,240 1,732 1,822
July 1.01 1.01 2.2 3.1 0.42 0.38 1,938 2,076 1,626 1,747
August 1.01 1.03 3.3 3.3 0.45 0.45 1,841 1,863 1,644 1,642
September 1.11 1.13 4.2 3.7 0.36 0.41 2,358 2,152 2,120 1,938
October 1.15 1.01 3.3 2.8 0.39 0.50 2,188 1,800 1,894 1,592
November 1.15 1.07 2.7 3.0 0.38 0.53 1,964 1,949 1,823 1,771
December 1.22 1.22 - 1.3 - 0.70 - 2,498 - 2,135

Average 1.00 1.13 6.77 3.56 0.39 0.46 2,293 2,268 2,002 1,971
Plant Average 1.06 5.17 0.43 2,281 1,986



Table 2.4.1.0: Digester Process Characteristics

Moorhead WWTF

Volatile Acids Alkalinity To Biosolids Storage
Month Digester 1 Digester 2 Digester 1 Digester 2 Tot Solids Tot Vol. Solids
2002 mg/L mg/L % %

January 252 548 4,035 5,995 1.60 61.4
February 93 248 .4,470 6,625 1.96 59.2
March 128 526 4,245 5,987 1.80 59.9
April 114 422 4,452 6,456 1.71 63.4
May 210 690 4,705 6,925 1.86 64.6
'June 359 990 4,454 7,563 2.00 63.4
July 545 683 4,310 6,800 2.20 59.0
Auqust 546 564 3,938 7,275 2.02 58.1
September 246 425 3,630 7,160 1.97 56.6
October 100 806 3,283 5,800 - -
November 213 446 . 2,650 6,063 2.28 64.8
December 140 229 3,040 6,890 1.48 59.7

Average 275 584 3,829 6,770 1.94 61.2
Plant Average 429 5,300



Table 2.4.1.E: Wastewater Characterization

Influent

Moorhead WWTF

Month Flow CBOD5 CBOD5 TSS TSS Ammonia Total Phos BOD/P
2002 MGD mg/L IbId mg/L IbId mg/L mg/L (mg/L)/(mg/L)

January 3.6 261 7,784 188 5,616 24 7.0 37.2
February 3.6 287 8,587 178 5,326 22 6.3 45.3
March 3.5 276 8,168 183 5,411 23 6.5 42.5
April 3.7 284 8,764 201 6,192 22 7.0 40.8
May 4.0 254 8,578 182 6,138 16 5.7 44.3
June 4.7 226 8,940 169 6,682 14 4.9 45.8
July 4.5 219 8,197 175 6,527 15 5.2 41.9
August 3.8 258 8,212 162 5,156 18 5.8 44.4
September 3.7 273 8,473 206 6,390 23 6.5 41.7
October 3.6 310 9,288 192 5,744 22 6.8 45.8
November 3.7 276 8,617 202 6,300 24 7.0 39.3
December 4.0 280 9,290 211 7,025 23 7.2 38.7
Average 3.9 267 8,575 187 6,042 20 6.3 42.3

Effluent

Month Flow CBOD5 CBOD5 TSS TSS Ammonia (1
) Total Phos

2002 MGD mg/L IbId mg/L IbId mg/L mg/L
January 3.6 11.0 328 7.2 216 30 4.9
February 3.6 9.4 280 4.8 144 20 4.6
March 3.5 6.3 187 3.3 98 22 4.2
April 3.7 8.7 270 4.1 125 18 3.7
May 4.0 8.5 287 7.1 239 21 3.3
June 4.7 8.2 324 7.5 295 17 2.9
July 4.5 7.9 294 11.9 445 16 3.3
August 3.8 9.0 288 13.6 434 15 3.8
September 3.7 7.5 234 6.6 206 18 4.3
October 3.6 7.4 222 7.1 212 20 4.0
November 3.7 9.8 305 7.1 223 18 4.2
December 4.0 10.6 351 4.2 140 19 3.7
Average 3.9 8.7 281 7.0 231 19 3.9

(1)Note: The ammonia data are for 2002. Nitrification process went online in 2003.



Table 2.4.1.F: Plant Performance - Percent Removal

Month CBOD5 TSS Ammonia(1) Total Phos
2002

January 95.8% 96.2% 29.6%
February 96.7% 97.3% 8.5% 27.0%
March 97.7% 98.2% 6.6% 35.5%
April 96.9% 98.0% 18.7% 46.8%
May 96.7% 96.1% 42.8%
June 96.4% 95.6% 41.5%
July 96.4% 93.2% 36.0%
AUQust 96.5% 91.6% 15.2% 34.9%
September 97.2% 96.8% 22.0% 34.8%
October 97.6% 96.3% 9.2% 40.8%
November 96.5% 96.5% 25.1% 40.8%
December. 96.2% 98.0% 16.7% 48.6%

AveraQe 96.7% 96.1% 15.3% 38.3%

(1)Nitrification process went on line in 2003.

Moorhead WWTF



Table 2.4.1.G: Probability Analysis

Moorhead WWTF

Influent Effluent
% TSS BOD TP NH3 TSS BOD TP NH

3
(2)

Occurrence(1
) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 142 216 5.2 14.5 3.6 6.2 2.9 12.5
50% 186 270 6.4 21.6 6.2 8.4 4.0 18.0
90% 231 313 7.4 25.0·· 12.0 11.7 4.6 27.3

(l)Percent of samples with concentrations less than the concentration specified

Based on the development of percent occurrence/probability plots for each parameter

(2)Note: The ammonia data are for 2002. Nitrification process went on line in 2003.
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Rochester WRP

Summary of Plant Data

Table 2.4.2.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling

Table 2.4.2.B: NPDES Permit Limits

Table 2.4.2.C: Biological Secondary Treatment Process Design Information

Table 2.4.2.D: Wastewater Characterization

Influent

Effluent

Table 2.4.2.E: Plant Performance - Percent Removal

Table 2.4.2.F: Probability Analysis



Table 2.4.2.A: Plant Desilln Parameters
Parameter Value Units

1. Plant Loadings

Flow
Desian Flow Max MonlhJvl 19.1 MGD
Ann Ave Flew 1993 - 2002 12.5 MGD
Ann Ave Flew 2003 13.2 MGD

BOD
Desion 59961 Ib/dav
Annual Averaae 31749 Ib/d"v·
% Industrial 30 - 40%
TSS
Desion 33717 Ib/dav

Annual Averaoe 20563 Ib/dav

2. Treatment Unit Sizes

Equalization Basin 1 1
Volume 1 761 006 nallons
Depth 13.5 feet
Area 17637 sn.reet
Detention lime(I) 3.2 hours

Eaualization Basin 2 1
Volume 3605624 nallons
Depth 12 feet
Area 42400 sn. feet
Detention lime'l) 6.9 hours

Grit Basins 2
Volume 35904 nallens
Depth 16 feet
Diameter feet
Area 300 5". feet

Preaeration Basins 2
Volume 140250 nallons
Depth 15 feet
Diameter feet
Area 1250 ~feet

PrimarY Clarifier 2
Volume 762441 aallons
Depth 10 feet
Diameter feet
Area 10460 5". feet
Overllow Rate(1) 1.626 nndlft'
Detention lime(') 2.9 hours

1st Staae Aeration 2
Volume - 593,762 oallons
Depth 15 feet
Area 5292 5". feet
Detention time(1) 2.2 hours

Intermediate Clarifiers 2
Volume 490726 ---oallons
Depth 10 feet
Diameter 90 feet
Area 6362 sn. feet
Overflow Rate(1

) 3002 nndlft'
Detention timel') 1.6 hours

Intennediate Clarifiers 2
Volume 661071 nallons
Depth 14 feet
Diameter 90 feet
Area 6.362 sn. feet
Overflow Rale(l) 3,002 eedlft'
Detention time(l) 2.5 hours

2nd State Aeration 3
Volume 927754 nallons
Depth 15 feet
Area 6269 sn. feet
Detention time(l) 5.1 hours

-
Intermediate Clarifiers 4
Volume 1.201 979 nallons
Depth 14 feet
Diameter 120 feet
Area 11310 sn. feet
Overflow Rate(1

) 1669 eedlft'
Detention time(1

) 6.6 hours

Ciz Contact Tank 3
Volume 261 600 nallons
Deoth 7 feet
Area 5,000 so: feet
Detention lime(1) 1.4 hours

