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MESERB

Minnesota Environmental Science
and Economic Review Board

Using science and economics to improve environmental regulations

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., I 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,
[ 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

Enclosure
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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:

e Develop education/outreach information on environmental impacts of phosphotus;

e Cosponsor basin-wide phosphorus forums;

e Use basin management as the main policy context for implementing the phosphorus
strategy;

e Broadly implement Minnesota’s point source phosphorus controls;

e Broadly promote lake protection activities;

e Address phosphorus impacts on rivers; and

e 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. Chatles 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:

e Site examination and data review of the participating facilities;
e DPreparation of a best practices report detailing low-cost, high-efficiency phosphorus
reduction methods; and

e 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:

e Characterize, group and select seventeen wastewater treatment plants from MESERB’s 22
participating plants;
e Identify and discuss a range of applicable phosphorus reduction and removal technologies;

e Develop a protocol to systematically evaluate the effectiveness of phosphorus removal

alternatives for the seventeen wastewater treatment plants; and
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e 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 (AL(SO,);18H,0), sodium aluminate (NaAlO,),
ferric chloride (FeCly), ferric sulfate (Fe,(SO,),), ferrous sulfate (FeSO,), and ferrous chloride (FeCl).
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 tbCOD 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
tbCOD is available as the influent BOD concentration increases. However the fraction of tbhCOD
in municipal wastewaters will vary, depending in large part on industrial wastewater contributions.
General assumptions on EBPR petformance, 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:

e 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.

e DBrainerd and Baxter Wastewater Treatment Plant (WWTP) - a 3.13 MGD Rotating
Biological Contactor (RBC) treatment plant.

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

e Faribault WWTF - a 7.0 MGD combined trickling filter and activated sludge system with

primary and secondary clarifiers.

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

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

and secondary clarification and filters for tertiary treatment.

e Grand Rapids WWTF - a 14.3 MGD activated sludge plant with primary and secondary

clarifiers and polishing ponds for tertiary treatment.

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

primary and secondary clarification.

e Marshall WWTF - a 3.3 MGD trickling filter/activated sludge plant with industrial

contributions from several food processing plants.

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

ammonia limit from June to September.

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

e Redwood Falls WWTP is a 0.824 MGD lagoon system with no industrial contributions and

discharges to the Minnesota River.
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e 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.

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

are no permit requirements for nitrogen or phosphorus.

e Thief River Falls WWTP - a 2.57 MGD wastewater treatment lagoon system treating several

industties.

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

clarification and filtration is a tertiary treatment step.

e 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 (CBOD;), total suspended solids (TSS), total phosphorus
(TP) and ammonia-nitrogen (NH,-N). Permit limits for BOD, TSS, TP and NH,-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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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 WWTTF,
Rochester WRP and Little Falls WWTTF 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 WWTTF), 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:

e Chemical treatment is the recommended phosphorus removal alternative for plants

using trickling filters, rotating biological contactors or lagoons for secondary treatment.

e 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.

e 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

petformance. 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

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 (PO,) 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:

e Develop education/outreach information on environmental impacts of phosphotus;

e Cosponsor basin-wide phosphorus forums;

e Use basin management as the main policy context for implementing the phosphorus
strategy;

e Broadly implement Minnesota’s point source phosphorus controls;

e Broadly promote lake protection activities;

e Address phosphorus impacts on rivers; and

e 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 petformance.
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 cortection

action where needed.

Source: MPCA Phosphorus Strategy: NPDES Permits (Matrch 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 Cortrective 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. Chatles
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:

e Site examination and data review of the participating facilities;

e DPreparation of a best practices report detailing low-cost, high-efficiency phosphorus

reduction methods; and

e Presentation and discussion of the report in two regional seminars.
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Figure 1.1 Location Map of MESERB Phosphorus Initiative Participants
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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:

e Identify and discuss a range of applicable phosphorus reduction and removal technologies;

e Characterize, group and select seventeen (17) wastewater treatment plants from MESERB’s
22 participating plants;

e Develop a protocol to systematically evaluate the effectiveness of phosphorus removal

alternatives for the 17 selected wastewater treatment plants; and

e 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:

e 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.

e 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.

e 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.

e 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.

e 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.

e 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.

e Section 7 presents the conclusions and recommendations.
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SECTION 2.0

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/yt) 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.

21 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),), alum
(AL(SO,);), sodium aluminate (NaAlO,), ferric chloride (FeCly), ferric sulfate (Fe,(SO,),), ferrous
sulfate (FeSO,), and ferrous chloride (FeCl,). Simplified versions of chemical precipitation reactions

are shown as follows for illustrative purposes (Tchobanoglous et al., 2003).

Phosphate precipitation with aluminum:
Al,(80O,);18H,0+ 2H,(PO,) = 2Al(PO,) + 3H,SO, + 18H,0 (1)

Phosphate precipitation with iron:
FeCly + Hy(PO,) = Fe(PO,) + 3HCI, 2)

Phosphate precipitation with calcium:
10Ca(OH), + 6H,(PO,) = Ca,,(PO,),(OH), + 18H,0O (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
requited (< 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 (Ca,,(PO,);(OH),). 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 secondaty 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



24

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):

e IExposing the activated sludge bacteria to influent wastewater in an anaerobic contacting

zone, followed by an aerobic (or anoxic) zone;
e Minimizing the amount of nitrate or oxygen fed to the anaerobic zone; and

e 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 (SRTSs), 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 (tbCOD) 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
phosphotus removal capacity has been correlated with higher influent wastewater BOD/P ratios,
which indirectly assumes that more tbCOD 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 tbCOD 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 tbCOD and VFA at a faster rate than that for fermentation and uptake of VFEAs 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 tbCOD uptake before the anaerobic contact zone or feeding oxygen into the anaerobic

contact zone.

Certain treatment processes may remove rthCOD 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 wused 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 (A*O) 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.

IR
!
INF vy o | S f— - EFF
ANAEROBIC ANOXIC AEROBIC CLARIFIER
RAS \
INF - influent WAS

EFF - effluent
RAS - return AS
WAS - waste AS
IR - internal recycle

Figure 2.2 - Anaerobic/Anoxic/Aerobic (A’O) 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.

IR
|
[N me— ——y e - EFF
L
ANAEROBIC ANOXIC AEROBIC CLARIFIER

INF - influent IR

EFF - ettluent

RAS - return AS -

WAS - waste AS RAS

IR - internal n’(‘_\'(‘]:" WAS

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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IR

INF >

¥

£ —— Y > :O—DEFF

ANOXIC ANAEROBIC ANOXIC AEROBIC CLARIFIER

RAS

INF - ntluent WAS
EFF - etfluent

RAS - return AS

TWAS - waste AS

IR - mternal recycle

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 A’O 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 POTWSs for phosphorus removal in the Chesapeake Bay Drainage Basin
(USEPA, 1987).



2-14

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 primaty 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 Ib as Fe/Ib 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 secondaty 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.
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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 Ib 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 Ib 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 secondaty clarifier of 2.2 mole Al/mole

P. Polymer was added at 0.80 mg/L and the secondaty clatifier effluent TSS concentration averaged
15 mg/1.
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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 b Al/Ib 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 b 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.
A’O, 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,
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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 tbCOD was

available for biological phosphorus removal.
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Table 2.5 - EBPR Process with Conventional Activated Sludge — Anaerobic/Aetrobic Process at
Pontiac, MI WWTP (Results for 1987)

Parameter Units Value
Influent Flow MGD 35
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 A’0 Process for EBPR

Treatment performance results for the operation of the A’O 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 A’O process the effluent NO;-N concentration ranged from 4—6 mg/1., 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 A*O Process
(Results for 19806)

Parameter Units Value
Influent Flow MGD 5.9
Influent Total BOD mg/L 206
Influent TSS mg/L 93
Influent TKIN 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 A’0O Plant with Primary Sludge Fermentation for EBPR
The Durham Oregon WWTP uses an A*O 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 (tbCOD)
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 A*O
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 1b/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 telatively 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

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.

31 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:

e 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.

e DBrainerd 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.

e 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.

e TFaribault 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.

e 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 (NH,-N) discharge limit of 4.3 mg/L. The effluent is discharged to
the Otter Tail River.

e 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.

e 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.

e 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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e 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.

e 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.

e 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.

e 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.

e 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.

e 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 phosphotus into the Mississippi River.

e 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.

e 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/I.. There are three
different seasonal ammonia nitrogen (NH,-N) discharge limits for December through

September. The plant discharges to Union Creek.

e 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.



Table 3.1 - General Plant Information

(Screening Form Data and Permit Information)
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Flow (MGD) Phosphorus (mg/L) | Ammonia-Nitrogen (mg/L)
Treatment Plants by Process “Permit *NH(N NH,-N Receiving Water
Category "Design  Existing Limit “Effluent | Permit Limit Effluent Body Industrial Contributions
Activated Sludge
Northern Food and Dairy, Nordic Asceptic,
Alexandria Lake WWTF 3.25 2.60 1.0 0.33 MO NA Lake Winona 3M (Abrasives)
(July-Sept) Paper Mill (provides nutrient deficit which
Grand Rapids WWTF 14.3 9.00 MO NA 8 NA Mississippi River 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
0.50 (dry) Seasonal 1imit, Metal finishing, car washes, laundromat, dry
Wadena WWTF 0.75 (wet) 0.35 MO 2 see Table 3.3 Union Creek cleaner, hospital, nursing home
Seasonal Limit, South Fork,
Whitewater River PCF 0.80 0.68 MO 6.9 see Table 3.3 0.24 Whitewater River North Star Foods, Inc
High Purity Oxygen (HPO)
Red River of the
Moorhead WWTF 6.0 4.2 MO 3.9 MO 2.2 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 WWTEF 1.04 1.30 1.0 5 MO NA Lake St. Clair None
Trickling Filter/Activated
Sludge
Faribault Foods (cannery), Turkey Store
Fatibault WWTF 7.0 4.5 MO 4 MO 6 Cannon River (turkey processing), Protient (soy protein)
Seasonal Limit, Corn processing, ice cream & convenience
Marshall WWTF 3.3 2.4 NR 7.5 see Table 3.3 NA Redwood River food plants
Seasonal Limit,
Glencoe WWTP 1.6 0.85 MO NA 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
Seasonal 1imit,
Redwood Falls WWTP 1.3 0.79 NR 0.65-5.85 | 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
Acrometal, North Star Plating (metal
Brainerd Area WWTP 3.13 2.70 MO 17.5 MO 2.4 Mississippi River anodizing)

NR = No Requirement

NA = Not Available/Not Known

MO = Monitor Only

*All treatment plant drainage areas ate separate sewers with the exception of Little Falls which has a few blocks of combined sewer systems




Table 3.2 - Preliminary Treatment Process Information

(Screening Form Data Only)
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Sludge Handling Operations

Primary/
Primary/ Secondary
Treatment Plants by Process Category Pre-Treatment Final Secondary Tertiary Disinfection Thickening Digestion Dewatering Disposal
Activated Sludge
Self-cleaning bar screens,
comminutor, aerated grit Sand/Anthracite Chlorinination/
Alexandria Lake WWTF removal, other grit removal Clarifiers AS filters Dechlorination Primary Tanks Aerobic Centrifuge Land Application
Primary
Grand Rapids WWTF Self-cleaning bar screen Clarifiers AS Polishing Ponds Chlorine Tanks/Gravity None Belt Filter Press Landfill
Bar screen, comminutor, Chlorinination/
New Ulm WWTF aerated grit removal Clarifiers AS None Dechlorination Gravity ATAD Land Application
Biological Nutrient R ! (BNR)
Self-cleaning bar screen, other Chlorinination/ Gravity, Belt
St. Cloud WWTF |grit removal Clarifiers AS BNR  [None Dechlorination ‘Thickener, DAF | Anaerobic Land Application
Self-cleaning screens, acrated Chlorinination/ Primary Tanks,
Fergus Falls WWTP grit removal Clarifiers AS BNR  |None Dechlorination Gravity Anaerobic | Belt Filter Press Land Application
Oxidation Ditch
Comminutor, Aerated Grit Traveling carriage  |Chlorinination/
Wadena WWTF Removal, Hydro gritter Clarifiers OD filter Dechlorination None Anaerobic Land Application
Self-cleaning screens, Vortex Chlorinination/
Whitewater River PCF grit removal system Final Only OD Sand/Coal Filter Dechlorination None None None Land Application
High Purity Oxygen (HPO)
Self-cleaning bar screen, Chlorinination/
Moorhead WWTF aerated grit removal Clarifiers 0O, None Dechlorination DAT Anaerobic Land Application
6% thickened on
Self-cleaning screens, aerated Chlorinination/ gravity belt
Rochester WRP grit removal Clarifiers 0O, None Dechlorination Belt Thickeners | Anaerobic thickeners Land Application
Trickling Filter
Bar screen, Aerated Grit
Detroit Lakes WWTF Removal Clarifiers TF None Chlorine Gravity Anaerobic None Land Application
Trickling Filter/Activated Sludge
Self-cleaning bar screens, Chlorinination/
Faribault WWTF aerated grit removal Clarifiers TE+AS None Dechlorination Gravity Anaerobic None Land Application
Traveling Bridge
Marshall WWTF Comminutor, Vortex Clarifiers TF+AS Filter Ultraviolet None Anaerobic None Land Application
Bar screen/washer packer, Chlorinination/ Primary
Glencoe WWTP Cyclone grit removal Clarifiers TF+AS Sand/Coal Filter Dechlorination Tanks/DAF Anaerobic Drying Beds Land Application
Self-cleaning bar screens,
aerated grit removal, other grit Chlorinination/
Little Falls WWTF removal Clarifiers TF+AS None 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 Conta (RBC)
Self-cleaning screens, aerated
arit removal w/ auger, grit Chlorinination/
Brainerd Area WWTP pump Clarifiers RBC None Dechlorination Gravity Anaerobic None Land Application

AS = Activated Sludge

BNR = Biological Nutrient Removal
RBC = Rotating Biological Contactor
TF = Trickling Filter

L. = Lagoon

OD = Oxidation Ditch

F = Effluent Filter
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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 (NH,-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:

e week of September 15 — St. Cloud, Whitewater, Rochester, Faribault, and Glencoe
e week of October 6 — Grand Rapids, Brainerd, Wadena, and Little Falls

e 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:

e Permit information such as discharge limits, seasonal requirements and sample type and
frequency;

e Plant design data such as design flow, carbonaceous biochemical oxygen demand (CBOD;)
and total suspended solids (TSS) loadings, and size of treatment units;

e Latest facility plan report including process flow diagrams;

e Plant performance reporting data including discharge monitoring reports;

e DPlant monitoring data on individual treatment units (e.g., pH, temperature, mixed liquor
suspended solids (MLSS), dissolved oxygen (DO));

e Influent wastewater characterization data for CBOD;, TSS, ammonia, phosphorus;

e Sludge handling and disposal activities such as thickening, dewatering, digestion, disposal,
return lines; and

e 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 (CBOD;), TSS, total phosphorus
(TP) and ammonia-nitrogen (NH,-N). Permit limits for BOD, TSS, TP and NH,-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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Table 3.3 - Summary of Influent and Effluent Wastewater Characteristics and Permit Information

Plant Name Flow (MGD) Influent (mg/L Effluent (mg/L Permit Limit (mg/1.)
Design | Actual | CBODs | TSS | TP | NH,-N | CBOD;| TSS | TP | NH,-N| CBODs| TSS | TP | NH,-N Permit Summary

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 * MO = Monitor Only
Grand Rapids WWTF 14.3 8.8 307 | 268 | NA | NA 27 | 114 ] 06 [ NA 25 30 [ MO [ 8" *NR = No Requirement
New Ulm WWTF 6.77 2.5 387 273 | 8.9 NA 3.5 4.2 48 | <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 | 10| 43 - Aptil - 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 - October-November = 8.0 mg/L
Whitewater River PCF 0.80 0.66 463 344 1 104 ] 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| 149 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/LL
Little Falls WWTF 2.4 1.5 133 170 | 3.5 26.4 10.5 157 | 2.2 11.4 25 30 | MO | MO
Lagoons (5) - Dec - Match = 7.7 mg/L
Redwood Falls WWTP 0.824 0.76 200 297 | NA | NA 8.3 327 | 2.9 7.2 25 45 | MO (6) - Aptil - 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 114 8.2 2.9 17.7 25 30 | MO MO
Appendix 2 contains the detailed data summaries for each plant. (6) - June - Sept = 7.5 mg/L
NA - No Available Data - 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
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SECTION 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
phosphotus 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.

41 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 tbCOD 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

convetrsion 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 (A?0O 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 consetvative 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 A’O 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.



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 tbCOD 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 ht 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
A20 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
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(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.



Table 4-3 - Summary of Phosphorus Removal Alternatives for the HPO Activated

Sludge Process and Factors that Favor each Alternative
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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

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

phosphorus precipitation

aeration tank and an exogenous
organic source such as sugar or
acetic acid is purchased and

added to the anaerobic process

4-3¢ - EBPR with

chemical precipitation

An external anaerobic tank with | -the wastewater has a moderate influent
a detention time of about 1.0
hour is added before the
aeration tank and chemicals are

added to the PC and SC

BODY/P ratio and some vatiability
- 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 tbCOD. 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.

a) I'ixed Film Processes —
Trickling Filters or Rotating Biological Contactors
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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 Ibs/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.
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Figure 4.5 - Chemical Precipitation is the Phosphorus Removal Alternative for Lagoons

41.6 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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a) Trickling Filter/ Activated Sludge (TF/AS)
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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 tbCOD 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

4.6¢ - Nitification is required.
EBPR only

The activated sludge system is
converted to an A?0O 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 vatiability 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 (Ib
BOD/1000ft>-d) more soluble BOD will be available for an EBPR process. Where the TF BOD




4-14

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 A’O 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:

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

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

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

e 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 thCOD
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 tbCOD available for the PAOs.
Information on the influent wastewater rtbCOD 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 tbCOD 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 CBODs

Secondary process tank sizes and equipment

and sludge processing

i i Increases sludge production for
Increase secondary aeration tank size and . . .
TSS ] chemical treatment in primary
more sludge production .
clarifiers

. . Chemical dose and sludge
Total phosphorus Effluent phosphorus concentration possible

production

i Lower phosphorus concentration generally
BOD/P ratio . ) . -
found with highet BOD/P ratios

Readily biodegradable COD
(tbCOD)

More P removal as tbCOD increases -

Where nitrification is required, increased
TKN/NH; -

concentration can decrease EBPR efficiency

) o High diurnal and daily variations can
Loading variations ) -
decrease EBPR efficiency

For BOD/TKN ratios < ~ 4.0 insufficient

nitrate removal occurs for systems with

BOD/TKN o ] ) ] -
nitrification and the EBPR efficiency is
lower
Increased tank volumes needed at lower
Temperature -

temperatur (S

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 tbCOD 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 tbCOD
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 TKIN 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 A’O 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 A’O 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 Zome tank sige 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.
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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
A’O 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
NO;-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 tbCOD that was available in the anaerobic contact zone for given facility
design and the system SRT. The amount of tbCOD available in anaerobic contact zone was a
function of the assumed value for the influent sSBOD concentration and its fraction as tbCOD, the
amount of rbCOD used to biologically reduce nitrate entering the anaerobic contact zone, the
amount of tbCOD removed in processes prior to the anaerobic contact zone, and the amount of
tbCOD 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 tbCOD 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), tbCOD is removed before the EBPR process. For the
TF/AS plants trickling filter BOD removal design models were used to determine the thCOD
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/1. 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 SRT's 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"*™ 1
where: T = temperature, °C

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 NH,-
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 NH,-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 20'C values for the
key nitrification kinetic parameters.

_ (T-20)
R, =(R,..)0
where: T = temperature, °C
0 = temperature correction coefficient
R; = reaction rate at temperature T
R e reaction rate at 20°C

@)

Table 4.6 - Nitrification Kinetic Coefficients and Temperature Dependence

Coefficient Definition 20°C Value Temperature Coefficient, o
L maximum specific growth rate, g/g-d 0.80 1.072
Kn Half-velocity coefficient, mg/L 0.50 1.053
Nitrifying bacteria decay coefficient,
bn 0.17 1.029
g/gd
The specific growth rate at a given condition is given as follows:
N DO
p=| bn ©
Kn+N Ko+DO
where:

p = nitrifying bacteria specific growth rate, g/g-d

.. = 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 bactetia 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.

SRT = SFl
M

where :

SF = safety factor

)
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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.

x = mQ(so)8.34 +XiQ(S0)8.34 )

where:
Px = sludge production, Ib/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) ©
MILSS(8.34)
where:
\% = 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, IbBOD/Ib 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 SRT's the phosphorus content of the PAOs was
25% based on dry weight.

_ Y(rbCOD removed, mg/1.)Q(8.34)

Roio, = 8
PAOs (14 b, SRT) ®)
where:
R,.0. = rate of PAO biomass production, 1b/d
b, = endogenous decay rate of PAOs, g/g-d
Bio P removal, mg/L = Rpaos[0-25-0.002(R D] )

Q

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 tbCOD

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.
Se = Soe™/4) (10)

where:
Se = settled effluent BOD, mg/L
So = influent BOD, mg/L
k = treatability coefficient, gpm"’/ft’
D = media depth, ft
q = hydraulic application rate, gpm/ft’
n = hydraulic coefficient, 0.50

k=k,, (®T-20) (1)
where:

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

©® = temperature coefficient, 1.035
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0.5 0.5
K=k | 22|10 (12)
DZ SZ

where:
k, = treatability coefficient corrected for depth and influent BOD, gpm"*/ft?
k
D2 = site media depth, ft

. = treatability coefficient, k, gpmo'5 /£t

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 AIPO,. 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:
Molar 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 CaCOj; 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(0.0065A1 + 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= ETSSo0(0.0021Al + 1.0) (15)
where:
Al = alum dose, mg/L
ETSS = TSS removal efficiency with 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
cither 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 requitements wete 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 A’O 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 A*O process
and two scenarios for AO process conversion, new external tankage and retrofit of existing tankage
with internal baffling. The A’O 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 A’O 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 A’O 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 A’O
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.

$4,500,000

$4.000,000 —— A20 Retrofit w/ External Tanks

—¥— AO Retrofit w/ External Tanks /.
$3,500,000

—8— AO Retrofit w/ Existing Tanks Baffled

$3,000,000

$2,500,000 -

$2,000,000 -

Capital Cost (Sept. 2004 US$)

$1,500,000 -

$1,000,000 -

$500,000 -

Plant Design Flow (MGD)

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 A’O
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

$180,000
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Plant Design Flow (MGD)

Figure 4.10 — Preliminary Budgetary O&M Costs — Enhanced Biological

Phosphorus Removal



04 US$)

20

Capital Cost (Sept.

4-36

$360,000

$330,000 {

$270,000

£
g

/

8
8

g
8

$180,000 /
$120,000

$90,000 4

0 2 4 6 8 10 12 14 16 18
Plant Design Flow (MGD)

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 CaCO;. 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

hout.

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 tbCOD to remove



4.37

phosphotus 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:

e Providing VFA from an on-site fermenter using primary clarifier sludge;
e Purchasing tbCOD via sugar or acetic acid; and

e Purchasing alum to remove additional phosphorus by chemical precipitation.

The chemical addition alternatives were evaluated using the current cost of $0.18/Ib of sugar
addition and $0.10/1b 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;

Solids thickening to 3% concentration in the primary clarifier;

A 3-day SRT for sludge fermentation in a gravity thickener;

A VFA production of 0.15 ¢ VFA /g TSS applied,;

An elutriation efficiency of 70% for return of VFA to the influent of the EBPR anaerobic

AR A

contact zone; and
6. A ratio of 12 pounds (Ib) 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 $0.10/1b of alum. The alum dose was

assumed at 1.0 mole Al/mole of P.

Sugar or acetic acid can be purchased to provide tbCOD 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/Ib and the necessary dose was at 12 b

phosphorus removed per Ib 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



4-38

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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Figure 4.12 - Comparison of Phosphorus Removal by Alum or Sugar Addition or Using VFA from

an On-site Fermenter at Equivalent Costs
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SECTION 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 (CBOD,), total suspended
solids (TSS), ammonia nitrogen (NH,-N), nitrite and nitrate nitrogen (NO,-N and NO;-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, CBOD; 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, CBOD;, TP, NH,-N,
NO;-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
WWTEF) 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 dischatge 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/ft* 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 vaties 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/ft® 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/ft®) 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 5.1.1.2 - 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, CBOD;, 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) CBODs(mg/I)  TSS (mg/l) NH,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 Februatry, the influent CBOD; 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 CBOD; 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 desited 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 CBOD;, TSS and phosphorus. The plant has effluent permit
limits for CBOD;, 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 CBOD; and 30 mg/L
for TSS. The plant achieved about 99% removal of CBOD; and TSS with average effluent
concentrations of 3.1 mg/L and 2.1 mg/L, respectively. The low values ate enhanced by effluent

filtration.

Table 5.1.1.2 - Monthly Average Treatment Performance Summary
January 2002 — December 2002

Alexandria Lake WWTF
Flow MGD) | CBOD; (mg/L) | TSS (mg/L) | NH4N (mg/L) | NOsN (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
Chemical Treatment
Parameter 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 (%0) 99.0 99.0
Released Phosphorus Available (%0) 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 CBOD;, 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
tbCOD content was based on a review of the wastewater sources to the facility. The rtbCOD
content is also some fraction of the influent sBOD concentration. For these analysis, it was
assumed that 70% of the influent sSBOD was available to the bacteria as truly dissolved organic
matter or tbCOD.

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.
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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 LLake WWTF
Flow (MGD) | CBODs(mg/L) | Petrcent sBOD TSS (mg/L) TKN (mg/L) TP (mg/L)
3.25 239 40 192 35 6.6
Process Step Dimensions Design Loading Comment
. . 2 - 45 ft diameter, 11 ft Can accept chemical
Primary Clarifiers 820 gpd/ft? o
deep addition

2—0.103 MG Plug flow

F/M = 0.5 g BOD/g

Highly loaded aeration

Activated Sludge . MLVSS-d, tanks. No capacity for

aeration tanks )

HRT = 1.9 hrs EBPR anaerobic tank
. 2 — 55 ft diameter, 12 ft Can accept chemical

Secondary Clarifiers 550 gpd/ft? o

deep addition
Dual Media Polishing Provides low effluent TSS

) Coal/sand filter 2.0 to 3.0 gpm/ft? i

Filters 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 WWTEF 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 A’O 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
EBPR EBPR+ Chemical | Chemical Addition Chemical Chemical Addition
Option Units Onl Addition to to Primary and Addition to to Secondary
n
Y Primary Clarifiers | Secondary Clarifiers | Primary Clarifiers Clarifiers
Effluent P mg/L | 0.75to0 1.5 0.75to 1.0 0.5t0 1.0 0.5to 1.0 0.5to0 1.0
Chemical Addition Ib/d 0 1705 3817 4324 5269
Additional Sludge
] Ib/d 0 283 753 875 1091
Production®
Alkalinity Used mg/L 0 28 63 71 87
Increased Tank Volume MG 0.33 0.25 0 0 0
Additional Mixers Yes/
Yes Yes No No No
No
MAlum 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 CaCO;. 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
EBPR EBPR + Chemicals in Chemicals only, to Primary and
Parameter Only Primary Secondary Clarifiers
Preliminary Capital Costs
EBPR Tank $722,000 $722,000 -
Aeration Tank Modification $96,000 $48,000 -
Chemical system $154,0000 $154,000 $154,000
Total Capital Costs $972,000 $924,000 $154,000
Daily Operating Costs, $/d
Alum 0 171 382
Sludge disposal 0 25 67
EBPR operation 57 57 0
Annual Labor Cost — Chemicals Only 0 0 $17,000
Total Annual Operating Costs $21,000 $92,000 $181,000
Present Worth Operating Costs
$262,000 $1,147,000 $2,256,000
5% @ 20 years
Total Present Worth $1,234,000 $2,071,000 $2,410,000

mBackup 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 WWTT) 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 Parkson™ 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 WWTFE 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 Lightnin™ 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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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, CBOD;, 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 CBOD; 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) | CBODs (mg/L) | TSS (mg/L) NH,N (mg/L) | Total P (mg/L) | CBODsP

8.8 307 268 Not Sampled Not Sampled NA

The influent flow and CBOD; 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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(10.4 MGD). Influent CBOD; varied from 214 mg/L in August to 444 mg/L in October. As with
flow, October through January saw the highest influent CBOD; 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 CBOD; and TSS. The plant has monthly effluent limits for
CBOD; 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
CBOD; and TSS, respectively. The plant achieved greater than 99% removal of CBOD; 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) CBOD:s (mg/L) TSS (mg/L) TP (mg/L)
Average
7.6 2.7 11.4 0.56
Performance
. . Monitor Monitor

Permit Requirements 25 30

Only 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

coutse 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 (20" 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 CBOD; 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 5.1.3.2 - 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, CBOD;, TSS, ammonia nitrogen
(NH,-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) | CBOD; (mg/L) | TSS (mg/L) | NHsN (mg/L) | TP (mg/L) | CBOD,/P
2.5 387 273 NR 8.9 43

NR — Not Required

The influent did not show any large variations in wastewater characteristics. The CBOD;
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 CBOD;, TSS and phosphorus. The plant has effluent permit
limits for CBOD; 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 CBOD; and 30
mg/L for TSS. The plant achieved greater than 99% removal of CBOD; 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
NO;-N averaged 42.2 mg/L indicating a high degtee of nitrification. The plant is meeting all permit
requitements yeat-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.



Table 5.1.3.2 - Monthly Average Treatment Performance Summary
September 2002 — September 2003
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New Ulm WWTF
FlowMGD) | CBODs (mg/L) | TSS (mg/L) | NH4-N (mg/L) | NOs-N (mg/L) | TP (mg/L)

Average

2.5 3.5 4.2 <0.13 42.2 4.8
Performance
Permit Monitor

. 6.77 25 30 NR NR

Requirements Only
Percent

NA 99.1% 98.4% NR NR 44.4%
Removal

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 12°C 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. CBOD; and 8.9 mg/L phosphorus
which produces a CBOD; 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 Ib CBOD,/Ib MLSS at the observed
average MLSS concentration of 5,000 mg/L. This F/M is low enough to support nitrification, which
regulatly occurs year-round, and produces approximately 42 mg/L NO,-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 CBOD; 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) | CBODs (mg/L) | TSS (mg/L) | TKN (mg/L) | TP (mg/L) | tbCOD

6.77 387 273 68 8.9 125
Process Step Dimensions Design Loading Comment

Primary Clarifiers 2 - 65 ft diameter, 10 | 1020 gpd/sf Can accept chemical
ft deep addition

Activated Sludge 4-0.81 MG F/M = 0.1 1b CBODs/1b Accomplishes year-round
acration tanks MLSS nitrification. Tanks can

HRT = 11.5 hrs accept EBPR retrofit

Secondary Clarifiers 3 — 65 ft diameter, 680 gpd/sf Can accept chemical

12 ft deep 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
EBPR+ Chemical . . . ..
. Chemical Addition | Chemical Addition
) ) Addition to .
Option Units EBPR Only to Primary and to Secondary
Secondary ) ;
) Secondary Clarifiers Clarifiers
Clarifiers
Effluent P mg/L 1.0 to 2.0 0.5to0 1.0 0.5to0 1.0 0.5to0 1.0
Chemical Addition Ib/d 0 2300 9900 14400
Additional Sludge
. Ib/d 0 695 2600 4600
Production
Alkalinity Added Ib/d 0 1040 4450 6480
Increased Tank
1000 ft3 0 0 0 0
Volume
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 phosphotus 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 phosphotus 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 CaCO,). 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 CBOD; 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 nuttient 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.



Table 5.1.3.5 — Preliminary Cost Estimates for Retrofit for Phosphorus Removal

With Different Process Options
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New Ulm WWTF
EBPR with Chemical .
. .. Chemical
Chemical Addition to .
EBPR o ] Addition to
Cost Factors Addition to Primary and
Only Secondary
Secondary Secondary )
. . Clarifiers
Clarifiers Clarifiers
Effluent P 1.0 to 2.0 0.5t0 1.0 0.5t0 1.0 0.5t0 1.0
Preliminary Capital Cost
EPBR $200,000 $200,000 $0 $0
Chemical Treatment $0 $190,000 $190,000 $190,000
Total $200,000 $390,000 $190,000 $190,000
Daily Opetating Costs $/d
EBPR 82 82 0 0
Alum 0 231 989 1440
Alkalinity 0 0 494 1108
Sludge Disposal 0 63 232 415
Annual Labor Cost — Chemical Only 0 0 $28,000 $36,000
Total Annual Operating Cost $30,000 $137,000 $654,000 $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 dischatge 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.
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5.2.1 St. Cloud WWTF

The St. Cloud Wastewater Treatment Facility (St. Cloud WWTT) 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/ft* at the design average annual
influent flow rate of 13.0 MGD. The waste primary sludge is thickened separately using a gravity belt

thickenet.

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 5.2.1.2 — 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/ft’. ‘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) CBOD; (mg/L) | TSS (mg/L) | TKN (mg/L) | TP (mg/L) | BOD/P
10.8 144 153 284 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
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parameters, and these results are summarized on Table 5.2.1.2 below. The table also includes
discharge permit requirements and percent removals for CBOD;, 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 CBOD; and 30 mg/L for
TSS. The plant achieved about 96 and 95% removal of CBOD; 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 NO;-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 WWTTF 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 NO;-N Concentration for St. Cloud WWTF (Estimated NO,-N based on
data on influent N and effluent NH;-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) CBODs (mg/L) | TSS (mg/L) | NH4N (mg/L) TP (mg/L)
Average 10.8 5.7 7.8 12.0 11
Performance
Perm.1t 13.0 25 30 NR Monitor
Requirements Only
Percent NA 96.0% 94.9% NR 78.9%
Removal

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 vatied in each jar with the addition of Al(OH), 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)

g P removed

. . P removal } )

Initial P TSS VSS Aluminum Al/P . per g inorganic g P removed
pH ) efficiency )
(mg/L) (mg/L) | (mg/L) (mg/L) molar ratio %) solids pet g TSS
’ (TSS-VSS)
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 ate used to

evaluate the P removal in the existing facility.