3. Sludge Handling

Sludge Thickenina
Belt Thickeners

Diaestion
Anerobic Diaestion 6 units
Tolal Caoacitv 5.60 MG

SloraQe None

Sludge Dewaterino
Gravitv Belt Thickener

Siudae DisDosal Land AODlication

(1) - based on design now

Rochester WRP



Table 2.4.2.8: EffluentPermit Limits

Rochester WRP

Parameter Limit Units Limit Type Period Frequency Type

Ammonia (NH4-N) 1.6 mg/L Monthly Avg Jan - Dec 1/week 24 hrcomp

CBODs 14 mg/L Monthly Avg Jan - Dec 3/week 24 hrcomp
Fecal Coliform 200 MPN/100mL Monthly Geo Mean Jan - Dec 3/week Grab
IpH 6.5-8.5 SU Monthly Min/Max Jan - Dec 1/day Grab
Total Phosphorus 1 mQ/L Monthly Avg Jan - Dec 1/week 24 hrcomp
Total Suspended Solids 20 mQ/L Monthly Avg Jan - Dec 3/week 24 hr comp
Turbiditv 25 NTU Monthly AVQ Jan - Dec 1/day . Grab
Dissolved Oxvqen 5 mg/L Monthly Min Jan - Dec 1/day Grab



Rochester WRP

Table 2.4.2.C - Biological Secondary Treatment Process Design Information

RAS RAS SRT
Month 1st Stage 2nd Stage 1st Stage 2nd Stage 1st Stage 2nd Stage
2003 MGD MGD days

January 3.4 5.2 0.29 0.012 1.0 48.5
February 4.0 5.2 0.35 0.022 0.9 52.7
March 4.2 5.4 0.40 0.022 0.9 47.8
April 4.4 5.4 0.35 0.022 1.2 47.5
May 5.3 5.3 0.35 0.019 1.1 49.9
June 4.8 6.0 0.34 0.027 0.8 35.7
July 5.3 6.4 0.27 0.058 1.4 20.0
August 5.7 6.1 0.31 0.035 1.2 32.6
September 4.5 6.2 0.29 0.028 1.2 40.8
October 4.5 6.2 0.29 0.028 1.2 41.1
November 4.5 6.3 0.37 0.027 1.0 43.8
December 4.5 6.2 0.34 0.028 1.8 44.3

Average 4.6 5.8 0.33 0.027 1.1 42.1

MLSS MLVSS MLVSS
Month 1st Stage 2nd Stage 1st Stage 2nd Stage 1st Stage 2nd Stage
2003 mg/L % mg/L

January 2,499 3,995 88.2% 65.4% 2,204 2,613
February 2,380 4,203 88.6% 65.2% 2,109 2,740
March 2,250 4,222 89.2% 66.7% 2,007 2,816
April 2,010 4,438 91.8% 66.5% 1,845 2,951
May 2,208 4,634 90.8% 65.4% 2,005 3,031
June 1,921 4,674 92.8% 66.6% 1,783 3,113
July 1,794 4,803 94.1% 66.2% 1,688 3,180
August 1,903 3,606 94.3% 63.2% 1,795 2,279
September 1,941 3,883 94.1% 59.3% 1,826 2,303
October 2,297 4,054 94.4% 56.7% 2,168 2,299
November 2,224 4,286 94.1% 57.4% 2,093 2,460
December - 1,887 4,304 92.0% 60.0% 1,736 2,582

Average 2,110 4,259 92.0% 63.2% 1,938 2,697



Influent

Table 2.4.2.0: Wastewater Characterization

Rochester WRP

Month Flow COD sol COD CBODs CBODs TS5 T55 V55 TKN Ammonia· Total Phos 50luble P BOD/P Alkalinity
2003 MGD mg/l mg/l mg/l IbId mg/l IbId mg/l mg/l mg/l mg/l mg/l mg/ll/(mg/L mg/l

January 12.5 386 40,241 193 20,120 20.9 9.1 42.4
February 12.7 418 44,378 211 22,401 19.5 10.1 41.5
March 12.5 374 39,021 205 21,388 20.8 10.3 36.2
April 12.8 366 39,041 189 20,160

Yearly 19.7 9.6 38.1
May 14.4 307 36,921 177 21,287 18.3 8.2 37.3
June 13.8 345 39,563 205 23,508

Average =
16.1 8.9 38.8

July 14.3 503 190 320 38,030 204 24,244 167
31.4 mg/L

15.9 8.5 37.8
AUQust 13.5 597 213 320 36,109 199 22,455 176

(1993 -
15.3 9.3 5.3 34.5 340

September 12.7 368 39,009 197 20,882
2002)

17.7 9.5 38.8
October 13.2 470 51,781 260 28,645 18.5 9.9 47.6
November 13.1 461 50,328 287 31,332 20.0 9.8 47.1
December 12.4 382 39,569 213 22,063 23.2 9.3 40.9
AveraQe 13.2 550 202 376 41,166 212 23,207 171 18.8 9.4 5.3 40.1 340

Effluent

Month Flow CBODs CBODs T55 TSS TKN Ammonia· N03-N Total Phos Soluble P Alkalinity
2003 MGD mg/l IbId mg/l IbId mg/l mg/l mg/l mg/l mg/l mg/l

January 12.5 3.0 313 5.0 521 0.38 0:81
February 12.7 4.0 425 7.0 743 0.07 0.85
March 12.5 4.0 417 7.0 730 0.16 0.82
April 12.8 3.0 320 6.0 640 Yearly 0.07 Yearly 0.87
May 14.4 3.0 361 7.0 842 0.04 0.78
June 13.8 3.0 344 5.0 573

Average =
0.05

Average -
0.78

July 14.3 3.0 357 5.0 594
1.4 mg/L

0.07
23 mg/L

0.73
August 13.5 3.0 339 7.0 790 .

(1993 -
0.06

(1996 -
0.79 0.71 180

September 12.7 3.0 318 5.0 530
2002)

0.04
2002)

0.69
October 13.2 3.0 331 8.0 881 0.14 0.78
November 13.1 3.0 328 6.0 655 0.05 0.65
December 12.4 3.0 311 4.0 414 0.03 0.71
AveraQe 13.2' 3.2 347 6.0 660 0.10 0.77 0.71 180

NOTE: Ammonia data from 2002



Table 2.4.2.E: Plant Performance - Percent Removal

Rochester WRP

Month CBOD5 TSS Ammonia Total Phos
2003

January 99.2% 97.4% 98.2% 91.2%
February 99.0% 96.7% 99.6% 91.5%
March 98.9% 96.6% 99.2% 92.1%
April 99.2% 96.8% 99.6% 90.9%
May 99.0% 96.0% 99.8% 90.6%
June 99.1% 97.6% 99.7% 91.2%
July 99.1% 97.5% 99.6% 91.4%
August 99.1% 96.5% 99.6% 91.4%
September 99.2% 97.5% 99.8% 92.8%
October 99.4% 96.9% 99.2% 92.1%
November 99.3% 97.9% 99.8% 93.3%
December 99.2% 98.1% 99.9% 92.4%

Average 99.1% 97.1% 99.5% 91.7%

NOTE: Ammonia data from 2002



Table 2.4.2.F: Probability Analysis

Rochester WRP

Influent Effluent
% TSS BODs TP TKN NH3 TSS BODs TP TKN NH3 N03

Occurrence(1) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 144 249 7.2 27 16 4.0 3.0 0.51 1.2 0.040 20.2
50% 195 340 8.9 32 19 5.0 3.0 0.72 1.4 0.065. 23.0
90% 250 449 10.6 36 21 8.0 4.0 1.0 1.8 0.158 24.8

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter

NOTES:
TSS, BODs and TP based on daily data from 2002 - 2003
TKN based on annual averages from 1993 - 2002
NH3 based on monthly averages from 2002

N03 based on annual averages from 1996 - 2002
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Table 2.5.1.A: Plant Design Parameters
Detroit Lakes WWTF

Parameter Value Units

1. Plant LoadinQs

Flow
Desiqn Flow 1.64 MGD
Annual Averaoe Flow 1.06 MGD

BOD
Desiqn 2,611 Ib/day
Annual Averaae 1,684 Ib/day
TSS
Desiqn 2,299 Ib/daY
Annual AveraQe 1,492 Ib/day

2. Treatment Unit Sizes

Primary Clarifier 2
Volume 94,000 oallons
Depth 10 feet
Diameter 40 feet
Area 1,257 so. feet

Overflow Rate") 1,305 QPdlft2

Detention time(1) 2.8 hours

Rock Filter 1
Diameter 91 feet
Area 6,504 so. feet.
Clay Tile Filler 1
Diameter 50 feet
Area 1,963 sci. feet

Final Clarifier 1
Volume 145,000 aallons
Depth 8 feet
Area 2,400 so. feet
Overflow Rate(') 683 apdlft2

Detention time(l) 2.1 hours

Aeration Pond 1
Volume 7,800,000 aallons
Depth 8 feet
Area 130,680 so. feet

Stabilization Pond 1
Volume 40,700,000 aallons
Depth 5 feet
Area 1,089,000 so. feet

Spray Irriqation "1

Area j 2,352,240 sa. feet

Rapid Infiltration Basin 1
Volume . C1allons

Area 914,760 so. feet

3. SludQe HandlinQ
SludQe ThickeninQ Gravity

-
Diqestion Anaerobic
Primary Diaestor 1
Volume per tank 289,000 ft
Depth 24 aallons
Diameter 45
Area 1,590
Secondary Digestor 1
Volume per tank 360,000 ft
Depth 25 ciallons
Diameter 50
Area 1,963

StoraQe ' Tank
Volume 160,000 oallons

DewaterinQ None

Sludge Disposal Land Application

(1) - based on design flow



Table 2.5.1.8: NDPES Permit Limits

Spray Irrigation

Detroit Lakes WWTF

Parameter Limit Units Limit Type Period Frequency Type
Area of Disposal, Used 31.13 Acres Instantaneous Max May - Oct 1/month Estimate
Organic Matter, Total in Soil Monitor % Single Value Sep -Aug 1/Year Composite
!pH, 1 to 1 Soil to Water Monitor SU Single Value Sep -Aug 1/Year Composite
Phosphorus (In Soil) Monitor Ib/acr Single Value Sep - Aug 1/Year Composite
Potassium (In Soil) Monitor Ib/acr Single Value Sep - Aug 1/Year Composite
Specific Conductance Monitor mmh/cm Instantaneous Max Sep -Aug 1/Year Composite

Chemical Precipitation Discharge

Parameter Limit Units Limit Type Period Frequency Type
Ammonia Monitor mq/l Sinqle Value Jan - Dec 3/week Grab
CBODs 20 mg/l Monthly Avg Jan - Dec 3/week Grab

CBODs 30 mg/l Weekly Avg Jan - Dec 3/week Grab

CBODs 85 % Removal Monthly Avg Jan - Dec 3/week Calculation
Total Residual Chlorine Monitor mq/l Daily Maximum April- Oct 1/day Grab
Fecal Coliform 200 #/100 ml Monthly Geo Mean April- Oct 3/week Grab
Total Mercury Monitor ng/l Single Value Mar, Jun, Sep, Dec 1/month Grab
Dissolved Oxygen Monitor mg/l Monthly Min Jan - Dec 1/day Grab
pH 6.0-9.0 SU Monthly MinIMax Jan - Dec 1/day Grab
Total Phosphorus 1 mq/l Monthly Avg Jan - Dec 1/week Grab
Total Suspended Solids 20 mg/l Monthly Avg Jan - Dec 3/week Grab
Total Suspended Solids 30 mg/l Weekly Avg Jan - Dec 3/week Grab
Total Suspended Solids 85 % Removal Monthly Avg Jan· Dec 3/week Galculation

Rapid Infiltration Discharge

Parameter Limit Units LimitType Period Frequency Type
Ammonia N/A N/A N/A N/A N/A N/A
CBODs

-
20 mg/l Monthly Avg April- Dec 3/week Grab

CBODs 30 mg/l Weekly Avg - April- Dec 3/week Grab
Total Residual Chlorine Monitor mg/l Daily Maximum April- Dec 1/day . Grab
Fecal Coliform 200 #/100 ml Monthly Geo Mean April- Dec 3/week Grab
Total Mercury Monitor ng/l Single Value Mar, Jun, Sep, Dec 1/month Grab
Dissolved Oxyqen Monitor mq/l Monthly Min April- Dec 1/day Grab
pH 6.0-9.0 SU Monthly MinIMax April- Dec 1/day Grab
Total Phosphorus 1 mg/l Monthly Avg April- Dec 1/week Grab
Total Suspended Solids 20 mg/l Monthly Avg April- Dec 3/week Grab
Total Suspended Solids 30 mg/l Weekly Avg April- Dec 3/week Grab



Table 2.5.1.C: Wastewater Characterization

Influent Data (Willow St. Plant)

Detroit Lakes WWTF

Month Flow CBODs CBODs TSS TSS ~otal Phm BOD/P
2002-2003 MGD mg/L Ibid mg/L Ibid m~/L (mg/L)/(m~/L)

October 1.00 154 1,284 118 986 5.1 30
November 0.97 199 1,614 148 1,199 5.2 38
December 0.95 195 1,547 174 1,382 6.8 29
January 0.96 240 1,924 185 1,487 6.7 36
February 0.97 213 1,729 169 1,369 7.1 30
March 1.01 204 1,718 206 1,730 6.2 33
April 1.03 195 1,678 186 1,598 4.7 42
May 1.11 172 1,597 144 1,338 5.7 30
June 1.20 169 1,689 151 1,514 4.3 39
July 1.31 174 1,901 170 1,859 3.5 50
August 1.20 187 1,871 185 1,856 5.8 32
September 1.05 189 1,658 181 1,588 5.3 36

Average 1.06 191 1,684 168 1,492 5.5 35

Effluent Data (Willow St. Plant)

Month Flow CBODs CBODs TSS TSS [Total Phos
2002-2003 MGD mg/L Ibid mg/L Ibid mg/L

October 1.00 16.9 141 12.9 108 4.5
November 0.97 17.6 142 17.8 144 4.5
December 0.95 39.4 313 25.8 205 4.9
January 0.96 35.7 287 21.8 175 4.6
February 0.97 39.7 322 28.3 230 4.3
March 1.01 35.8 301 29.2 246 4.2
April 1.03 29.0 250 20.5 177 4.0
May 1.11 22.9 213 17.8 166 4.9
June 1.20 19.4 194 45.4 454 4.0
JulV 1.31 11.3 124 18.0 197 2.9
August 1.20 11.4 114 18.3 184 4.4
September 1.05 10.4 91 14.5 127 4.2
Average 1.06 24.1 208 22.5 201 4.3

Influent Data (Chemical Precipitation)

Month Flow CBODs CBODs TSS TSS
2002·2003 'MGD mg/L Ibid mg/L Ibid

January 1.07 14 115 16 128
February 0.96 19 147 18 140
March 0.87 27 218 28 221
January 0.88 28 223 24 192
February 1.03 43 362 29 243
March 0.98 42 361 51 441
April 0.78 24 221 35 327

Average 0.94 28 235 29 242



Table 2.5.1.C: Wastewater Characterization
Effluent Data (Chemical Precipitation)

Month Flow CBODs CBODs TSS TSS Total Phos
2002-2003 MGD mg/L IbId mg/L IbId mg/L

January 1.07 7.5 61 8.3 67 0.47
February 0.96 12 99 6.8 54 0.31
March 0.87 20 157 15.4 124 0.38
January 0.88 9.7 78 7.3 59 0.30
February 1.03 14 121 8.4 70 0.35
March 0.98 13 110 6.5 56 0.30
April 0.78 11 104 9.9 92 0.46
Averaqe 0.94 12.5 104 8.9 75 0.37

Effluent Data (Spray Irrigation)

Month Flow CBODs CBODs TSS TSS [Total Phos
2002-2003 MGD mg/L IbId mg/L IbId mg/L

June 1.08 14.1 114 34.0 275 2.95
July 0.97 8.0 64 29.5 235 2.48
August 0.86 6.3 50 30.8 247 3.44
September 0.76 6.3 51 25.9 210 3.21
October 0.76 5.5 47 18.6 156 2.66
May 0.99
June 0.88
July 0.89
August 0.95
September 0.95
Average 0.91 8.1 65 27.8 225 2.95

Effluent Data (Infiltration)

Month Flow
2002-2003 MGD

May 0.98
June 1.03
July 1.02
August
September 0.91
Averaqe 0.99

Detroit Lakes WWTF



Table 2.5.1.0: Performance; Percent Removal

Detroit Lakes WWTF

(Willow Street Plant)
Month CBODs TSS Total Phos

2002-2003
October 89.0% 89.1% 11.4%
November 91.2% 88.0% 14.7%
December 79.8% 85.2% 27.2%
January 85.1% 88.3% 30.7%
February 81.4% 83.2% 39.4%
March 82.5% 85.8% 31.9%
April 85.1% 88.9% 13.7%

May 86.7% 87.6% 13.3%
June 88.5% 70.0% 7.5%
July 93.5% 89.4% 15.6%
August 93.9% 90.1% 23.9%
September 94.5% 92.0% 21.2%

Average 87.6% 86.5% 20.9%

(Chemical Precipitation)
Month CBODs TSS

2002-2003
January 47.3% 47.8%
February 32.6% 61.3%
March 28.1% 44.0%
January 64.9% 69.1%
February 66.4% 71.1%
March 69.6% 87.4%
April 53.0% 71.7%

Average 51.7% 64.6%



Detroit Lakes WWTF

Table 2.5.1.E: Probability Analysis

Influent Effluent
TSS BOD TP TSS BOD TP

% Occurrence(1
) mg/L mg/L' mg/L mg/L mg/L mg/L

10% 104 141 4.1 8.5 8.0 2.9
50% 164 182 5.5 17 18 4:2
90% 229 227 7.7 34 36 5.2

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Appendix 2.6.1

Faribault WWTF

Summary of Plant Data

Table 2.6.l.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling

Table 2.6.l.B: NPDES Permit Limits

Table 2.6.l.C: Wastewater Characterization

Influent

Effluent

Table 2.6.l.D: Plant Performance - Percent Removal

Table 2.6.l.E: Probability Analysis



Table 2.6.1.A - Plant Design Parameters

Parameter Value Units

1. Plant Loadings

Flow
Design Flow 7.0 MGD
Annual Average Flow 4.1 MGD
% Industrial 25%

BOD
Design 10,000 Ib/daY
Annual Average 11,673 Ib/day
% Induslrial 83%
TSS
Design 7,200 Ib/dav
Annual Averaae 8,112 Ib/dav
% Industrial 72%