P removal with synthetic water (lab data)

— —&— — P solution to Al(OH)3 —=&— AI2(PO4)3 to P solution
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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 Remowval
Rate (%); (-A-) 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 Al,(S04);(14H,0) 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 1b/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 Ib/month Ib/d 1b/day MGD Mg/L
January 79,736 241.6 41.6 10.2 0.49
February 71,062 2153 371 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 138,195 418.8 721 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 2177 37.5 10.5 0.43
average 0.52

Alum used as Al(S04); (14H20)

From the estimate of the amount of aluminum entering the influent, the amount of
phosphotus removal was estimated in 1b/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 phosphotus removal is significant and ranged from 0.37 mg/L to
0.80 mg/L, with an average tremoval of 0.52 mg/L. The average value was used in the phosphotus
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 tbhCOD among other factors.
The tbCOD content is also some fraction of the influent sSBOD concentration. For these analyses,
it was assumed that 70% of the influent sSBOD was available to the bacteria as truly dissolved

organic matter or tbCOD.
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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.
p g g p g p

Table 5.2.1.5 - Process Design Basis Used for Evaluation of
Phosphorus Removal Alternatives
St. Cloud WWTP

each

Flow (MGD) CBOD:s (mg/L) Percent sBOD | TSS (mg/L) | TKN (mg/L) | TP (mg/L)
13.0 144 25 153 28.4 52
Process Step Dimensions Design Loading Comment
) ) 4 - rectangular 4563 ft? Can accept chemical
Primary Clarifiers 712 gpd/ft?

addition

Capacity available for

3 —1.07 MG plug flow, | SRT 5-10 days,

Activated Sludge ) anaerobic contact and
3 pass aeration tanks HRT = 5.92 hrs
already shown
. Can accept chemical
) 3 — 96 ft diameter, 12 ft o
Secondary Clarifiers 599 gpd/ft? addition

deep, 7,238 ft>/clarifier ) )
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
requitements (1.0 mole Al/mole P) for phosphotus 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 occutred 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 requitements 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 CBOD; 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

EBPR+ Chemical EBPR+ Chemical | Chemical Addition
Option Units EBPR Only Addition to Primary Addition to to Primary and
Clarifiers Secondary Clarifiers | Secondary Clarifiers
Effluent P mg/L 1.0to 1.5 0.5t0 1.0 0.5t0 1.0 0.5t0 1.0
Chemical Addition Ib/d 0 2050 2434 10,275
Additional Sludge
) Ib/d 0 384 521 2036
Production®
Alkalinity Used mg/L 0 10.6 10.1 42.6
Increased Tank
MG 0 0 0 0
Volume
M Alum Sludge

For the chemical treatment options the amount of alkalinity consumption would range

between 11 mg/L and 43 mg/L as CaCO;. 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 A’O 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 ate 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/I. 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:

e receiving waste alum sludge from the water treatment plant;
e available excess activated sludge tankage to accommodate the anaerobic contact zone;

e a favorable activated sludge plug flow layout for easy implementation of the anaerobic

contact zone; and

® no permit requirements for nitrification.
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Table 5.2.1.7 - Preliminary Cost Estimates for Retrofit of Phosphorus Removal
with Different Process Options
St. Cloud WWTF

. . . . Chemicals only, to
EBPR EBPR + Chemicals in | EBPR + Chemicals in .
Parameter ] ) ) Primary and Secondary
Only Primary Clarifiers Secondary Clarifiers .

Clarifiers

Preliminary Capital Costs

EBPR Tank $176,000 $176,000 $176,000 -
Aeration Tank Modifications 0 0 -
Chemical System $250,000! $250,000 $250,000 $250,000
Total Capital Costs $426,000 $426,000 $426,000 $250,000
Daily Opetating Costs, $/d

Alum 0 205 243 1028
Sludge disposal 0 35 47 183
EBPR operation 65 65 65 0
Annual Labor Cost — Chemicals Only 0 0 0 $30,000
Total Annual Operating Costs $24,000 $111,000 $130,000 $472,000

Present Worth Operating Costs

299,000 1,383,000 1,620,000 5,882,000
S @ 20 yoars §299, $1,383, $1,620, $5.882,

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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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 CBOD;, TSS, ammonia nitrogen (NH,-N) and total phosphorus
(TP).

Table 5.2.2.1 - Monthly Average Raw Wastewater Characteristics

Fergus Falls WWTP
Flow MGD) | CBODs (mg/I) | TSS (mg/L) | NH:N (mg/L) | TP (mg/L) CBOD;/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 5.2.2.3 - 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
CBOD; 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% CBOD; 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 CBOD;, 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 yeatly 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) CBOD:s (mg/L) TSS (mg/L) NH4N (mg/L)® TP (mg/L)®
Average
1.76 3.0 6.7 1.4 0.60

Performance
Permit

} 2.0 25.0 30.0 4.3 1.0
Requirements
Percent

-- 98.3% 96.9% 92.8% 89.8%

Removal

See Appendix 2.2.2 for detailed monthly plant data analysis.

(1) Permit limit of 4.3 mg/L is for petiod of June through September. For petiod 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

petmit limit. The annual average ammonia nitrogen (NH4-N) was 7.2 mg/L.

(2) All monthly phosphotus levels wete 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



547

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 CBOD,/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
0,445 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 temperatutres
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., ovetrflow 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 10° 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 CBOD; 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) | CBODs (mg/L) | TSS (mg/L) | NH4- N (mg/L) TP (mg/L) tbCOD (mg/L)
2.81 282 266 30 8 122
Process Step Dimensions Design Loading Comment
Primary Clarifiers 2-50 ft. diameter 715 gpd/sf Already designed for
9.5 ft. SWD chemical addition as
needed
Activated Sludge 2 trains @ 0.556 MG; 3 F/M =0.11b CBODs/1b Seasonal Nitrification;
passes/train (1+ unaerated, MLSS; HRT = 9.4 hrs Presently retro-fit for
2-aerated) EBPR with low
effluent P (~0.60
mg/1)
Secondary Clarifiers | 2-65 ft. diameter 423 gpd/sf Already designed for
12.0 ft. SWD 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 WWTTF) 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 CBOD; 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 CBOD;
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, CBOD,, TSS, ammonia nitrogen (NH,-N), and total phosphorus. Industrial
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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) | CBODs (mg/L) | TSS (mg/L) | NH,N mg/L) | TP (mg/L) | CBOD./P
0.32 153 204 23 6.9 24

The influent did not show any large variations in wastewater characteristics. The CBOD;
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; NH,-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 CBOD;, TSS and ammonia nitrogen. The plant has effluent
permit limits for CBOD;, 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 CBOD; and 30 mg/L for TSS. The plant achieved greater than 98% removal of
CBOD; and TSS with an average effluent concentration of 2.3 mg/L and 1.5 mg/L, respectively.
The 2002-2003 yearly monthly average dischatge 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) | CBOD:s (mg/L) | TSS (mg/L) | NH4-N (mg/L) | TP (mg/L)
Average 0.32 2.3 1.5 1.2 62
Performance
Permit Monitor
Requirements 0-50 10 30 @ Only
Percent Removal — 98.5% 99.2% 90.6% —
See Appendix 2.3.1 for detailed monthly plant data analysis.
Note (1)

o NH;-N limit is 15 mg/ L from December through March; actual monthly average NH4-N level was 5.3 mg/ L
o NH4-N limit is 8 mg/L from Aptil through May; actual monthly average NH4-N was 0.43 mg/L

o NH4-N limit is 2 mg/L from June through September; actual monthly average NH4-N level was 0.54 mg/L
o NH4-N limit is 8 mg/L from Octobet 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, CBODq, TSS and TKN concentrations were assigned at 500 mg/L for CBOD, 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 CBOD: TSS (mg/L) | NH4- N (mg/L) TP (mg/1) tbCOD (mg/L)
(mg/L)
0.50 200 210 23 6.9 46
Process Step Dimensions Design Loading Comment
Primary Clarifiers 1 @ 40 ft. diameter 400 gpd/sf Possible point of chemical
7.0 ft. SWD addition
Activated Sludge - 396,000 w/ 14.0 ft. SWD HRT = 19.0 hrs Consider an EBPR retrofit
Oxidation Ditch SRT = 21.1 days
F/M = 0.07
Ib CBODs/1b MLSS
(calculated)
Secondary Clarifiers 2 @ 40 ft. diameter 200 gpd/sf Possible point of chemical
11.0 ft. SWD 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 tbCOD which were based on
theoretical assumptions. Biodegradable COD (discussed in Section 4) was assumed to be equal to
1.6 times the CBOD; (of the primary effluent) and readily biodegradable COD (tbCOD), 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 CBOD,/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
. 2 Pt. Alum
Alum Alum Addition .
i . . EBPR . Addition
Operating Condition Units Addition Secondary )
Only . . . Primary &
Primary Clarifier Clarifier
Secondary
Effluent P mg/L 5.80 0.5 to1.0 0.5 t01.0 0.5 t01.0
) - 1020 910 600
Chemical Addition Ib/d 0
(alum) (alum) (alum)
Alkalinity Depleted mg/L 0 104 93 61
Equipment Requirements NA None, won’t Chem Feed Chem Feed Chem Feed
wotk w/o Pumps & Chem Pumps & Chem Pumps &
extra carbon Storage Storage Chem Storage
Primary Sludge Production Ib/d 1030 1460 1090 1230
Secondary Sludge Ib/d 300 140 300 240
Production
Chemical Sludge Production Ib/d 0 230 300 180
Total Sludge Production Ib/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 WWTTF
Alum Addition | Alum Addition Chemical Addition
Cost Factors Primary Secondary to Primary and

Clarifier Clarifier Secondary Clarifiers
Effluent P (mg/L) 0.5 t01.0 0.5 to1.0 0.5 t01.0
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 CBOD; 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,
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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/ft’.
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/ft’, 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 CBOD;,
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) CBOD:s (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 CBOD; 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

CBODsconcentrations. The highest BOD/P ratio was 68, which was in January at the highest

influent CBOD; 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 CBOD;, 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 CBOD; and the lowest value for NH;-
N of 1.3 mg/L in the summer months. The plant achieved about 99% removal of CBOD; 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)  CBODs (mg/L)  TSS (mg/L) NH: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 CBOD, 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 TKIN 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 tbCOD
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 sSBOD was available to

the bacteria as truly dissolved organic matter or tbCOD. 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) | CBODs (mg/L) | PercentsBOD | TSS (mg/L) | TKN (mg/L) | TP (mg/L)
0.66 463 40 344 45.0 10.0

Process Step Dimensions Design Loading Comment

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

Can accept chemical addition

Secondary Clarifiers 2 - 52 ft diameter 200 gpd/ ft? Conservative loadings
improves efficiency
2.5 ft> with 2 Effluent polishing of solid
Polishing Filters 3 - 12 ft diameter, gpm/ . W . vent polishinig OF SOlds
operating 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 A’O 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 A’O 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 Ib/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
EBPR+ Chemical . .
. Chemical Addition
) ) Addition to
Option Units EBPR Only to Influent and
Secondary )
) Secondary Clarifiers
Clarifiers
Effluent P mg/L 1.2t0 2.0 0.5to0 1.0 0.5to0 1.0
Chemical Addition Ib/d 0 130 1300
Additional Sludge Production® Ib/d 0 27 248
Alkalinity Used mg/L 0 8 85
Increased Tank Volume MG 0.034 0.034 0

M 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 A’O 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 requitement. 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.



Table 5.3.2.5 - Preliminary Cost Estimates for Retrofit for Phosphorus Removal

With Different Process Options

Whitewater River PCF
EBPR + Chemicals only, to
EBPR Only polishing influent and secondaty
Parameter ' '
chemicals clarifiers
Preliminary Capital Costs
EBPR Tank $260,000 $260,000 -
Aeration Tank Modification 0 0 -
Chemical System 0 129,000 $129,000
Total Capital Costs $260,000 $389,000 $129,000
Daily Operating Costs, $/d
Alum 0 13 130
Alkalinity 0 0 0
Sludge disposal 0 2 22
EBPR operation 19 19 0
Annual Labor Cost — Chemicals Only 0 0 $13,000
Total Annual Operating Costs $6,800 $13,000 $69,000
Present Worth Operating Costs
$85,000 $156,000 $860,000
5% @ 20 years
Total Present Worth $345,000 $545,000 $989,000
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(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 telatively 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
phosphotus 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.

5.41 Moorhead WWTF

The Moorhead Wastewater Treatment Facility (Moorhead WW'TTF) 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 WWTT 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/ft’. 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 UNOX™
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/ft’.

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
Systems™ 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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(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, CBOD;, 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 (CBOD; - 250,000
mg/L discharge maximum and TSS 25,000 mg/L. monthly average). Based on data on the industtial
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, CBOD;, TSS, ammonia nitrogen (NH,-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) | CBOD; (mg/L) | TSS (mg/L) | NH,N (mg/L) | TP (mg/L) | BOD/P
3.9 267 187 20 63 42




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 CBOD;
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 CBOD;, TSS, ammonia nitrogen and phosphorus.
The plant is operating within permit limits of 12 mg/L monthly average for CBOD; 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 CBOD; 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 patticulate and biological removals.

Table 5.4.1.2 - Monthly Average Treatment Performance Summary
January — December 2002

Moorhead WWTF
Flow MGD) | CBODs (mg/L) | TSS (mg/L) | NHs4-N (mg/L) TP (mg/L)
Average Performance 3.9 8.7 7.0 190 3.9
. . 12 30 Monitor
Permit Requirements 6 19@
(85% Rem.) (80% Rem.) Only
% Removal NA 96.7% 96.1% 3.2% 38.3%

)'The 2002 plant data do not show plant nitrification as treatment scheme went on line in 2003.
@ Permit limit of 19 mg/L is for the June-September petiod and includes the following:
e NH4-N permit discharge load is 647 Kg/d for tiver 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 WWTT 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 rtbCOD among
other factors. The tbCOD content is also some fraction of the influent sSBOD concentration. For

the alternative analyses completed here, it was assumed that 70% of the influent sSBOD was available

to the bacteria as truly dissolved organic matter or tbhCOD. 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 ate 1) the wastewater has a relatively high BOD/P ratio and appeats 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) CBOD:s (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
) ) 2 rectangular at 3240 ft? )
Primary Clarifiers b 925 gpd/ft? Can accept chemicals
eac
Pure Oxygen Aeration HRT=4.1 hrs External anaerobic tank
) 2 @ 0.510 Mgal .
Basins SRT= 4.5 days for EBPR alternative
. Can accept chemical
. 4— 60 ft diameter .
Secondary Clarifiers 530 gpd/ft? addition
(2826 ft? each)

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 WWTEF 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 phosphotus

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
Chemical Addition to . o
) . . Chemical Addition to
Option Units EBPR Only Primary and Secondary )
. Secondary Clarifiers
Clarifiers
Effluent P mg/L 0.50 to 1.0 0.5t0 1.0 0.5t0 1.0
Chemical Addition Ib/d 0 6130 8490
Additional Sludge
. Ib/d 0 1200 1730
Production®
Alkalinity Used mg/L 0 55 76
Increased Tank Volume MG 0.25 0 0

M 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
Chemical Addition to _ .
. Chemical Addition to
Parameter EBPR Only Primary and Secondary .
) Secondary Clarifiers
Clarifiers
Preliminary Capital Costs
EBPR Tank $996,000 - -
Aeration Tank Modification 0 - -
Chemical System $180,000M $180,000 $180,000
Total Capital Costs $1,176,000 $180,000 $180,000
Daily Opetating Costs, $/d
Alum 0 490 680
Alkalinity 0 0 0
Sludge disposal 0 108 158
EBPR operation 81 0 0
Annual Labor Cost — Chemicals Only 0 $13,000 $15,000
Total Annual Operating Costs $30,000 $232,000 $321,000
Present Worth Operating Costs
$374,000 $2,892,000 $4,001,000
5% @ 20 years
Total Present Worth $1,550,000 $3,072,000 $4,181,000

(MBack 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:

e dissolved air flotation thickening of the waste activated sludge;
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e a relative short design SRT can be used; and

e 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 Ib CBOD./Ib MLSS in the first stage and less than 0.1 CBOD,/Ib 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. CBOD;, 300 mg/L. ammonia-nitrogen and 65
mg/L phosphotus.
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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, CBOD;, TSS, ammonia nitrogen (NH,-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) | CBODs (mg/L) | TSS (mg/L) | NN (mg/I) | TP (mg/I) | CBODs/P
13.2 376 212 21.9 9.4 40

The influent did not show any large variations in wastewater characteristics. The CBOD;
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 CBOD;, TSS, ammonia nitrogen and phosphorus. The plant is operating within
permit limits of 14 mg/L monthly average for CBOD;, 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 CBOD; 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) CBOD: Tss (MG/l) | NH4N (mg/L) | TP (mg/L)
MG/1)
Average 132 32 6.0 0.14 0.77
Performance
Permit 19.1 14 20 1.6 1
Requirements
Observed - 99.1% 97.1% 99.5% 91.7%
Percent Removal
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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) | CBODs (mg/L) | TSS (mg/L) | NH4-N (mg/L) | TP (mg/L) | tbhCOD

19.1 376 212 21.9 9.4 109
Process Step Dimensions Design Loading Comment
Primary Clarifiers 2 — 068 ftx 154 ft, Can accept chemical
910 gpd/sf .
10 ft deep addition
Aeration Tanks
) Cannot be retrofitted for
Stage 1 2 — 594,000 gallon First stage F/M approx. 2.0. .
EPBR because it is
15 ft deep Overall F/M approx. 0.3 to ,
configured as a high
Stage 2 3- 930,000 gallon 0.4 1b CBODs/1b MLSS .
putity oxygen system
15 ft deep
Intermediate Clarifiers 2 —90 ft diameter, Can accept chemical
750 gpd/sf .
(Stage 1) 10 and 14 ft deep addition
Final Clarifiers 4 — 120 ft diameter, Can accept chemical
422 gpd/sf i,
(Stage 2) 14 ft deep 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 12°C 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. CBOD;, 9.4 mg/L phosphorus and
exhibits a CBOD; 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 Ib CBOD,/Ib MLSS at
the observed average MLSS concentration of 2,100 mg/L in the first stage and less than 0.1 1b
CBOD,/Ib 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, regulatly
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 CBOD; 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
tbCOD 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
EBPR, chemical addition and a

combination of both processes were considered for the Rochester WRP.

and preliminary cost estimates for the viable alternatives.

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
EBPR with Chemical .
Chemical Addition t Chemical
. 4 EBPR crmea aaition to Addition to
Option Units Addition to Primary and
Only Secondary
Secondary Secondary Clasifi
Clarifiers Clarifiers arthers
Effluent P mg/L 1.0 to 2.0 0.5t0 1.0 0.5t0 1.0 0.5t0 1.0
Chemical Addition Ib/d 0 12,200 33,500 51,700
Additional Sludge Ib/d 0 3,800 8,900 16,600
Production
Alkalinity Added Ib/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 CaCO,. 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 CBOD; 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

clarifiets.

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
EBPR with Chemical .
Chemical Addition to Ch@.nlcal
EBPR .. . Addition to
Cost Factors Onlv Addition to Primary and S 4
Y Secondary Secondar ccondary
ndary ndary Clarifiers
Clarifiers Clarifiers
Effluent P 1.0 to 2.0 0.5t0 1.0 0.5t0 1.0 0.5t0 1.0
Preliminary Capital Cost
EPBR $3,750,000 $3,750,000 $0 $0
Chemical Treatment $0 $320,000 $320,000 $320,000
Total $3,750,000 $4,070,000 $320,000 $320,000
Daily Operating Costs $/d
EBPR 450 450 0 0
Alum 0 1200 3400 5200
Alkalinity 0 0 0 2100
Sludge Disposal 0 340 800 1500
Annual Labor Cost — Chemicals Only 0 0 $71,000 $104,000
Total Annual Operating Cost $165,000 $734,000 $1,586,000 $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 tatget 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/I. 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/I.. 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 phosphotus.

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 WWTTF 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 phosphotus 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 tertiaty 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 WWTEF
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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 CBOD,, TSS and total phosphorus.

characteristics are summarized on Tables 5.5.1.1 and 5.5.1.2 for the period of October 2002 through

Influent wastewater and final effluent

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) | CBOD:s (mg/I) | TSS (mg/L) | TP (mg/L)
1.06 191 168 5.5

The variability of influent CBOD;, TSS and total phosphorus was not very significant.
CBOD; 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) | CBODs (mg/L) TSS (mg/L) TP (mg/L)
Average Effluent 1.06 241 22.5 4.3
Secondary Treat. Spray Irrigation 0.91 8.1 27.8 2.95
Chemical Precipitation 0.94 12.5 8.9 0.37
Infiltration 0.99 ND ND ND
Observed Removal NR 87 to 96% 83 to 95 % 22 to 93%
Permit Requirement
Spray Irrigation 130 MG/yr NR NR NR
Chemical Precipitation Monitor 20 20 1
Infiltration Monitor 20 20 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 CBOD; and 20 mg/L for
TSS. During periods when the Chemical Precipitation Plant is in service, the effluent requirement

of 1 mg/L phosphotus 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) | CBOD:s (mg/L) TSS (mg/L) | TP (mg/L)
1.64 190 168 55
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 No opportunity for EBPR
1- 50 ft dia tile
Secondary Clarifier 1-40x60 680 gpd/sf Can accept chemical
addition
Tertiary Clarifier 1-30x50 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 Chemical addition, Uses ferrous sulfate to
Plant flocculation clarifiers, precipitate phosphorus to
Dual media filters 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.
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The design CBOD; 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 WWTT 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
Chemical Single-point Two-point
Precipitation Chemical Chemical
Plant ® Addition Addition
Option Units

Effluent P mg/L 0.3to 0.4 0.5t0 1.0 0.5t0 1.0
Chemical Addition Ib/d No Data 2800 2000
Additional Sludge Ib/d 100 to 400 830 640
Production
Alkalinity Added Ib/d No Data 1300 900
Chemical Storage Yes/No Yes Yes Yes
Pumps/Piping Yes/No Yes Yes Yes

() 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 phosphotus.
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
phosphortus 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
Single-point Two-point Chemical

Cost Factors Chemical Addition Fddition
Effluent P (mg/L) 0.5to0 1.0 0.5to 1.0
Preliminary Capital Cost $140,000 $140,000
Daily Opetrating Costs $/d
EBPR 0 0
Alum 280 200
Alkalinity 380 270
Sludge Disposal 75 58
Annual Labor Cost — Chemicals Only $15,000 $14,000
Total Annual Operating Cost $284,000 $204,000
Present Worth Operating Cost $3,539,000 $2,542,000
Total Present Worth $3,679,000 $2,682,000

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 WWTTF,
3.3 MGD Marshall WWTEFE, 1.6 MGD Glencoe WWTF, and 2.4 MGD Little Falls WWTE.

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 setves 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
crosstlow plastic media and has a diameter of 62 ft for a total media volume for the two filters of
about 96,000 ft’. 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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Source:
Faribault, WWTP

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
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Figure 5.6.1.3 - View of Two Parallel Aeration Tanks, Faribault WWTF



5-94

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,
CBOD;, TSS, ammonia nitrogen (NH,-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) CBOD:s (mg/L) | TSS (mg/L) | NH,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 CBOD;
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
phosphotus 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 CBOD;, TSS, ammonia, and phosphorus. The plant is

operating within permit limits of 25 mg/L monthly averages for CBOD; and 30 mg/L for TSS.
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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) | CBODs (mg/L) TSS (mg/L) NH4N (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
% Removwval - 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 CBOD, 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 CBOD; was in the order of 100 mg/L and that the soluble CBOD, was about 50
mg/L. Without influent wastewater charactetization, 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 10°C.

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 tbCOD among other factors.
The tbCOD content is also some fraction of the influent sSBOD concentration. For the alternative
analyses completed here, it was assumed that 70% of the influent sSBOD 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) | Petcent 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/ft? Can accept chemical addition

Plastic Media 2 - 62 ft diameter Effluent BOD from trickling filter
S . . 340 1b BOD/1000 ft3-d
Trickling Filter Media depth = 16 ft ~ 100 mg/L
) Volume may limit ability for
Aeration Tanks 2-0.435 MG HRT = 3.0 hrs o ]
nitrification
Can accept chemical addition
Secondary Clarifiers | 4 — 70 ft diameter 455 gpd/ft? 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
_ . Chemical Addition to
. . Chemical Addition to .
Option Units ) Primary and Secondary
Secondary Clarifiers )

Clarifiers
Effluent P mg/L 0.5to 1.0 0.5t0 1.0
Chemical Addition Ib/d 14,000 10,000
Additional Sludge Production® Ib/d 2,900 1,900
Alkalinity Used mg/L 107 77
Increased Tank Volume MG 0 0

M 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
Chemical Addition to Secondary Chemical Addition to Primary and
Parameter . :
Clarifiers Secondary Clarifiers
Preliminary .Capltal Costs $191,000 $191,000
Chemical System
Total Capital Costs $191,000 $191,000
Daily Operating Costs, $/d
Alum 1398 1005
Alkalinity 0 0
Sludge disposal 260 171
Annual Labor Cost — Chemicals Only $36,000 $30,000
Total Annual Operating Costs $641,000 $460,000
h 1 ()
Present Worth Opetating Costs, 5% @ $7.988,000 $5.733.000
20 years
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 primaty effluent is pumped to
one of two trickling filters operated in parallel. The second trickling filter is not used in order to
keep enough CBOD; 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 CBOD.,.
The plant has installed a 4 inch diameter trickling filter bypass line to try to increase CBOD; 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 5.6.2.2 - Trickling Filters, Marshall WWTEF

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 CBOD; 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 CBOD,/TSS removal using two
dissolved air flotation units. Schwans raw wastewater CBOD; 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 phosphotus 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, CBOD;, TSS, ammonia nitrogen (NH,-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 CBOD; (mg/I) | TSS (mg/I) | NH4N (mg/L) TP CBOD./P
MGD) (mg/1.) o/
213 387 455 14.9 13.7 28

The influent did not show any large variations in wastewater characteristics. The CBOD;
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 CBOD;, TSS, ammonia nitrogen and phosphorus. The plant
is operating within permit limits of 5 mg/L. monthly averages for CBOD; 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 CBOD; 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 cutrently a phosphotus 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
Fl GD CBOD L TSS L TP
ow (MGD) S (mg/T) (me/T) NHN (/D)
(mg/L)
Average
2.05 2.5 4.7 0.57 5.8
Performance
Permit June through Sept. 1.1 mg/L
Requirements 33 5 30 Oct. through Nov. 2.3 mg/L Monitor
' (85% Rem.) (85% Rem.) | Dec. through March 9.4 mg/L Only
Aptil through May 2.4 mg/L
Percent
NA 99.4% 99.0% 96.8% 57.7%
Removal

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 12°C 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) | CBODs(mg/L) TSS (mg/L) TKN (mg/L) | TP (mg/L) | tbCOD
3.3 387 455 29.8 13.7 24
Process Step Dimensions Design Loading Comment
Primary Clarifiers 2 - 60 ft diameter, 10 | 580 gpd/ft2 Can accept chemical
ft deep addition
Trickling Filters 2 — 60 ft diameter 66 Ib CBODs/1000 ft3/day Consumes COD needed
24 ft deep to support EBPR
Intermediate Clarifiers 2 —70 ft diameter, 430 gpd/sf Can accept chemical
12 ft deep addition
Activated Sludge 4-0.209 MG F/M=0.1t0021b Accomplishes year-round
aeration tanks CBODs/1b MLSS, nitrification. Tanks can
HRT = 6 hrs accept EBPR retrofit
Secondary Clarifiers 2 —70 ft diameter, 430 gpd/sf Can accept chemical
12 ft deep 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. CBOD;, 13.7 mg/L phosphorus and
exhibits a CBOD; 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 Ib CBOD,/Ib 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, regulatly occurs yeatr-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 CBOD; 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 CBOD; reduction. Based on the trickling filter loadings it was estimated that
the trickling filter would reduce CBOD; from approximately 256 mg/L in the primary effluent to
approximately 95 mg/L in the trickling filter effluent of which 25 mg/I. 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 CBOD; 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
EBPR, chemical addition and a
combination of both processes were considered for the Marshall WWTF. EPBR without the use of

and preliminary cost estimates for the viable alternatives.

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
o Chemical .
EBPR w/o Trickling o Chemical
. . Addition to .
. . Filter + Chemical ] Addition to
Option Units . Primary and
Addition to Secondary
) Secondary )
Secondary Clarifiers . Clarifiers
Clarifiers
Effluent P mg/L 0.5t0 1.0 0.5t0 1.0 0.5t0 1.0
Chemical Addition Ib/d 5100 8400 10,900
Additional Sludge Production Ib/d 1600 2500 3500
Alkalinity added 1b/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 phosphotus 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 CBOD; 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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Marshall WWTFEF
EBPR w/o Trickling Chemical Chemical
. . Addition to .
Filter + Chemical . Addition to
Cost Factors . Primary and
Addition to Secondary Secondary
. Secondary .
Clarifiers . Clarifiers
Clarifiers
Effluent P (mg/L) 0.5to0 1.0 0.5to0 1.0 0.5t0 1.0
Preliminary Capital Cost
EPBR $1,200,000 $0 $0
Chemical Treatment $160,000 $160,000 $160,000
Total $1,370,000 $160,000 $160,000
Daily Operating Costs $/d
EBPR 107 0 0
Alum 510 843 1086
Alkalinity 0 303 634
Sludge Disposal 150 224 314
Annual Labor Cost — Chemicals Only 0 $26,000 $30,000
Total Annual O&M Costs $278,000 $526,000 $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 ft* 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/ f. '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/ft’, 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, CBOD;, TSS, ammonia nitrogen (NH,-N), and total

phosphorus. The total plant influent characteristics are as follows:

Table 5.6.3.1 - Monthly Average Raw Wastewater Characteristics
Glencoe WWTTF

Flow MGD) CBOD:s (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 cBOD; 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 vatied 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 CBOD;, TSS, and phosphorus. The plant is operating within
permit limits of 25 mg/L. monthly averages for CBOD, and 30 mg/L for TSS. Good nitrification
has been demonstrated and the effluent NH,-N concentration has normally been well below the
warm weather effluent limit of 1.0 mg/L. as NH,-N. Even in the colder months of January and
February 2003 the monthly average effluent NH,-N concentration was 0.55 and 0.08, respectively.

The plant achieved about 99% removal of CBOD; 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) | CBODs (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) CBOD:s (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

) Significant BOD removal occurs at
45 ft diameter 130 Ib BOD/1000 ft3-

Plastic Media Trickling Filter )
Media depth =20 ft | d

this loading leaving little BOD for
EBPR.

Good solids capture possible. Can

Intermediate Clarifier 2-1050 ft2 760 gpd/ft? ) -
accept chemical addition.
. May have limited volume for
Aeration Tanks 2-0.179 MG HRT = 5.4 hrs o )
nitrification.
Can accept chemical addition.
Secondary Clarifiers 4 — 40 ft diameter 320 gpd/ft? Conservative loadings improves
efficiency.
Removes additional solids and
Dual Media Polishing Filters | 4 — 80 ft? 3.5 gpm/ft2 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 tbhCOD among
other factors. The rbCOD content is also some fraction of the influent sSBOD concentration. For
the alternative analyses completed here, it was assumed that 70% of the influent sSBOD was available

to the bacteria as truly dissolved organic matter or tbCOD. The design temperature was 10°C.

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 A’O process (Figure 4.6¢ 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 A’O

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 A*O
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/1L) would result in the consumption of all
the tbCOD 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
. _ Chemical Addition to Primary Chemical Addition to
Option Units . .
and Secondary Clarifiers Secondary Clarifiers

Effluent P mg/L 0.5to0 1.0 0.5t0 1.0
Chemical Addition 1b/d 5886 3859
Additional Sludge Production® Ib/d 1219 743
Alkalinity Used mg/L 2649 1736
Increased Tank Volume MG 0 0

M 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

Chemical Addition to Secondary Chemical Addition to Primary
Parameter . .
Clarifiers and Secondary Clarifiers
Preliminary Capital Costs
Chemical System $137,000 $137,000
Total Capital Costs $137,000 $137,000
Daily Operating Costs, $/d
Alum 588 386
Alkalinity 802 586
Sludge disposal 110 67
Annual Labor Cost — Chemicals Only $21,000 $17,000
Total annual operating costs $576,000 $381,000
Present Worth Operating Costs, 5% @
$7,178,000 $4,748,000
20 years
Total Present Worth $7,315,000 $4,885,000

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 CBOD., 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) | CBODs(mg/L) | PercentsBOD | 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 A’O 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 A’O 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.
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Table 5.6.3.7 - Summary of Plant Modifications and Chemical Requirements and Plant Retrofit

Needs for Phosphorus Removal Alternatives

Glencoe WWTF
Trickling filter &
EBPR with ) Trickling filter & Chemical
. - EBPR with . . o
) ] Chemical Addition ] o Chemical Addition Addition to
Option Units Chemical Addition )
to Secondaty ) . to Secondary Intermediate and
. to Primary Clarifiers .
Clarifiers Clarifiers Secondary
Clarifiers
Effluent P mg/L 0.5-1.0 0.7-1.0 0.5to0 1.0 0.5to0 1.0
Chemical Addition Ib/d 250 250 1120 850
Additional Sludge
. Ib/d 50 45 230 170
Production®
Alkalinity Used mg/L 19 19 87 66
Increased Tank
MG 0 0 0 0
Volume
MAlum Sludge

The major cost trade-offs between these four phosphorus removal alternatives were the
costs to convert the existing aeration basins to an A’O 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 A*O 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
EBPR with EBPR with Trickling filter & o
. . . o Trickling filter &
Chemical Chemical Chemical Addition . .
. . ) Chemical Addition
Parameter Addition to Addition to to Intermediate
. to Secondary
Secondary Primary and Secondary .
) ] ] Clarifiers
Clarifiers Clarifiers Clarifiers
Preliminary Capital Costs
Chemical System $128,000 $128,000 $128,000 $128,000
EBPR Retrofit $360,000 $360,000 - -
Total Capital Costs $488,000 $488,000 $128,000 $128,000
Daily Operating Costs, $/d
Alum 25 25 85 112
Alkalinity 34 34 115 153
Sludge disposal 5 5 15 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
Present Worth Operating Costs,
$436,000 $436,000 $1,134,000 $1,446,000
5% @ 20 years
Total Present Worth $924,000 $924,000 $1,262,000 $1,574,000

5.6.4 Little Falls WWTF

The Little Falls Wastewater Treatment Facility (Little Falls WWTTF) 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 WWTTF
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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.