2. Treatment Unit Sizes

Preaeration 1
Volume 38,640 gallons
Depth 9 feet
Area 574 so. feet
Detention lime!') 0.13 hours

Primary Clarifier 4
Volume 106,370 aallons
Depth 7 feet
Diameler 49 feet
Area 1,923 SQ. feet
Overflow Ratel') 380 gpdlft"
Detention timel') 1.46 hours

Trickina Filter
Volume 359,064 aallons
Depth 16 feel
Area 3,017 so. feet
Overflow Ratel') 40 gpm/sQ ft
Detention time!') 1.23 hours

Aeration Tank 2
Volume 435,180 oallons
Depth 15 feet
Area 4,012 so. feet
Detention timet') 3.0 hours

Final Clarifier 4
Volume 333,750 gallons
Depth 12 feet
Diameter 70 feet
Area 3,846 SQ. feet
Overflow Rate!') 455 apdlft2

Detention timel') 2.29 hours

CI, Contact Tank
Volume 51,160 gallons
Depth 8 feet
Area 855 SQ. feet
Detention timeI') 0.18 hours

3. Sludge Handling
Sludge Thickenina Gravity

Diaestion
Primary Diaestors 2
Volume 319,320 aallons
Secondary Digestor 1
Volume 537,510 gallons

Sludge Storage Lagoons

Sludge Dewaterina None

SludQe Discosal Land Applicalion

(1) - based on design flow

Faribault WWTF



Table 2.6.1.8: NPDES Permit Limits

Faribault WWTF

Parameter Limit Units Limit Type Period Frequency Type

Ammonia Monitor mg/L Monthly Avg Jan - Dec 1/month 24 hrcomp
CBODs 25 mg/L Monthly Avg Jan - Dec 3/week 24 hr comp

CBODs 40 mg/L Weekly Avg Jan - Dec 3/week 24 hr comp

Fecal Coliform 200 #/100 mL Monthly Geo Mean Jan - Dec 3/week Grab
Fecal Coliform 400 #/100 mL Weekly Geo Mean Jan - Dec 3/week Grab
Dissolved Oxygen 4.0 mg/L Monthly Min Jan - Dec 1/day Grab
pH 6.5-8.5 SU Monthly MinIMax Jan - Dec 1/day Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan - Dec 1/week 24 hr comp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 3/week 24 hr comp
Total Suspended Solids 45 mg/L Weekly Avg Jan - Dec 3/week 24 hrcomp



Influent

Table 2.6.1.C: Wastewater Characterization

Faribault WWTF

Month Flow CBODs CBODs TSS TSS Ammonia Total Phos BOD/P
2002-2003 MGD mg/L Ibid mg/L Ibid mg/L mg/L (mg/L)/(mg/L)
September 4.0 350 11,572 265 8,765 11 7.3 48.2

October 4.3 307 10,931 216 7,678 13 6.2 49.3
November 3.9 323 10,565 246 8,032 15 8.5 37.8
December 3.8 258 8,176 246 7,794 16 7.9 32.7
January 4.0 319 10,541 255 8,434 14 7.8 41.1
February 3.8 382 12,204 280 8,941 12 7.0 54.8
March 3.8 394 12,442 253 7,986 16 7.3 54.1
April 3.9 375 12,325 236 7,757 17 8.4 44.5
May 4.5 333 12,470 199 7.450 13 7.2 46.6
June 4.3 349 12,399 218 7,751 16 8.0 43.6
July 4.2 414 14,680 262 9,294 13 8.1 51.5
Average 4.1 345 11,673 241 8,112 15 7.6 45.6

Effluent

Month Flow CBODs CBODs TSS TSS Ammonia Total Phos BOD/P
2002-2003 MGD mg/L Ibid mg/L Ibid mg/L mg/L (mg/L)/(mg/L)
September 4.0 9.0 298 16.8 556 2.9 3.8 2.4

October 4.3 6.8 241 14.5 515 1.9 3.8 1.8
November 3.9 7.1 233 13.2 431 6.3 4.5 1.6
December 3.8 7.7 245 13.1 414 5.2 5.4 1.4
January 4.0 11.4 377 18.9 624 11.5 5.0 2.3
February 3.8 13.0 416 17.9 571 13.4 4.8 2.7
March 3.8. 7.8 247 11.8 372 4.5 4.6 1.7
April 3.9 7.3 240 17.4 571 12.4 5.7 1.3
May 4.5 6.7 249 11.9 447 11.4 4.2 1.6
June 4.3 - 10.4 371 22.5 801 1.8 4.2 2.5
July 4.2 9.4 333 18.0 637 9.3 6.3 ·1.5
Average 4.0 8.8 296 16.0 540 7.3 4.7 1.9



Table 2.6.1.0: Performance; Percent Removal

Month CBODs TSS Ammonia Total Phos
2002-2003
September 97.4% 93.7% 74.6% 48.1%

October 97.8% 93.3% 85.7% 38.8%
November 97.8% 94.6% 56.9% 47.8%
December 97.0% 94.7% 67.6% 31.1%.
January 96.4% 92.6% 19.6% 36.2%
February 96.6% 93.6% -8.5% 30.9%
March 98.0% 95.3% 72.0% 37.2%
April 98.0% 92.6% 27.1% 32.8%
May 98.0% 94.0% 13.0% 41.1%
June 97.0% 89.7% 88.9% 47.2%
July 97.7% 93.1% 29.5% 21.8%
Average 97.4% 93.4% 47.9% 37.6%

Faribault WWTF



Table 2.6.1.E: Probability Analysis

Faribault WWTF

Influent Effluent
% TSS BOD TP NH3 TSS BOD TP NH3

Occurrence(1) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 156 258 6.6 11 9 4.0 3.8 0.92
50% 216 346 7.8 14 14 4.3 4.5 4.1
90% 367 445 9.0 17 26 5.0 6.0 15

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Appendix 2.6.2

Marshall WWTF

Summary of Plant Data

Table 2.6.2.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling

Table 2.6.2.B: NPDES Permit Limits

Table 2.6.2.C: Wastewater Characterization

Influent

Effluent

Table 2.6.2.D: Plant Performance - Percent Removal

Table 2.6.2.E: Probability Analysis



Table 20G.20A: Plant Design Parameters

Parameter Value Units

1. Plant Loadings

Flow
DesiQn Capacitv 4.3 MGD
Annual Averaae Flow 2.1 MGD
% Industrial 80%

BOD 13,863 Ib/dav
Desian 6,867 Ib/dav
Annuai AveraQe
TSS
Desian 16,302 Ib/dav
Annual AveraQe 8,173 Ib/dav

2. Treatment Unit Sizes

Grit Tank 1
Diameter 16 feet
Area 201 sa. feel

Primary Clarifier 2
Voiume 211,506 aallans
Deoth 10 feel
Diameter 60 feel
Area 2,827 so. feet
Overflow Rate 1 1,521 gpdW
Detention time(1) 2.4 hours

TrickllnQ Filter 2
Volume 507,615 aallons
Deoth 24 feet
Diameter 60 feet
Area 2,827 sa. feet
Detention time") 5.7 hours

Equalization Tank 1
Generallv receives anv flow in excess of 4 MGD

Aeration Tank 4
Volume 269,298 oallons
Deoth 15 feet
Area 2,400 sa. feet
Delention time") 6.0 hours

Final Clarifier 2
Volume 345,460 callons
Depth 12 feet
Diameter 70 feet
Area 3,848 sa: feet
Overflow Rate(1) 1,117 gpd/lt2

Detention time'" 3.9 hours

Effluent Travelina Bridae Filler 2
Volume 15,160 aallons
Depth 1.7 feet
Area 1,216 sa. feet

UV Contact Tank 1
Volume 3,890 aallons
Depth 4 feet
Area 130 sa. feet
Detention time") 6.4 seconds

Effluent Aeration 1
Volume 67,325 aallans
Depth 15 feet
Area 600 sa. feet

30 Sludge Handling

SludQe Thickening None

DiQestion
Anaerobic DiQeslers 2

SludQe StoraQe None

Siudae DewaterinQ None,
Sludge Disposal Land Aoelicalien

(1) - based on design flow

Marshall WWTF



Table 2.6.2.8: Effluent Permit Limits

Marshall WWTF

Parameter Limit Units Limit Type Period Frequency Type
Ammonia, Total (as N) 1.1 mQ/l Monthly AVQ June - Sept 1/month 24 hrcomp
Ammonia, Total (as N) 2.3 mQ/l Monthly AVQ Oct - Nov 1/month 24 hr comp
Ammonia, Total (as N) 9.4 mQ/l Monthly AVQ Dec - March 1/month 24 hr comp
,Ammonia, Total (as N) 2.4 mQ/l Monthly AVQ April- May 1/month 24 hr comp
·CBODs 5 mg/l Monthly Avg Jan - Dec 3/week 24 hrcomp

CBODs 10 mg/l Weekly Avg Jan- Dec 3/week 24 hrcomp

CBODs 85 % Removal Monthly Avg Jan - Dec 3/week Calculation

Fecal Coliform 200 OrQs/100 ml Monthly Geo Mean March - October 3/week Grab
Dissolved Oxygen 7.5 mQ/l Monthly Min Jan - Dec 1/day Grab
pH 6.0-9.0 SU Monthly MiniMax Jan - Dec 1/day Grab
Total Suspended Solids 30 mQ/l Monthly Avg Jan - Dec 3/week 24 hrcomp
Total Suspended Solids 45 Weekly AVQ Jan - Dec 3/week 24 hrcomp
Total Suspended Solids 85 % Removal Monthly AVQ Jan - Dec 3/week Calculation



Table 2.6.2.C: Wastewater Characterization

Influent

Marshall WWTF

Month Flow CBODs CBODs TSS TSS TP NH3 BOD:TP
2002-2003 MGD mg/L Ibid mg/L Ibid mg/L mg/L

December 1.88 399 6,252 372 5,829 18.8 23.5 21
January 1.81 356 5,379 383 5,797 14.2 17.4 25
February 1.93 416 6,711 369 5,950 15.7 19.0 27
March 2.05 355 6,091 399 6,832 7.5 13.0 47
April 2.11 464 8,171 465 8,200 14.3 15.3 33
May 2.42 330 6,667 459 9,253 6.5 13.0 51
June 2.32 361 6,970 567 10,950 15.8 8.2 23
July 2.32 365 7,051 518 10,005 12.8 8.7 29
August 2.19 383 6,987 553 10,085 15.6 8.8 25
September 2.23 390 7,272 565 10,529 13.4 - 16.0 29
October 2.22 432 7,987 350 6,469 16.3 21.0 27
November 2.03 418 7,063 519 8,764 11.2 11.2 37

Average 2.13 387 6,867 455 8,173 13.7 14.9 28

Effluent

Month Flow CBODs CBODs TSS TSS TP NH3

2002-2003 MGD mg/L Ibid mg/L Ibid mg/L mg/L
December 1.85 2.2 34 3.5 54 5.1 2.90
January 1.83 2.4 37 3.6 55 3.4 0.18
February 1.92 2.2 35 2.7 43 4.6 0.28
March 2.05 2.0 34 3.5 59 6.7 1.50
April 2.12 2.6 45 4.0 71 5.4 0.14
May 2.31 2.6 50 7.9 153 6.2 0.12
June 2.1"4 2.2 39 7.5 133 6.6 0.05
July 2.12 3.1 55 5.6 98 7.4 0.12
Auqust 2.10 2.6 46 6.5 114 7.5 0.10
September 2.09 2.4 42 4.8 84 7.3 0.10
October 2.00 2.9 48 2.6 43 4.1 0.80
November 2.03 2.1 36 5.5 93 6.6 0.10

Average 2.05 2.5 42 4.7 83 5.8 0.57

NOTE: Average %TVSS from January 2002 - September 2003 =80%
NOTE: Average NH3 from January 2002 - September 2003 =17.15 mg/L



Table 2.6.2.0: Percent Removal

Month CBODs TSS NH3

2002-2003

December 99.4% 99.1% 87.7%
January 99.3% 99.1% 99.0%
February 99.5% 99.3% 98.5%
March 99.4% 99.1% 88.5%
April 99.4% 99.1% 99.1%
May 99.2% 98.3% 99.1%
June 99.4% 98.7% 99.4%
Julv 99.2% 98.9% 98.7%
August 99.3% 98.8% 98.9%
September 99.4% 99.1% 99.4%
October 99.3% 99.3% 96.2%
November 99.5% 98.9% 99.1%

Average 99.4% 99.0%
,

96.8%

Marshall WWTF



Table 2.6.2.E: Probability Analysis

Marshall WWTF

Influent Effluent
% TSS BOD NH3 TP TSS BOD NH3 TP

Occurrence(i) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 245 2.3 8.5 10 2.0 1.5 0.05 4.2
50% 410 367 15 14 3.9 2.4 0.14 .6.5
90% 690 552 22 16 8.8 4.0 1.59 8.0

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Appendix 2.6.3

Glencoe WWTF

Summary of Plant Data

Table 2.6.3.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling

Table 2.6.3.B: NPDES Permit Limits

Table 2.6.3.C: Biological Secondary Treatment Process Design Information

Table 2.6.3.D: Wastewater Characterization

Influent

Effluent

Table 2.6.3.E: Plant Performance - Percent Removal

Table 2.6.3.F: Probability Analysis



Table 2.6.3.A: Plant Design Parameters

Parameter Value Units

1. Plant Loadings

Flow
Desien Flow 1.60 MGD
Annual Averaoe Flow 0.80 MGD

BOO
Desion 4235 Ib/dav
Annual Averaae 2019 Ib/dav
TSS
Desinn 4660 Ib/dav
Annual Avera e 2,279 Ib/dav

2. Treatment Unit Sizes

Packed Tower Trlcklna Filter 1
Volume 237944 aallons
Denlh 20 feet
Diameter 45 feet
Area 1590 mfeet
Detention time tl ) 3.6 hours

Rock Trfcklina Filter 1
Volume 131169 nallons
Deoth 6 feet
Diameter 61 feet
Area 2922 sn. feel
Detention time(1) 2.0 hours

Intennediate Clarifier 2
Volume 51,054 nallons
Deoth 6.5 feet
Area 1050 sn. feet
Overflow Rate(1) 1,524 oodlfl'
Detention lime(1} 1.5 hours

Aeration Tank 2
Volume 179,083 nallons
Deolh 15 feet
Area 1,596 sn. feet
Detention time(1) 5.4 hours

Final Clarifiers 4
Volume 112803 aallons
Deoth 12 feet
Diameter 40 feet
Area 1257 sa. feel
Overflow Rate(1) 1273 nndln'
Detention time(1) 6.8 hours

Effluent Filters 4
Area 80 so. feet

Chlorine Contact Tank 1
Volume 85,577 nallons
Denlh 11 teet
Area 1040 ~feet
Detention time(1) 1.3 hours

3. Sludae Handlina

Sludoe Thlckenlno
Dissolved Air Flotation 1
Volume 15799 nallons
Denlh 11 feet
Area 192 50. feet

Dioestion
PrimaN Di ester 1
Volume 261,739 nallons
Denth 22 feet
Diameter 45 feet
Area 1590 sn. feet

SecondarY Dlaester 1
Volume 227,663 nallons
Deolh 15.5 feet
Diameter 50 feet
Area 1963 sn. feet

Storaae
Tank 2
Volume 370285 oallons
Deolh 15 feet
Area 3300 5". feet

Siudae DewaterinQ None

Siudae Dis osal Land Aoolication

(1) - based on design flow

Glencoe WWTF



Table 2.6.3.8: NPDES Permit Limits

Glencoe WWTF

Parameter Limit Units Limit Type Period Frequency Type

Ammonia, Total (as N) 7.7 mg/L Monthly Avg Dec - Mar 2/month Grab
Ammonia, Total (as N) 4.0 mg/L Monthly Avg April- May 2/month Grab
Ammonia, Total (as N) 1.0 mg/L Monthly Avg Jun - Sept 2/month Grab
Ammonia, Total (as N) 4.3 mg/L Monthly Avg Oct - Nov 2/month Grab
CBODs 25 mg/L Monthly Avg Jan - Dec 3/week 24 hr comp

CBODs 40 mg/L Weekly Avg Jan - Dec 3/week 24 hrcomp

CBODs 85 % Removal Monthly Avg Jan - Dec 3/week Calculation

Total Residual Chlorine 0.038 mg/L Monthly Max April- Oct 1/day Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean April- Oct 3/week Grab
Dissolved Oxygen 5 mg/L Monthly Min Jan - Dec 1/day Grab
pH 6.0-9.0 SU Monthly Min/Max Jan - Dec 1/day Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan - Dec 2/month 24 hr comp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 3/week 24 hr comp
Total Suspended Solids 45 mg/L Weekly Avg Jan - Dec 3/week 24 hr comp
Total Suspended Solids 85 % Removal MonthlyAvg Jan - Dec 3/week Calculation



Glencoe WWTF

Table 2.6.3.C: Biological Secondary Treatment Process Design Information

Month RASS WAS SRT F/M MLSS MLVSS
2002-2003 mg/L gallons/day days Ibllb mg/L mg/L

September 6,572 26,983 15 0.165 4,367 4,073
October 4,616 12,006 20 0.223 2,570 1,901
November 4,938 9,276 46 0.398 2,971 2,285
December 7,582 12,919 23 0.175 4,728 3,736
January 10,302 21,384 12 0.138 6,709 5,343
February 8,883 21,261 14 0.157 6,260 4,815
March 12,086 23,253 12 0.076 8,227 6,267
April 10,653 24,400 11 0.099 7,015 5,284
May 8,530 24,293 10 0.112 5,388 4,037
June 5,969 25,393 11 0.129 4,271 3,278
July 4,351 18,432 22 0.224 3,156 2,412
August 3,612 14,032 21 0.214 2,658 2,053
Average 7,341 19,470 18 0.176 4,860 3,790



Glencoe WWTF

Table 2.6.3.0: Wastewater Characterization

Influent

Month Flow CBODs CBODs TSS TSS TP
2002-2003 MGD mg/L IbId mg/L IbId mg/L

September 0.87 239 1,734 318 2,307 . 15.6
October 0.83 227 1,578 207 1,443 12.5
November 0.75 324 2,025 225 1,406 10.1
December 0.69 435 2,519 334 1,932 15.6
January 0.68 534 3,010 548 3,087 22.4
February 0.68 384 2,196 485 2,767 23.0
March 0.67 364 2,022 596 3,312 23.1
April 0.97 216 1,749 380 3,083 14.7
May 1.22 186 1,884 286 2,898 11.9
June 0.86 234 1,685 307 2,208 10.8
July 0.73 345 2,093 249 1,510 11.4
August 0.65 321 1,738 257 1,390 9.6

Average 0.80 317 2,019 349 2,279 15.1

Effluent

Month Flow CBODs CBODs TSS TSS TP Total NH3-N
,2002-2003 MGD mg/L IbId mg/L IbId mg/L mg/L
September 0.87 1.2 8 2.4 18 9.4 0.40
October 0.83 2.7 19 4.6 32 8.1 0.21
November 0.75 2.7 17 2.4 15 7.9 - 5.79
December 0.69 1.2 7 1.5 9 11.8 0.08
January 0.68 2.8 16 4.0 23 12.8 0.55
February 0.68 2.6 15 4.1 23 10.4 0.08
March 0.67 3.4 19 6.5 36 10.7 0.08
April 0.97 4.8 39 5.2 42 8.3 1.11
May 1.22 2.5 25 6.4 65 6.1 0.08
June 0.86 2.4 17 6.4 46 8.0 0.08
July 0.73 3.5 21 6.5 40 8.4 0.08
August 0.66 4.5 25 5.0 27 8.4 0.34

Average 0.8 2.9 19 4.6 31 9.2 0.74

NOTE: Based on 2002 Draft Evaluation Report the plant treats an average of 695 Ibs/day of TKN.



Table 2.6.3.E: Percent Removal

Month CBODs TSS TP
2002-2003

September 99.5% 99.2% 39.7%
October 98.8% 97.8% 35.2%
November 99.2% 98.9% 21.8%
December 99.7% 99.5% 24.4%
January 99.5% 99.3% 42.9%
February 99.3% . 99.2% 54.8%
March 99.1% 98.9% 53.7%
April 97.8% 98.6% 43.5%
May 98.7% 97.8% 48.7%
June 99.0% 97.9% 25.9%
July 99.0% 97.4% 26.3%
August 98.6% 98.1% 12.5%

Average 99.0% 98.5% 35.8%

Glencoe WWTF



Glencoe WWTF

Table 2.6.3.F: Probability Analysis

Influent Effluent
% TSS BOD TP TSS BOD NH3 TP

Occurrence(1) mg/L mg/L mg/L mg/L mg/L mg/L mg/L
10% 184 144 10 1.0 1.0 0.08 7
50% 313 286 13 4.0 2.0 0.08 8
90% 204 553 23 9.0 5.0 0.89 12

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter

Note: Total Phosphorus data based on monthly averages
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Appendix 2.6.4

Little·Falls WWTP

Summary of Plant Data

Table 2.6.4.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling

Table 2.6.4.B: NPDES Permit Limits

Table 2.6.4.C: Biological Secondary Treatment Process Design Information

Table 2.6.4.D: Wastewater Characterization

Influent

Effluent

Table 2.6.4.E: Plant Performance - Percent Removal

Table 2.6.4.F: Probability Analysis



Table 2.6.4.A: Plant Design Parameters

Little Falls WWTP

Parameter Value Units

Flow
Desiqn Flow 2.4 MGD
Annual Averaae Flow 1.5 MGD

BOD
Desian 2,671 Ib/dav
Annual Averaqe 1,516 Ib/dav
TSS Ib/dav
Desiqn 3,407 Ib/dav
Annual Averaae 1,970 Ib/dav

2. Treatment Unit Sizes

Wet Weather Holdinq Basin
Volume 254,000 callons
Depth 12 feet
Area 2,827 sa. feet
Diameter 60 feet
Primary Clarifier 2
Volume per tank 103,000 aallons
Depth 11 feet
Area 1,257 sa. feet
Diameter 40 feet
Overflow Rate!') 580 apdlft2

Detention time!l) 2.1 hours
Fixed Growth Contactor
Redwood Pellets Downflow; no air added
Ava. Oraanic Loadina Rate 118 Ib/dav/1 000 fl3

Avq. Hvdraulic Loadinq Rate 3.0 qpm/fl2

Volume oer tank 80,425 (media) aallons
Depth 14 (media) feet
Area 768 sa. feet
Aeration Tanks 2
Length 36 fl
Width 18 fl
Sidewater Depth 14 fl
Total Volume 138,000 aallons
Detention time!') 1.4 hours
Aeration Blowers (number) 3
Aeration Blowers (capacity) 810 scfm
Final Clarifier 2
Volume per tank 176,000 aallons
Deoth 12 feet
Area 1,963 sa. feet
Diameter 50 feet
Overflow Rate(1) 371 aod/W
Detention time(1) 3.5 hours
CI2Contact Tank 1
Volume per tank 39,800 callons
Deoth 8 feet
Diameter 750 feet
Detention time!') 0.40 hours

3. Sludge Handling

Gravity Thickening 321,000 aallons

Diqestion None

Storage
Tank 84,500 aallons

Siudae Drvina Bed 11,000 fl2

Siudae Disoosal
Land Application

(1) Based on design flow



Table 2.6.4.8: NPDES Permit Limits

Little Falls WWTP

Parameter Limit Units Limit Type Period Frequency Type
Total Chromium Monitor ug/l Single Value Jan - Dec 1/quarter Grab
Total Copper Monitor ug/l Single Value Jan - Dec 1/quarter Grab
Ammonia Monitor mg/l Monthlv Avo Jan - Dec 1/month 24 hr comp
CBODs 25 mg/l Monthly Avg Jan - Dec 3/week 24 hrcomp

CBODs 40 mg/l Weekly Avg Jan - Dec 3/week 24 hrcomp

CBODs 85 % Removal Monthly Avg Jan - Dec 3/week 24 hrcomp
Total Residual Chlorine 0.038 mg/l Monthly Max Jan - Dec 1/dav Grab
Fecal Coliform 200 #/100 ml Monthlv Geo Mean April- Oct 3/week Grab
Total Mercury Monitor noll Sinole Value Mar, Jun, Sep, Dec 1/month Grab
Dissolved Oxygen Monitor mg/l Monthly Min Jan - Dec 1/dav Grab
pH 6.0-9.0 SU Monthly MiniMax Jan - Dec 1/dav Grab
Total Phosphorus . Monitor mg/l Monthlv Avg Jan - Dec 1/week 24 hrcomp
Total Suspended Solids 30 mg/l Monthlv Avo Jan - Dec 3/week 24 hrcomp
Total Suspended Solids 45 moll Weeklv Avg Jan - Dec 3/week 24 hrcomp
Total Suspended Solids 85 % Removal Monthly Avg Jan - Dec 3/week 24 hrcomp



Little Falls WWTP

Table 2.6.4.C: Biological Secondary Treatment Process Design Information

Month RAS WAS SRT F/M MLSS
2002-2003 GPO GPO days Ib BOO/lb MLSS mg/L

September 29,832 0.42 3,458
October 26,148 0.59 3,616
November 8,100 0.05 41,182
December

Typically
23,917 0.61 4,045

January 33,604 1.15 3,003
February

750 gpd;
38,499 1.29 3,441

March
Can be

32,967
4 - 5 days

April
up to 500

31,320
May

1000 gpd
26,090 0.89 2,722

June 22,815 0.81 3,220
July 31,393 0.78 3,207
August 28,296 0.55 4,425

Average 27,748 0.71 3,460



Influent

Table 2.6.4.0: Wastewater Characterization

Little Falls WWTP

Month Flow CBODs CBODs TSS TSS Ammonia Total P BOD:P
2002-2003 MGD mg/L IbId mg/L IbId mg/L mg/L

September 1.4 70 824 127 1,500 10.00 2.58 27
October 1.9 77 1,219 125 1,974 34.20 3.64 21
November 1.4 97 1,132 135 1,581 16.50 3.98 24
December 1.3 124 1,393 158 1,779 18.60 3.71 33
January 1.1 211 1,966 215 2,006 25.80 4.74 44
February 1.2 243 2,511 220 2,270 21.10 4.94 49
March 1.1 215 2,006 351 3,278 105 4.25 51
April 1.2 148 1,490 162 1,631 37.00 3.80 39
May 1.4 115 1,379 136 1,630 19.30 3.55 33
June 1.9 91 1,479 155 2,516 12.10 2.46 37
July 2.1 81 1,414 107 1,866 3.50 1.78 45
August 1.3 130 1,382 152 1,614 13.30 2.34 56
Averaqe 1.5 133 1,516 170 1,970 26.37 3.48 38

Effluent

Month Flow CBODs CBODs TSS TSS Ammonia Total P BOD:P
2002-2003 MGD mg/L IbId mg/L IbId mg/L mg/L

September 1.4 4.0 47 10.7 127 0.95 1.34 3
October 1.9 5.9 93 12.9 204 16.75 3.46 2
November 1.4 6.6 77 13.4 157 0.30 2.52 3
December 1.3 9.0 101 18.1 204 7.26 0.58 15
January 1.1 16.5 154 25.3 236 18.20 2.29 7
February 1.2 14.8 153 17.0 176 12.90 3.38 4
March 1.1 16.2 151 20.2 188 29.40 3.20 5
April 1.2 15.4 155 13.9 141 7.00 2.99 5
May 1.4 12.3 147 11.1 133 20.50 1.84 7
June 1.9 11.1 180 14.2 231 8.78 1.17 9
July 2.1 6.4 111 13.2 230 3.40 1.98 3
August 1.3 7.5 79 18.3 194 11.71 1.69 4
Average 1.5 10.5 121 15.7 185 11.43 2.20 6



Table 2.6.4.E: Plant Performance 
Percent Removal

Month CBODs TSS
2002-2003

September 94.3% 91.5%
October 92.4% 89.6%
November 93.2% 90.1%
December 92.8% 88.5%
Januarv 92.1% 88.2%
February 93.9% 92.3%
March 92.5% 94.3%
April 89.6% 91.4%
May 89.3% 91.9%
June 87.8% 90.8%
July 92.1% 87.7%
August 94.3% 88.0%'

Averaqe 92.0% 90.4%

Little Falls WWTP



Table 2.6.4.F: Probability Analysis

Little Falls WWTP

Influent Effluent
% TSS BOD TP Ammonia TSS BOD TP Ammonia

Occurrence(1) mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 103 55 1.9 10 6.8 4.3 0.6 0.3
50% 138 106 -3.2 19 13.2 7.7 2.2 7.3
90% 255 200 5.0 36 25 15.0 3.8 19.6

(1) Percent of samples with concentrations less t~an the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Appendix 2.7.1

Redwood Fails WWTP

Summary of Plant Data

Table 2.7.1.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling

Table 2.7.1.B: NPDES Permit Limits

Table 2.7.1.C: Wastewater Characterization

Influent

Effluent

Table 2.7.1.D: Plant Performance - Percent Removal

Table 2.7.1.E: Probability Analysis



Table 2.7.1.A: PlantDesign Parameters

Redwood Falls WWTP

Parameter Value Units

1. Plant Loadings

Flow
Design Capacity 1.32 MGD
Annual Average 0.76 MGD
Industrial input 30 MG/Year

BOD
Design 2,202 Ib/dav
Annual Average 1,162 Ib/day
TSS
Design 3,270 Ib/day
Annual Average 1,736 Ib/dav

2. Treatment Unit Sizes

Aerated Ponds
Redwood Falls Ponds 3
Total Area 14 Acres
Total Volume 32 MG
Aerator Type: Static Tube

Regional Ponds 3
Total Area 5.7 Acres
Total Volume 17.3 MG
Aerator Type: Floating

3. Sludge Handling None - Pond Facility



Table 2.7.1.8: NPDES Permit Limits

Redwood Falls WWTP

Parameter Limit Units Limit Type Period Frequency Type

Ammonia 7.5 mq/L Monthly Avq June - Sept 2/month 24 hrcomp
Ammonia 9.7 mq/L Monthly Avq Oct - Nov 2/month 24 hrcomp
Ammonia 94 mq/L Monthly Avq Dec - March 2/month 24 hr comp
Ammonia 64 mg/L Monthly Avq April- May 2/month 24 hrcomp
Un-ionized Ammonia 1 mq/L Monthly Avq Jan - Dec 2/month 24 hrcomp
CBODs 25 mg/L Monthly Avg Jan - Dec 2/month 24 hrcomp

CBODs 40 mg/L Weekly Avg Jan - Dec 2/month 24 hrcomp

CBODs 85 % Removal Monthly Avg Monthly Avg 2/month 24 hrcomp

Chlorides 873 mg/L Monthly Avq Monthly Avq 2/month 24 hrcomp
Fecal Coliform 200 #/100 mL Monthly Geo Mean April- Oct 2/month Grab
Dissolved Oxygen Monitor mg/L Monthly Min Jan - Dec 2/month Grab
pH 6.0-9.0 SU Monthly Min/Max Jan - Dec 2/month Grab
Total Suspended Solids 65 mq/L Weekly Avq Jan - Dec 2/month 24 hr comp
Total Suspended Solids 85 % Removal Monthly Avq Jan - Dec 2/month 24 hr comp



Influent

Table 2.7.1.C: Wastewater Characterization

Redwood Falls WWTP

Month Flow CBODs CBODs TSS TSS
2002-2003 MGD mg/L IbId mg/L IbId

October 0.78 181 1,177 214 1,392
November 0.79 242 1,594 290 1,911
December 0.70 189 1,105 315 1,842
January 0.68 346 1,948 300 1,689
February 0.58 228 1,103 413 1,998
March 0.63 184 965 260 1,364
April 0.72 258 1,556 549 3,310
May 0.83 124 855 320 2,215
June 0.73 149 908 264 1,611
July 0.67 146 816 194 1,084
August 0.66 170 936 220 1,211
September 0:64 184 979 226 1,203

Average 0.70 200 1,162 297 1,736

Effluent

Month Flow CBODs CBODs TSS TSS Total Ammonia Un-Ionized Ammonia Total Phosphorus
2002-2003 MGD mg/L IbId mg/L IbId mg/L mg/L mg/L

October 0.84 9.0 63 26 182 0.08 0.02 0.73
November 0.87 9.5 69 12 83 0.08 0.02 0.77
December 0.71 6.5 38 26 154 16.20 1.39 5.4
January 0.62 11.0 57 26 135 14.00 0.28 3.8
February 0.63 7.5 39 20 105 15.30 0.18 3.8
March 0.64 6.5 35 15 81 16.50 0.16 3.. 9
April 0.78 10.5 68 48 309 7.80 0.38 3.0
May 0.93 9.1 71 84 654 16.54 0.26 4.3
June 0.79 9.0 59 45 297 0.08 0.02 1.5
July 0.89 7.5 56 34 253 0.08 0.02 1.2
August 0.65 5.0 27 26 141 0.08 0.02
September 0.77 9.0 57 32 201 0.08 0.02

Average 0.76 8.3 53 33 216 7.24 0.23 2.85



Table 2.7.1.0: Percent Removal

Redwood Falls WWTP

Month CBOD5 TSS
2002-2003

October 95.0% 87.9%
November 96.1% 96.0%
December 96.6% 91.7%
January 96.8% 91.3%
February 96.7% 95.2%
March 96.5% 94.2%
April 95.9% 91.3%
May 92.6% 73.8%
June 93.9% 82.9%
July 94.9% 82.5%
August 97.1% 88.2%
September 95.1% 86.1%

Average 95.6% 88.4%



Redwood Falls WWTP

Table 2.7.1.E: Probability Analysis

Influent Effluent
Ufo TSS BOD TSS BOD Ammonia Un-Ionized Ammonia TP

Occurrence(1
) mg/L mg/L mg/L mg/L. mg/L mg/L mg/L

10% 215 146 14.1 6.0 0.08 0.02 0.73
50% 277 184 27.0 8.5 0.1 0.02 2.2
90% 404 256 51 14.3 16.1 0.27 4.6

(1) Percent of sampies with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Appendix 2.7.2

Thief River Falls WWTP

Summary of Plant Data
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Influent
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Table 2.7.2.E: Probability Analysis



Table 2.7.2.A: Plant Design Parameters

Thief River Falls WWTP

Parameter Value Units

1. Plant Loadings

Flow
Design Capacity 2.57 MGD
Annual Average 1.24 MGD
Industrial input 0.41 MGD
BOD
Design 5,578 Ib/day
Annual Average 2,569 Ib/day
Industrial Contribution 50 %
TSS
Design 4,442 Ib/day
Annual Average 2,263 Ib/day

2. Treatment Unit Sizes
Aerated Ponds
Primary Ponds 2
Volume (each) 256 MG
Depth , 6 feet
Area (each) 131 acres
Detention time (each) 373 days

Secondary Pond 1
Volume (each) 172 MG
Depth 6 feet
Area (each) 88 acres
Detention time (each) 125 days

3. Sludge Handling None - Pond Facility



Table 2.7.2.8: NPDES Permit Limits

Thief River Falls WWTP

Parameter Limit Units Limit Type Period Frequency Type
Ammonia Monitor mg/L Monthly Min Jan - Dec 1/month Grab
CBODs 15 mg/L Monthly Avg Jan - Dec 2/week Grab

CBODs 25 mg/L Weekly Avg Jan - Dec 2/week Grab
Fecal Coliform· 200 #/100 mL Monthly Geo Mean April- Oct 2/week Grab
Total Mercury Monitor mg/L Monthly Min Jan - Dec 1/month Grab
Dissolved Oxygen Monitor mg/L Monthly Min Jan - Dec 2/week Grab
pH 6.0-9.0 su Monthly Min/Max Jan - Dec 2/week Grab
Total Phosphorus Monitor mg/L Monthly Min Jan - Dec 2/week Grab
Total Suspended Solids 45 mg/L Monthly Avg Jan - Dec 2/week Grab
Total Suspended Solids 65 mg/L Weekly Avg Jan - Dec 2/week Grab



Influent

Table 2.7.2.C: Wastewater Characterization

Thief River Falls WWTP

Month Flow CBODs CBODs TSS TSS TP BOD:P
2002 - 2003 MGD mg/L Ibid mg/L Ibid mg/L

September 1.02 41
December 1.08 304 2,743 215 1,940 14 23
March 325 199 8.0 41
May 1.53
June 1.34 215 2,396 232 2,585 11 20
September 197 183 6.6 30
Average 1.24 260 2,569 207 2,263 15.8 28

Effluent

Month Flow CBODs CBODs TSS TSS NH4-N Total TP
2002 - 2003 MGD mg/L Ibid mg/L Ibid mg/L mg/L

September 6.83 0.6
December
March
May 8.63 6.0 432 14 1,007 6.5 3.0
June 7.74 6.0 387 32 2,065 5.6 5.0
September 5.73 5.0 239 27 1,291 0.2 1.0
Averaqe 7.23 5.7 353 24 1,455 4.1 2.4



Table 2.7.2.0: Plant Performance
Percent Removal (CB005)

Thief River Falls WWTP

Month CBODs
2002-2003

September
December
March
May
June 97.2%
September 97.5%

Average 97.3%



Thief River Falls WWTP

Table 2.7.2.E: Probability Analysis

Influent Effluent
% TSS BOD TP TSS BOD NH3 (T) TP

Occurrence(1) mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 188 202 3.7 20.0 5.0 1.3 0.96
50% 207 260 6.8 29.5 6.0 5.6 3.0
90% 227 319 17 40 6.0 6.3 4.3

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter
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Appendix 2.8.1

Brainerd and Baxter WWTP
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Table 2.8.1.C: Wastewater Characterization

Influent

Effluent

Table 2.8.1.D: Plant Performance - Percent Removal

Table 2.8.1.E: Probability Analysis



Table 2.8.1.A: Plant Design Parameters

Brainerd and Baxter WWTP

Parameter Value Units

1. Plant Loadings

Flow
Design Flow 3.13 MGD
Annual Average Flow 2.61 MGD
BOD
Design 5,456 Ib/dav
Annual Average 3,619 Ib/dav
TSS
Design 8,000 Ib/dav
Annual Average 3,303 Ib/dav

2. Treatment Unit Sizes

Primary Clarifier 2
Volume per tank 149,610 gallons
Depth 10 feet
Area 2,000 sq. feet
Overflow Rate(1) 783 gpdltr
Detention lime(1) 1.12-2.83 hours
Rotating Biological Contactors 12
# of Baffles 3 per unit
Total Surface Area 1,200,000 sa. ft Der unit
Diameter 12 feet
Hydraulic Loading Rate(1) 2.80 - 5.23 gpdltr
Detention time(1) 1.5 minimum hours
Final Clarifier 2
Volume per tank 260,637 gallons
Depth 11 feet
Diameter 65 feet
Area 3,318 sa. feet
Overflow Rate(1) 472 gpdltr
Detention time(1) 1.81 - 4.47 hours
CI2 Contact Tank 2
Volume per tank 35,345 gallons
Depth 8 feet
Area 630 sq. feet
Detention time(1) approx 0.5 hours

3. Sludge Handling

Thickening Gravity

Digestion Anaerobic

Storage None

Dewatering None

Sludge Disposal
Agricultural Application

(1) - based on design dry weather flow



Table 2.8.1.8: NPDES Permit Limits

Brainerd and Baxter WWTP

Parameter Limit Units Limit Type Period Frequency Type

Ammonia Monitor mg/L Monthly Avg Jan - Dec 1/month 24 hr camp
CBODs 25 mg/L Monthly Avg Jan - Dec 3/week 24 hrcomp

CBODs 40 mg/L WeeklyAvg Jan - Dec 3/week 24 hrcomp

Fecal Coliform 200 #/100 mL Monthly Geo Mean Jan - Dec 3/week Grab
Fecal Coliform 400 #/100 mL Weekly Geo Mean Jan - Dec 3/week Grab
Dissolved Oxyqen 2.8 mg/L Monthly Min Jan - Dec 1/day Grab
Chlorine Residual 0.038 mg/L Monthly Min Jan - Dec 1/day Grab
pH 6.0-9.0 SU Monthly Min/Max Jan - Dec 1/day Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan - Dec 1/month 24 hrcomp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 3/week 24 hrcomp
Total Suspended Solids 45 mg/L Weekly Avg Jan - Dec 3/week 24 hrcomp



Influent

Brainerd and Baxter WWTP

Table 2.8.1.C: Wastewater Characterization

Month Flow BODs BODs TSS TSS Irotal Phos BOO/P
2002-2003 MGO mg/L IbId mg/L IbId mg/L (mg/L)/(mg/L)

October 2.64 151 3,311 143 3,135 3.2 47.1
November 2.40 160 3,194 139 2,777 5.9 27.1
December 2.34 177 3,454 157 3,056 7.1 24.9
January 2.25 162 3,046 149 2,790 7.0 23.2
February 2.43 188 3,803 179 3,626 6.0 31.3
March 2.43 207 4,197 165 3,346 6.1 34.0
April 2.71 177 3,991 152 3,425 5.6 31.5
May 2.95 140 3,451 130 3,197 5.4 26.0
June 3.00 153 3,826 152 3,795 3.8 40.8
July 3.06 176 4,493 161 4,119 7.6 23.3
August 2.64 133 2,923 123 2,711 4.6 28.9
September 2.50 179 3,734 175 3,655 4.8 37.2

AveraQe 2.61 167 3,619 152 3,303 5.6 31.3

Effluent

Month Flow BODs BODs TSS TSS Ammonia Total Phos
2002-2003 MGO mg/L IbId mg/L IbId mg/L mg/L

October 2.64 9.0 198 7.9 173 18.1 3.3
November 2.40 10.5 210 9.5 190 19.2 3.7
December 2.34 11.7 228 9.0 176 16.8 3.1
January 2.25 12.1 228 8.9 166 8.7 2.5
February 2.43 11.4 231 8.9 180 17.4 2.5
March 2.43 13.0 263 10.8 219 24.5 3.6
April 2.71 12.6 286 7.5 170 20.2 2.5
May - 2.95 12.6 311 8.2 201 17.3 2.9
June 3.00 11.8 294 7.5 188 23.3 3.1
July 3.06 12.3 315 8.0 204 12.6 2.7
AUQust 2.64 8.8 193 5.8 127 11.40 1.7
September 2.50 10.4 217 6.7 140 23.3 3.6

Average 2.61 11.4 248 8.2 178 17.7 2.9



Brainerd and Baxter WWTP

Table 2.8.1.0: Plant Performance -
Percent Removal (CB005, T55, Total Phosphorus)

Month CBODs TSS Total Pho$
2002-2003

October 94.0% 94.5%
November 93.4% 93.2% 37.3%
December 93.4% 94.3% 56.3%
January 92.5% 94.0% 64.3%
February 93.9% 95.0% 58.3%
March 93.7% 93.4% 41.0%
April 92.8% 95.0% 55.4%
May 91.0% 93.7% 45.4%
June 92.3% 95.1% 17.9%
July 93.0% 95.0% 63.9%
August 93.4% 95.3% 62.3%
September 94.2% 96.2% 25.0%

Average 93.1% 94.6% 47.9%



Brainerd and Baxter WWTP

Table 2.8.1.E: Probability Analysis

Influent Effluent
% TSS BOD TP TSS BOD TP NH3-N

Occurrence(1
) mg/L mg/L mg/L mg/L mg/L mg/L mg/L

10% 103 117 3.9 5.0 7.0 1.7 11
50% 157 165 5.6 8.0 11.0 2.7 18
90% 217 211 7.1 14 16.0 3.7 25

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter