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 5.0.4.1 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 CBOD:; (mg/L) | TSS (mg/L) NH,N P CBOD:/P
MGD) (mg/1) (mg/1)
1.5 133 170 19.2 3.5 38

There was a large variability in the monthly average for CBOD;, TSS and ammonia nitrogen
(NH,-N) in the influent. The CBOD; 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 WWTTF

Figure 5.6.4.3 - Gravity Thickener, Little Falls WWTF



5-123

(NH,-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 CBOD; and TSS, achieving greater than 90% removal of CBOD; 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) | CBODs (mg/L) | TSS (mg/L) | NH4-N (mg/L) | TP (mg/L)

Average

1.5 10.5 15.7 11.4 2.2
Performance
Permit Monitor Monitor

; 2.4 25 30

Requirements Only Only
Percent

- 92% 90.4% NR NR
Removal

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
CBOD;, TSS and TKN concentrations wete unknown and were assumed to 5,000 mg/L for
CBOD; and TSS sludge centrate) and 600mg/L for TKN. Based on plant information, a design low

temperature of 8° 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) | CBODs (mg/L) | TSS (mg/L) | NH4-N (mg/L) | TP (mg/L) | tbCOD (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

Media Depth = 14 ft.

Organic Loading Rate =

Consider bypassing

Filter Surface Area = 768 sf 165 1bs/d/1000 cf flow around if
Media Volume = 10,752 c¢f | Hydraulic Loading Rate = | CBOD:s is insufficient
3.7 gpm/sf for EBPR
Activated Sludge 2 trains; 36 ft.long x 18 ft. HRT = 1.36 hts Plant does not nittify;
wide w/ 14.0 ft. SWD F/M =0.71 consider EBPR
SRT = 4.5 days retrofit; facilities in
place to add polymer
to AS effluent troughs
Secondary Clarifiers 2-50 ft. diameter 611 gpd/sf Possible point of

12.0 ft. SWD chemical addition

See Appendix 2.6.4 for summary of the design basis

Certain wastewater characteristics, removal rates and treatment plant operating conditions
Biodegradable COD
(discussed in Section 4) was assumed to be equal to 1.6 times the CBOD; leaving the ABF Tower
(149 mg/L) and the readily biodegradable COD (tbCOD), 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

were either assumed or based on plant operating data for this analysis.

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 summatized 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 tatget. The low influent phosphorus
concentration and the high CBOD; 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.

Table 5.6.4.4 - Summary of Plant Modifications and Chemical Requirements and Retrofit
Needs for Phosphorus Removal Alternatives

Little Falls WWTF
Operating Units EBPR w/ EBPR w/o Chemical Addition Chemical Addition
Condition ABF Tower ABF Tower to Primary and Secondary Clarifier
Secondary Clarifiers
Effluent P Mg/L 0.5 t01.0 0.5 t01.0 0.5 t01.0 0.5 to1.0
Alum Addition Lb/d 0 0 1716 2862
Alkalinty Depleted | Mg/L 0 0 38 64
Equipment NA New Tankage New Tankage Chem Feed Pumps | Chem Feed Pumps &
Requirements (0.165 MG) & 0.167 MG) & & Chem Storage Chem Storage (6000
Mixers mixers (6000 gallons) gallons)

Primary Sludge Lb/d 2760 2760 3130 2760
Production
Secondary Sludge Ib/d 910 920 640 910
Production
Chemical Sludge Lb/d 0 0 430 910
Production
Total Sludge Lb/d 3670 3680 4200 4580
Production

Chemical precipitation is a reliable means of phosphorus removal and can be effective at
cither 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
ot 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



5-127

Table 5.6.4.5 - Preliminary Cost Estimates for Retrofit for Phosphorus Removal

with Different Process Options

Little Falls WWTF
Chemical Addition | Chemical Addition
EBPR w/ EBPR w/o Pii q
Cost Factors A A to Frimary an Secondary
BF Tower BF Tower Secondary Clarifier Clarifier
Effluent P (mg/L) 0.5 to 1.0 0.5 to 1.0 0.5t0 1.0 0.5 to 1.0
Preliminary Capital Costs $1,090,0000 | $1,090,0000) $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

(MIncludes cost for back-up chemical feed system

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 towet.

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 CBOD; 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 phosphotus 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.

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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5.71 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 LLagoons. The Regional ILagoons 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 LLagoon 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 L.agoon 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 1bs/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 L.agoons showing the jet aerators.
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Figure 5.7.1.2 - First Lagoon, Redwood Falls WWTP

Fire 5..13 - Regional Lgoon, Redwod Falls WWTP
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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 CBOD; and TSS. Plant effluent is analyzed for these parameters plus

ammonia nitrogen (NH,-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) | CBODs (mg/L) | TSS (mg/L) | NHs-N (mg/L) | TP (mg/L)
0.70 200 297 NR NR

NR — Not Required

Table 5.7.1.2 - Monthly Average Treatment Performance Summary
October 2002 — September 2003

Redwood Falls WWTP
Unionized
Flow (MGD) CBOD;s (mg/L) TSS (mg/L) NHsN (mg/L) i TP (mg/L)
Ammonia (mg/L)
Average 0.76 8.3 33 7.24 0.23 2.85
Observed Removal NR 99.6% 88.4% NA NA NA
7.5 (June to Sept)
9.7 (Oct to Nov) )
. . Monitor
Permit Requirements 0.8003 25 45 94 (Dec to 1.0 Onl
n
Martch) Y
64 (April to May)
Removal
) NR 85% 85% NR NR NR
Requirements

See Appendix 2.7.1 for detailed monthly average plant data analysis

NR — Not required
NA — Not Available

The variability of influent CBOD; 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 phosphotus (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 CBOD;, TSS, NH,-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 CBOD; and 45 mg/L for TSS. The plant achieved greater than 99% removal
of CBOD; 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) | CBODs (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 5ac, 10 ft | 42 day HRT Accomplishes seasonal

deep

removal, can accept

chemical addition

Regional Lagoons

3—-1.9ac, 13 ft deep

21 day HRT (design)
7 day HRT (current

Accomplishes seasonal

removal, can accept

chemical addition

operations)

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

. . Chemical Addition to Redwood Falls Chemical Addition
Option Units . .
WWTP and Regional Lagoons Regional Lagoons
Effluent P mg/L 0.5to0 1.0 0.5t0 1.0
Chemical Addition Ib/d 550 850
Additional Slud.
oAt Sucee Ib/d 700 425
Production
Alkalinity added Ib/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/1L, 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 CaCO,. This is probably not high enough to depress effluent pH below the permit limit of
0.0.

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 LLagoons. 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
Chemical Addition to Redwood . .
. Chemical Addition to
Cost Factors Falls WWTP and Regional .
Regional Lagoons
Lagoons
Effluent P (mg/L) 0.5to 1.0 0.5to0 1.0
Preliminary Capital Cost $90,000 $90,000
Daily Operating Costs $/d
EBPR 0 0
Alum 76 84
Alkalinity 0 0
Sludge Disposal 16 24
Annual Labor Cost — Chemicals Only $12,000 $12,000
Total Annual Operating Cost $46,000 $51,000
Present Worth Operating Cost $573,000 $636,000
Total Present Worth $663,000 $726,000
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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
phosphotus 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. CBOD;, 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 CBOD; 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 CBOD;, TSS and
total phosphorus in its wastewater. The CBOD; 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 CBOD; 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) CBOD:; (mg/1.) TSS (mg/L) NH,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 CBOD; and TSS.

Table 5.7.2.2 — Monthly Average Treatment Performance Summary
May, June, September 2003

Thief River Falls WWTP
Flow (MGD) CBOD:s (mg/L) TSS (mg/L) NH4-N (mg/L) TP (mg/L)
Average
1.37 6.0 24.0 410 2,70
Performance @
Permit . )
] 2.51 15 45 Monitor only Monitor only
Requirements
Percent Removal - 97.7% 85.2% - -

See Appendix 2.7.2 for detailed monthly plant data analysis.

M) 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 requited 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 CBOD; influent concentration is 250 mg/L, howevet, the actual observed average
CBOD; 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 tatget 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 phosphotus 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.

Table 5.7.2.3 — Process Design Basis Used for Evaluation of Phosphorus Removal Alternatives
Thief River Falls WWTP

Flow MGD) [ CBODs (mg/L) | TSS (mg/L) TP (mg/L)

2.57 260 207 11
Process Step Dimensions Design Loading Comment
Primary Ponds 2 @ 131 acres 100 day HRT each No existing facilities for chemical
2-6 ft. operating depth | @ max operating depth addition or sludge removal
Secondary Pond 1 @ 88 actes 67 day HRT @ max Plant dischatges effluent when effluent
2-6 ft. operating depth operating depth 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
Needs for Phosphorus Removal Alternatives

Thief River Falls WWTP
Chemical Addition | Chemical Addition to Chgmlc"‘gA‘{dlinoﬁ 0
Operating Condition Units to Plant Influent and Secondary Pond ecion alr)} on J
Secondary Pond (w/o Bio Reduction) (Esfgfeit SSZZ)
Effluent P mg/L 0.5to 1.0 0.5to0 1.0 0.5to0 1.0
Alum Dosage mg/L 367 375 88
Chemical Addition Ib/d 7861 8027 1893
Alum Sludge Produced Ib/d 1833 2562 604
Alkalinity Depleted mg/L as 83 84 20
v CaCO; \

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
Chemical Addition to Chemical Addition to Chemical Addition to
Operating Condition Plant Influent and Secondatry Pond (w/o | Secondary Pond (using

Secondary Pond Bio Reduction) Observed Effluent Data)
Effluent P (mg/L) 0.5to0 1.0 0.501.0 0.5to0 1.0
Preliminary Capital Costs —
Traditional Chemical Feed System $255,000 $260,000 $147,000
(Alum Feed only)
Preliminary O&M Costs ($/yeat) $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 seties 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 5.8.1.2 - 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 CBOD;, 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) CBOD:s (mg/L) TSS (mg/L) Ammonia Nitrogen (mg/L) | Total P(mg/L)
2.601 167 152 not sampled 5.6

Influent wastewater characteristics were relatively consistent. The CBOD; 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 CBOD;, TSS,
NH,-N, and total phosphorus, the permit requirements for these parameters, and the percent
removals for CBOD; and TSS. The data show that the plant is meeting the permit requirements for
CBOD; and TSS and had removal efficiency of 93.1% for CBOD;, and 94.6% for TSS. The plant is
required to monitor only for ammonia nitrogen (NH,-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) | CBODs (mg/L) | TSS (mg/I) | NH;N (mg/L) | TP (mg/L)
Average 2.61 11.4 8.2 17.7 2.9
Performance
Permit 313 25 30 Monitor Only | Monitor Only
Requirements
Percent - 93.1% 94.6% - -
Removal

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 pootly 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, CBOD,, TSS and total phosphorus
which are presented in Table 5.8.1.3. The plant design flow, CBOD, 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) | CBODs (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. 783 gpd/sf Rectangular clarifiers,
10 ft. SWD possible chemical addition
point
Rotating Biological 12 units @ 12 ft. diameter 2.60 gpd/SF; Plant does not nitrify
Contactors x 25 ft long; 1.2 MSF of HRT = 1.53 hrs
total surface area (min)
Secondary Clarifiers 2-65 ft. diameter 472 gpd/sf Preferred chemical addition
10.5 ft. SWD 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

Chemical Addition at Chemical Addition at Chemical Addition to

Operating Condition Units the Primary Clarifier | the Secondary Clarifier | Primary and Secondary
Clarifiers
Effluent P mg/L 0.5t0 1.0 0.5t0 1.0 0.5t0 1.0
Alum Dosage
Primary mg/L 200 0 50
Secondary 0 190 100
Chemical Addition 1b/d 5300 5000 3900
Alkalinity Depleted ma/I. = 3 a4
Primary Clarifier Sludge
Production Lb/d 5550 3900 4280
Secondary Clarifier Sludge
Production Lb/d 850 2400 2050
Alum Sludge Production Lb/d 1200 1600 1130
Total Sludge Production Ilb/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
Chemical Addition Chemical Addition 2 Point Chemical Addition
Cost Factors . . . .
Primary Clarifier Secondary Clarifier Primary and Secondary

Effluent P (mg/L) 0.5to 1.0 0.5to 1.0 0.5to 1.0
Preliminary Capital Cost —
Chemical Feed System (Alum $152,000 $152,000 $152,000
Feed only)
Preliminary O&M Costs ($/yeat) $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
phosphotus levels in their discharge. Although their influent phosphotus 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

SUMMARY OF PHOSPHORUS REMOVAL ANALYSIS

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.

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 requitements 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 A(T); EBPR with an external anaerobic tank (EBPR with external A(T); 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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Available Phosphorus Removal Treatment Alternatives

Phosphorus EBPR
Biological Treatment Process (BTP) Report | Nitrification Removal With Internal With External With Chemical With Anoxic Chemical No Source
Plant Name| Section Required Required AnT" AnT? Addition®” Zone™ Addition” Action Control
Activated Sludge 5.1 A A A A A A A
Alexandria Lakes Area WWTF 5.1.1 ° X X X v X
Grand Rapids WWTF|  5.1.2 o \ XA
New Ulm WWTE| 5.1.3 X XA X X
Biological Nutrient Removal (BNR) 52 A A A A A A A
St. Cloud WWTFE|  5.2.1 X XA X X
Fergus Falls WWTP|  5.2.2 o o X XA y X
Oxidation Ditch 5.3 A A A A A A A
Wadena WWTF| 53.1 X XA X
Whitewater River PCE|  5.3.2 X XA XA X X
High Purity Oxygen (HPO) 54 A A A A A A A
Moorhead WWTE|  5.4.1 XA X X
Rochester WRP|  5.4.2 ° ° X X X XA N X
Trickling Filter 5.5 A A A
Detroit LakesWWTF|  5.5.1 ° XA v X
Trickling Filter/Activated Sludge 5.6 A A A A A A A
Faribault WWTE|  5.6.1 Xy X
Marshall WWTE|  5.6.2 ° X XA XA X X
Glencoe WWTF® 5.6.3 ° X Xy XA X
Little Falls WWTE| 5.6.4 X X XA X
Lagoons 5.7 A A A
Redwood Falls WWTP| 5.7.1 ° XA X
Thief River Falls WWTP| 5.7.2 XA X X
Rotating Biological Contactors (RBC) 5.8 A A A
Brainerd Area WWTP|  5.8.1 XA X X

® = Ammonia and/or Phosphorus limit; See Section 3, Table 3.3, for a summary of the discharge permit limits
A = Applicable phosphotus reduction/removal option

X = Plant Specific Option reviewed

v = Recommended altetnative based on cost effective analysis
[Shaded area shows recommended

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
(6) Two scenarios were evaluated for Glencoe with and without dairy operation. See Section 5 for details on the evaluation

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
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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 WWTTF, 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 WWTTF) 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 WWTTF, St. Cloud WWTT, Whitewater River PCF, Moorhead WWTT, 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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Chemical Treatment EBPR
Biological Treatment Process (BTP)
Design Flow Annual O&M | Total Present Annual O&M | Total Present | Payback Period
Plant Name| MGD) Capital Cost Cost Worth Capital Cost Cost Worth (years) (1) Recommended Phosphorus Removal Alternative
Activated Sludge
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
Biological Nutrient Removal (BNR)
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 undet present
conditions of BNR/EBPR with standby chemical
treatment
Oxidation Ditch
Wadena WWTF 0.50 $103,000 $40,000 $601,000 - - - - Two point chemical addition to primaty 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
| High Purity Oxygen (HPO)

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.
Trickling Filter
Detroit Lakes WWTF 1.64 $140,000 $204,000 $2,682,000 - - - - No Action - Continue to operate undet present
conditions of effluent storage, spray irrigation and
chemical precipitation during winter.
Trickling Filter/Activated Sludge
Faribault WWTF 7.0 $191,000 $460,000 $5,924,000 - - - - Chemical treatment to primary and secondary
clarifiers
Marshall WWTF 33 $160,000 $526,000 $6,715,000 $1,370,000 $278,000 $4,824,000 49 EBPR with chemical addition to the secondary
clarifiers and bypassing the trickling filters.
Glencoe WWTF 1.6 $137,000 $381,000 $4,885,000 - - - - EBPR not feasible, chemical treatment to the
primaty and secondary clarifiers (w/dairy
w/o dairyl 0.69 $128,000 $91,000 $1,262,000 $488,000 $35,000 $924,000 8.7 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.

Lagoons
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
Rotating Biological Contactors (RBC)
Brainerd Area WWTP 3.13 $152,000 $170,000 $2,271,000 - - - - Chemical treatment to primary and secondary
clarifiers

" 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.
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Chemical Treatment EBPR
Biological Treatment Process (BTP)
Design | Phosphorus Annual | Preliminary| Total Annual Annual | Preliminary Annual
Flow Removal (Pr) [ Preliminary| Capital Annual Annual | Cost/Pr | Preliminary| Capital Annual Total Cost/Pr
Plant Name]  (MGD) (Ibs/year) |Capital Cost] Costs | O&M Cost|  Cost ($/1b Pr) |Capital Cost] Costs | O&M Cost|Annual Cost] (8/1b Pr)
Activated Sludge
Alexandria Lake WWTE 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
Biological Nutrient Removal (BNR)
St. Cloud WWTE[ 13.0 | 105000 | $250,000 | $20,000 | $472,000 | $492,000 | 4.5 | $426,000 | $34,000 | $130,000 | $164,000 | 1.6
Oxidation Ditch
Wadena WWTT 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
High Purity Oxygen (HPO)
Moorhead WWTEF 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
Trickling Filter
Detroit Lakes WWTF|  1.64 | 18,000 $140,000 | $11,000 | $204,000 | $215,000 [ 119 | - [ - | - - [ -
Trickling Filter/Activated Sludge
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 WWTT| 1.6 68,000/ $137,000 | $11,000 [ $381,000 | $392,000 5.8 - - - -
w/o daity]  0.69 10,000 $128,000 $91,000 $488,000 | $39,000 | $35,000 $74,000 7.4
Little Falls WWTE 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
Lagoons
Redwood Falls WWTIP|  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 - - - - -
Rotating Biological Contactors (RBC)
Brainerd Area WWTP 3.13 34,000 $152,000 | $12,000 | $170,000 | $182,000 5.4 - - - - -
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unit cost for phosphorus removal ($/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 requites
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
phosphortus 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 vatiations 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

Selected Alternative

Activated Sludge

Comments

Plant Name Feed ~BOD/P Ratio
Activated Sludge
Alexandria Lake WWTF (Chemical) 27
New Ulm WWTF | EBPR + Chemical 23
Grand Rapids WWTF | (Biomass Synthesis) >100 Phosphorus limited, Sonrce control
Biological Nutrient Removal
St. Cloud WWTF | EBPR + Chemical 23 Demonstrating P removal
Fergus Falls WWTP (EBPR) 26 Demonstrating P removal
Oxidation Ditch
. Nitrification and denitrification in ditch increases
Wadena WWTF Chemical 22 )
nitrate to EBPR process
Whitewater River PCF | EBPR + Chemical 46
High Purity Oxygen
Moorhead WWTF EBPR 32
Rochester WRP (Chemical) 30
Trickling Filter/Activated Sludge
Hi trickling filters/ BOD =~ 1 L
Faribault WWTF Chemical 12 gy loaded trickling filters/ BO 00 mg/
in trickling filter effluent
Marshall WWTF EBPR 28 By-Passed Trickling Filter
Glencoe WWTF
1) with dairy operation EBPR 40 Includes bypassing the trickling filter.
2) w/o daity operation Chemical 10 Exccess nitrogen and insufficient tankage for BNK
Little Falls WWTF Chemical 36 Highly loaded trickling filters

(....) 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 mote 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 TEF/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 (306),
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
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Table 6.5 - Process Selection Factors for Phosphorus Removal Options for Treatment Plant Retrofits

Wastewater Treatment
Technology/Type

Biological Treatment Process

Phosphorus Removal
Alternatives @O

Process Selection Factors

Suspended Growth

1. Conventional Activated
Sludge

2. Biological Nutrient Removal

(BNR)

EBPR

EBPR with chemical addition

® Wastewater has a high influent BOD/P ratio (BOD/P> 40) ot at a moderate BOD/P ratio
has a high soluble BOD content (> 40%)

® 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 cffluent standard requires NH3 removal an anoxic zone and internal recycle can be
incorporated within existing aeration tank

® 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

® System can be operated at lower SRT, which allows for a lower influent BOD/P ratio for
same effluent P concentration

® 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

o If effluent standard requires NH3 removal an anoxic zone and internal recycle can be
incorporated within existing aeration tank

o Aluminum ot 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

M 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 O

Process Selection Factors

3. Oxidation Ditch

EBPR and External
Anaerobic Tank

EBPR and External
Anaerobic Tank with
chemical addition

Chemical Treatment

® Wastewater has a high influent BOD/P ratio (> 40)

® Space available for construction of external anaerobic tank with a detention time of 1 hout.
® 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

® 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

o 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

® 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

o Aluminum ot 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

M 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 O

Process Selection Factors

Combined Biological
Wastewater Treatment

4. High Purity Oxygen (HPO)

5. Trickling Filter and Activated
Sludge

EBPR and External
Anaerobic Tank

EBPR and External
Anaerobic Tank with
chemical addition

Chemical Treatment

EBPR

® 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

® 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

® 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

o 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

® Wastewater has a low influent BOD/P ratio (< 25)

® Wastewater has a variable influent BOD with low soluble BOD at times

® Aluminum ot Iron salts can be added to the primary and/or secondaty 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

® Wastewater has a high influent BOD/P ratio (> 40) and a high soluble BOD content (>
40%)

® Trickling filter has a high organic loading (> 150 Ib BOD/1000ft>-d) so that less than 40%
BOD removal occurs

oTrickling 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

) 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

Phosphorus Removal

Biological Treatment Process .
g Alternatives ®

Process Selection Factors

EBPR with chemical addition

Chemical Treatment

® 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

o If effluent standard requires NH3 removal an anoxic zone and internal recycle can be
incorporated within existing aeration tank

® Wastewater has a high influent BOD/P ratio BOD/P> 40) and a high soluble BOD
content (> 40%)

e Trickling filter has a high organic loading (> 150 Ib BOD/1000ft>-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 primaty and/or secondary clarifiers for
phosphorus precipitation

® System has excess solids handling capacity to handle increased waste solids due to chemical
addition

® Wastewater has a low influent BOD/P ratio (< 25)

® Trickling filter has conventional or low organic loading (< 80 Ib 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 secondaty 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

M 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 ©

Process Selection Factors

Attached Growth

Lagoons

6 & 7. Trickling Filter, Rotating
Biological Contactor (RBC)

8. Facultative Ponds, Aerated
Lagoons, Stabilization Ponds

Chemical Treatment

Chemical Treatment

® Aluminum ot 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

o Influent has high alkalinity to minimize pH drop due to alkalinity depletion from chemical
addition

® Chemicals can be applied upstream clarifiers (primary or secondary) if available

® 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

) 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 charactetization 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

Wastewater Characterization

1. BOD

Sludge production, tank volumes, oxygen supply

2. tbCOD

Amount of EBPR

3. Total Phosphorus

Higher values require more tbCOD for low
effluent Phosphorus (P) concentration

4. TKN For nitrification designs — NO3 concentration,
oxygen demand

5. Alkalinity pH

6. TSS Sludge production, tank volumes

7. Variability Stability of EBPR

Waste Activated Sludge Recycle
Streams

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

4. Sludge storage and land
application

Minimal P returned to EBPR process

Aeration Tank Volume

1. MLSS concentration

Higher MLSS concentration possible with EBPR
and conventional secondary clarifier loadings

2. Sludge production

Function of WWT characteristics and pretreatment

3. Sludge retention time (SRT)

Need > than 4-5 days for EBPR

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
tbCOD

For 3000 — 4000 mg/L MLSS and 30-60 mg/L
tbCOD, 1.0 hour detention time is typical

EBPR Phosphorus Removal
Efficiency

1. tbCOD in influent to
anaerobic zone

Wastewater characteristics

Upstream biological treatment such as trickling
filters deplete tbhCOD

12 — 15 mg rtbCOD/mg P removed

2. NO3/NO, to anaerobic zone

Nitrification systems need anoxic zones for 80-
90% NO; removal

Nitrate Removwval

1. Anoxic zone detention time

Higher influent BOD and tbCOD and higher
MLSS concentrations allows shorter detention
times

Colder temperature requires longer detention time

2. Sufficient BOD

Need influent BOD/N ratio of > 4.0

3. Oxidation ditch
design/opetation

Need effective DO control

Secondary Clarification

1. Overflow rate, gpd/ft?

Excessive levels lead to higher effluent TSS and
lower P removal efficiency

2. Solids loading rate, Ib/d-ft?

EBPR provide better settling sludge and higher
solids loading rates

Polishing Filtration

Media and hydraulic application
rate, gpm/ft?

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 tbCOD 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 6.0,
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.
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Table 6.7 — Process Design Guidelines for Chemical Treatment Processes for Phosphorus

Removal Retrofit Designs

Design Parameter

Key Factors

Effect

Wastewater Characterization

1. Total Phosphorus

Higher values require more chemical
addition

2. Alkalinity

Higher alkalinity helps buffer effect
on pH of alkalinity depletion by
chemical addition

3. TKN

For nitrification designs — higher N
concentration depletes more alkalinity

Chemical Dose

Effluent P and stoichiometry

For lower effluent Total P
concentration of < 1.0 mg/L, need
1.5-2.0 mole metal/mole P

For effluent Total P of 2-5 mg/L,
need 1.0-1.2 mole metal/mole P

Chemical Dose Points

1. Dose both primary and
secondary clarifier influent

For two-point dosing less chemical is
used

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

Chemical Addition to Primary Clarifier

1. Sludge production

Sludge production increases due to
chemical sludge and improved
primary settling performance

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/ ft?

Excessive levels lead to higher
effluent TSS and lower P removal
efficiency

2. Solids loading rate, Ib/d-ft?

Chemical treatment will not reduce
normal loading rates

Polishing Filtration

Media and hydraulic application
rate, gpm/ ft?

Filtration improves P removal
efficiency, can reduce chemical dose
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SECTION 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)

e 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.

e Cost comparisons between EBPR and chemical treatment indicate that the EBPR, in

most cases, is the most cost effective phosphorus removal alternative.

e 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

e An EBPR process will require construction of external tanks for an anaerobic contact

zone.

e 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

ot provide on/off aeration operations with mixing for nitrate removal.
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e Because of their relatively longer SRTs, oxidation ditch systems are less efficient for
EBPR removal and require a higher influent BOD/P ratio compated to conventional

activated sludge processes.

HIGH PURITY OXYGEN (HPO)

e An EBPR process will require construction of external tanks for an anaerobic contact
zone.

e HPO systems are generally operated at lower solids retention time (SRTSs) than
conventional activated sludge systems, which should improve the efficiency of EBPR
performance.

e A minimal SRT is required for EBPR and should be greater than 5 days and 3 days at
10°C and 20°C, respectively.

COMBINED BIOLOGICAL WASTEWATER TREATMENT (TRICKLING FILTER
AND ACTIVATED SLUDGE)

e 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
acration tank volume is available downstream for treatment and to accommodate the
EBPR anaerobic contact zone.

e 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.

e EBPR treatment with chemical addition is more likely than EBPR alone.

e Some trickling filter/activated sludge processes may not have sufficient aeration volume

for an EBPR retrofit and chemical treatment would be the likely alternative.

TRICKLING FILTERS, LAGOONS AND ROTATING BIOLOGICAL CONTACTORS
(RBCS)

e Chemical treatment is the only viable alternative for these processes.

e Two-point chemical treatment is the most cost effective chemical treatment alternative
for trickling filters and RBC plants (attached growth systems).

e Lagoons (as the primary means of biological treatment) with seasonal discharge can
consider batch chemical treatment.

e lagoons with a continuous discharge should consider continuous two-stage chemical

treatment.
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e Alkalinity consumption by chemical phosphorus removal must be evaluated during the
engineering evaluation of phosphorus removal alternatives to determine if alkalinity

supplementation is necessary.

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 phosphotrus 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

e The pH of EBPR processes should be maintained at 7.2 or greater.

e Stand-by chemical treatment should always be provided with EBPR treatment systems.

e 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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Blank Screening Form




Wastewater Facility Screening Form
Preliminary Information

1. Plant Information

Plant Name:

Contact Name:

Phone: () - Fax: () -
E-mail:
Design Capacity: MGD Present Flow: MGD

2. Discharge Permit Concentration (mg/L)

(Provide Available Parameters)

Permit Limit Actual Discharge Expected Future Sample

Type/Frequency®

BODs

COD

TSS

Settleable Solids

NHs-N

NO;-N

TKN

Total Nitrogen

Total Phosphorous

Soluble Phosphorus

Fecal Coliform

pH

Others(?) List

Receiving Water body:-

(Mtype - composite, grab
Mfrequency - # samples/week or month

1 of4 Revised 7/22/03



3. Liquid Process Description

Pre-treatment (check)

Barscreen

Self Cleaning Screens
Aerated Grit Removal
Other Gt Removal

Number of Treatment Trains

Primary treatment (please check
# of clarifiets
Chemical addition

If yes, chemical(s) used

Yes

Yes

Comminutor

No

Diameter

No

Secondary Treatment (please check

Trickling Filter
Activated Sludge

Lagoon

Chemical addition

If yes, chemical(s) used

Secondary Clarifiers

# of clarifiers
Chemical addition

If yes, chemical(s) used

Tertiary Treatment
Polishing Filters
Type of Filter

Media/depth

Disinfection (please check)

Chlotine

Dechlorination

Rotating Biological Contactor
Oxidation Ditch

Biological Nuttient Removal
ie. (Anaerobic and/or anoxic compartments

Yes No
Diamet_er
Yes No
Yes No
# of Filters
Area/Filter
Ultraviolot
Yes No

Please provide a copy of the most recent monthly plant petformance reporting form.

2of 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.)

Primary Sludge Thickening (please check

Primary Tanks Gravity Belt Thickeners

Secondary Sludge Thickening (please check)
Gravity Belt Thickeners

Centrifuge Dissolved Air Flotation

Combined Sludge Thickening (please check)

Yes No

“Please Name Thickening Process

Sludge Digestion (please check)

Aerobic Anaerobic

Other (name)

Sludge Dewatering (please check

Brying Beds Centrifuge

Belt Filter Press Other (name)
Storage/Disposal Quantity Cost
(cy or Ibs)
e  Summer
Storage
Disposal
e  Winter
Storage
Disposal

30f4

Revised 7/22/03



5. Additional Information

Industrial Wastewatet

List name/type of any significant industtial 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 TSS
NH;-N NO;z-N
Soluble Ortho P Coliform
Others (List)

Grab -

Grab

Location

PH

NO2;-N

COD

Other

Total P

4 of 4

Revised 7/22/03
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Plant Screening Forms




Plant Screening Forms

Activated Sludge Treatment Plants
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Wastewater Facility Screening Form
i ' Preliminary Informarion

o ALEXAndvia LAKE fred Supirmy Disinicr

Contact Name: 6)’71/ & /“/Ezgﬂlv ﬂ/)“ S& 27 fﬂfyﬂé’)ﬂ
30 742~} - 222-7L2-Ji o}

Phone: () - Fax: () -

Design Capndpy: ) 2 P ’7 Z ﬂ MGD ’ g l Present Flow: Z é‘ MGD

2. Disch i entran
(Provide Availablc Parameters)
Permit Limi e Tied] Expected F Snol \
. o Tequ
~ | InwE &F
25 £S5 _sae Lt
b
: ' : s LEE

TSS ' 'y 4 5 C vl : s WA, 3
Sertesble Solids
NH-N
NO;-N
TKN
Toral Nitrogen :

, . : Jw cFHF
Toul Phosphorons ) ! a’ 3 3 4 Qv L _ | ' 7// (S K_
Soluble Phosphorus i

; - [ g™
Fecal Coliform 200 Con Mean £L 20 S, 2/ wie
. ,. o Tnk | &L

pH Go b b-O A b 7Y e R, 1/ m7u
Others() List

W
© 7 xceiving Water body: ! MW/

)

©1rype ~ composite, grab
WErequency - # samples/week or month
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9. Shadge Procears Jhrima

Please provide uldmate destination of plant solids (1.e. landfill, agricultural applicatdon, lagoon, etc)

A&hz(‘rjéﬂ/}’ﬁé—

ND.338

rv Slad sekeqs leqae

Promary Tanks 5 Graviry . Bele Thickenera :

Grawnty Belt Thickeners
Cenmifuge Dissolved Air Floration
L
Y 1 Shudes Thickeni _r
Yes No

Please Name Thickening Process

8 igesd s ; _
Aczrobic g . Anaerobic

, O “h
Other (name) YV as N 2/
Sludpe Dewatenng (please check

Brying Beds Cenmfuge ~ i

Belr Filtex Press Other (aame)

a2
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: 7 Addinonal Informanon

T er B

Lisc name/type of any significant industrial wastewater load to the plant

Ei Ford 4. ﬁ&h»/)’. -

_WMorlic Hécerric —

I m = fbr Ffjl/f'f

DM F — s M{_%
Estmared pezcent of plant BOD load: .

Nacp gL

Separate sanitary sewers: é

Combined domestic/storm sewers:

Plant Sampli 2 Agzaly
)h: composite 2 ; Grab

Frequency (days/week) -1 - P .

‘Efﬂnsnr

24 hr composite zg Gnab

Other : ] Location

Frequency (days/week) - Z 4 )
Does plant have a lab? YE&S

ses ne c

P
tBoOD? zs TSS

NH-N NOs-N

PH

NO2;-N

Soluble Ortho P Coliform ?( coD

Other

ﬁ)thers TLisy

/



e

- ©88-18-2803 14:83 AL ASD-> 12066853185 NO. 338 boa

Barscreen 3 Commmntor g

Self Cleaning Screens X

Aerared Gt Removal A »( V . | 7
Other Gnr Removal X\

Number of Treatment Trains '

Primary xearanent (please check) Yes Zg No

# of clanifiers l Diameter
Chemical addidon Yes ' No #

If yes, chemical(s) used

£ATYY eck
Trockling Filter : Romnting Biological Contactor
'§jcdva’!ed Sludge g .Oxidaton Dich
I.;agoon : Biological Nutdent Removal

- ie. (Anaerobic and/oy anoxic comparmments

Chemuical addirion
I pes, chcmical(s)-uscd

# of cladfiers 2 Diargeter

Chemical sddiion Yes No ;‘

If yes; chemical(s) nsed

Termary Treaument :
Polishing Filrers Yes 2 '} No v

Type of Filter %K/{éz g‘ & z }" & C_; IZZ # of Filters é '
Media/depth ‘@ Area/Filter

isi (plea

Chlogne & Ulrzaviolot
Dechlonination Yes 2 ; No

Please pravide a copy of the moar recent monthly plant performance teportng form.
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PUBLIC UTILITIES COMMISSION
Moy o/t |
L ejli ﬁ/ From i A-tjé/n\-‘kr) '
rac 2o/ SA9 572.%F Pages:
"mg m=6~2.$_f'03
Re: ; cC: '
) O Umolut 00 For Review - [JPlease Comment [ Pisase Reply [J Please Recycle
® Comments:
500 SE 4" Street

 Grend Rapids, MN 55744 :
WWTP Fax (218) 326-7199 Service Center Fax (218) 326-7489
Phone (218) 326-7024 :

PAGE B1
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Waswwater Facility Screening Form
> Prcliminary Information =
1 Plant Infooparion

Plsen s (Zrand Ka\g?ols Wosdenser Treabnedt Fae H{]}
Contact Narue: T Aekerman |

Phone: . aﬁg !—32Q~U‘i§ . Fax: 2% 3267199
E-mail: \ reckermam @ Brpuc Drey
ag Rl ¢ : [¢

Desigo Capacity: - 5 2 MGD _ Present Flow: .0 - w™cp

2.
P ecani Licmi ] : . .
Type/Ereguency®
BOD; 28~ 2.0 2.0 27 Hr Cong,
P NoNe. . _
TSs 30 /0 /0 24 Hrllory
Settleable Solids - '
NHN g 2 _ o 24 H~ C¢,\..;£~
NOJ-N ¢ - ———
TKN e
Total Nitrogen — .
Toral Phosphorous 7 oA/ /‘ 'ﬁjr O ,\//yﬂ__,
Soluble Phosphotus AD A )
Feca) Coliformo Zob ‘Y"/jou L—\_,( . _ XE {_! j{ EE
Others(?) List
. Receiving Wates body: M 58055 a0 Liver
\

.
type - composite, grab
Mfrequency - # samples /weck or month
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arscyeern

‘/. Comminuwor _ C D

+lf Clesning Screens I 2

\erated GOt Removal

)thc):‘ Gnit Removal

Jumber of Treatnsent Trains

Primary cratineat (plesse check) Yes A
# of clasifiers v Disgeter /DO

Chernical addition - Yes No

If yes, ¢hemical(s) used

mmq_lmamﬂpl&ﬂﬂmk)
Trickling Filter Rotating Biological Contactor
‘ivared Sludge RV Oxidation Ditch -
| Lz%ooo Biological Nutrient Removal
j.c. (Anaerobic and/or anoxic coropactments i
Chessical sddition Yes No W
If yes, chemical(s) vsed |
Secondacy Clarifiers
# of clarificrs | )} Dismeter  2P.1po , 181%0
Chemical addition Yoo No
1£ yes, chemical(s) used
f’oﬁshing Filtexs . Yes z No L fo / :‘5‘ L\ H NB- ?OHJ S ("-b
Type of Filer | # of Filters |
Wsia fdopi AccafFilter
Disinficrion G heck

~*"Chlogine Ulmviolo:/

Dechlonnation Yes ) No

Please provide a copy of the most recent monthly plant petforinatice repotting form.
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Please provide ultimate destination of plant solids (i.e. landfill, agricultural application, lagoon, etc.)

[
U

E i ’ b i i g‘ﬁ. m; )
. Primaty Tanks v | Graviy Belt Thickenexs.
Sccondaty Siadgs Thickening (blesse check
Gravity e " Bt Thickeners
Centifoge Distolved Air Flomtion

Yes No \/

")sase Name Thickeniog Process

.. 1 ek
Aerobic - Anaerobic
Othex (name) ' Mo €
Sludge Dewatering (pleasc check)
Brying Beds . Centrifuge -
Belt Filter Press / Other (name)
Storage/Disposal Quantity  Com
(cx orJbs) '
*  Suminex
Stotage
Disposal '
*  Winter
Storzge

Disposal



@8/25(28@3” 13:28 2183269193 PAGE 85

. -\.) -
_ist pame/1ype of apy significant industrial wastewater Joad to the plaot: R -~ y
(= - O m — (Rl At P A
i A
0 /4 0y /.20 J 54 a
‘N o127 X 24 A21L A4 B2 / b =B e /. A O Rl o :

T, FIWEOW P )
d ¢ o ALAL 2. <, o YH;' ’ Sl S ot snll s o A
e N ¥ 7/,

' ' g

Estimared percent of plant BOD load: q 0o

Sepsrate sanitary sewers: [V

Combined domestic/stopn sewers:

Flant Sampling and Analyees
lofluent
"‘/\z composite l/ Gmb . O&xct
Efflucn
24 hr c_omposite . 7 l/ - Gmab
Other Location

Frequency (days/week) : Zz : A lg
Docs plant have 2 lab? agt

Aaoalyses donc by plant lab (check)

BOD v 1SS e PH L TKN
NH,-N V" NOsN o NO2N Total P
Soluble Ortho P ’ Coliform v cop

Others (List)

S’



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 _6 pages (includes cover page)

TO: George J. Kehrberger, HydroQual, Inc.

FAX: 201-529-5728

f DATE: August 8, 2003

FROM: Steven W. Nyhus //%

Attached please find the City of New Ulm's facility screening form.

If you have problems receiving this fax, please call (651) 225-8840.

08/08/03 FRI 13:54 [TX/RX NO 8762)

AUE. 8.2003 12:30PM 011 16512259088 0357 P /e
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New Ulm Wastewater Facility

Public Utjlities Commission Telephone: (507) 359-8360
3 Tower Road Fax: (507) 354-7293

New Ulm, Minnesota 56073

FAX COVER SHEET
— ‘ B l 0% TIME: FOPRAGES D
(Including this page)

TO: G‘rw /W&Qb
COMPANY:; ‘Q’_ﬂ—‘ FAO.,‘\MW = %Bd

FAX NUMBER; w (Sl D25 -Q0 9%
FROM: el SJJ\-OJ“

WASTEWATER DEPARTMENT, NEW ULM PUBLIC UTILITIES

| ﬁgﬁdi leJLA S«’(’Q/«\&’J\*"f \LZ(\AQ.\(C,\I’\&O,\
K\/\'\t upm)f‘ L.

08/08/03 FRI 13:54 [TX/RX NO 8762]
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Wastewarer Facility Screcning Form
Preliminary Information

1 Plang Informavion

Plant Name: Neow’ plere Lo s fe/:c(aggf 7£ga-7{ﬁ¢x :/ /LQC//)//
: 7
Connact Name: /75 / 5617_27[
$02- 759 &760 S0 FEY - 2225
Phone: ) - Fax: () -
E-mail: /. > f f' A 1A077 . 1709 1S
Design Capacity: A /_.\_,2 Z MGD P!esen.t Flow: dj L MGD
2. Di i centy;
(Provide Available Paraméters) .
Pecmit Limie Acma] Discharpe Expcered Funuxe

Sample
Type/Erequencytd 5
BOD; 75 44’0_4%1 I A;,!/Z Sare. Z4 hr Confg

cop

—Z
Tss e/ 4. ’17’5 V4 g %4£ S0 = 7Y .4//“ Coﬂg
. a./

* Settleable Solids @Y, Comm !o/;
NH.-N - '
NO;-N | <028 (Gre £ ’//7 ;
KN _

" Tor Nitrogen v |
Total Phosphorous _ 1 - Gra o/ %%e
Soluble Pholpho;-us : '

Fecal Colifotm A0 / 420 L £ » . Gre / %
pH Gonin 9. MeX 7 - crad 77
Others@) List AL 7. rd .‘/.75

Receiving Water body: M bne 51)4_ A rer

ype - composite, grab
Mfsequency - # samples/week or month

1o0f4

08/08/03 FRI 13:54 [TX/RX NO 8782]



AUGAUG. 8.2003 12:30PM WAQT1 16512259088 gyt

3 id Proc 1
Pre-teearmenr (cheek)
Bamcmq ’4 e5 Comminutox ye 5
Self Cleaning Screens
Aerated Gric Removal (/ES
/
Other Grit Remowal

Number of Treatment Trains g

ima en e che Yea )/ Neo

# of clagflers Py ' Diametes & £ ’?{
Chemical addition Yes No

1€ yes, chemical(s) uscd

Secoadary Treatment (please check)

Trickliog Filter ‘ . Roraring Biological Conractor
Actvated Sludge: Vv Oxidation Dirch

Lagoon Diological Nutdenr Removal

i.e. (Anaerobic and/or 2noxic compartments

Chemical addivion Yes . No v ) ~

If yes, chemical(s) used

Secondary Clarifiers

# of clarifiers ) \3 Diameter é < 'C /’
Chemical additon Yes No }~7
If yee, chernical(s) used

Testiary Treavment

Polishing Filters - Yes Neo k
Type of Filter ) # of Fileers
Media/depth Arcs/Filter
Disinfecrion (please K /

Chlorne Ulkravioloe
Dechlonnz2don Yes \/ No

Pleasc provide a copy of the most recent montbly plant performance reportng form,

2of4

08/08/03 FRI 13:54 [TX/RX NO 87621

FAL N0, 507357293 NO.3257  P.4/63



AUGAUG. 8. 2003 12:30PM wa:011 16512259088 ANT FAY NO. 5073547293 NO.3257  P.5/64

5. Sludge Processing/Ultimate Rense ox Digposal

Please provide ultimate destinadon of plaat solids (i.c- landfill, agricultural application, Iageon, ¢ic.)

/faqn'a.u/]‘wra,/ 4’/,90//2:0%,9/).

Prmacy Tanks Gravity / Bele Thickeness
econ L i eck

Gravity / Belt Thickepers

Centrifuge _ Dissolved Air Flotarion

Combiged Sludge Thickening (please check)

Yes No

Please Name Thickening Process

= Dignarian fylea

Aetobic Anserobic -

Other (name)  ATAL »4'-//)Zaﬂr/;n o/ 7 e rr235/0 4/ Aeretlc
”?i'eﬂf/t"ﬂ "

Sludge Dewaoring (please chicck)

Brying Beds Centrifuge

Bele Bilter Press Other (name) de Co {

30f4

08/08/03 FRI 13:54 [TX/RX NO 8762}



MUGAUS. 8.2003 12:31PM -WAOT1I 16512259088ANT  FAK KO 5073547293 NO.3257 P.6/65

5. ddido nf
Industrial Wastewarer
List narr;t:/.t-ype of a_'ny signiﬁczm industdal wastewater ioad w0 the planc
K'tf(‘/ /:I/s }&1365£ a’.{:l,-l — AM )ﬂ?;, ﬂa//‘%r zm.f)l —
Sehe / 6"“;‘-‘/0"’_2' Lo. |

I

Escmated percent of plant BOD load: Zﬂ Z

Collection System (check)
Separare sanurary sewery: V-

Combined domestic/storm zewers:

Plent Sarmpling and Analyses

Influens

24 hr composite [ Gmb Other
Frequepcy (days/weck) Z/ -

Effluent

24 hr composite v Gmb

Other Location

Frequency (days/week) 7 é 7
Does plant have a lab? Zn’ S

al ch
BOD k TSS l/ PH V TKN
NH.-N | NO3-N NO2Z:-N Toral P
Soluble Ortho P Coliform Z cOoD
Othexs (Liar)

4of 4

08/08/03 FRI 13:54 [TX/RX NO 8762]
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FATRMONT wASTENATER

Wastewater Facility Screening Fotm

PAGE 81/p8

Wm% W/m-

Preliminary Information
: N mmmau{ {,{M@!e Lo TV‘QSJ[%? mzl“
Plant Name:
: 3«4 'fo/\ 154/ /:éer‘]l’ _

C?"tac: Name: .. M-égi /

h () 807~ Q35 650,:1 Fax: () S
Phone: : |

. ' _— %’

mail LU, wu)f—fé?&ucom wel” ‘

. ' MGD Present Flow: -X 5' MGD
Design Capacity: QEH 3 % /

isgharpes Permit Congenttation
(Provide Available Parameters).

Actual Discharge ™ Expected Putute

b
Qéh-c IX

BODs - /O M%gé f

- ms-/L Sthee AL
55 '. 3 O T? @A 7l
Settleable So};ds : (ﬁ L
NH,-N
NO;-N
TKN
Total Nitrogen
Total Phosphorous (Q;, y
Soluble Phosphoms 6/&'!5 a/v
Fecal Colifotm (Q OO 7 {J)l’hD / / % M
- ' -' Graij 4
Others(?) List f O 5, l?'\ﬁ/L é ‘ ¢
Recejving Wntn: body: Ge N%V. EI/ € QAA

Mtype - composite, grab
(l)f(equency - # samples/week or ruopth

1of 4

08/22/03 FRI 15:34 [TX/RX NO 8972]



BB8/22/28B93 13:35 58723563391 FAIRMONT WASTEWATER PAGE B©2/@8

st Phonot—

5. Liquid P Desesips

h-___—-""—"-——'——_'__
Pre-treatment (check) ‘E%,/'ﬂ_ M‘f’
Barscreen Comminutoz '
Self Cleaning Screens i

Aerated Gtit Removal

Othex Grit Removal
Number of Treatoent Tesios __ { o
Rrmary geatment (please chieck) . Yes ' No ///
# of clarifiers ) Diameter
Chemical addition Yes Neo
If yes, chemical(s) wsed
Trickling Filtes ' ' _ Rotaring Biclogical Contactor
. Activated Shudge — Oxidation Ditch
Lagoon Biological Nutsent Removal
ie. (Anacrobic and/or anoxic’compartments
Chemical addition Xes Ne
If yes, chemical(s) used
# of clazifiers c% Diameter = i 2 !
Chemical addition | Yes No £~
If yes, chenical(s) used
Textiary Treatment
Polishing Filters Yes : No e—
Type of Filter ) . # of Filters
Media/ cle;pth : Area/Filter
Disinfecti lenss:check :
Chlorine [/ Ultrviolor

Dechlorination Yes / Ne

Plcase provide a copy of the most tecent monthly plant performance reporting form.
' 2 of 4

08/22/03 FRI 15:34 [TX/RX NO 8972]



BB_/’Q%/ZBDB 13:35 587235539i

e ' FAIRMONT WASTEWATER

1 ARt

s i
Ipdugririal Wastewayes

List oame/type of any significant indusstial wastewmter logd to Jlnm:

PAGE B3/@8

. NE-N

-~ Soluble Onho P

Effluent

24 hz composite

Other

Frequency (days/week)

Docs plant have a lab?

) )
L—" TS5
gé NO+N

BOD L~ PH

. Coliform ..

NO2;-N

Estmated percent of plant BOD lead: .

Collegtion System (chack)

Separate sanitary sewets: - 2 '

Combmed domestic/storm sewers:

Plant Sampling and Analyges

24-he composite - o % 2 W/ { !L Girab. . .
“erqﬁéxt‘c;‘(ﬂﬂ.yb‘/WEk)'" S . e S :.hs ... ._.. :—. .’.' o ..:;_ - e e .:k-

cop.. : I B 5 Bl
OtEer(Lxsf)‘ TS . 2 55 e o e s Sl s AR 6 o v e S gy e

4o0f4

08/22/03 FRI 15:34

[TX/RX NO 8972}



88/22/20P3 13:35 5872356391 I

resonst Pt
Frirmarst

Sludge Processing /Ulimate Bense ox Disposal
Please provide ulimate destination of plaat sohds (i.e. lan agticultuml application, lagoon, ete.)
f M iz o

FAIRMONT WASTEWATER

PAGE @4/98

Prmary Taoks

Secendary Sludge Thickening (please chegk)

Gravity " Bels Thickeners
Centrifuge Dissolved Air Floration

s |
Gravity ﬁ/ Belt Thickeness

Please Name Thickening Process %

Sludge Diges tion {please check)

Aerobic / Amnaerobic

Otherx (name)

Brying Beds L Centrifuge

Belt Filter Press Othet (name)
3of4

08/22/03 FRI 15:34

[TX/RX NO 8972]
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FAIRMONT WASTEWATER

PAGE B5/88

Wastewater Facility Screening Form 9 If
Preliminaty Information th*;’-r S

H ;’““”"m f" r‘%&ww" (,U/esv!ecuﬂﬁrwé/ élw 4
| e Beh blotobiuirt-

\} Phone: 5"2‘193{5"65’()2—— Fax: L) J{;?#P—é;ﬁ_’/
J

N - a)u)u/; WuIHRC fev Cormme » et
j ! Design Capacicy: 3 . ? MGD , Present Flow: (AL oD

2
 BOD, 25 &é:‘ﬂ- ' ' : : 0?22)1,(% :Msgg_
cop ' .

Scttleable Soﬁds . . _ - .
| NHeN /O:ﬁg §, i OZ%‘:( ?‘;Hé

NOy-N

TEN — _ =

Towl Nitrogen '

Total Phosphotous / - O . | , : CZ%E&—‘M‘
Sl Phoeplismss )

Fecal Coliform 0O -

pH é____féiﬁ : & '—%

Others() List D . fm%/ L-.L m,\[ _ o — ¢ /’:él .
Mor-ewy - j L |

Receiving Warer body:

Mrype - composite, grab .
(bfrequency - # samples/week or month

1o0f4

08/22/03 FRI 15:34 [TX/RX NO 8972]



. 88/22/20m93 13:35 5872356391

' 2 FAIRMONT WASTEWATER | ne Bs/ae
e Sl g — ,

3. i .

Pre-treatment (chegk)

Prscseen / " Commminutor

Self Cleaning Screens

Aerated Grit Removal *

Other Grit Removal Pl _

Nusmber of Trratment Trains

# of dadficrs -

2 el ARt

Chemical addition Yes / No
1 yes, chemical(s) nsed } ;EK‘y‘t B CA Z{jwm‘;/g! e
_ .
Trickling Filter Rotating Bialogical Contactox
Activated Sludge e Oidation Ditch
Lagc;von Biological Nutsient Remo;';l-:';- T
. 7 ie. (Anserobic 2nd/or anoxicicomparunents
Chemical addition  Xes & No o
If yes, chemical(s) used ﬁ'rr - d 20‘/- E/{ i 2 .
Sccondacy Clarifiers ' y
i ' ;,,# D)
# of dazifiers Diametet (@2_) 7£ {/ 2 5
" Chesmical additon ) Yes L E No _
If yes, chemical(s) used é E Vvvye CA/ ch V\iL_
Temiazy Treatment .
Polishing Filtexs Yes No /
Type of Filter _ # of Filters
Media/deprh Acea/Filter
Chjorine Ulrraviolot :
Dechlorinaton Yea No L

Pleasc provide a copy of the most tecent monthly plant petformance reporting form.

2 of4

08/22/03 FRI 15:34 [TX/RX NO 8972}
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FAIRMONT WASTEWATER

Fdore flpt—
f‘m

oo

Please provide ultimate destination of planc solids (i.e. landfl, agnc;an\ application, lagoon, ete.)

PAGE Bp7/@8

ag. /[, - fuw y A
Primasy Tanks Gravity e Belt Thickeners

Graviry / Relt "I'h.ic.kr:nnr.s
Cenuifuge Diszolved, Ait Flotation
ﬁ o‘fﬁ\f\/ ﬂfwn—\ #LL (el etoty—
Combined Sludge Thickening (please check)
Yes L ;No = L %
Please: Name Thickening Pracess ; .
Aerobic Anaerobic /
Othes (aame)
Sludge Dewntesing (please chack)
Brying Beds Centrifuge

Belt Filter Press / Other (name)

-ttt e v - = SR S—

3of4

08/22/03 FRI 15:34

[TX/RX NO 8372}



[ - : B72356391 FAIRMDNT NASTENATER PAGE Bé)ésw-
| | Fctere  pharA— "

I 5. Additional Information / WIW

[ Ind ia} ﬂgﬁlﬂ?_ﬂ!ﬂx .

List game/type of 2 a.ny significant mdusmal wastewater lmd to_thc p!nnt = -

| @VTLQ on. dine _DCE, éZO 03 ﬁsfﬂnhM M
( b /000 No {300 S/c{w Aup ¢ 7SS

Esticasted percent of plant BOD load: _@_“5 0% o 5 0 7s , : P

Separate sanstary sewers: V =

Combined domeste/storm sewers; |

Influent
24‘!].{ Qom?qsi(e n e aeee e el . S Gmb_.. -_ e,

- ...‘ﬁéqﬁm&@@;‘/wm‘.ﬁ-.. e e T

Effluent

24 hr composite Gnb
Other Location
Frequency (days/week)

Dees piiﬁt have a lab?

Agalyscs done by plant lab (check)
BOD TSS PH S TRN

. NH-N NO;-N - NO2y-N Total P

~Sohehie Oxtho P - eoo . i Goliform. . . ww s GOD., wos s e o ﬁ.n.,- it . st =

s e s . T T o e N
. Oi’ﬁéﬂ'ﬂ‘iaf)' PO Vo v . FE imen Bl emecam oseoemer G G 56 G D LS Smmme s e, Ser am D eimmaces il me a ;.-,,mn.-.... ce e an
Y = 1 . T T e et

e e P e E e m . L s b trmeie e e ee s ees e o
.. e e g > e - B e e eaes = e

4 of 4

08/22/03 FRI 15:34 [TX/RX NO 8972}
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©hsT1 2003 T:27PM - CITY OF WINONA COMM OF DEV . No.4482  P. 1/9

Preliminary Informadon
1 Plant Information
Plant Name: Winona Wastewater Treatment. Plant
Cogtact Name: . Jack Lipinski
Phone: 297[ L57/8207 CFax _ () -
E-maik _JHerbert@Cityhall.luminet net
Design Capacity: - 6.5  MGD ’ PresentFlow: 3,k MGD
2. i 1
(Provide Available Parameters) ‘
1Y D)
' BOD; 25 ' 8 com
6(0) 5]
TSS 30 11 comp/3x week
Settdeable Solids monitor 0.1 comp/ 1x day
NH.-N mopitor 0.1 comp/1 month
- NOa:-N
TEN
Total Nitrogen
Toral Phosphorous monitor 3 comp/1x week
Soluble Phosphorus ‘
Fecal Coliform 200 mpn/100m1 5.5 mpry/100ml grab/3x week
pH _ between 6+9 s.u. 7.2 s.u, grali/1x day
" Others() List See attached list
- Receiving Watex body: Mj_ssisgippi River

(Mrype - composite, grab
(Dfrequency - # samples/week oz month

1of4



Aug.11. 2003 2:27PM  CITY OF WINONA COMM OF DEV

4. Sludge Processing/Ultimate Reuse or Digpasal

Please provide ultimate destination of plant solids (Le. landfll, agricultural applicarion, Jagoon, etc.)

No.4482 P. 3/9

_Agricultural application.

P imary Siudes Thickening (olsase ched

Promary Tanks X Gravity Belt Thickeners

Second ludge Thickent: e ¢

Gravity Belt Thickeners

Centafuge : Dissolved Air Flotatdon

Combined Sludge Thickening (please .cbec!g)
Yes No

Please Name Thickening Process

Studee Dicestion (please. ched]

Aerobic Anaerobic X
Other (name)

Sludge Dewartering (please check)

Brying Beds ‘Centrifuge

Belt Filter Press X Othez (oame)

30f4



Aug.11. 2003 2:27PM  CITY OF WINONA COMM OF DEV No.4482 P. 4/

Wastewater Facility Screening Form

. Additional parameters tested for.

Parameter Permit Limit Acmal Discharge Sample type/Frequency.
Copper | monitor 0.018 - Comp/1x month
Zinc monitor 0.007 Comp/1x quarter
Mercury monitor 0.000003 Grab/1x quarter

Dissolved oxygen  monitor 4.7 : Grab/1x day



FACILITY NAWTE/ADDRESS;

Winona WWTP
650 Winona St
Winona, MN 55087

[=p]

~

[Wen)
"ATION INFORMATION:

&’ 5-001 (Influent Waste Stream)

WASTEWATER TREATMENT
DISCHARGE MONITORING REPORT

. PERMIT d

LIMIT STATUS

.FORMER #

MN0030147

FINAL

Qleme

NITORING PERIOD

PERMITTEE NAME/ADDRESS:

Winena city of
PO Box 378
Winona, MN 558870378 _

&2

Wasle Stream, Influent Waste N | P/ A 0. | DAY
& ‘ention: Jack Lipinski - FROML..@E____ TO|__2003/06/30 ; MPCA:MK
.Q- -
-t R
& PARAMETER QUANTITY UNITS CONCENTRATION uNITS |OF ANALYSIS| TYPE
=
Prec!pi(at[on SAMPLE A 3 I n A aveoae rmam Awkoh X X !
VALUE esd !
00193 ‘ REFORT : TX Day Weasur
pERM]T‘ armiaf . FrRANY hetan i rap
REQ CalMoTot e
Flow MG oaes mgd
i I 100,167 3,339 | 4./39 X | x
500860 REPORT | REFORT REPORT — TX{Day "Meacon
PERMIT cam e CalMoA CaiMoMa
_REQ oTot 0AVY } 4
CBOD 05 Day ; : mg/L l
SAMPLé AwdhAN AN Lo ) A AN X
120 Deg &) VALUE /27 2.0Y 721‘7
=82 eanrs . J REFORT REPORT Jx Week omip,
o il CalMoAvg CalMoMax ~
S P maie
s
Ssa0 REPORT REPORT X Week | CompIa]
< PERMIT] e - R CalMoAvg CafMoMax
= REQ <
=t
P SAMP AR Rdrion akke LYY
= VALULE-ﬁ Z 0 Z 3 ‘ X )(
e 100 REFORT REPORT | Tx Pay Gra
S PERMIT e i & P
REQ alMoMin CaiMoMax
= pephorus N m
OSP rehetd eAGETR e . *ahTer v rewtew
il (as P) SAvPLE , 3,6 X |X
00665 B ; REPORT X ¥eek | Comp2a
PERMIT] it e s CaiMoAvg o !
= REQ
o
o~
o
[ =] .
[
L]
- nd original with supplemental DMR (if ! certify that | am familiar with the rg__% 7—3~a
it e g sy of montih fallowing ot o i L, 7y [IGNATURE OF PRINCIPAL EXECUTIVE OFFICER OR AUTHORIZED AGENT DATE
“° zlalh&gg$e_rer0LLUTION CONTROL AGENCY knoﬂuggdg? and bahe{; {lhe In{gﬁ PYS]
<n: matton is lrue, mmp e, an “ P /.
PAUL, MN 551554194 accurste. 59 Zop _Z-P-03 H-5E35
N: Discharge Monitoring Report ) GNATURE OFCHIEF OPERATOR PHONE DATE GERTIFICAT]ONq
Page D30 of D33

COMM_ENTS:




FACILITY NAME/ADDRESS: WASTEWATER TREATMENT F .RMITTEE NAME/ADDRESS:
Winona WWTP DISCHARGE MONITORING REPORT \Winona city of
650 Winona St PO Box 378
, 7
i PERMIT# | LIMIT STATUS] FORMER A Winona, MN 559870378
= MNOO30147 FINAL OIOMG VYl
. ATION INFORMATION:
22-001 (Tolal Facllity Discharge) . MONITORING PERIOD
Surface Discharge, EHluent To Surface Water YEAR| MO, | DAY [YEAR] MO. | DAY
S 2ntion: Jack Lipinski FROM{ _ 2003/06/01 TO[__2003/06/30 [ Dwseharge ) MPCA: MK
-~ i ——
Zc'> PARAMETER QUANTITY . UNITS CONCENTRATION UNITS |OF ANALYSIS| TYPE
CBOD 06 Day .kg/day i me
(20 Deg C) s/ OL /20 g 7 X | X
80082 907 1452 i) a0 [ IxWeek JComp24
PE@%’T - CalMoAvg MxCalWkAvg CalMoAvg MxCalWkAvg
CBOD 05 Da £ _
; Y SAMPL awwes e " ?3 e e X X
% Removal VALUE
80091 £ Ix r‘?eeﬁ Caleul
PERM’T Hridn AT » ekl LY 1]
REQ . MnCalMoAvg .
7SS " Kgraay " ~{ Mo
_ spmeE Y2 /92 4/ /5~ X X
=130 T089 633 70 TXWee omp24 |
PERMIT, . eaeane M
[ REQ CalMoAvg MxCalWkAvg CalMoAvg MxCalWkAvg
(a) - %
= 2 AAf T A asaasa aspeey
= tomoval VALUE 57 X X
<111 i1 TX pee Talcul
- PERM!T Wik arih Arirhad M AAAAA [ 3T
= RE ‘MnCalMoAvg .
= oy — 7
—— SAMP ARANE redary [ Y] ArAA
= VALUE. Z0 ’7; 5 )( _gb_‘
L .00 ) . 6.0 X Jay Tal
(e Wh Aok cungen Mn
— Pl CalMoMin - CaltoMax .
: )SphOmS SAMPLE A NS Ireeairs [ 1Y rrnAY e ‘—""‘—mgll_
Total (as P) VALUE 3 i X }(
00685 PERMrﬂ i L] etaas T cantan T X Week comp!z
= ] REQ . CalNoAvg J [
=5 :al Coliforrn, MPN/ —— rosrrs e - — s m
—u mbrane Fltr 44.5C ‘VALUE : J( ‘/7 K X
8201 . X yvee GraB
= PERMIT ' - Calfd GaoM R
= REQ (<] n
- d original \:I}i‘lh zs1up::geme?lal DMR (i 1 cerbfy that | am familier with the 2 ;{’ S 2. -0
= Aicabie) by the 21t day of mentli feliowing ;ggg;gﬁg",gg{’;g'g;dgg S my [SIGNATURE OF PRINGIPAL EXECUTIVE OFFICER OR AUTHORIZED AGENT T Date |
= INNEggTA POLLUTION CONTROL AGENCY knowfedge and bejief the infor- I : :
<10 LAFAYETTE mation Is true, complele, and ’ 5 / 287 7 =8-4 4
ST, PAUL, BN 55155-4194 accurate. -
GNATURE OF €HIEF OPERATOR PHONE DATE CERTIFICATION

| _ATTN: Discharge Monitoring Reéport

i COMMENTS:

Page D15 of D33




FAC'ILITY NAME/ADDRESS: WASTEWATER TREATVENT PERMITTEE NAME/ADDRESS:

Ninona WWTP DISCHARGE MONITORING REPORT Winona cily of
550 Winona St PO Box 378
Winona, MN 85987 FERWT # |LIIT STATUS| FORMER# Wincns, BN SEQETIRTS sy
> MNO030147 FINAL O/ 0N G N ———
: o \TION INFORMATION:
! SU-001 (Total Facility Discharge) . ‘MONITORING PERIOD
. Surface Discharge, Effluent To Surface Water YEAR] MO. | DAY EAR} MO, | DAY
2 mtion: Jack Lipinski FROM| _ 2003/06/0% TO|__ 2003/06/30 [JTo Disghargs | MPCA:MK
.~
§ PARAMETER -...QUANTITY CONCENTRATION UNITS | OF ANALYSIS| TYPE
' Chiorine mgil -
1 ARASTR RAANRR ’ AN hmia RARASR
+ Total Residual S\'}ﬂﬁ}é | £L0,/ K ){
| 50080 reen . R 0,038 TX Day Ta
,:: PER:'MI T . v . SR A ) e e - Da“yMax ‘
‘ Copper LYYy merte LYY} ahErRA Yo ) u l:
" Tatal (as Cu) S\'}AszLEE ' : /82 ‘ )< )(
01042 - REPORT | xMonth {Comp23 |
b X PERM‘T A 8 ki 0 . AerAA FEANRN
. REQ DallyMax
. Mereuty : naiL
i p ARtrAn e IT] e etiAw Akt s
- 2o al (as Hy) S&AZULE 2 ’ ? X ?E
T S _ P . - . REPORT ' X uarter a
R FERMI] " SingleVal ’
. ='ogen, Ammonla " eosas ren reare P ML
B et o. / X | X
< = .
= PERMIT] aAAE hrets . PRV, . : Xvion omp
S REQ e : : : SingleVal —
= z m
= igen, Dissalved ‘ . g
= SAMPLE AAANTA atardit Ly T 7 LV VY, Aeraed A
o VALUE 17/, % X
S 00 : i 1 x'Day Grab
e N - ' CalMoMin o : o ,D
= REQ = - !
e
Q ANPRAN Ardried k8 dird Ariririrk A (Y114
Total (as Zn) S\fAhZZLEE . / / 8’ /K X
01092 : . ; . REFORT TX{Quarter ; Comp
- PERMIT! : AN Yy ) i gty metae -
= REQ : SingleVal
= =}
o~
-~
L = 4 ]
[ )
[ oo ]
o~
| — nd original with supplemental DMR (If 1 certity that { am samijar with the | __~S /{-/K—"'% - o DY
- ?clafr‘:ﬂab;e&:r‘l' oy of menth fellawing r‘ra‘?gr'r’ Pt e my SIGNATURE OF PRINGIFAL EXECOTIVE OFFICER OR AUTHORIZED AGENT ~  DATE |
;gtﬁgg;g_‘_f_’rOLé.ngDN CONTROL AGENCY kna&v}edg? and behelf !the mfgr- ¢ . ,
) mation is tnie, complete, an - S - -A"¢
ST. PAUL, MN 551664194 accurate. s S07 [ 2-207 7-F 47 HF-3EFP
ATTN Discharge Monitoring Report ) GNATURE QF CHIEF OPERATOR PHONE DATE CERTIFICATION‘K‘

FOMMENTS: Page D16 of D33
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7
; mls form replaces the 703 and 704 forms./and should be submitted thh your preprinted stcharge lélomtonng Report (DMR) forms,

Month 03 Quttall Number _ 9O/

s B |5 (B |8 I8 S le e |, e |z | oles (exlz |BE|wdlE |&
Ea E!a l‘-ﬂa 8. B ng\ a% . B & P <. s 2. Eg - 2 ﬁé - g _
AR R AR R A AL R
E (E° |6 B | [E (FH|EIE(E |TE|E (B OB [SE(RET|E |32 |%%§|8 |t

Q_L- A |~ e . B (3] a
~ 1 7] 3 4 5 6 7 8 9 10 J11 [12 [ |14 }15 (16 [17 (18 |19 (20 |21
=1 Sun, 100 13,696 VAW A - 572 <04 1120 /%0
S Men. |00 % /39 y AN 48 = AV AV Y
13 Toe |00 4087 [RY| & (1960193 [/22] ¥ Y0 | 622,27,/ 22| | Lol lso | 130
4 wed. | 0,6 13,926 HEL 2 19490 [ros” 1 430 & 940 | /20 | 22| 2.0 S31 3 | Dylzopltdo
5 Ther 1 00 X024 (36 | 7 1946 (237 | /46143 13901498 | Z2| 7Z,./12,:9 (XY | 523 £ | <o)l (¥0 | {20
6 £ | 0.5 %o - ZAN 2L 528 <0.01 )90 | (20
7 Sat 10.Q |3.66¢( 2L 2/ Evs <0,/ 200 | 130
8 Son. 108 13,253 2L 2/ Kok 4 <041 /60 | tle
9 Mon, | 6,6 |3.8821 2ZVZ /[ 56 <9,/ | z80 | /60
10 |70e 10,4 |3.543 (L3 1 40 1260 V/33 16 | 7 | 926|426 | 221 2.2 /1 2 |<e./ls80 1 /30
1 led | Oy / 7 940 | Z7 | 52 | /6 (Sopl20/ | 2.2} 2./ 56 | Y3 |<o./|200] /30
12 [ Thua 0,0 13,365 24 147 199261240 |72 120 2201259 23| 2/ 3.6 |94 (%P 9 |26/ | 200430
=13 &, {06 (1485 : 22 7/ 32/ <0,/ /90 | (2O
sS4 | Safi a0 13492 222/ Yz, F <o/ 241 12¢
=15 lson, 06 |282€ 2Z\2, 2 57, <0,/ |z2e| /30
SLe Mo | 0,0 13376 2031 7.2 o 4 <2,/ (60 )| 420
<\1__|72¢. 100 |2306 75 | & 19%0 | 25 | €7 | /2 (82,01{50 |\ 23 7./ T ¥ 2 |20/ \/60 | /20
S8 lped | 0.0 (240 420 1 [0 [92.p |13) |rE | /¥ (880467 | ZR|2/ SV 7 <o,)lz00| (£0
=9 Wihen|®0Q |F423 [3Y | & 98,0172 (198 | 46 |95 [ UR[ |23 7/ 12,9 V35 (sov| [ =<0,/ /90 | 430
LB BN oo 1224 2212,/ N7 <21 /80 | /30
TN Seafs 10,0 A2FLY 7/ |72 A4 <0./] 200 [ /26
=2 S (g0 2,570 Z2/ 7/ SR 2./ 200 | (50
23 /ﬂdl’h .0 LL//Z ) 7.& 'Zl/ r.f 40;/ /80 ¢2Q
24 \Tpe 10,5 13420 2041 ¥ 19%06 194 | /59| 43 192,01 (50173 7./ 45| 6 1=0,/1180 | [%
=25_ el 1 0.0 13,053 (281 6 12850\ 69 4/6 | & 193,0] 92 | ZZ |7/ Y5y |<o./12060 | 720
¥ Thue O3 (G020 [lo | 7 940l 90 | 4 | & 1930 48 17,317/ |26 30 |556 | /3 [40./1280 (140
7 Eri, | &0 13,13Y 71217/ Sy A0,/ 1260 | /10
L A28  |Setfs |02 |2:82Z 7./ |\ Z.Z 23 <g,/] 20601190
SS9 s, 18,06 53/ 72/ |2z STy <2,/ | /86 | 140
‘“_;2 Men, 1 0. O 13,408 2.3\ 22 578 <0./ | /80 113D
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No.4482 __P. 9/9

_CITY OF WINONA COMM OF DEV

2003~ 2:29PM

Aug.11.

hd ¥
ADDITIONAL ﬁAMETER?\ = . & \i
U IS s ' Y
%9 e I A EN N EIR NI
o\ Sy e R [N Mg R
S I S R R Y
1 2 3 4 5 6 7 a 9 10 11 12 13 | 14 18 16 17 18 19 20 21
1 S| 58 | 58
2 s |52 (59
3 Jue 1 572 (1872
4 wied | 572 16/
5 Thoe | T2 | 6/ |73.2) |82 3.4
& G | SNES
7 Saf s> 16/
£ Soa. |77 |67
9. - e | 67 |6/
11 ' Werls 6/ 63
12 Thiw- | 6/ / 3.2
13 Gl et &/
14 _ 6/ 16/
15 E 6 16/( V "
16 : 2 1, é/ -53 '/I';ts:’“ﬂumozL ";[/_7]/‘63
7 1. - . 3 Z_L. g § '
18 . Wel| 63 169 | - -
19 Thut.| 63 (&% | 24,5) (Sel | O [ %0
20 Ao €3 163
21 ' - Suf |85 63
22 : ' Sun, (83143
23 | ) A 63 &Y
24 72 (&Y & 2.2
25 2 AV AVYA
26 ' %ﬁéy 44
27 - vy |89 |£Y
28 _ - CIATSAPe
29 1 — 1&n.
30 . : mal ey éé’
31
Send with preprinted OMRs lo:
Minnesola Poliution Control Agency .
"Division of Waler Quall 1
. 520 Lafayette Road v : ‘ éU/;’co/}a_ muﬁlcfljoa,/ Ww)zc«m}ze/‘
-i:i.f%mgﬁiﬁwmagem ’ . Facility Name: 7}-947’7»1;/»* ﬂ/q/)f’ Permit Number: Mﬂ/ 0030/6/ 7




Plant Screening Forms

Biologiqal Nutrient Removal (BNR) Treatment Plants



AUG 12 ’B3 11:@3AM SC WASTE WATER P.1

: i PUBLIC UTILITIES
WASTEWATER {320; 235-7226 FAX" 1320 2557223
WATER ' (320) 255:7228 FAX (320: 680-283
HYDROELECTRIC (320} 255-7229

FACSIMILE TRANSMITTAL

WASTEWATER TREATMENT FACILITY
525 60™ STREET SOUTH ,
ST CLOUD MN 56301 :
(320) 255-7226

DATE; ¥-12-03 ’ S728

TO: Do Geose KelnBegen @ HydoRual 261-Kaq -
FROM:  _ Ken Refigson — St .Clowd WWTF
View WW Loy Z

NUMBER OF PAGES (Including this page): CO

Please phone to verify receiving document;

Please review and phone/FAX comments, etc:

For your information only: - | ‘ T
MESSAGE: :

S an /ey — MESERR

Please deliver to the above addressee(s). Call number above to report any problems,

400 2nd Street South » SL. Cloud, MN 58301-3689
. hup//cisicloud.mn.us

The City of 31, Cioud, Mnnesola will not discriminats on ine batié of race, color, creed, religion, national origin, se, disability, age, masital slsius, 'status with regard 1o publle sssistancs, famifia! stalug or zexval
wriantation, Upan request, accommedalion Wil Ds provided lo allow indwidugls with disabilities lo parsicipate in afl city services, progmms and activilies.

08/12/03 TUE 11:53 [TX/RX NO 8816]



AUG 12 @3 11:@4AM SC WASTE WATER ]

L Plant Information

Wastewater Pacility Serccning Form :
Preliminary Information |

Plant Name:

Conmct Name:

Phone:

]
]
Fax: : ()(320) 255-7221
| |
E-mail: pshealei.stcloud,.mp.us i
|
Design Capacity: 13.00 __ MGD Present Flaw: 9.74 __ MGD
i
2 Discharge Peon oncentian '
rovide Aveilable Parameters) '
. I w. & E ! E . I E H ’ E E ]
: Txpe/Exequency®
o 25.MoMaxAvg o
BOD; 40 WkMaxAvg 6.0 Comp/3zWeek
) |
CcoD ;
30 MoMaxAvg :
TSS 45 WkMaxAvg 1.5 . c eek
Settleable Solids ; |
1
|
NH:-N ;
NO;-N .
Total Niuégen
] ¥ . - 3
Totsl Phosphorous NA 0,97 less than 1,00 Comp/7xWeek
Soluble Phosphorus ! .
200 CFU/100mL ;
Fecal Coliform MoGeomeanMax 37 MaxMoGeomean J Grab/3xWeek
6.0 MoMin 6.7 MoMin :
pH 9.0 MoMax 7.7 MoMax Grab/IxWeek
Othess(?) List :
Total Chlorine | .
Residual 0.038 MoMax 0.027 MoMax K Crab/7xWeek
Receiving Water body: Misgigsippi River
1
(type - composire, grab 5
(Dfrequeney - # samples/week or month !
1of4 |
|

St. Cloud Wastewater Treatment Faciliry :

P.2

Patrick Shea

{ )(320) 255-7226

08/12/03 TUE 11:53

[TX/RX NO 8816]



AUG 12 ‘@3 11:84RM SC WASTE WATER
3. I » - i E g P

P.3

Please provide a copy of the most recent monthly plant performance repnrﬁ.ﬁg form,

2of4 _ i
|

Pre-teeaumenr (check)
Barscreen X Comminuter i
 Self Cleaning Screeas X i
Aerated Gor Removal ;
Other Gt Removal X E
Number of Tzeatmen.:- Trains E
| i
Primary irearment (plegse check) Yes X No i
# of clarificrs 4 Diametes 41;5' _W_§§100' LX8 D
Chiemical addision Yes No _ x '
If yes, chemical(s) used
Trickling Filter Rotadng Bisological Conmi?:o:
Activared Sludge X Oxidation Ditch ;
Lagoon Biological Nutdent Re:no\iral X
i.c. (Anaerobic and/or aroxic compartments
Chemical addition Yes No _ X
If yes, chemical(s) used
i
Secoodare Clarifiexs :
 of elusifiers ' 3 Diameter 96" D (12D)
Chemical addidon Yes No X ;
Ifyes, ;hemic:.l(s) used | :
Polishing Filters  Yes No X i
Type of Filter # of Filters ]
:-.\Iedia/ depth A:en( Filter '
e o
Chlordne X letrzviolot‘ !
Dechlorinadon Yes X No '

08/12/03 TUE 11:53 [TX/RX NO 88161}



AUG 12 ’83 11:84AM SC WASTE WATER , P.4

Please provide ultimate destination of plant solids (i.e. land£ll, agricultural application, lago.:on, ete.)

_Agriculrural application

Primary Tanks X Gravity Belt Tf_:xi:kene:s

Gravity X : " Belt Thickeners X'

Centrifuge Dissolved Air Flotation X

Yes . No X

Please Name Thickening Process

o

Aesrobic Anacrobic X

Othezt (name)

Brying Beds Centrifuge
Belt Fileer Press Other (nnm.:) Biosolids Storage Tank
‘ v/ Gravity Settling’
3of4

08/12/03 TUE 11:53 [TX/RX NO 8816]



AUG 12 ’83 11:84AM SC WASTE WATER

‘s, Addisopalinformation | ;

Industdal Wastewater
List name/type of any signiBcant industdal wastewater load to the plant:

Electrolux Home'Products / Northern Wire; Metal finishers

P.5

AmeriPride Linen Apparel Services / G&K Services; Commerci

al laundry

Estimated percent of plant BOD load: 1Z
Collgcdon Svatem (chack)
Separate sanirry sewers: X

Combined domesde/storm sewers:

24 hr composite X Guab Other
Frequency (days/week) - 7 % Week
Effluent
24 he composite X Grab , !
i .
Other Location Taken;prior to discharge,
Fzé:q S " " 7 % Week afrer dechlorinacion
Does plnt have a lab? Yes
Aaslyses dane by plant lab (check)
BOD X TSS T PH X TKN X
NH.-N : X NO-N X NOz,-N Total P X
Soluble Ortho P X ' Coliform X coD X
' . ]
Others (List) Total Chlorine Residual, Volatile Acids; Alkalinity
. . : ]
i
i
|
i
4 of4 i
|
08/12/03 TUE 11:53 [TX/RX NO 88161



ROM :

o

REIN & RSSOCIATES -- -

Wastewater Facility Screening Form
Preliminary Informaton

L Plans Information

Plant Name:

Contact Narme:

{(hrype - composite, grab

PHONE NO.

1 218 2366281

flug. B6 2083 12:06PM P4

Ferqus Falls &y 7l

ﬁﬂ/xﬂ 0/

2/(9; 849-¢"107

Z(J)Z | A33 844>

Phone: Fax:
E-mail (Cu’\v/az c’ﬁﬁ/en;n:‘:cﬂc{/'
Design Capacity: 2. g i MGD Present Flow: leq MGD
2. A ation
: (Provide Available Parameters)
A Pexmit Limit Actual Discharge Expected Funue Sample
: . Type/Frequency®
: '1)0135 25 3>
- CoD |
s 30 ZES
Serdeable éolids
NH,-N ql 3 I ‘ O
NO;s-N
TKN
Toral Nitrogen
. Total Phogphorous [, 3 O _ Oeéé
Soluble Phosphorus -
Fecal Coliform 2-0Q0 _ H43
pH (L~ ci ) '7'7
Others(?) List
fcmngw body: Ottec [a [ Zt v er

Wfrequency - # samples/week or month



5. Addinonal Informmatien
Wastewater

List namc/type of any significant industrsl wastewater load to the plant - cow e

L

Estznared percent of plant BOD load:

Collection Syswm (check)
Scparate sanitary sewers: l/ '

Combined domestic/storm scwers:

Influent
24 hr composite | Grab : Other
: ,.gque'ncy (Gays/week) o 5 > |
Effluent
24 br composite L/ Grab
* Other Locaion - Dsch e rﬁ R
Frequency (days/week) é
~Does.plant hawe a lab? - _ es - ) Y A et ot i
Analyses dong by plant lab (check)
BOD L~ Tss v~ wd L~ RN
NH.N | NOs-N v NOZ:-N Total P P

Soluble Ortho P ' Coliform 2 cOD .
Others (Lis) @ i O 11 17 ) Hes5 _ 17’)L[{SS/LS’ v

.y
,-'/

40f4



)

*. “\izcapnent (check)
Béxscreen

Self Cleaning Screens

L
Acrated Grir Removal l/

Other Grir Removsl

Number of Treatment Trains ,

Promary peapmenr (pleasecheck).  Yes
# of clarifiers
Chemical addigon Yes

If yes, chemical(s) used

Comminutor

Diamerer

Neo

Secon Tr 3

Trickling Filrer

Activated Stadge } L

Yoon

Chemical addition Yes

I yes, chemical(s) used

Rotaring Biologieal Contactor
Oxidarion Ditch

Biological Nutdent Removal
ie. {(Anacrobic and/or anoxic compartments

No |

Secondary Clasifiers

# of clanfters 2
Chemical addition Yes |

De.ﬁlq.' ne-.(!

If yes, chemical(s) used

Diameter -5’0

No

Jerpary Treatment
Polishing Filters Yes

Type of Filter

Media/depth

')oﬁne ‘/
Yes V

Dechlonnaton

e —

No l/

# of Filters

Area/Fiker

Ultraviolot -

No

Please provide a copy of the most recent monthly plant performance xeporting form.
20f4



El

ROM : REIN &-ASSOCIATES --. --  PHONE ND. : 218 2366281 Aug

L3

Y
\_’-ls

4. 1 Processi tirnate r Disposal

Please provide ultimate destination of planr solids (e, landfill, agriculrural application, lagoon, ctc_)

. B6 2083 12:86PM P3

Af Gry culf- ':lyff‘/ ﬂg,%{) lca '(’l o—"

P 1dge Thic ch
.. Primary Tanks 1/ Gravity Belt Thickeners

St leage

Gravity L Belt Thickeners

Centrifuge Dissolved Air Flomtion

)

Combin Thickenin, heck

Yes - No

Plcase Name Thickening Process

Studgs Digestion (please check) .

Aerobic ] ; .' Anaerobic Z_/_
Other (name) )

Stadge Dewzrering (please check)

Brying Beds Centifuge

Bclr Filter Press l/ Other (name)



Plant Screening Forms

Oxidation Ditch Treatment Plants



e - Wastewater Facility Screening Form
Preliminary Information

~ Plant Information

(type - composite, grab
Ofrequency - # samples/week ot month

Plant Name: LUQ (ﬂa-(A/fL C()Q_( !'(w :«_L/ TFWPL/HVM/’ ﬁ( I /l 17
: Y
Contact Name: 0«0( /ﬂe(u /’L ﬁorvmav /Qﬂ"f"( '["f—
V4
Phone: () - 2l&-631-2US Fax: () - RA&-63) 7201
E-maik: wwt P @ wcka ek
wt wearther - K0
. . Dy wealther 1500
Design Capacity: 7 i MGD Present Flow: . 350 MGD
2. Discharge Permit Concentration (mg/L)
(Provide Available Parameters)
Permit Limit Actual Dischérge &p ected Future Sample
Type/Frequency®
, Cemposi ke
BODs I8 2/t may. cal. wi avy: ,?,,,\},LZ_ Ne ¢ Aanpet [x [oretk
?D ' €4 Pxe Lo .
. _ ‘ : Composy kv
TSS ‘fSn:S/L Mayg. talo sk, avy - < m-.[[ [x re &
Settleable Solids - \
NH;-N /
NO]-_N -
TKN ¢ v?MJ/L Jinve = Serbs CuLm.Qg
) 15 ¢n /L Ded. —mavciy cals mo, vy compos ke
Total Nitrogen { ¢ mj/L Qe ~ oney noow Al .70 my /L /X ,/qf\eq.&
e - Compotifv
Total Phosphorous = Mowhor arily eslimo.an 6 my / ( / ¥ // 1 e_-..cé
~J U
Soluble Phosphorus \ '
\ 3R 8
 Fecal Coliform 20 frooml__apel-ock. 2 _my/l (x // .u~27 S "
6.0 S E 2 : J b feomroar e
pH G0 8. Y \'l/ Ix [week
_ > : 76 re 6‘
Others(?) List ch /ornvc Lets dus el ~ Oc_\[‘ 03 % m;_/L max. fa l‘il D‘h \I‘:!
Disseloced Olﬁgé"’d ~ Cemnot be ‘*"YJ: Fhoor 20 ny/L A /(3":_/\7
“j:eiving Water Body: (,Ln/a.o N (ree é



r

3 Liquid Process Description

’ 163[0’16!1( (check) P
. ml[.qu_laf/a r;.vC(Yl'

Barscreen . Comminutor v
Self Cleaning Screens

Aerated Gat Removal l/ .

Other Gxiéli;fldval o o %,cp,‘._ L};,.; &l-g(

Number of Treatment Trains

Primarv treatment (please check) - Yes g No
# of clanfiers - I ) Diameter o Cj—
Chemical addition = Yes No e

If yes, chemical(s) used

Secondary Treatment (please check

Trickling Filter un ~«wgtp ) Rotating Biological Contactor
\)vated Sludge s Oxidation Ditch v
Lagoon . Biological Nutrient Removal

re. (Anaerobic and/or anoxic compartments

Chemical addition Yes o No v

If ves, chemical(s) used

Secondary Clarifiers
# of clanfiers 2 : Diameter 40 ¢ t
Chemical addition v Yes No Ll

If yes, chemical(s) used

Tertiary Treatment

Polishing Filters Y No
audimabic fecKwesh
Type of Filter Travelin  farringe # of Filters 2 _
Media/depth Squq" l‘ " Area/Filter A [SO Cuw + or F\N‘*"’ "‘Y‘p‘ /Fl lL‘{

_-)sinfection (please check)
Chlogine ‘ ~/ Ultraviolot

Dechlonnation Yes v . No

Please provide a copy of the most recent monthly plant performance reporting form. T ens



D

4, Sludge Processing/Ultimate Reuse or Disposal

Please provide ultimate destination of plant solids (i.e. landfill, agricultural application, lagoon, etc.)

XY ri /léuw«.( QPP/'(‘& .L“"U W"Z" [C;*'VJ é‘{[n"nj

Primary Sludge Thickening (please check)

Prdmary Tanks Gravity Belt Thickeners
Secondary Slud c;. Thickeni lease check

Gravity Belt Thickeners

Centrifuge . Dissolved Air Flotation

bined Sludge Thickening {please check
Yes No

Please Name Thickening Process

Sludge Digestion (please check)

Aerobic ' Anaerobic .7( (;O-J Lol Loy Cover @— fond MJ)

Other (name) ﬂnmnr" afiﬂt{\[%— [QHI’G‘(L\ [8? 000. ,7;, ”oA-r 4 S=¢. c[xﬂ-‘-erf /0 oyo ons
jT;,—g ,zgo 0o 5o e cp~c1-¢_f~\- S'-lorhvyt Tan ks

Sludge Dewatering (please check)
Brying Beds B Centrifuge

Belt Filter Press - Other (name) le. CAfer - Lok frau
§rc\ clzarp(vf @~ D gvéor‘a.o'f (q,.,f{

Jﬂ“-/\] ‘?//’J e 3 3/ 6.050/-1!



.5, Additional Information

.ndustrial Wastewater

List name/type of any significant industrial wastewater load to the plant:

A/ovi')f{rr.(‘f I.m-ﬁ,aﬁrﬁe:.~ //L(LA.C 51.1\/11‘.'(:;\7

Far eas ‘-c_[

/Qamfjromnﬂ//o[@y L. /:’Rtt«vr;r ,,- ' é[or_pt [«, ( IUA-L-rrt'.-:; Ao mn<

Estimatéd percent of plant BOD load:

" Collection System (check)

Separate sanitary sewers: v

Combined domestic/storm sewers:

Plant Sampling and Analzseé

Influent

)hr composite v . Gmb

Frequency (days/week) .2 435 / :.! _,,,..(é

Effluent

24 hr composite “ Grab

Other Location

Frequency (days/week) " ej:gg ng.-ck

Does plant have a lab? Yes

Analyses done by plant lab (check)
BOD v Tss " PH

NH,-N ~”  NOsN NO2;-N
Soluble Ortho P Coliform o coD

thers (List)

Other

N

z *Total P

 wre oo (M Bak ere

o .
2o ¥ (Yc‘\‘épa! J"CF




L Plant Information

Do\é&g& D.E.S. Sanitary District 15879324217

@z\c;-l ZA Wastewatcr Facility Screening Fooun !

ez C [ W Preliminary Informaton D \’Qﬁ(
r’d “ ¢
S M’\

Plan Magas O helewsate - Frover /le diga Control e e ""— f
Contact Name: 6 o b ()O WS [QQ [\
c A _ K
Phone: ( 0)7 - 932 - l:{/ 727 Fax: 5(10)? ‘732 :FZ 77
E-mail; drSC(.\.(rD @ VEM‘[L&,’.C.CS P ﬂpi' . : !
Desiga Capacity: O :J 9 MGD Present Flow: 0.:.683. MGD
2, i i trati : .
(Provide Available Parameters) ,
Type/Frequency()
BODs 50 2,74 S0 24e (177
COD N N A — '
T 1
TSS 30 3.53 30 aye 172
i
Sctdeable Solids NA — — —_— i
NH.-N N2 . 2Y [13 4o 10,8 24 ¢ ’/;2
NO;-N NA N
s N — — =
: » f !
Total Nitzogen NA — . i
Total Phosphorous NA Q .‘) [:0 : Z{cC l,/ 7
Soluble Phc;sphoxus N# —_ - _
Fecal Coliform 2 00 [l R 200 Grab I/7
pH 6.0t 3.0 7.07 Losoto o 147
Others(?) List 'I
Sonth Foxrlk, Whitewat e Kiver

Receiving Water body:

(Mype - composite, grab
W frequency - # samples/week or month

1of4



D.E.S. Sanitary District 135879324217 P.B2

lodustrial Wastes

List name/type of any significant industdal wastcwater load to the plant:

ﬂﬁf“"i’! 5'&;{ Poorjs/ Iﬂcngl, 8o mkﬂ ng

PR NENINESUI PRI

Estimated perccat of plant BOD load: ' 3 8 70 3 :
che. . ,
Separate sanitary sewets: X e . . :

Combined domestic/storm sewers:

Plant Sampling and Analyses
Influene .' g

24 hx composite X . Gmb .. Other. -.

Frequency (days/week) 1/7 ﬂu\l $

Effluent
24 hr composite X Grab % ‘
Other - Location 0,110‘..'": C° n‘!D\C"’ m“\ L e'\cplu'e };'f ’

r
3
I3
'

Frequeacy (days/week) 1 /7 o ?’3
‘Does plazﬁ have a lab? ¥ es

Amlzs:a_dgn:_bi_p_la_m.lab_(gheék)

BOD ' TSS X PH X TKN .
NEH-N ' NO;-N NO2,-N Total P
Soluble Oztho P Coliform X Cop - X

Others (List)

4of 4



D.E.S.

3. Liquid Process Description

Eﬁs&mmm&ﬁhzh
Barscreen

Self Cleaning Screeas

Aerated Gt Bemovzl

Other Grt Removal

Numnber of Treatment Trains

Prigagy treatnent (please check)

Yes No X _
# of clarifiers Diameter :
Chemical addition Yes No
Lf yes, chemical(s) used
Secondary Trearment (please check)
Trickling Filter Rotating Biological Coatactor
Acuvared Sludge Oxidatioa Ditch . x
Lagoon Biological Nﬁtmient Rcmov-ni ' :
i.e. (Anaecobic and/or anoxic comparmments -
Chemical addition Yes __ Ne _X — ;
If yes, chemical(s) used :
Secondary Clarifiers
# of larifiers 2 Diameter 5z 2 oha
Chemieal addition Yes _ X No -
1f yes, chemical(s) used (o\ !.l P1E T senis/ ée wse cﬂ - |"F rze,em’J.
S
Tertiaxy Treatment
Polishing Filters Yes X No
Type of Filter Dol M e:ﬁ ‘O # of Filters 3
Media/depth J: et Aws/Files  ff TS
Disinfecn lea:
Chlo'xﬁc X . Ultraviolot
Dechlorination Yes 7\ . No

1= Bohmat

Sanitary District 15879324217

Comminutor

/- ‘Pa-—r)f-ﬁ LR e

1~ Vo r‘lf)f @rljéﬂfb‘ Vl\/ _S}/_lef"m

2

Please provide a copy of the most recent monthly plant petformance reporting form.

20f4



D.E.S. Sanitary District 15879324217

4. Sludge Processing/Ultimate Reuse or Disposal

Please provide ultimate destination of plaat solids (i.e. Jandfill, agriculrural application, lagoon, ctc.)

14;1m'c,\.d Yrora) ﬁlﬁf/r'c‘m—lzld y

P Studge Thickening (gl l
Primary Tanks Gravity ' Belt Thickeners
Secondary Sludge Thickening (pleasc check)
Gravity Belt Thickeners
Centrfuge Dissolved Ait Flotation

ined Sl i j lease chec

Yes - .~ No

Please Nlame Thickening Process

Sludge Digestion (please check) -

Acrobic Anacrobic

Other (name)

Brying Beds Cenrrifuge

Belt Filter Press Other (name)

30f4



Plant Screening Forms

High Purity Oxygen (O,) Treatment Plants



08/12/03

15;02 FAX 218 299 5381 CITY OF MHD WASTEWATER

LY P VWL AL W
FEERS e/ N T SR RS
MINNEGSOTA

WASTEWATER SYSTEMS DIVISION
PO BOX 779
212128 STN
MOORHEAD MN 56561
(218) 299-5386
FAX (218) 299-5381

 FACSIMILE TRANSMITTAL SHEET

The information in this facsimile message is privileged and confidential. It is intended only for the use of the individual o whom it is
sent. If you have received this communication in error, please immediately notify us by telephone at 218-299-5386.

Georqe Kehrberger - /»L,J.«o&mj

To: Dav, cJ St+ensef
Zor- 529 -5728
Fax: Aot - L¥S5 -F125
From: gﬁb g}mmer mnNar} -
‘) Date: ?//2'/0 3
Re: 5& rvey

Pages: 4

Message:

Fargo/Moorhead
Exfert
AR-Americathy

i

2000

TDD (for hearing and speech impaired only). (218) 299-56370

o e ———c



08/12/03 15:02 FAX 218 299 5381

CITY OF MHD WASTEWATER

Wastewaret Facility Screenin gFomm
3 Preliminary Information -
Plant Information
Plant Name: Moorhead Wastewater Treatment Facility
Contact Name: Robert Zimmerman
Phone: 6258 _ 299-5386 e %l? _ 299-5381.
TE-mail: bob. zimmerman@ci.moorhead .mn.us
Design Capacity: - 6.0 _ MGD Present Flow: 4.2 MGD
2. Dischatpe Permit Concentration (mg/L)
(Provide Avatlable Parameters)
. Permit Limit Actual Discharge Expected Future Sample
c/Breqnuencyld
BOD; 12.0 mg/L 8.7 mg/L 24 br comp 3/fwk
\}) N/A 77.0 mg /i, 24 hx comp  1/wk
TS5 _30.0 mg/L L0 mg/L. 24 hx gcomp . 3/wk_
Setileable Solids N/A N/A N/A

Jun-Sep 647 kg/d @193 mg/L (river flow >50 cfs) ,
NHyN Jun—-Sep 108 kg/d @13 mg/L (ziver flow< 50 cfs)(z 2

Receiving Water body:

. '{pe - composite, grab

24 hr comp 3/wk

1 N

Red River of the North

NOs-N N/A N/A
TKN N/A N/A N/A
Totl Nitrogen N/A N/A . n/A
- Toral Phosphorous N/A 3.9 mg/L 24 br comp 1/,
Soluble Phosphoms _N/A _N/A NLA
Fecal Coliform _200/100 mlL <4/100 mL — Grab. B3/wk .
pH 6.0 SU/9.0 sﬁ 6.4 SU/7.4 SU i Grah S/uwk
Al orfEhes dnal ZO0TO38vF ML &U- 04 HgE/T Grab $fwk
Dissolved Oxygen  N/A 4.3 mg/L Grab 5/wk

tifrequency - # samples/weck or month

1of4



* 08/12/03 15:02 FAX 218 299 5381 CITY OF MHD WASTEWATER

v Liguid Process Description _ o
1_.catment (check)

s 2 . : Comuminutor

elf Clc_aning Screens : 2 .

\erated Grit Rexnoval 2

dther Grit Removal.

Jumber of Treamnent Trains - 2

'n trea case chegld Yes X No

# of clarifiers . ‘ 2 Diameter Rectangnlar 90 ft x 36 fr (LxwW)
“bemical addition Yes ’ No X

£ yes, chemical(s) used

iccondary Treatment (please check)

Prckling Filter . . Rotating Bivlogical Contactor
Activated Sludge ' x High Purity Oxddation Ditch
~ Oxygen Activated
)n Sludge Biological Nutrient Removal
Le. (Anzerobic and/or anoxic compartments

“hemical addition Yes - .. . No X
‘f yes, chemucal(s) nsed
& of dlarifiers 4 Diameter 60 ft
Chernical addidon Yes x No
[€ yes, chemical(s) used RAS chlorination used interm;tﬁtently :
Polishing Filters Yes . No
Type of Filter # of Filters

Medja/depth : Area/Filter

Disinfecton (please check)
):mc - Ultraviolot
Dechlognaton Yes ‘% No

Please provide a copy of thc most recent monthly plant pedformance reporting form.-

2of4



68/12/03 15:83 FAX 218 298 5381

4. Sindge Proccssing/Ultimate Rcuse or Disposal

CITY OF MHD WASTEWATER

Please provide ultimate destination of plant solids (j.c- land fill, agucultural application, lagoon, etc.)

Apblied to agricultural land at apronomic rates.

Primary Siudge Thickening (pleasc cheek)

Primary Tanks

Segondacy Shidge Thickening (please check)

Gramity

Centrdfuge

~nmbined Shidye Thickening (pléase gheck)

1es

Please Namc Thickening Process

Studge Digestion (please check)

Aerobic

Other (name)

No

Gravity

Belt Thickeners

Dissolved Air Flotation

Belt Thickeners

Anaerobic X

Sludge Dewatering (please check
Brying Beds

Belt Filier Press

Centrifuge

. Other (name)

30f4

Biosolids Storage Faéility ~ gravity

thickened and decanted




' ) Additonal Information

ndnstdal Wasrewatex

08712703 15:03 FAX 218 299 5381

CITY OF MHD WASTEWATER

st nzme/type of any significant industdal wastewater load to the plant:

Busch Agricultunral Resourccs — Malt House

Pactiv Corporation — molded fiber (paper) packaging

Burlington Northern & Sante Fe Railway — railway yard

istimated pereent of plant BOD load:

~allcction tem (c

Sepatate samitary sewers:

“ombined domestic/storm sewers:

Plant Sampling and Analyses
Influent
""\r composite ’ 3 /wk

7
Frequency (days/weck)

Efflucar

24 hr composite 3/wk
Other

Frecquency (days/\week)

Deoes plant have a lab? yes

Analyses done by plaar lab (check)
BOD X TSS
NH:-N ' X NOs-N
Soluble Oxtho P

Others (List)

Coliform

40%

Gmb

Grab

Location

x 3¢

. NO23-N

X COD

5 ik Other

5/wk

x TN
Total P
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Supplemsnta] Report Form . . 04 Mnostsend, Ninnssols Wesbswater Trentmeet Feciilty ! “HPDES PERMIF NUMEER LAH024504 ! o
""E‘F R . R '“%r’.li“":—'— B N o oumALRUMBRSDGST | i __IL = ;
b | e | s it o : Y O PR AR AR £
- 1 _—i- , g . :
T Eet | Deshioroation] Tnfdent |, Effigent | EftUsel | © -0
EXjuent _Influent ENiisnt Percent ; Effluent : Ghlcsine ' Chiarina | Agent Ammonte . Ammorts | Amenoria o ' i
CBODS ~— 155 7 | Mitroger | WHragen | Nirogan || o
Lmal kgday ™
et e
Q
E e
; o :
TS o :
"4
-4 = :
Bat — .26 w .
2 on [ 1ig T3 SO O S O 421 g :
S3Y Hen) oz 6 : ! b : i ;
T T [ & ST & 2 B v s die. 914 = -
T3 Wed 20 5 o 1 TR SN Y- A > f
E N Y T AT 2 w2l Jes 20 40 983 = B
—— @
o P (PRI ST, o R
Total 1§l Fdsy 2318 ede (aeai| 150 2815 95F 13568  (7#v s T HEE- T isosl. . j6A "".1_*@';1
——e _T R ! SO ve o s
T 1 i ' *
T i e e — - —_ !
~ ] i

800
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(N2 RN ANE LoV Iy g e o

Moorhead WWTP, B DISCHARGE MONITORING RE" " : Moorhead city of _
izt 28h SIN ~— PO Box 779 o
Moorhead, MN 56561 ERRHERE Maorhead, (N 5565610779 '

PERMIT®# | LIMIT STATUS

: iyl
MNO0049069 INTERIM e ] . . w
STATION INFORMATION: ‘ :
WS-001 (Influent Wasts Stream) . MONITORING FERIOD
Waste Siream, Influent Was(p EEAE MO. |DAY| 'YEAE{ MO. IDAY
Attention: Robert Zimmerman FROM|__2005/068/01 TO; 20000830 [ NoFlow MPCAIMK

e — TET— A — R S e T —”_‘I—FREQV-ENC’Y‘SIMPL'E
! : FAEAMETERI N ~ QUANTITY UNITS ' B C.ONCENTRATIO«& X UNITS - OF ANALYS/SQ__ TYPE '
CBOD 05 Day SAMPLE ' rhANY o ; -.—v;—-l‘ﬂ__—’ . .—ﬂ?r'- Alﬂ:'_ | “%——"”. ) . mg‘{L I N
{20 Deg ) o I VALUE . ’2 2’ : 1 qo w y ..:/ .
80052 T REPOURT REPORY IX Wé'éR""'! Compzd;
PERMIT] Adedia ) 1Y . . AbbAAY . ! i
- | Req ! ; GalMoAvg CalioMax :
788 : ! T ) - o o mofL )
s\fﬁfl%E Mavvan ) AXriAY Ay haed 235 434 / | |/
00530 _ o T REPORT REPORY ™1 “ARWVEEK T TCoMp4
PERMIT, TAAALS . Al l] AbFRAA
REQ CalloAvg CalMoMax
pH o ' thﬁ il.ﬂ. . hd, ) ' . B 8 l.:ﬁ-‘ ) - s
| ey e * YT ) q.0 s
60400 — R REPORT “TUREPORT T TIRDE T MedCaR
PERM{T? Ayt ks c L 21 ’ '.
REQ alMoMin CalMoMax
e - = T i e e s I .
SAM LE asrad . rEAky (0ol Lihad ] L/ . Strhaw . !
Total (as P) _ VAL'ZE o , m _ . f‘/ ‘ ‘/ . ‘:/
00885 ) ] REFORT UK WBBK ~ T Compa]
. PERM’T ALY L) ! (YL 173 Akihbk RAkiA :
- " REQ i CailoAvg e
Nirogen, moni . T L I e e BT S T
Total (as N) Y T o 'r_ /5. 49 AO. L. ~ v |
00610 —r - " HEPORT REFPORT — IWTWeeK [ Comip2d]
PERIW’T; AdreaAw WAANSA Bhisea p
REQ | CalMoAvy CalMoMax
| o B , 2/
Send original with suppc:em a?tal D‘I‘:I]Rf (:IT ; ' l}c?m‘fy l;rat ! anz fgmgi;anﬁ.!h the o, W ; ~ /o
PRI <1 01 Wi i et oy 9l mEpR ol aing eroort and that o e bast of my |STGNATUGE OF PRINCIPAL EXECUTIVE OFFICER OR AUTHORIZED AGENT ATE
Lﬂ;ﬁfﬁgg;é;%L#ngON CONTROL AGENCY kr:ol}fv'fedkg? and be!r:fl l{he J'nfgr- 7 . N ) ‘q ,
mation ks frue, complets, an é%%g% -194.:
ST, PAUL, MN 55156-4194 gccurale, /1 8 299 520 T 0‘3 jmég
ATTN: Discharge Moriltoring Report SIGNATURE OF CHIEF OPERATOR PHONE DATE CERTIFICATION
' Page D112 of D112

COMMENTS:

€0/21/80

JALVMALSVA THR J0 XLID T8€S 662 8TZ XVd €0:g9T
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. FAUILIIY NAIRC! E9S; VYPRI VE TV L bl ¥ Vil DAt B e T ) :
Moorhaad WWTP: DISCHARGE MONITORINGRE T Moorhead ety of & :
v N , . @® 7
2121 28h SIN | ) PO Box 779 * : i
5 ey . s 2
Moorhead, MN 56561 _ PERMITE  [LIRIT STATUS|  FORMER ¥ | Moorhead, MN 56561077¢ e o f
MNOO4BoS | INFERM [ ‘ . : S s
STATION INFORMATION: . ' : - 2
SD-001 (00-Main Discharge) L_ MONITORING PERIOD "2 :
Surface Discharge, Effluent To Surface Water 'YEAE MO, | DAY EARy MO. | DAY | » . 4 :
Attentlon; Rober{ Zimmerman Fi ROMI__W LI D’Nﬁ’uiééhaﬁr'g?“- MPCA: MK o
’ N T R ) - T T T UFREQUENCY [SAMPLE] a
PARAMETER . QUANTITY UNITS CONCENTRATION uNiTS |OF ANALYSIS| TYPE n
!_’l - e e = S D SN e B e s A e T o
° e T 94| 490 | T
50050 : T T T REPORT e REPORY ™" , [ 1'xpay 3‘MéEC‘6ﬁ" =
PERMIT: iy 3 wrhhed ANERAA ! v
. REQ | CaIMoToi CalMoAvg i g g
5500 5% 5 s MR et — T . e : % ,7
SAMPLE s i Vd - o :
{20 Deg C) VALZE . /M i /5? L 7 [#) ! " q. / / .
80082 : 408 T Ty — AlSatemamn | en R VGEK T Compad’
P%%“g" CalMoAvg i MxCalWikAvg ' GaIMuAvg ' MiCalWkAvg .
CBOD 05 Day . Hih;' !';.Il\" i (L8 1 kbbirts o "l.:';il' % 0 ‘ :
% Removal !S&nzf/[éej e ‘ gé q *' v v/ E
60081 . IPERMIT . AR #horna il wnaren rarer 3] eek""_].h carcul” i
REQ MnCalMoAvg ' ; %
TSS’ Lo o e T ’.kﬁy CE o . o e T ﬁﬁ— : .{l
e | 91 .29 | 9.9 v | B
00530 . ERIMT T0Z1 I 1Y) - - 30 i 3’3("‘We_e'li"~5"(§'é'rh-p:2"47 § s f
- PRRT caiMoavg MxCalWichvg i CalMoAvg MxCakaAvg i Z i
T$S . oL . vnm’ . ' YL Y T AL a o . -o-nm"-“ T i =
crews o fEA L9y | AR
81011 , . [T - T X Week T CElgu e
PERM'T Ll s AtvAAL reaar
REQ MnCaiMoAvg
pH S.AMPLEE o ;;;Vil—.. O adwkiir . { -_':l-l.'.—. } x| _";:l.;; T ' SU. ;
VALUEL . . .. | 7 1% ' 7.3 o |
oo PERMIT, ‘e - rousse R b L L
: REQ ! ' CalMoMln ) CalMolax ‘ ’ o
. Phospho rus W o o :t;v:ll L lw.lt—" a “T.AQ'IIY AN T, AYPRAY ﬁg{l‘ ?
" Total {as P) s\%{f}fj o o - v 'Z- g/ v I/“ L
i 00665 : T e e REPORT "~ W Waek T Comp2d o
o PERMIT! YT i Fahictn LYY *AAvEA '
REQ | ¢ / CalMoAvy ' . i , !
: — c 4 Y
Send original with supplemental DMR {If , rlc!s:ﬂfy thet | am familiar with the ’@ éd %M F //// o~ 5
e Iy e dst nay armont [allowing ' g;g;gggﬂ,gg;'ggfg;dgg;?ifmy SIGNATURE OF PRINCIPAL EXECUTIVE OFFIGER OR AUTHORIZED AGENT " ToATE g
g‘lzly P&gg'\l"éTﬁr_OLLUTION CONTROL AGENCY knt};’lfetlfg?r and balr;!f l'ha mfgr- [ / l4 ®
malion s frue, compiste, an - i 2 2
ST. FAUL IMN 55155-4194 acourate. WQ /'(/ g 2?4 55@ 7 q 03 é‘é_
COMMENTS: Page D23 of D112




|
Moorhead Ww - DISCHARGE MONITORING F . RT Moorhead city of o ¢ |
2121 28h SEN_- - Eai PO Box 779 S
Moarhead, MN 56561 — . - A
e PERMIT#  [LINIT STATUS |~ FORMER ¥ Moorhesd, MN 565610779 R
MNO04G059 | INTERIM | ' & ne
STATION INFORMATION: . o Sl
SD-001 (010 Main Discharge) MO NG @
Surfacs Discharge, Effuent To Surface Watar VEARJ 0. [DAY YIEA [MO. JOAY - 2 :
Alention: Robert Zimmermen FROM| _ 2005/06/01 . ToL, z°°3’°5@. - D‘N_Dio Seharge ] MPCA:MK -
" — i e oo T ——— T e o ™ -FR-E—QUENCY S_AMPLE a
PARAMETER QUANTITY UNITS ' CONCENTRA TIoN - uMTS |OF ANALYSIS| TYPE N :
Fecal.CTf;l:r;\"n}IPN . T s = s ....r'__....-T..__..'_ ....... i e . e :
0 ! . ' ratay ! warvr e Arenan kL k J '
Membrane Fltr 44,5C aeve] . . < Z v WS 8
48201 P = w0 i ”"3‘]\'\'63!(“' Terab Y - i
. :PERM,T RAANES ; WAL A FFARN » (4]
" aEg ‘ CalMoGeoMn a &
Chlorine ‘ i T B ' o ¢ b
= Ml aavhhd HALK Addvva Avrvubi H
Total Residual S&ﬂfff £ 0,04 o d ;
S L e . ; o o P g
50050 — - — - . . 0:038 5% [Week " Grab -
e ! DaiyMax :
Nitrogen, Ammonia . ot koday T e - mg : a
Towl(aeN) Watee] /17 . lo. o R e -
00610 , 637 : T IN|WERK ™ | Comp2a”
.pERM”' 7] . wAANA Axtena MAAFR o .
T e . - S o — e - —trm l ,
s A MPL E Abwaaa . 32 TY7 bhrw . Froaar ) pyyeaey )
VALUE| . .. . e .. L’/ 5 _ ' . i v é
00300 . “REFGRY = TEK|Week . Grab =
PERMI LTl oAby ) Ak A fyreey” : b
: CalMoMin _ i ‘;ﬂ} T
= .
i
yavi
Sonlcll ougi;lngl v&l\th zstupt r:}ama;\tel D}\‘l‘l’lr (}ll ; l’c?rti!y fibal iam I;.amgx'fr }}v]ﬂh the 2 j 5 W b /, t/:_"i & -
Appllcare) 5N hw a¥st day of month following phisitonbed ot il SIGNATURE OF PRINCIPAL EXECUTIVE OFFICER OR AUTHORIZED AGENT. /~/oate 2
gﬂzlgd EE%SEQT%%LLUT[ON CONTROL AGENCY knafyafat}:_(g«la end baﬂe{ lgs infgr- — / O ﬁ ©
malion rs lrue, complels, an 7,
ST. PAUL, MN 56166-4194 accurate. i 3@ % zg“wa‘—‘ /4/ 62995386 403 2243
ATTN: Discharge Monitoring Report IGNATURE OF CHIEF ORERATOR PHONE DATE CERTIFICATION
COMMENTS: 4 , ' Page D24 of D112




Aug 12 03 03: 00p WATER RECLHHFITIOH PLANT 507-287-1389 p-1

N

‘ke@ P OCHESTER

7 —-————W————-

FAX TRANSMITTAL COVER PAGE
3/ (2/03
DATE: = ~ ;
FROM: _ Lo [ D e e e e s

WATER RECLAMATION PLANT
301 NW 37TH STREET
ROCHESTER, MN 55901

TO: // é‘e S & /Qé/ é&/ﬁi’/"“

TOTAL PAGES, INCLUDING THIS PAGE: = 23
FAX NUMBER SENT TO: R/l 2T =T

/4/

£STER» .

< .g?_?_k.‘.. eyl :!!!:\_vt
Oz 5558,

< M oA

7 ~7

4 LT

A4

4 T
i1 Em, >
[ L.
7
7 T

L1
[T

a

-

25

asy

PN
s rerrernect
RATED LAGGD

(e
e

et

WATER RECLAMATION PLANT
301 37th St. N.W.
Raochester, MN 55801
{507)281-6190
FAX #(507) 287-1389

&V/-i")——'n}
o

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 :

An Equal Oppdunily/ﬂﬁrmnﬁve ﬂ;'lion Fmployer

08/12/03 TUE 14:50

[TX/RX NO 8818]



Aug 12 D3 03:01 ' L T T T
' o WATER RECLAMATION PLANT S07-287-13899 p.2
Wastewater Facility Screening Form
Preliminary Information
1 Plant Infopmation
Plant Name: W tor— (.Q/‘l"’ﬂ %’ﬂt\ //“/l f_ - zo-/(’s 72'( ”’V
Conract Name: Av/@ e 2. e
7
S07 , °
Phone: () - 2¢/ €/70 exf3002 Fax: { i7- 227—( 259
E-mail: L 2,",;4\,\(/.«44 > e, /{9./‘;3 S | I LS

Design Capacity: C [7.{ McD (P Moath) _ Present Flow: ’s. 7 MGD (Asnert Aogs )

2. ischarge Permit Conc atj mg/L

(Provide Available Parameters)
v RO02 Az,
Actug] Di§gbnggg?

Permit Limit Expected Future Sample
I'vpe/Frequency:

BOD; 4 = YA lomo F/Z

CcOD
Froa2o Myss &

TSS - 2o (/‘/44//6/47’) /4 14LS o, = /5% <o 3/Z

- — RaGP S s DA
Setileable Solids

; Ban-S8p Ot -Kn
NHLN [l yeaReud __D./0 _%o £33, Cone  3/7
e ~Ma— M :
NOxN 2 é = L /(”-f-? Z '24,2_ [ St oy fé :

TKN . —~ iy — empe ‘lgm.,{ﬁ

Total Nitrogen .

Frarnz~ 1 mgs

Total Phosphorous /.o (Zrk /47,L 0 g @® 222 K5/ Pns 4.5‘ 2. 2/Z

or 0.74 ~3/=

Soluble Phosphorus after plaal <cmads
Fecal Coliform 2 o0 P4 Reo (/M,é S / e

pH b.0- %0 &3y & — 7 emb /(7
Others(?) List
Receiving Water body: » Z o 71 é/ o /(‘l'/ el

{Dtype - composite, grab
(Ofrequency - # samples/week or month

1o0f4

08/12/03 TUE 14:50 [TX/RX NO 8818]



———

Hvug 12 03 03:01p WATER RECLAMATION PLANT

PR

S5S07-287-13899

3. Liquid escription
-trea t (chec
Barscreen . Comminutor
" Self Cleaning Screens /
Aerated Gat Removal / | : .
Other Grt Removal

Number of Treatment Trains

wearment (please check) - Yes / No

-
# of clanfiers 2§ ' Diameter Rec 1w Ao L — /2000 s b 4 {y/c_/-.’/?{)q,

Chemical addidon Yes / No

If yes, chemical(s) used /‘—; //‘/& G{ /a - '/ wr

Secondary Treatment (please check)

Trickling Filter : Rotating Biological Contactor

o & =
Activated Siudge Y ’;_;fyt,,.,_f/ 5/«1;..‘:.* Oxidation Ditch

Lagoon Biological Nutrient Removal
ie. (Anaerobic and/or anoxic compartments

Chemical addidon Yes No - i
IE ves, chemical(s) used R T e B - . e =
i "!a—’ -7 -
condary ClanGe - /
‘/ I,,"‘zrﬁp.—fﬂ.‘/a_. 70 .2.4 70— -’;ZP
# of clanfers oy L .',,.,x/ﬁ Diameter /2 ’c'lﬁ..,e
Chemical additon Yes r No

I€ ves, chemical(s) used o £ B ons [%é; e P Sforrl P T FD

Tewiary Treatment

Polishing Filters | Yes No

Type of Filter # of Filters

Media/depth » Area/Filter

Disigfecnon iplcase <

Chlonne . / Cltraviolor

Dechlonnaton Yes / No

Please provide a copy of the most recent monthly plant performance reporting form.
20f4

08/12/03 TUE 14:50 [TX/RX NO 8818}



Fl'ug 12 D3 03:01p WATER RECLAMATION PLANT

4. ludpge Processi imat e i al

‘Please provide ultimate destination of plant solids (i.e. landfll, agricultural application, lagoon, etc.)

_éaal_arféfa/fﬂn 4'7[)7[.er- qfraag.gé-'fa.//ﬁ 7/;7e§7(/>15

— re
li[-h"'ﬁ//n 4/1/ W4_£- Téé[zf[ /V/?_S 4,),{7/, P
Syl N s B hnlr FAieknn o £ %

ludge Thickening (please chec

' Primary Tanks ' Gravity Belt Thickeners

econdary S| ickeni. ease che .
Gravity '_ ’ . Belt Thickeners /

Centnfuge Dissolved Air Flotation

bined Shad ickeni ease check
Yes . No

Please Name Thickening Process

ludge Digestion (pl check -

_

Aerobic ' Anacrobic
Other (name)
ewateq. ! [=
Burying Beds Centrifuge
Belt Filter Press V Other (name) é % -'.7/6 (&k e .r/ N é‘g 7_-
3of4

S507-287-1389 p-4

08/12/03 TUE 14:50 {[TX/RX NO 8818]



Aug 12 03 03:01p

3. Additional Informati

Industrial Wastewater

WATER RECLRMATICGN PLANT

507-287-1389

List name/type of any significant industral wastewater load to the plant:

~
el —d £ -

w_é 7‘)—,»« .-ﬂ{ﬂ A ‘zs/

. A

CaAnNR =3
7

7&‘@ ceS55 oS .

Estimated percent of plant BOD load:

lecoon Sy: e
Separte sanitary sewers:

Combined domestic/storm sewers:

Plan} Sampling and Analyses
Influent
24 hr composite

v

Frequency (davs/week)

fflye
24 hr composite
Other
Frequency (days/week)

Does plant have a lab?

Analyses don fant la I

" 1ss
NH,-N «///’ NO»-N

Soluble Ortho P / Coliform

Others (Lisy)

BOD

e

20- o =

e

Grmb Other

=

Grab

Location

Cu o 7 L, 5 =

v PH

NO2;-N

/ TN
Tomual P

o

COD

4 of 4
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Trickling Filter Treatment Plants



~Aug 1 03 03:28p Jarrod Christen 218-846-7109 p-1

1025 Roosevelt Ave., P.O. Box 647 Detroit Lakes MN 56502

R S - e —

Office of Public Utilities,
218-847-7609 -

FAX 218-847-8969
dipublic@lakesnet.net

DT' ch"”ﬁel/{/eﬁ/y /frf{’/

) y 0 a/’/k

‘J[()/VO

) C/r‘) §7L41/L,
>/0&{ 5/04(/) Yecderv < fg/(c+;

Us >4+ 4 CoveYr .§/€ff,

I 4 )/0.0( ///L’@chf§2'¢/\0?1;
/7/{/(55 Cua // }/£~c§99/4~ S

‘ {/ﬁ % /55

The City of Detroit Lakes is

al opportunity service provider.

ymmissioners: JANMES THOMAS, President " Curt Punt Richard Grabow
DIXIE JOHNSON ’ SUPERINTENDENT o SECRETARY
DUANE WETRING T P



218-846-7109 p.2

" Aug 11 03 03:28p Jarrod Christen

i Wastewater Facility Screening Form
> Preliminary Information -

1 PlantInformation

Plant Name:. City of Detroit-Lakes

Cantiet N aiis Jarrod Christen

Phone: .+ () -218-846-7102 Fuc ( )218-846-7109

E-maik: Jchristen@lakesnet.net

Design Capacity: 1.64 MGD PresentFlow: 1 3 - MGD

Discharge Permit Concentration (mp/L)
(Provide Available Paramncters)
Permit Limit Actual Dischagge Expected Future Sample
. Type/Frequengy® -

" ODs 20 mg/L 3 mg/L Grab 3 X Week
('\D\

. ) 20 mg/L 5.- 10 mg/L Grab 3 X Week
:rideable Solids

{H,-N Monitor Only

IOyN Monitor Only

KN Monitor Only

‘otal Nitrogen Monitor Only

‘otal Phosphorous 1 mg/L 0.5 mg/L Grab 3 X Week
oluble Phosphorus

“ccal Coliform 200 mpn 50 mpn Grab 3 X HWeek
H _ 6.0 - 9.0 7.5 . Grab 3 X Heek
Jthers(?) List

Lake St. Clai
Yeceiving Water bod . Laild

= - composite, grab.

5Nc¥£€d— §i;oce ](’ﬂS’_

. _Zquency - # samples/week or month

1of4



7RAug 11 03 03:29p

a-trea
1screen Yes

If Cleaning Screens

rated Grit Rcmoval. " Yes h
ther Gxit Removal

One(lf’

umber of Treatment Traias

imary weatmeat (please check) Yes X
of cladfiers 2
hemical addition Yes

“yes, chemical(s) used

Jarrod Christen

Comminutor

No
Diameter 49'

No X

:condary Treatment (please check)

( 2 OV 7
rckling Filter Yes .
chvated Sludge
.)n
‘hemical addition : Yes

Eyces, chemical(s) used

Rotating biologicn.! Contactor
Oxidation Ditch

Biological Nutdent Removal
i.c. (Anacrobic and/or snoxic compartments

No X

ccondacy. Clarifiers
t of clarifiexs 1 Diameter '40 'X 60°
“hemical addition Yes No . X
£ yes, chemical(s) used
Lertiacy Treatment .
Polishing Filters / Prwds Yes ‘& No _/)Q -
Type of Filter # of Filters
Media/depth Area/Filiex

1sinfec e c!
7 Tdine X Ulteaviolot
D;"Ehlodnnﬁon o Yes No X

"Please providc a copy of the most }ecez'xt monthly plant perfermance reporting form.
2ci4

—



‘Aug 11 03 03:289p  Jarrod Christen 218-846-7109

4. Sludge Processing /Ultimate Reuse or Disposal
Please provide ultimate destnation of plant solids (i.e. landfill, agricultural application, lagoon, etc.)

ag application

Pramary Tanks Grawvity X . Belt Thickeners
Jease check
Gravity X Belt Thickeners
Centrifuge Dissolved Air Flotation
L ed Shu 1 n,
és No X

Please Name Thickening Process

lu igesti lea e
Aerobic . Apacrobic - X
Other (name)
Stludge Dewateong (please check)
Brying Beds = Centrifuge
Belt Filter Press Other (name)

After the trickling filter plant, the effluent goes to a three acre pond and then to a
25 acre pond. MWe 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 1lst to May 1lst. .In this process we use ferric sulfate, The effluent is

chlorinated and filtered before discharge. ' <{
: and 5u4a” auouﬂ“&{z

. - Po\pes—

3of4



‘Aug 11 03 03:29p Jarrod Christen

\

- dditional X ati

Industrial Wastewatex

List name/type of any significant indnstrial wastewater load to the plant |

218-846-7109

None — Sfe C\ﬁ%cug?@

Estimated percent of plant BOD load:

Collecdon System (check)
Separatc sanitary sewers:

Combined domestic/storm sewers:

spling and Ancl gg@@f’

.™* hr composite : X / Grab Other

. .cqu;:ncy (days/week)

I

Effluent

24 hr composite ﬁ\. Grab \{\'

Other Location

Frequency (days/week) -

Does plant have a lab?

Analyses done by plant lab (check)

BOD X TSS X PH X TKN ..
NHy-N NO3-N NO2;-N Total P
Soluble Ortho P X ' Coliform X CcOD

Others (List)

40f4



Plant Screening Forms

Trickling Filter/Activated Sludge Treatment Plants
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88/12/2883 14:56 15873848509 ' CITY OF FARIBAULT PAGE 81

C’ - .
Fatibauilt

FACSIMILE TRANSMITTAL

10 Pr. David. Slensel From: BecRLe VonRuden
Phone: _ Phone: _S0F~333-0361,
Fax: 2010/ L35-9185 ‘ Foax: _ S0F-384-0509
Re SWwWey pate: 21121 Q3%

Number of Pages including this cover sheet: 6

Please eall immediately if You did not receive
the nuwmber of pages we transmitted or if there
was a problem with the transmission of this
document. Thank you.

Comnents:




1

88/12/2883 14:56 158738408583 CITY OF FARIBAULT

(Provide Available Parameters)

s PAGE B2
— X
) Wastewater Facility Screening Form
Prcliminary Information
1 Plant Information
PlantName: <L, (,-/ 4‘(/?;’ 1'é Aes / b
/ _
Contact Name: Dﬁ— Ve, J I en
Phone: SZ) - ?-5-9:,. 05‘;g ' Fax: ST 2 .;3';2_’ -JCI /7
E-mail:
Design Capacity: 7 MGD Present Flow: w I MGD
2. : i

Permit Limi | Disd] = \F ' — .
BOD; 28 gl 10 sl ek
COD

TSS 30 my L L& myl. T X weck
Settleable Solids

NH.-N /%y #ﬁr Oa.é éx /:1.}(4 / X /had'fé
NO;-N

TKN

Toral Nijtrogen

'i'otal Phosphorous 222‘10 t' &;l‘ & /5 H o M;L. ! X w z’.d/ﬁ
Soluble Phosphorus '

Fecal Coliform ;l 00 n}‘,,y I X y .
pH ko - 9o Zo - &o LL_QZ&:_éL_
Others(?) List

Receiving Water body: C A 4 y ULres

(type - composire, grab
(Mfrequency - # samples/week oz month

1 0f4



88/12/2883 14:56 158738408589

. 3 :‘ ,'! . . ! Et D s
Pre-irearment (check)
Barscreen
Self Cleaning Screeas

Aecrmated Ggr Removal

Other Gt Removal

Number of Treatment Trains

T x ‘X%(

CITY OF FARIBAULT PAGE 83

Comminutor

No

S &
No X __

Diamerer

Yes K
# of clanfiecs ‘7/
Chemical addidon | Yes
If yes, chemical(s) used
lease
Trickling Filter . 5

Actvated Sludge

Lagoon —-_S/ué 3
Sterage

Chemical addition

Yes 3

If ves, chemical(s) used

Rouating Biological Contactor
Oxidation Ditch

Biological Nuttgept Removal
1ie. (Amaerobic and/ox anoxic comparunents

No

Secondary Clarifiegs
# of clarifiers éz
Chemical addition Yes

I ves, chemical(s) used

Da {,4 e = tcaste s/ uz/jq z

Diameter

Polishing Filters : Yes

Tvpe of Filter

Media/depth

Disinfecuon (please check)
Chlodne . Z )
Yes X

Dechlonnaton

L£o

# of Filtets

Arca/Filter

Ult’zwiolét

 No

Please provide a copy of the most tecent monthly plant performance reporting form.

2of 4



88/12/2883 14:56 1587384085089 CITY OF FARIBAULT PAGE B4

4. sl ! E ) » : [III - E n. 1

Please provide ultimate destination of plant solids (i.e. landfill, agriculrural application, lagoon, etc.)

_Asricatbunal AP
77

Psi Sludge Thickening (ol heck
Prsnaty Tanks . Gravity _ Belt Thickeoexs
s fary Shudge Thickeping (pl heck)

Gravity Z . Belt Thickeners

Centrifuge Dissolved Aixr Floration

Combined Shudge Thickening (gl hech

Ye.s

—_— No X
Please Name Thickening Process é?" &V/% ?4 /Cé Er g/ /4,74.1/ ‘4’#‘0/ 50541 'Z':. S /éét

Aerobic Anaerobic k

Otber (name)

Sludge Dewatering (please chedQ

Brying Beds ) Centrifuge P
Belt Filrer Press Other (uame)

3of4



©88/12/28B3 14:5b 15873848589
5. Additonal Information
Indusixal Wastewater
List name/type of any significant industral wastewater load to the plagr:

Caribauls ol - C ey

CITY OF FARIBAULT

_ . e
Tearke,  Store - Tarke, plrcerting

. ; .
2 7L/-¢n/‘ - Y 1V %ﬂ )C A
/
Estmated percent of plant BOD load:

Collection System (check)
Separate sanitary sewers: Z

Combined domestic/storn sewers:

Plant Sampling and Analyses
Influsn:
24 hr composite & Gnmab

Frequency (days/week) 3

Effluent

24 hr composite & Grab
Other Location

Frequency (days/week) 3

Does plant have a lab? YV

Analyses doge by planrlab (sheck)

BOD x TSS x_ PH
NH,-N K NO;-N NO2;-N
Soluble Oztho P Coliform k COD

Others (List)

Other

_’s TKN

Total P

4 of 4

PAGE 85



» ' 01 p-1
12 03 08:02a Wastewater Treat. 507 537 62 »

600 Erie Road CITY OF MARSHALL

Marshall MN 56258 WASTEWATER
Phone: 507-637-6776 TREATNIENT
Fax: 507-537-6201 '

FACILITY

Fax

Yor j\\'{d ro(Fual - mm Dol \fan Wloer

Fax 30\-589-572% - raes K 9

Phone: Date: %l] lJO?) : ﬁ}}a )(33
re: \\ \V ‘Jmﬁh\mﬁ \nem ce

] Urgent O For Review O Please Comment D Please Reply [ Pleaso Recycle

Dddipeat  awrvadizn pee
gafes.

08/12/03 TUE 08:52 [TX/RX NO 8812]



Aug 12 03 08:02a

507 537 6201 p.2

Wastewater Treat.
' ’ Wastewater Facilit)-' Screening Form
Preliminary Informadon

1. Pla‘gt Information.

Plant Name:, City of Marshall Wastewater Facility

Contact Name: Robert VanMoer

507
“Phone: 0% 537-6776 Fass ( 532-6201

E-mal: bvanmoer@marshallmh .com

Design Capacity: 4.3 MGD Present Flow: 2.4 MGD
2. Discharge P t tration

(Provide Available Paramectets)
Permir Limit Actu] Discharge Expected Future ample
Trpe/Fre {n
BODs 5 mg/l 3 mg/1 3 mg/l
3x week
CcOD = - . - _
TSS 30 mg/1 7 mg/l 7 me/l 24 hr. comp. 3x wee
Scttlcable Solids - 20 20 24 hr. comp. 7% wee
I-1  Sctnena— II‘
NH,-N 13 Fal) -¥ 23 29 hr. Comp. 2o troekC
= L 4 L4
ay Spreg 2.4 ___
NO;3;-N it - —
TKIN - - — -
Total Nitrogen - —_ — )
Total Phosphorous - 7.5 mg/l 1 24 hr. comp. 3x wes
Soluble Phosphorus -
"Fecal Coliform 200 organisms/100 m1 5 5 Grab - Daily
pH 6-9 7.5 7.5 24 br. comp. Daily
Others(?) List D.0. 7.5 mg/l 10.0 10.0 Grab - Daily
Receiving Watcr body: Redwood River
Wrype - composite, grab
Mrequency - # samples/week or month
1o0f4

08712703 TUE 08:52 [TX/RX NO 8812}



Aug 12 03 08:02a Wastewater Treat. 507 537 6201

>

3. iquid Process cnl

Pre-uzeatment (ch

Barscreen - Comminutor \/

Self Cleaning Screens

Aerated Grr Removal

Other Grit Removal Vortex
N;.unbe: of Ttenment Trains 1
! a3 C| Yes \/ - No
# of ciu:iﬁe:s 2 Diametex 60’
Chemical addition Yes No /
If ves, chemical(s) used
> da a ease check
Trckling Filter / Rotanng Biological Contactor
Activated Sludge ;; Onadation Ditch
Lagoon _ Biological Nutgeat Removal
i.e. (Anaerobic and/or anoxic compartments
Chemscal addidon Yes . No

I£ yes, chemical(s) used

# of clanfiers 2 Diameter 70!

Chemical addinon Yes No vV

It yes, chemical(s) used

ertary Trey ' :
Polishing Filters Yes \/ No
Type of Filter " Traveling Bridge # of Filters 2
Afedia/depth Sand/Anthracite 2.0" . Axea/Filter 1216 sq. ft. each
Chlonne ' Ultr-'.\violoz \/
Dechlonnation _ Yes No

Please provide a copy of the most recent monthly plant performance reporting form.

2 of 4

08/12/03 TUE 08:52 [TX/RX NO 8812]



Aug 12 03 08:02a Wastewater Treat. 507 537 6201

4.  Shidge Processing/Ultimate Reuse or Disposal

Please provide ultimate destination of plant solids (i.e. landfill, agriculrural application, lagoon, etc.)

Anaerobic Digestion, land apply liquid biosolids 2%-3% solids.

Primary Sludge Thickening (please check)

Primary Tanks - Gravity Belt Thickeners (not currently used)
Seconds i i e c '

Gravity Belt Thickeners v (not currently used)

Cenuifuge Dissolved Aur Flotabon

Combined Studge Thickening (please check)

Yes V4 ‘ No

Please Name Thickening Process We pump our WAS to primary clarifiers for thickening.

Sludge Digestion {please check
Acrobic ) Anaerobic X

Other (name)

lud, ewatering (pl heck) None
Byying Beds - Centrifuge
. Belt Filter Press ‘ Other (name)

3o0f4

08/12/03 TUE 08:52 [TX/RX NO 8812]




Aug 12 03 08:03a Wastewater Treat.

5. Addivional Informadon
Indusyrial Wastewacer

List name/type of any significant industnal wastewater load to the plant:

507 537 6201

ADM.-Corn Processing Plant (ethanol, corn sweetner, corn syrup. corn starch)

Schwan Food Company - Ice Cream Plant, Corvenience Food Plant

Estimated percent of plant BOD load: 60%

VA

Collection System (check)
Separate sanitary sewers:

Combined domestic/storm sewers:

Plant Sampling and Analyses
Influent

e

24 hr composite Grab

Frequency (days/weck)

Effluent

24 hr composite

Grub
Other Location
Frequency (days/week) 7

Does plant have a lab?

Analyses laat lab (ch

BOD TSS

H
NH-N 5( NOs-N NO2;-N
Soluble Ortho P 3‘ Coliform COD

v
v

Others (List)

Othexr

UV Bld.

VA

Torwal P

RV

v

UV Analyzer — Chlorides — Chlorine Residual - Heteroophic Plate Count

Volatile Solids - Conductivity

4 of 4

08/12/03 TUE 08:52
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NO 8812}



25:80 AL £0/21/80

{2188 ON Y¥/XL]

Date
07/01/03
07/02/03
07/03/03
07/04/03
07/05/03
07/06/03
07/07/03
07/08/03
07/09/03
07/10/03
07/14/03
07/12/03
07/13/03
07/14/03
07/15/03
07/16/03
07/17/03
07118103
07/19/03
07/20/03
07/21/03
07/22/03
07/23/03
07/24/03
07/25/03
07/26/03
07/27/03
07/28/03
07/29/03
07/30/03
07/31/03

Minimum
Maximum
Total
Average
Geo Mean

Rainfall
Inch
0.00
0.00
0.00

- 1.25

0.00
0.00
0.00
0.15
0.55
0.02
0.00
0.00
0.00
0.37
0.00
0.00
0.00
0.00
0.00
0.49
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.27
0.00
0.07

0.00
1.25
3.17
0.10

Snowfall

Inchs
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00

Inf Flow

- MPCA Monthly Discharge Monitoring Report

Marshall MN Permit #MN0022179

InfCBOD Eff CBOD CBOD % Eif. CBOD

MGD  MGL  MGL

2.40
2.50
2.40
2.20
2.10
2.00
2.40
250
2.40
240
2,50
270
1.70
230
2.30
2.50
2.40
2.40
2.20
2.10
2.40
2.30
2.30
2.30
2.40
2.30
1.90
2.30
2.40
2.40
2.40

1.70
270
71.80
2.32

Saneve

430.00
460.00

144.00
280.00
277.00
393.00

365.00
450.00
410.00
430.00

313.00
530.00
355.00

215.00
278.00
365.00

§10.00

144.00

530.00
6,205.00
365.00

1.20
1.50

4.50
7.20
3.70
4,50

4.00
2.60
3.30
3.10

4,50
2.20
2.00

2.00
2.00
2.00
2.40

1.20

©7.20

52.70
3.10

Removal
99.72

99.67

96.868 -
97.43
98.66
'98.85

28.90
89.42
99.20
98.28

98.56
99.58
99.44

99,07
'99.28
99.45

99,83

96.88
99.72
1,682.93
99,00

K&
9.53
12.47

32.32
65.32
29.37
39.12

31.75
21.62
27.44
24.61

35.72
17.46
15,88

13.61
15.88
15.12

19.05
9.53
65.32

426.27
25.07

Page 1

InfTSS
MG
330.00
435.00

175.00
460.00
235.00
630.00

670.00
1,080.00
430.00
275.00

500.00
390.00
§10.00

580.00
430.00
720.00

955.00

1756.00
1,080.00
8,805.00

§17.94

Eff 7SS
MGIL
8.60
2,80

2.40
4.80
2.40
2.00

4.80
13.60
10.40
5.20

7.20
6.40
2.80

8.60
5.70
2.50

4.00

2,00
13.60
94.40

5.55

Jui, 2003

TSS %
Removal
97.33
99.36

98.63
98,96
98.98
99.68

99.28
98,74
97.58
98,11

98.56
98.36
99.45

98,52
98.67
99.65

99.58

97.33
99.68
1,679.45
98.79

Eff. TSS
KG
69.85
23,28

17.24
43.55
19.05
17.39

38.10
113.10
86.49
41.28

57.15
50.80
22.23

58.51
45.25
18.90

31.78

17.24
113.10
753.92
44.35

inf. pH  ER. pH
sy su
6.70 7.60
6.60 7.50
6.60 7.50
7.30 7.60
7.20 7.60
730 T.70
7.10 7.50
7.00 7.50
7.00 7.60
6.80  7.60
6.90 7.60
7.00 7.50
7.20 7.30
7.00 7.40
7.00 7.40
6.90 7.40
7.00 7.50
8.80 7.40
7.00 7.50
7.10 7.20
7.00 7.00
6.70 7.50
7.00  7.40
6.80 7.70
7.00 7.60
7.00 7.20
6.90 7.40
7.00 7.40
6.80 7.50
6.80 7.40
6.90 7.80
6.60 7.00
7.30 7.80

EffDO

mafl

10.30
10.30
10.40
10.50
10.60
10.60
10.50
10.80
10.10
10.60
10.80
11.00
10.90
10.40
10.70
10.80
10.30
10.50
10.00
9.90
9.50
9.40
9.70
10.00
8.70
9.90
10.10
10.00
9.90
10.10
9.90

9.40
11.00

21540 231.80 318.00

6.95

7.48

10.26

Eff Fecal
No/100m|
0.00
0.00

0.00
0.00
0.00

20.00
8.00
12.00

0.00
78.00
86.00

12.00

0.00
85.00
216.00
18.00
23.58

80 EO0 21 3ny

EEQ

“lead] Jajemaasenm
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[2T88 ON X¥/X1]

MPCA Monthly Discharge Monitoring Report

Marshall MN Permit #MNQ022179 Jul, 2003

River1 River1 River1 River 1 River 1 River1 River2 River2 River2 River2

InfNH3  EffNHI  Eff Amm. Inf. Phos. Eff. Phos. Eff, Chlorides Ammonia DO Temp. pH  Union. Amm. Dilution Ammonia DO Temp. pH
Date MGIL  MGL KG mgll ma/l MGI/L MG/L MGL DegC su MG/ Ratio MGIL MG/L Deal sy

07/01/03 11.60 7.10 410.00

07/02/03
07/03/03
07/04/03
07/05/03
07/06/03
07/07/03
07/08/03
07/09/03 380.00 -
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
07/11/03
07/12/03
07/13/03
07/14/03
07/15/03
07/16/03
a7/17/03 14.00
07/18/03,
07/19/03
07/20/03
07/21/03
07/22/03
07/23/03 5.30 0.13 1.14 : 0.04 9.10 19.00 8.00 0.00 1.42 0.08 8.30 19,00 8.10
07/24/03
07125103
07/26/03
07/27/03
0712803
07/29/03
07130/03
07/31/03

B0 €0 21 23ny

eEQ

7.30
8.50

‘qea4] J23Eemajsen

400.00
7.40

420.00

7.10

460.00

1029 LES LGOS

0.10 .88 11.60 6.70 380.00 0.04 8.50 19.00 8.00 0.00 1.42 0.08 8.20 19.00 8.10
460,00 0.10 9.10 19.00 8.00 0.00 3.70 0.10 8.30 19.00 8,10
16.00 -+ 0.00 5,12 0.18 16.50 38.00 16.20
8.26 19.00 8.10

Minimum 5.30
Maximum 12,00 0.13 1.14 14.00 8.50
Total 17.30 0,23 2.02 25.60 44,10 2,070.00 0.14 17.60 38.00

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 0.08

Geo Mean
Page 2 :




¢S:80 4NL €£0/21/%0

[zres oN Xy/X1]

. River 2

Union. Amm. Ammonia

River 3

Dale  MGL = MGL

07/01/03
07/02/03
07/03/03
07/04/03
07/05/03
07/06/03
07/07/03
07/08/03
07/09/03
07/10/03
07/11/03
07/12/03
07/13/03
07/14/03
07/15/103
07/16/03
07/17/03
07/18/03
07/19/03
07/20/03
07/21/03
07/22/03
07/23/03
07124103

" 07/25/03

Q7/26/03
07127103
07/28/03
07/29/03
07/30/03
07/31/03

0.00

0.00

0.00
0.00
0.01
0.00

MPCA Monthly Discharge Monitoring Report

River 3
DO
MGI/L

Marshall MN Permit #MN0022179 Jul, 2003

River3  River3 River 3 Week1 Week2 Week3 Weekd4  Weekb

Temp. pH  Union, Amm. CBOD CcBOD CBOD CBOD CBOD
Deq C su MG/L MGL MG MGIL MG MGIL
3.60
4,07
3.00
244
3.60 4,07 3.00 2.44
3.60 4,07 3.00 2.44
3.60 4,07 3.00 2.44
3.60 4,07 3.00 2.44

Page 3
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[2188 ON X¥/XL]

Date
07/01/03
07/02/03
07/03/03
07/04/03
07/05/03
07/06/03
07/07/03
07/08/03
07/09/03
07/10/03
07/11/03
07/12/03
07/13/03
07/14/03
07/15/03
07/46/03
07/17/03
07/18/03
07/19/03
07/20/03
07/21/03
07122/03
07/23/03
07/24/03
07/25/03
07/26/03
07/27/03
07/28/03
07/29/03
07/30/03
07/31/03

MPCA Monthly Discharge Monitoring Report

Marshall MN Permit #MN0022179 Jul, 2003
Week 1 Week 2 Week 3 Week 4 Week 5
TSS TSS TSS TSS TSS
MGIL MGIL MGI/L MG/L MG/L
4.70
3.07
9.73
5.31

470 3.07 9.73 5.31
4.70 3.07 9.73 5.31
4.70 3.07 2.73 5.31
4,70 3.07 9,73 5.31

Page 4

ADM

Effluent Flow MGD Effiuent Flow River Flow

Discharged to River
1.37

1.21
1.16
1.23
1.44
1.16
1.13
1.08
1.30
1.38
1.15
1.43
1.29
0.94
0.69
1.04
0.98
1.01
0.93
1.19
1.04
0.87
0.713
0.92
0.73
0.69
1.04
103
1.03
1.37
1.08

0.69

1.44
33.64

1.08

CiTY ADM
MGD CFS
2.10 53.00
2.20 50.00
2.20 46.00
2.20 58.00
2,00 39.00
1.90 36.00
2.40 32.00
2.10 32.00
2.30 38.00
2.30 38.00
2.40 37.00
2.20 28,00
2.10 23.00
2,10 19.00
2.20 19.00
2.20 16.00
2,10 16.00
2.20 15.00
2.10 16.00
1.90 16.00
2.20 16.00
2.10 16.00
2.10 14.00
2.10 14.00 .
2.10 12.00
2,10 8.20
1.80 8.30
2.10 9.40
2.00 7.60
1.90 18.00
2.10 21,00
1.80 7.60
240 58.00
65.80 770.50
2,12 24.85

ADM
Dilution
Ratio
9.80
9.50
8,90
11.00
7.30
7.60
5.90
6.50
6.80
6.70
7.00
5.00
4.40
4.00
4.20

3.20
3.40
3.00
3.20
3.30
3.20
3.50
3.20
3,00
2.80
1.90
1.90
2.00
1.60
3.60
4,30

1.60
11.00
151.70

4.89

{ cartify that [ am famillar with the information
contalined in this report and that to the best of

my knowledge and belief such Information is true,
complete, and accurats.

Lot Y Ut~

Signature of Principal Executive
Officer or Authorized Agent,

2 12 /o3 L

Date

es0

‘1eaJd| duazemaasep

1029 LEeS LOs
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Wastewater Facility Screem'ng Form

- 7 Preliminary Information
L Plant Information
Plant Name: (O:M _ w w 7‘—/0
Contact N@ez 6A 27 SC,}\ 2 E/FE/ S
Phoae: 330) -tb4-695¢ fe . 338 SbY-6¥05 °
B ANy SCh(@ hurtehTEL ET |
Design Capadity: / (0 MGD Preseat Flow: | v 350 MGD
2. Discharge Permit Concentration (mg/1)
(Provide Available Parameters)
'Y "&,‘I:':r'ni; Limit ' Actual Di§‘chaxge Expected Future _ 5@_191@& o
€. BODs 5*\93\& XS I“J'Q 2 i“gW\ C 3Xul
COD ‘
TsS 3’0?}11 3'0""1](_ : é‘f’/“;Z/!Z C 3IXW
Settleable Solids ‘
NH,-N ‘
NOs-N » Sﬂ & _N’XL
TKN é&* vff"
“Total Nitrogen ).0 o 7.5#3\9\ o ,92’,%/;( C. KM
Total Phosphorous 4
Soluble Phosphorus -
Fecal Coliform p? 00 Mm .( 30'0 M,fU 6‘ SXN -
pH -0-9.0 /9 (o 7XML
Others(Q) List ' |

Receiving Water body:

(type - composite, grab
(frequency - # samples/week or month

g 03 [l £

Post-it® Fax Note 7671

" o2orge K reAR) S

Co/Depl. ¢ Co. 6 /E A/ I é'

Phone # Phone#s‘;‘o_?éf’éz';y
1of4 D0 l-539 -5 78R

X SA0- £64~ L5



3. - Liguid Process Description

Comminutor

Self Cleaning Screens . : |/

Aerated Grit Removal - .
Other Grit Rémoval . CL]A[]’)\Q_, o : :
Number of Txéaﬁnent Trams . .

Brimasy » geatme.nt (gle-;x.—se-c_heck) Yes ‘/ No N ) . ” | 5Z'20&F}Lm

# of clagifiers R ~ Diameter. W ‘7495(I59é(é-5
Chemical addition Yes | No &

If yes, chemical(s) used

S dary T t (pl heck
econdary Treatment (please check) | ; f)
Trickling Filter '
X,
X oTh?
Activated Sludge ] Oxidation Ditch

Lagoon Biological Nutrient Removal
: Le. (Anaerobic and/or'anoxic compartments

+"Chemical addition Yes Ne .K__

If yes, chemical(s) used

'x iS Rtating Biological Contactor

Secondary Clarifiers

.#.of cladfiers - ’ Z Diameter _ ?‘0 ﬁ i / Q ’ ‘ 7
Chemical additon Yes No 2é . N | '

If yes, chemical(s) used

< Tertiary Treatment
 Polishing Filters - - Yes _K_ No : '
TypeofFilter  fofFilters ﬁ . | :
Media/depth A " " Area/Filter ' - f 1, s-F. MZJ\. .
~ ., 18" Sand o -

»

i "
Disinfection {please check) lg COﬁ-I Ln !
Chlodne X Ultraviolot
Dechlornnation Yes X No- ,

Please provide a copy of the most recent monthly plant performance reporting form. bW\ P., W

20f4



4. Sludge Procesging[Ulﬁn:xate Rense or Disposal

Please provide ultimate destination of plant solids ‘_(i.e. land fill fagricultural applicationylagoon; etc.) *

Lound 7Ea7w Py ay. a0 2o pide

Pom: udge Thickening (please check

. Primary Tanks : )_S : Gravity o Belt Thickeners

Secondary Sludge Thickening (please check)
Gravity Belt Thickeners

Centrifuge Dissolved. Air Flotation x

Combined Sludge Thickening (please check)

Yes -~ No )<

Please Name Thickening Process

Sladge Digestion (please check)

Aerobic ~ Anaerobic X_

Other (name)

* Slndge Dewnatening (please check

Brying Beds 2 g Centrifuge

Belt Filter Press ) . Other (name)

3 of4



H
5. Additional Informati
Industrial Wastewate:

List name/type of any significant industrial wastewater load to the plant: - -

AMPT  ~ bm}L N

.Collection System (check)

Separate sanitary sewers:

E_stimated pexcent of plant BOD load: ’ _/z Z %0

Combined domestic/storm sewers:

. Plant Sampling and Analyses

Infhuent

-24hrcomposit.é : x wi o ® 8 5. . (3EaB
Frequency (day's o ) 3& T T

Effluent A

24 hr composite g Grab
Other . | _ Location
Frequency (days fweek | - 5 X

Does plant have 2 lab? - L ES

.4‘\.1;1 ses done by plant lab (check

CBOD X TSS X PH X

NEAN _ NOs-N - |  NOZN
Soluble Orthe P Coliform x ) COD:

- Other

Total P

Others (List) DD s C’a -

4 of 4
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City of

nﬂe Falls

)

oare: - ¥-/g-&3
To: -~ mamE: DR,/ N
COMPANY:

FAXNUMBER;  z¢ (o —y §5 =~ S/ g7

FROM:  LITTLEFALLS CrTy Ay
NAME: 6;7?1—“—’4%:%, yrAaE

FAX NUMBER: (320) 616-5505

TOTAL PAGES (Including cover sheet): ' 5_—

MESSAGE:




98/18/2003 p8:12 CITY OF LITTLE FALLS = 8P12066859185P288772 NB. 133
.o _ By L - Waarewater Facility Screcning Porm
Preliminasy Informarion

- L

“:.>Pl:|.ntName M/E ﬁZS [ /—L'{E’ LL)AQCEL
,\ G N, M% 23 , /A«V[m .

| Phone: 28 -6/6 'S:S-CJD Fax; 3_@_4&_&5‘-
i
\ E-mal
\ Design Capacity: » 25 ‘,/ MGD Present Flow: A 3 MGD
.
| -
\l BODs 28w : . ' [42) 033/0 ﬁ%ﬁw
| 501% '

. v 50',1i/(__ @ ‘G#tj/tﬂ ——3%3/A4é w
\ jenleable Solids - ?z/")é C@hﬁ

| | | /0 ,}_/c_ [ [ty com p

| OyN | :

\i <N

. ‘onl Niwogen

oral Phosphorons 2. 5;: s/C . /[u’l"d Loy
luble Phosphorus ) , i M |
cax%bfoﬂ st 2o 0 ba.‘i /00 ’E,@M( /aa* ‘

£.0~9.2 A 2.0 1¥D _‘;_é__f’*-(g |
| ers(?) List , ‘ - [ryA - i
\‘ thers() Li S[SJ_L_@ECLL% O\u“dw\nuw.,) Co TDTOA >

_ ' |
ceiving Warez body: SBA}S$T§5 .l ?D mg a | : :

)

rpe - composite, grab
:equency - # samples/week or month

1nfF4



.  ©98/18,2083 98:12

3. . l"if eAg'--.- -

- - Pre-trzntment (check)
" Barscreen
Self Cleaning Sceeens
Acerared Gat Removal

Other Gt Removal

Number of Treatment Trains

NO.133 ro3
CITY OF LITTLE FALLS = gP12066859185P208772

Comminutor

v
v
yd
v

Prmary treanment (please check)

7 of clanfiers
Chemical addition

¥ yes, chemical(s) used

Secondary Treatment (Pleage check)

Teickling Filter

Actrvated Shudge
RFTswoEL

Chemucal addidon
If yes, chemical(s) used
Serondary Clagifiers

# of claghfery

Chemical addmon .

v

[P Biological Nurrient Removal

1.e. (Anaerobic and/or 2noxic compartments

Yes .. No .

£ ¥

/S /S A

Yes e No y
— YO i
2 Diameter 5 E

Yes No g

Rotanng Biological Conractor

e

Oxmdanon Ditcch

-

£, ; 0 s AEn C
O_;_pcmgf,é;jaémg;mm afya& “a.

Z— " ’ Diameter 7 3

(Fyes, chemmical(s) used a&u&&&_ﬁé&@w Iaté@)‘f/r% | 1

Cmiwlm_mm
Yolishing Filters
“vpe of Filter

{edia/depth

v le

echlonnation

case provide a copy of the most recent monthly plant performance reporting form.

Yes

No / . A ; ?

# of Filters ' |

AzeafFilter

Z Ultcaviolot

Yes

l/ No

—nre

2of4d



88/18’2@ @3 @8:12 CITY OF LITTLE FALLS 2 8P12066853185P288772

4. S}udgg Processing/ Q!n'mm; Rensg or ngpgsa!

Please provide nldmate destination of plant solids (Le Jandfill, agrioultural application, lagoon, erc.)

NO. 133

@a&sg_@/mﬁm

Pomary Tanks - cmiy ¥V Belt Thickcners

Secondars Shudps Thicken;

Gravity / : Belt Thickenérs
Cenuifuge ' Dissolved Air Floration
).s . -No - ' . o -

Please Name Thickening Process

g . .g ! :
Aerobii ’ ; L . Anacrobic Pl

b CIASS A ’444:

Other (name)
- 7‘ s/ 722?: +6 Oertoakd
> y 74 > ®
c‘),//t 5,445,7 rleys & Pr-g 2023
Brying Beds ' Cenmifuge
Belr Filter Press ' . Other (name)

3of 4 T

B4
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e

98:12 CITY OF LITTLE FALLS » 8P12066859185P288772 NB.133 .

& Additional Informatiog
)ndnﬂxialﬂaamu

List name/rype of any significant jndustrial wastewncerload to the plint »
S/ 224 %ﬁbq&ﬁ fgve V22 %@M

Estimared percent of plaat BOD load:

Separare sanitary sewets: : '/ .

Combine-d domestic/storm sewers: 3 { ‘%ao L[&C&S Dé CW\L 10 EZD
. s sngéév’k A .

Plapt Sampling and Analyses

Inflnent

) 3!:.! composite

Fﬁéqumcy (days/weck)

Gamab Other

Y il
SR
54 b eomposiie ' v | Grab ' -
Other | " . Location L‘M&:{E " ‘p {"t/‘j é
Y

) ~

Frequency (days/week)

Does plant have a lab?

Agalyses dope by plaar 1ab (check)
BOD v TSS L—" P4 L— TN

NH,-N A NO»N NO2;-N : Total P

Soluble Ortho P "~ Coliform k COD
Others (Lisy y x Z _; /AA}é

24

A nfd

[PlaS)
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Plant Screening Forms

Lagoon Treatment Plants
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CITY OF REDWOOD FALLS
333 S Washington St. = P.O. Box 10
Redwood Falls + MN - 56283-0010
507.637.5755 phone * 507.637.2417 fax
e-mail: info@c_i.redwood-falls.mn-us
FAX TRANSMISSION
To: Hlezs54 Adasoon/ ' Date: Jyt. 27,2003
Fax Number: /- Zp/-529- 5728
From: ,64/ Bz d,,t, yy1/A Pages: 2l Including this cover page
Subject: ZESU3 Frol. /i
Comments:

08/27/03 WED 12:51 [TX/RX NO 9046]



RUG-27-2883 12:07 CITY OF REDWOOD FALLS 5@7 637 2417 P.B2/18

y

Wastewater Facility Screening Form

Preliminaty Infotmation
1 Plant Information
Plant Name: Redwood Falls Municipal Wastewater Facility
Conract Name: Ronald G. Mannz
Phone: %07 $37-5755 Fax: QO] 637-2417
E-maik rmannz@ci .redwood-falls.mn.us i
high - .9333
Tow - .522
Design Capacity: 1.32 . MGD (wet weather) PresentFlow: _avyg - .789 MGD
YTD - 10.266
2 1 it Conce
(Provide Available Paramcrers) :
(Yrly Avg)
Low 5.0 Ms/L Type/Frequency®
High 22.0
BOD;s 25 Ma/L Buggh 10.2 Mmg 24 HR. Camp/2 x month
cOD ,
T35 4 High 104.0 M3/L. HR. Corp/2 x rionth
S MG/ T : 24
Settleable Solids
WESPT I A  ToT BR—
NHeN(amonia)  pec-Marech 994,,%_' ' High 33.0 MG/L 24 1R Comp/2 X month
Avg. 6.68 MG/L. _
NO»-N
TKN
Toral Nitrogen
Tor 065 e/t
Toral Phosphorous No standard v High 5.85 M5/L 24 1R, Com/? x month
AVg. 2,88 e/ -
Soluble Phosphorus .
April - October G Low 10
Fecal Coliform 200 organism/100 M. GM High 189 GRAR
@M Avg. 48.9 - o
pH 6.0 - 9.0 Low .02 = 4
Hich 9.2 e o
Others(?) Lisx :
Unionized Ammonia 1.0 M&/L -2l Ava. 7. 24 HR. Com/2 x month
Chlorides 873 e/t ; L Avg. 742 Ma/L )
g e by 4 288 Mk 24 IR. Camp/2 x ot
Vrype - composite, grab
Bfrequency - # samples/week or month
1of4

08/27/03 WED 12:51 [TX/RX NO 9046]



AUG-27-2003 12:07

)

**SEE ATTACHED**

CITY OF REDWOOD FALLS

587 637 2417 P.@3/1S

Please provide a copy of the most recent monthly plant performance reporung form.
20f4

08/27/03 WED 12:51

3. iquid P Hpo
“Pre.t: {check
Barscrecen Comminutor
Self Cleaning Screcns
Aerared Grt Removal
Other Gdt Removal
Number of Treatment Trains
Primary weatment (plesse check)  Yes A N
A # of clarifiers Dizmeter
Chemical eddidon Yes No
If yes, chemical(s) used
Secoudagy Treaonenc (pleasg check)
Trckling Filrer Romtng Biological Contactor
Activated Sludge Oxidaten Ditch
Lagoon Biological Nurtient Removal
i.e. (Anacrobic and/6r anoxic compartments
Chermical addition Yes No
If yes, chemical(s) used
Sccondary Clusifiers
# of clarifiers Diameter
Chemical additon Yes No
If ves, chemical(s) used
Tedtary Trearment
Polishing Filters Yes No
Tvpe of Filter # of Filters
Media/depch _Area/Filter
inafeg \ 1
Chlonne Uleraviolot
Dechlornunon Yes No

[TX/RX NO 9046]



AUG-27-2083 12:98 CITY OF REDWOOD FALLS 587 637 2417 P.B4/19

**SEE ATTACHED**

4. 1 P I i i 1

Please provide tldmate destinarion of plant solids (1&. landfill, agricultural application, lagoon, ctc.)

Pdmary Tanks Gravity Belt Thickeoess

Gravity Bclt Thickenexs

Céntzifuge ) Dissolved Aic Flotation

C i ¢ Thi ] se cheel

Yes No

Please Name Thickeming Process ’
Tud igasy lex

Aerobic Anaerobic

Other (aame)

Studee Dewatering (please check)

Brying Beds - ' Centrifuge

Belr Filter Press Other (name)

30f4
08/27/03 WED 12:51 [TX/RX NO 9046]




AUG-27-2003 12:08 CITY OF REDWOOD FALLS 57 637 2417 P.@5/19

**SEE ATTACHED**
5. Addigonal Information |
Indusemial Wastewater

List name/cvpe of any significant induserdal westcwater load to the plant:

Esdrmated percent of plant BOD load:

Cellegtion System (check)
Separate sanutasy sewers:

Combincd domestic/storm sewers:

ll

Plant Sampling and Analyzes
Inflvenc
24 hr composite Gmb Other

F:eéuency (days/weck)

Effluens

24hr composir-e Grab

Orther Loc¢adon

Frequency (days/week)

Docs plant have a lab?

mg@l‘ihlphﬂm

BOD TSS PH TN
NHi-N - NOs-N NdZ;—N # Total P
Soluble Ottho P Coliform coD

Others (List)

4of4
08/27/03 WED 12:51 [TX/RX NO 90486}



: ' 3 Luaho Fverss Descesprmd

NPDES PERMIT APPLICATION - APPENDIX A

The 1993 Legislature revised the Minnesota Pollution Control Agency’s
respongibilities in Minnesota Statutes Section 115.03, subd. 1(e)(10)
"Requiring that applicants for wastewater discharge permits evaluate in their
applications the potenrial reuses of the discharged wastevater;"”

' As a result of this 1993 Law, the Minnesota Pollution Contrel Agency has been
charged with requiring permit applicants to evaluate the reuse potential of
their vastewater prior to discharge.

Therefore, please provide, in marrative form in the space below, an evaluation
of reuse potential of your wastewater prior te discharge ro-'a receiving streanm,
lake, or storm sever. Some ideas include water comservation measures, use of
cooling tower blowdown for thermal discharges, lawn vwatering or irrigation of

. parks and publie property, wetland reclamation/development/recharge.

POTENTIAL REUSE OF WASTEWATER EFFLUENT - The City of Redwood Falls is
curreritly investigating the potential of using the wastewater effluent from our facility for golf
course irmigation. The Redwood Falls Golf Club is currently developing an addirional nine holes
at their current location. The expansion of nine holes will place the course adjacent to our
facility. Initial discussion was favorable, with the Club expressing interest in exploring this
option. Construction of the additional nine holes is anticipated to begin in the summer of 2001
and open 1o play the summer of 2002.

“Teltphose Devicer for Deaf (TDD); (612) 297-5353
Printzd on gecycled paper conwminiag at least 10% paper reycled by consumers

REV- 11/93

08/27/03 WED 12:51 [TX/RX NO 9046]

AUG-27-2883 12:08 CITY OF REDWOOD FALLS . 5@7? 637 2417  P.@?vs19
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@z-s’ . TRANSMITTAL FORM
Minnesota Pollution .
Control Agency

COMPLETE APPLICATION BY PRINTING OR TYPING. PLEASE MAKE A PHOTOCOPY FOR YOUR RECORDS.

3"“)5! «P 87

,-l.v By T

eS| ”(mv.gé:du)‘l

Facility Owner [{] and/or Operator [] (?ubhc Entity, Cxly or Business Firm legally responsible for facility operanon)
[ses Minn. R. 7001:0050]

Permittee Name: City of Redwood Falls Phone: 607) 637-5755 FAX: (B07)637-2417
Mailing Address: " P.0. Box 10 - Cirty: Redvood Falls: -
State: MN  Zip: 56283 Type of ownership Public [X] / Pavate [}

Facility Location No Post Office Boxes allowed. Actual physical location of facility — must use actual street or
bighway ‘address (or Section/Township/Range coordinates). If applying fora pemut that con cover more thar one site

(e.g. aggregare and/or hot mix asphalr operations), write NA.
Facility Name: Redwood Falls Area Wastewater Treatment Fac. Phone. _B07) 637-5755

Locaron Address: Redwood County Rd. No. 25

Facility is located in the SE quarter of the SE  quarter of section 19 township Hdnner

of Redunad county. Township# 133y Ramge# 35  East [ West
City: __ Redwoed Falls_ . State: MN Zip: 56283

Is the facility located on tribal land? [ ] yes o - If yes, apply to EPA Region V, John Coletti; (312) 886-6106.
Technical Agent or Consulting Engineer Ted Field . Title: Enginear

Name of firm or organization: = Bonestroo, Rosene, Anderlik and Associates

Mailing Address: 2335 W. Hwy. 36 ___ Phope: (612 636-4600

Ciry: St. Paul State:. M Zip: 55113

Contact Person (Operator, Plant Manager, City Official): __ Ron Mannz Tile: City Engineer

n for Applicatio \ check all that appl

[x] Expiration of existing permit (reissue) [_] Modification to existing permit [ ] Agency request
[J New permit/facility - [ Land Application Site Approval [] Other, please specify

Type of Agglicazion (check all thar applv):

54| Munmpal /] Industrial / [} Stormwater /[ ] Dredge /] Pn:!rcann:nt ! ] Feedlot /] Water Treatment Plant / -

1 Sanitary Sewer /] Biosolids /[ ] Aquaculture

Have you ever applied for, or do you currently have a National Pollutant Discharge Elimination System (NPDES) or State
Disposal Systemn (SDS)permit for this facility? EKlyes [no

If yes, please list pzrmit number(s) MN_0020401

Name on existing permit Redwood Falls Municipal Wastewater Trxeatment Facility

Printed on recycled paper confaining at least 10% fibers from paper recyeled by consumers .
Daoa 1 transminal form FEB 98
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AUG—27-2083 12:89 CITY OF REDWOOD FALLS 5P7 637 2417 P.@9/19

List all corrent MPCA permits or centificates, and their numbers, which also may apply to this facility:
None

X this is anew or expanded facility, has an Environmental Impact Statement or an Environmental Assessment Wotksheet been prepared?

yes [J no X Fyes, note the title and
 dae:

Annual Permit fec invoice should be mailed to [X] Owner/operator address  [] Fecility location address [_] Not applicable
Discharge Mogitoring Report forms should be mailed 1o [X] Owner/operator address  [[] Facility location address [ ] Not applicable

m;mmlc&nbﬁ“ EES SEtRmEsars

A.n application fee is required under Minn. Stat. § 116.07, subd. 4d-(1990) and Minn. R. ¢h 7002 (Permit Fee Rnlm)
This application fee must be submined with the pemnt applicadon.

Application fees are as follows:

Saritary Sewer ............. S $240.00

Construction Stormmwater ...... $240.00

All other applications [including non-construction storm water] $85.00

Applications that are submitted without an authorized signature, the required applic&tian Jee, and atiachments
will be returned. Please make your check payable to the Minnesota Pollution Control Agency. Send the
completed permit application, attachments (including plans and specifications, if applzcable) and check to:

Mlnnesota Pollution Control Agency
Water Quality Division

Point Source Section

520 Lafayette Road North

St. Paul, Minnesota 55155-4194

For more information please contact:

In Metro Area: Water Quality Division Customer Service Center at (612) 296-7162.
Outside Metro Area: 1-800-657-3864 and ask for Water Quality Customer Service Center

08727/03 WED 12:51 [TX/RX NO 90461
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&2 ~ ATTACHMENT FOR

Minnesota Pollution  BIOSOLIDS INFORMATION SHEET
Control Agency

COMPLETE APPLICATION BY PRINTING OR TYPING. PLEASE MAKE A PROTOCOPY FOR YOUR RECORDS.

PERMITTEE . N/3

1. Fadility Type IV Certified Operator’s Name:
Certification Expiration Date: :

Business Telephorme Number: ()

2. Describe and diagram all biosolids treatment and storage facilities and attach an actual laboratory report of the
analysis (include information on quantity and quality of any biosolids transferred to your facility).

Facility diagram:

Treatment Description: How is Class A or B pathogen reduction achieved? (Include mfoxmanon on time, ternperature,
detention times, pathogen or indicator organism data.)

How is vector attraction reduction met?

3. How are biosolids utilized or disposed?

(J Land Applied  [J Transferred to another WWTF - [[] Other (specify)

4. If your biosolids are transferred to another facility for treatment or disposal, list the name of the fadlity and the
name of applicators, contractors, or distribntors who will utilize or dispose of the biosolids and the amount
transferred annually.

Name of the Facility | Name of Applicators | Contactors Distributors Amount Transferred Annually

5. Estimate how often biosolids will be hauled to the land application site(s)? (i-e-, monthly, weekly, 2 x per yesr)

Printed on recycled Ppaper copsaining at least 10% fibers from paper recycled by consumers
Page 1 biosolids FEB 98
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6.- How many dry tons of biosolids are expected to be generated annually at your facility? (Answer must be in dry

tons per year)
total dry tons per year

Total dry tons per year = gg_]}gn_s_ x % solids (do not change to a decimal)

24,000

7. Representative Sampling - Describe how and when samples wﬂl be taken to be represeninﬁve of the bigsolids
which are applied to the land.

8. Include the following with this application form:

A. A topographic map of the aeatment facility extending one mile beyond the property boundaries, showing the location of any
sludge managemeat facilides, or sites and bodies of water. Show the location of any wells known by the applicant or in public record
used for drinking water within one-quarter mile of the treatnent facility boundary.

B. Any ground water monitoring data, and a description of the well [ocations and approximare depth to ground water if this
information is not already on file at the MPCA. :

9. CERTIFICATION AND SIGNATURE

Federd} regulafions (Sechon 305(c)(2) of the Clean Water Act ond Skite regulations (Minn. R. 7001.0070) require the authorized signer o
be one of the following:

A. For coporalion. ¢ principal executive officor of at least Ihe level of vice president;

B. Fora parinership or sole proprielorship, a general pariner or the preprielor, respechively; or

€. Fora municipalily, State, Federal. or other public focility, either a principal execuitve officer or ranking execufive cofficial.

D. It the opurator of the facilily is different thon ihe owner, both the operator emd the owner according to iterns A fo €.

“I conify undar penalty of law that this documant and all attachments were prapared under my direction or supervision in accordance with a system
designed to assurg that qualified parsonnel properly gathered and evaluated the infornation submitted. Based an my inquiry of the persen, or
parsons, who manage the system, or those perscens directly respensible for gathering the information, the informafion submitted is, to the best of
my knowledge and belisf, true, accurate, and complere { am aware that thers are significant penalties for submiting false informaton, including

the possibility of fing and imprisonment,” _

PRINTED Nm S“/"\ - TILE M /

O
AUTHORIZED
SIGNATURE, DATE
STATETAXLD. # FEDERAL TAX LD_#

Applicarions submited without an authorized signature, the required application fee and attachments, will be retwrned. Please
make your check payable to the Minnesota Pollution Control Agency. Send completed permit application, attachments
(mclud"mg plans and specificarions, if applicable) and check to:

Minnesitz Polludon Control Agency

Watcr Quality Division |

Point Soarce Section

520 Eafayetts Road North
St. Paul, Minnesota ¥5155-4194

Page2 biosohids FEB 98
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QA ATTACHMENT FOR MUNICIPAL FACILITIES

- National Pollutant Discharge Elimination System (NPDES)
Minnesota Pollution Permit For Municipal Surface Water Discharge

Control Agency Wastewater Treatment Facilities

COMPILETE APPLICATION BY PRINTING OR TYPING. PLEASE MAKE A PHOTOCOPY FOR YOUR RECORDS.
This form applies to municipal and privately owned facilities that treat domestic wastewater for disposal into @ surface water of the state.

PERMITTEE: City of Redwood Falls

_ 1. Provide 2 complete description of your existing or proposed wastewater treatment system: The Redwoo 1s
Area Wastewateér Treatment Facility is a 6 cell asrated pond syst2zm with a continuous discharge.

Pond area totals appraximately 19.5 -acres. Pond volume totals 49.5 mg. Detention'time is
approximately 67 days, at avg. flow of 0.736 mgd. Discharge 1s.to the Minnesota River at

outfall O10. Influent 1ﬁmmmm
pumps up to 30 mgy of treated wastewater to the area facility. Central Bi-Products waste-
water is then treated for additional ammonia removal and is blended with Redwood Falls wastza-
water for dilution of chiorire. :

2. Were any changes or additions made to the wastewater collection or !reatment system since your last permit was
issued? [J Yes K] No

If yes, please describe and provide the date the new or upgraded system began operating:

3. Do you plan to make any changes or additions to the wastewater collection or treatment system within the next
five years? []Yes K No &

If yes, please describe:

4. What is the classification of your wastewater treatment facility? Please checkone:(JA [JB [QJC QD

' 5. Name of Wastewater Treatment Facility Operator: David Johnson (Cert. #B-5218)
Certification (please check all that apply): OA B OC pPD QOTypelv {OTypeV
Certification Expiration Date: 9/15/2001
Number of staff assigned to operate and maintain the facility: 4 .

The percent of time each operator spends at the facility: 5%

6. Design flows 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: 0.8 mgd
Actual Documented Average Dry Weather Flow 0.531 mgd (6 yr. average)

Printed on recycled paper containing at least 10% fibers from paper recycled by consumers
Page 1 _ municipal surface water dischargs wwif FEB 98
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 AUG-27-2083 12:11 CITY OF REDWOOD FALLS : 587 637 2417 P.13/18

{
- P -
7. Desi mnne concentration in milligrams per Iiter and/or the desngn loading in pounds per day for the r--
following parameters ; kg/day
S-day Biochemical Oxygen Demand (BODs): - . 25 mgl . 125 ¥RMdax
Total Suspended Solids (TSS): : 45 mgl 225  dbsfdax
Towal Phosphorns: N/a  mgl . N/A 15SEEK
Amvrnonia Nitrogen: (varies 'with time of year)7.5-64  mg/l ’ 37.4 - 319 xiwdasy
8. Is the wastewater discharge continuous, controlled, intermittent, or periodic/seasonal? continuous

If the discharge is interminent or periodic/seasonal, pIease describe the frequency using avemge days per year andlorthe
months of the discharge.

9. How many separate discharge points (outfalls) are in your treatment system, not including bypass points? 1

10. Identify the discharge route to the receiving waters for each discharge point (outfall) identified in guestion 9
above. (Example: 010-3 50 foot ditch to the Mississippi River.)

Outfall Point Number Route to Receiving Waters
0i0 A 1,500 foot un-namad citch to Minnesota River
11. What type of disinfection is used or proposed for the effluent: None
If disinfection is by chlorination, does this facility dechlorinate? N/A
If you dechlorinate, what type of chemical is used? N/A
12, Do you conduct 4-hour influent and effluent sampling? 0O Yes No
Do you conduct 24-hour influent and effluent composite sampling? &) Yes CINo
If yes, are your samples flow compaosited or time composited? {3 Flow Composited Time Composited

13. Provide the name of the laboratory that analyzes jroux; samples:  Minnesota Valley Testing — New Ulm, MN
. Provide the Minnesota Department of Health Laboratory Certification Number for this laboratory: §27-015-125

14. What type of equipment and/or methods do you use to measure the following parameters:

Dissolved oxygen: Winkler titration

pH: Hach Meter

Total residual chlorine: N/X

Influent Flow drexelbrook calibration frequency ) 2 xlyear

Effluent Flow militronics calibration frequency 2 xlyear

Is flow monitoring accurate within plus or minus 10%? [ Yes ONo - W ’

15. Does the treatment facility contain any bypass points? & Yeu OONo  Jfyes, how many? 1 .

Also, if yes, answer the following questions regarding the bypass(es): : -

* Js/are the bypass structure(s) manual or automatic? manual -

* [s/are the bypass structure(s) controlled and kept locked? yes

*Was/were the bypass structure(s) approved in the plans and specifications? yes, structure 020 to Redwood River

*Provide the number of bypass incidents in the past five years: none

Wet weather incidents average hours of durarion flow discharge estimate

Dry weather incidents average hours of duration flow discharge estimate
Page2 municipal surrfacr: water dicrharos watf FRR OR
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16. Have any bypass events occurred in any part of the sanitary collection system in the past five years? (] Yes [ No
If yes, provide the bypass location(s), the number of events, estimate of the flow bypassed and describe the reasons for each
event:

17. Is the treatment facility equipped with 2 standby power supply? O Yes No

13. Ts the treatment facility equipped with an alarm system? OYes ENo

- 19. How many lift stations are equipped with standby power? v
Please describe the standby power for each lift station equipped: generators
20. How many lift stations are equipped with an alarm system? all

Please describe the alarm system for each Jift station equipped: alarm light and horn

e OPHE FREATMENTTACHIEY - o

b bty
ST ATR TS

_ 21. Please complete the following chart for any industrial or non-domestic wastewater received:

NAME/TYPE OF CONTRIBUTOR FLOW (mgd) CHARACTERISTICS OF WASTEWATER

Central Bi-Prcducts . 30 million/year r%&p roducts which are

22. Are any of the contributors listed above considered a “Significant Industrial User (SIU)” or have the potential to
adversely impact the treatment facility? (A “SIU” is defined as any industrial user that discharges an average of
25,000 gallons per day or more of processed wastewater to the wastewater treatment facility, excluding sanitary,
noncontact cooling, and boiler blowdown wastewater; process wastewater which makes up at least 5% of the .
- facility’s design BOD loading; or has the potential, in the opinion of the Permittee or MPCA, to adversely m:pact the
Permittee’s treatment works or the quality of the effluent) [ Yes [JNo
Ifyes, please identify: _Cpr effiuent ewceeds discharye standard for chloride. At times TSS

ara hich due to AIGE blocms ' >

23. Do you currently have a pretreatment agreement or permit with any of the cont;ibui:ors listed above?

ElYes [JNe
Yf yes, please identify: see attached agreement

Page3 municipal surtface water discharge wwtf FEB 98
08/27/03 WED 12:51 [TX/RX NO 8046]
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24. Do you zntlcxpate agy new contributors or SIgmﬁmt changes in volume or quahty of dlscharga from enstmg
contributors to the treatment facility? [ Yes EINo ,
If yes, please explain:

25. Is septage, leachate, holding tank waste, or any other type of wastewater transported into the treatment system?

g Yes [JNo :
If yes, describe the waste and provide an estimate of the amount in gallons per year:

20,000 GPY of septage

- p————r
g w%m:%}%ﬁ, S ﬂi&mﬁ% ad o nda

26. Does your facility generate biosplids (sewage sludge) or do you intend to become z “preparer” of biosolids
(sewage sludge) within the next five years? O Yes [ENo _
-Iyes, complete Biosolids Information Skeet, included with this application form.

27. Do you monitor ground water? []Yes EINo
¥f yes, provide a list of the wells, lysimneters, or tile drains that are sampled with a map showing the ground water

monitoring points or location of tile drains.

28. Do you monitor the receiving water? [1Yss [ENo
If yes, identify the location(s) of the recetving water monitoring and the parameter(s) you are reguired to monitor.

29. If this is an application for reissuance of an existing permit, review your existing NPDES/SDS perrit to see if it
has special testing requirements for the application for reissuance of the permit. If so, be sore to comply with those
requirements. The existing permit also may have special requirements for reports or other submittals for the
application for reissuance 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 of the permit itself and is subject to

enforcement action.

30. A detailed map (either U.S. Geological Survey, County Soil Survey, or County Plat) showing the location of the
wastewater treatment facility, each discharge point and/or land application site, and all receiving waters. Show the
location of any bypass points described in questions 15 and 16 above. see attachment

31. A schematic diagram (flow chart) showing the rouie of wastewater flow through the treatment facility from the
intake point to the discharge point(s). Show the location of any bypass points deseribed above. sez attachment

32. If this application is for a stabilization pond facility with a controlled discharge, complete the enclosed '
supplemental information sheet. N/A

33. If the system is currently covered under a NPDES/SDS permit, has the system been in Enmpliance with the
permit limits during the last five years? OYes ENo
If no, please explain, At times TSS and Chloride exceeded permit limits. See answer to

question #22 on reverse side of this page

Page 4 municipal surrfass water discharge wwif FEB 98
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Fedteral regulations [Section 309(c}{2) of the Clean Water Act and Siate regulations (Minn. R. 7001.0070] require the authorized signer
fo be one of the folowing:

A. For corporation, g pincipal executive officer of ot least the level of vice president;

B. Fora parinership or sole propretorship. a general partner or the proprietor, respectively: or

C. For a municipalily. Stale. Federal, or other public facility, either a principal execufive officer oncnhng executive official.

D. If the operator of the facility & different than the owner, both the operaior and the owner according fo ifems A to C,

°I cartify under penalty of law that this docyment and all attachments were prepared under my direction or supervision in accordance with a system
designad lo assure that qualfied personnel properly gathered and evaluated the information submitted. Based on my inquity of the person, or persons,
who manage the systam, or thesa persens ditecdty responsible for gathering the information, the information submitted is. o the best of my knowledge
and belief, trus, accurate, and complete. | am aware that there are significant penalties for submitting faise iinformation, induding the possibility of fine

and imprisohment.” g: ' 1/(,&‘2’0‘1._
1/
PRANIEDINANE Jeffrey W Weldon TLE o3 e —Admimistrator—

AUTHORIZED SIGNATURE,
STATETAXID. #

Applications submitted without an authorized signature, the required applzcatzan fee and attachments, will
be returned. Please make your check payable to the Minnesota Pollution Control Agency. Send completed
permit application, attachments (including plans and specifications, if applicable) and check to:

Minnesota Pollution Control Agency
Water Quality Division

Point Source Section

520 Lafayette Road North

St. Paul, Minnesota 55155-4194

Page § municipal surrface warer discharge wwif FEB 98
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4. LOCATION OF PERMITTED FACILITY AND/OR ACTIVITY
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08/12/2603 TUE 08:41 FAX : '@061200%“"

ClIry OF THIEF RIVER FALLS
ELECTRIC DEPARTMENT -
' W " P.O. Box 528
803 South Barzen Avenue
Thief River Falls, Minnesota 56701 )

Phone: (218) 681-5816 | """ Fax: (218) 681-8225 |

FAX COVER SHEEI/MESSAGE FORM

Date: a3
To: //}4//-0 Lwal : :
Fax No: /= Rol- 2% ~ 7.2 €

Attn: DR, beorge Kehr berger

Number of Copies Including Cover Sheet: 7

R

Please Respond By:

Operator's Initials: . , i

= - |

s s b 50

\Sﬁ.gym ' oty S  n

'l’hanks



08/12/2003 TUE 08:41 FAX

[doo2/007

- Wastewarer Facility Scrccning Form )
Prcliminary Informarion

- ) Plant Information }

Phant Name: Thicf ier Falls st T O

Contact Name: STeve Sconrsang
. Phonet RO 87— FY2 S Fax: ZADL - ¥~ SFRS

E-mail: : &Q/,',, M/H_ﬂ, g’zz;g‘ 7R NET .

Design Capadiy: i 70 MGD Preseat Flow: Z.$ 32  MGD
2. Discharge Pepmit Concentration (mg/L)

(Provide Available Parameters)
PermitLimit Acrual Dischatge Expecred Fuure Sample
. E encyll)

BODs /5 mo Mw L&/AM Lecadia [ canrusce Fmb [2 X suecek
coD , _ .

) ' iﬁZgHZ£5135d§_ 2dme/saceck  liradunl incoms® {5k&£¢é§&k&£ii
Settleable Solids s :
NH-N | b
NOs-N
TKN
Total Nittogen AONE < 34 Logochunl_saxreos s gmLLl}_wLﬂ\
Total Phosphorous Mdl_l. < 60 Loindunl sarcvesse, gmb.,[aa_a«ls
Soluble Phosphorus i _
Fecal Coliform 200 Zjrn m o 2 TiomQ Cvwdonl_gaxvense. 3—'31"1[5"‘““’-‘;
pH VA 4 _Zng&LQﬂ Lraduval 1picrense rise
Others) List Zercwny  Arogt£ 3. 70 vgfl  Gradulierose  seeb [iXdischasge

ed Lake [2iuer~ |

Receiving Water body:

(Mepe - composite, grab
: »)pxency - # samples/week or month

1of4
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Pre;tregument (cheek)
Z ‘_ I) .
. ..S5CxCccn ! &

Sclf Cleaning Screens

B oo3/007

Comminntor

Acrated Grit Remnoval

Dther Gnt Romoval

Number of Treatment Trains

—

ent (plea: Yes No v
B of clarifiers Diameter
Chemical additon - Yes Ne 7
[fyes, chemical(s) used
Secondary Treaument (pleasc check)
Trickling Filter Rotating Biological Conmcror
Actvated Shidge .Oxddation Ditch
Lagoon vV Biological Nutrdent R_emov.al

Cucmical addition - . Yes

If yes, cheguical(s) used

ie. (Anserobic.and/or anoxic compartments

N

Secondary Clagfiers .

# of clatifiets { 2 Diamerer
Chiemiral addision : Yes No
If yes, chamical(s) wsed

Terpiary Treatmaent

Polishing Filters Yes No z
Type of Filter # of Filters
Media/depth .’Lxm} Piltex
Chlonne Ulrraviolot

¥ No 3&

" Yononadon Yes

P]c/:lsl: provide a copy of the most recent monthly plant pedformance reporting form.

2 of &4
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4. Sludge Processing/Ultimare Reusc or Dizposal

Please provide nltimate desdnation of plant solids (¢. landfill, agriculuml spplication, lagoon, etc.)

__EaucLE@gﬁ_q - Ao (4-44;4 a//;;}/»bfz'/

[Zioos/007

ickeni: )|
Primary Tanks Gravity Belt Thickeners
Secondary Slndge Thickening (pleass check)
Gravity Belt Thickeners
Centafuge Dissolved Air Floraton
bined Shadge Thi i heek
“es . No
Please Name Thickening Process
Shdec Digession (gl hec)
Aesobic Anzerobic
Other (namc)
Sludge Dewatenng (please check)
Brying Beds Cenuifuge
Belr Filrer Press " Otha {namc)

3o0f 4



08/12/2003 TUE 08:41 FAX 005/00%'

'Js; pame/type of any significant jindustrial ‘-msteu?ntez Ioad to the plane:

Deans Coed s = Flhud/ el - (oD, 7SS : .
a7, ) Lorehe  Taw . ~ Twwk 5-'. e — rwar TS

172 Lal, TN, — Warestiomn/ tlels clc S

Istimared percent of plant BOD load: > O
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Zombined domestc/storm sewers:

Plant Sampling and Analyses

afucnr
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Effluent _
24 hx composite Gmb v
Other ) - Location s €

Frequency (days/sveck) ' 2 A [ta ree i
Docs plant have a lab? 1!
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STATION INFORMATION:
_SD-CI04 (010 - from 88 acre seocondary call)
Surface Discharge, Effiuent To Surface Water

o Discharge MPCA:MK

Attention: Steve Swanson
g R DA E R S EQUENTY | [SAMPLE|
PARAMETER'S. Aot GO s b | ORANALYSIS|  TYPE
Flow Arvamn /
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Thiet River Fall".- . TP
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STATION INFORMATION:
SD-004 (010 - from 88 acre secendary cell)
Surface Discharge, Effluent To Surface Water

DISCHARGE MONITORING R T
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Wastewater Facility Screening Form
Preliminary Information .

Plant Name: e ,—A;L o u__g,av&oM
Contzg:_t Name: KD AN L M“S e CSM

 Phone: () - 21851873 Fax )y CI8-38L-B83T

E-mail: G;\‘qi.u!o'} ancd;le, n&r

Design Capacity: .26y mop Preseat Flow: e 3 H wmop
_ | "rv*e,qsl- Meu‘:‘" CP‘-”V& S
Pm e e e e e et
(Provide Available Pasametess)
PermitLimit - , Amnlnﬁshﬁgc Expnﬂ:dﬁnm; * Sample ’

BODs A5 ma /e 45 "‘9/‘" | : Genb | loeck
coD | | A4 L - ’ _

TSS | S5 mzfe 4"_7'Wlb' o B v [wesl

Settleable Solids — '

NHN —

NO;-.N -

TKN ' —_—

Total Nitcogen P
. Total Phosphorous. = -

Soluble Phosphorus . == o u : | o
Fecdl Coliorn J0&_osasw Jeonl } 7O otfome. . )  Berls fuoek -
pH Lo —9.0 s G fuseek.

Others(?) List | '

Receiviag Water body: __ZQSML_&QML‘L] U*Ers-lm-/‘ W F‘D‘\l"c\i\

(Otype - composite, grab
(dfrequency - # samples/week or month
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. AUG D4 2003 12:34PM WARROAD#UTILITIES 2183863837

g Liquid P Descrintion - WM/ _

- Barscreen | - Comminutor
Sclf Cleaning Screens
"Acrated G:itRemqval

- Orter G R

Number 'oi; Tt.eatmcdt Tmin;s

# of clarifiers _-Diameter

Chesmical addition Yes " No ,

If yes, chemical(s) used

Trckling Filter . o Rotating Biological Contactor
© Activated Sludge : Oxidation Ditch

Lagoon ; é ' ’ Biologid Nautrient Removal

Le. {Anaerobic and/or anoxic-compartments
Chemical additon . . Yes A No &

If yes, chemical(s) used

Secondary Clasifiess ,J//V

# of cladfiers " Diameter

Chemical addition Yes . Ne

If yes, chemical(s) used

reisr Tosmes P

Polishing Filters Yes No

Type of Filter A # of Filters

Media/depth : Area/Filter
i fection (olease.che //Je;/

Chlogne - i : Uleraviolot

ADcchlon'nau'on : Yes .~ . No

Please provide a copy of the most recent monthly plant petformance teporting form.
20of4
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UTILITIES.

4. Sludge Processing/Ultimate Reuse oz Dispo ;ai

Please p_gov_ide ultimate destination of plant solids (.. landfill, agricultural application, lagoon, etc)

2183863837

Wi

Poamary Tanks : Gravity

Mmmmmwmﬂ

I

Geavity Belt Thickeners
Centrligy Dissolved Air Flotation
Yes = .. .. No .. . ..

Please Name Thickening Process

Belt Thickeners

Aerobic : Anaerobic
Other (name) - : )

Brying Beds. Ceatrifuge
Belt Filter Press _Othe:'(nmn:)

3 of4-
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5. Additional Infonmation
Industrial Wastewater

List name/type of any significant industdal wastewater load to the plant:

21838653837

S weniEtie

YVAY V.4 Weadow s

Estimated percent of plant BOD load: RO %
Collection System (check)
Separate sanitary sewers: R £ <

Combined domestic/storm sewers:

Influent
24 he composite %— )
- Frequency (days/week) : 6 YA lﬁ(c'f

Grab

* Effluent

24 hr composite » g Grab

Other = .  Zeadd (pacledr - Location

Frequency (déys/week)
Does plant bave a lab? Nne
Analyses done by plant tab (check)

BOD 188 Z& - PH

NH.-N NOy-N NO2;-N

Soluble Ortho P Coliform ) COD .

Others (List) : 'D Q

- Other

Toul P
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Plant Screening Forms

Rotating Biological Contactor (RBC) Treatment Plants



Plant Nnmfe:
Contact N_a.m:_
Phone: -

B i

Design Capacity:

2. )t

BOD;s
cop
TSS
Settleable Solids
NH-N

NO:-N

™
Aopshio 7

Toral Phosphorous

Soluble Phosphorus

Fecal Coliform

pH

Others@)Lix &[22 £ 0,10 0:M (0-632)

Receiving Watet body:

Mtype - composite, grab

M frequency - # samples/week or month

-

" Wastewater Facility Sereening Form
© . Preliminary Information . - _ -
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Pre-eatment (cheek)
Barscreen |

Self Cleaning Screens

Aerated Gait Removnl ’

Othex Grir Rerzoval -

Number of Traunmt 'l'mn's

R

# of clarifiers

Chemical addition

If yes, chemical(s) used £

TnthngFiIret ’

iy siudge e S 'Tf.*'"om;‘;;a;ch :

Lngoon =, ' . T ) e "E;;fé i M-I&;u:entR;i;:h.. .
T L ,___v__,l_xc-(Mambic_gnde o:hc

Type of Fﬂtez \‘ SER——

Media/depth
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Site Visit Presentation




Minnesota Environmental Science and
Economic Review Board

Wastewater Phosphorus Control
and Reduction Initiative

Wastewater Phosphorus Control and Reduction The Problem with Phosphorus
Initiative

o Enriches nutrients in receiving waters to decrease water

Minnesota Environmental Science and Economic Review Board quality
(MESERB) > Increases algae growth
> Increases weed growth
George Kehrberger, Denris Scannell, Gary Grey - HydroQual, Inc. e Problems
> Taste and odor
H. David Stensel - Univ. of WA » Fish habitat — lowers DO
> Aesthetics




Objectives

e Provide a description of Best Management
Practices (BMP) for effective phosphorus control

e Demonstrate BMP alternatives through
evaluation of different types of WWTPs

e Develop protocol for BMP evaluations

e Provide technology transfer via report and
seminars

Wastewater Treatment Facilities
Located Across State

o 17 facilities selected

o Different designs
» Activated sludge
o High purity oxygen
o Oxidation ditch
o Conventional
a Biological Nutrient Removal

» Trickling filter/activated sludge
> Trickling filter

» Rotating Biological Contactor

» Aerated lagoons

Wastewater Treatment Facilities (continued)

o Different sizes
» 0.30 to 19.5 Mgal/day

o Different sludge handling methods
» Aerobic digestion
» Anaerobic digestion
> Land application
o Different phosphorus removal needs at present
» Treated effluent less than 1 mg/L
» No standard yet

Approach

e Characterize Selected Existing WWTPs

o Identify range of applicable P removal
alternative designs

e Systematically evaluate effectiveness and impact
of alternatives

o Identify most appropriate Best Management
Practice




Information Needed for WWTPs Site Visit Agenda

s Design capacity and loadings

e Existing permit requirements

o Receiving water body ¢ Introduction — goals and approach

o Plant layout e Phosphorus removal technology summary
s Unit sizes and equipment e Facility Tour

e Treatment performance

e Permit information
> 1 year of data

» Data collection methods e Plant design details
» Plant monitoring procedures o Obtain latest facility plan report

o Wastewater characteristics e Obtain plant performance reporting data
e Sludge processing methods
e Ultimate sludge disposal/reuse options

Site Visit Agenda (continued) Phosphorus Removal Technology
e Plant monitoring data e Chemical precipitation
o Influent wastewater characterization data e Enhanced biological phosphorus removal (EBPR)
e Sludge processing approach and data e Combined Chemical and EBPR

e Review data collection methods by plant and
laboratory capabilities




Chemical Precipitation

o 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
a At high pH causes calcium phosphate precipitate
o Not desirable due to handling and sludge production

Application Issues For Metal Salts for P Removal

o Dose
> Stoichiometric at high P concentration — mole/mole
> Increases as P conc. Decreases below 1.0 mg/L
o 2 — 4 moles/mole
e Dose location
> Primary treatment — needs control
> Activated sludge
> Prior to final final clarifier
» Tertiary treatment mode

Biological Phosphorus Removal

e Bacteria consume BOD and store large amounts
of phosphorus — 20-30% dry wgt

e Phosphorus is removed via sludge wasting with
phosphorus accumulating organisms (PAOs)

e Phosphorus can be released by bacteria with
some return to treatment system

Biological Phosphorus Removal Requires an Anaerobic
Contact Zone Followed by an Aerobic Zone

e Anaerobic means none or little oxygen and
nitrate or nitrite

e Mixed liquor is mixed and contacted with
influent wastewater

e Contact times typically 45 to 60 minutes
e Need aerobic SRT of 4 days or greater




A Number Of Process
Configurations Can Use EBPR

Anaerobic/Aerobic Process

INFL.

ANAEROBIC AEROBIC l

RAS v

Phoredox With Anoxic/Aerobic
Minimize NO-;-N to Anaerobic Zone

Oor A2/0

1980s — Other Processes Used to Minimize Nitrate
Effect on Bio P removal

1 mg of NO3-N consumes COD for

UCT PROCESS about 0.4 mg of P

INFLL

A 4

ANAEROBIC ANOXIC AEROBIC

VIP Process another form

Y
il




Alternatively Remove Nitrate in RAS Anoxic Zone

JHB PROCESS

INFLUENT

ANOXIC ANAER! AEROBIC

WAS

Sequencing Batch Reactors Demonstrated
BNR in late 1970s and early 1980s

AIR

=l Ll

FILL FILL REACT/ SETTLE
ANOXIC/ AERATION
ANAEROBIC
MIX

DECANT IDLE

Key Findings for Bio P Removal

e Specific organism selected (Acinetobacter-
Rhodocyclus -)

e Wastewater characteristics important
» NO;s-N bad (1 mg addition ~ 0.4 mg P)
> Readily biodegradable COD good (Hac)
e Stoichiometric parameters defined
e Transient loading effects important

Useful Stoichiometry

e Anaerobic contact
> 0.5 mg P release/mg Hac
Effect of readily biodegradable COD (rbCOD)
addition
» 1 mg P removed/10 mg Hac
» 0.3 mg P/mg biomass
o Effect of NO3-N on rbCOD
> 6.6 mg rbCOD/mg NO3-N
Effect of DO on rbCOD
> 2.3 mg rbCOD/mg DO




Bio P Removal Related to VFA availability

Total BOD/P is a crude parameter
e How much VFA is available in anaerobic contact zone?
» VFA/P ratios reported range from 10 — 20 g/g
Approximate VFA production from readily biodegradable
COD (rbCOD) -

VFA potential test method proposed
> VFA/rbCOD ranged from 0.80 to 1.8

Readily Biodegradable COD (rbCOD) In Influent
Can Be Used To Indicate Bio P Removal Potential

e rbCOD is “true” soluble degradable COD
e Can be measured by respirometric method

rbCOD+nitrif.+endogenous/part.

OHR Nitrif. + endogenous/part

Endogenous/part

Time

e Also measured by floc/filtration procedure

Floc/Filtration Method

e Method of Mamais and Jenkins:
> Water Research, 27, 195-197, 1993.

. Zinc Flocculation at pH 10.5 Followed by Filtration. (0.45 um
filter)
100 mk sample

o Add 1 mL of 1007mg/L ZnS04 soln — stir not shaken

o Add 2 mM NaOH soln to raise pH, stir, floc, settle, filter
Influent and effluent samples
COD Analysis.
rbCOD ranges (20 — 30%)

¥

v

v

v

v

How To Increase VFA for Bio P Removal?

Add acetate or sugar to anaerobic zone
e Produce VFA by fermentation of primary sludge
» 0.10 t0 0.20 g VFA/g VSS applied
» 2-4day SRT
VFA produced from RAS fermentation
o Consistent feeding of VFA may improve performance
> li.e. lower overall VFA/P ratio

!
i




Factors That Affect P Removal Efficiency By The
EBPR Processes

e Wastewater characteristics

» VFA availability

> Variable loading
e Biological process design

» SRT, aerobic zone, nitrate in recycle
e Recycle loads

Combined Chemical and EBPR Processes

e Chemical prior to biological process
o Chemical in biological process

e Chemical as polishing step

e Combinations of above

Summary

o A number of “tools” available for phosphorus removal
» Chemical methods
> Biological methods
o Site specific conditions affect EBPR process designs and
P removal efficiency
o Site conditions and permit level affect combination
chemical/biological design processes




APPENDIX 2.1.1

ALEXANDRIA LAKE AREA SANITARY
DISTRICT WWTF
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Appendix 2.1.1

Alexandria Lake Area Sanitary District WWTF

Summary of Plant Data

Table 2.1.1.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling
Table 2.1.1.B: NPDES Permit Limits
Table 2.1.1.C: Biological Secondary Treatment Process Design Information
Table 2.1.1.D: Wastewater Characterization

Influent

Effluent
Table 2.1.1.E: Plant Petformance - Percent Removal
Table 2.1.1.F: Probability Analysis



Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.A: Plant Design Parameters

Parameter Value Units
1. Piant Loadings
Flow
Design Average Flow 3.25 MGD
Annual Average Flow 2.57 MGD
BOD
Design 6,501 Ib/day
Annual Average 5,151 Ib/day
% Industrial 35%
TSS
Design 5,192 Ib/day
Annual Average 4,113 Ib/day

2. Treatment Unit Sizes

Grit Chamber 1

Volume 20,197 gallons
Depth 13 feet
Area 216 sq. feet
Primary Clarifier 2 .

Volume 130,869 galions
Depth 11 feet
Diameter 45 feet
Area 1,690 sq. feet
Overflow Rate'" 803 gpd/t?
Detention time'” ] 1.9 hours
Aeration Tanks 2

Volume 103,231 gallons
Depth 15 feet
Area 920 sq. feet
Detention time!” . 15 hours
Secondary Clarifier 2

Volume 213,269 gallons
Depth 12 feet
Diameter .55 feet
Area 2,376 sq. feet
Overflow Rate' 806 gpdit
Detention time!” 3.1 hours
SC Tank 1

Volume 495,718 gallons
Depth 15 feet
Diameter 75 feet
Area 4418 sq. feet
Sand/Anthracite Filters 6

Overflow Rate®” 1.97 - 2.95 gpdift?

3. Sludge Handling

Thickening None

Digestion Aerobic

Volume per tank 410,679 gallons
Depth 15 feet
Area 3,660 sq. feet
Storage ‘ None

Sludge Dewatering Centrifuge

Sludge Disposal

Land application

{1) - based on design dry weather flow



Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.B: NPDES Permit Limits

Parameter Limit Units Limit Type Period Frequency Type
Ammonia Monitor mg/L Monthly Average {Jan-Dec 3/iweek |24 hr comp
CBOD; 25 mg/L Monthly Average |Jan-Dec 3/iweek |24 hr comp
CBODs 40 mg/lL  [Weekly Average Jan-Dec 3fweek {24 hr comp
CBODs 85 |% Removal[Monthly Average [Jan-Dec 3/iweek | Calculation
Total Residual Chlorine | 0.038 mg/L Daily Max April, Oct . 7Tiweek Grab
Fecal Coliform ' 200 #/100 mL |Monthly Geo Mean |April - Oct 3iweek 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 SuU Monthly Min/Max  |Jan-Dec 7lweek Grab
Total Phosphorus 1.0 mg/L Monthly Average |Jan-Dec 3lweek |24 hr comp
Total Suspended Solids 30 mg/L Monthly Average |Jan-Dec 3iweek |24 hr comp
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/iweek | Calculation




Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.C: Biological Secondary Treatment Process Design Information

Month RAS SRT FIM MLSS MLVSS

2002 MGD days kg/kg mg/L %
January 1.41 0.55 0.70 1,863 74.0%
February 1.35 - 0.90 2,664 72.0%
March 1.32, - 074 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%



Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.D: Wastewater Characterization

Influent
Month Flow BOD5 BOD5 CcOD TSS TSS Total Phos BOD/P
2002 MGD 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 7.0 412
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 - 26 203.1 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 - 27 216.6 4,922 4515 191.8 4,359 6.0 36.3
July 3.1 232.5 5,917 4217 192.7 4,905 59 39.5
August 2.8 250.9 5,834 423.7 203.5 4,731 6.9 36.2
September 26 2232 4,782 439.9 184 .1 3,945 6.9 323
October 25 | 2945 6,170 523.5 213.5 4473 7.0 421
November 2.4 2123 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 26 239.8 5,121 482.8 191.6 4,114 6.6 36.5
Effluent
Month Flow BOD5 BOD5 TSS TSS |[Total Phos
2002 MGD mg/L Ib/day mg/L Ib/day mgi/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 25 2.9 60 3.8 79 0.66
May 2.8 34 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 14 33 0.39
September 2.6 27 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 22 2.5 46 12 23 0.32
Average 25 3.1 64 21 43 0.41




Alexandria Lake Area Sanitary District WWTF

Table 2.1.1.E: Plant Performance - Percent Removal

Month CBODS5 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'” | 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

Grand Rapids WWTF

Summary of Plant Data

Table 2.1.2.A: Plant Design Parametets

Loading Rates

Treatment Unit Sizes

Sludge Handling
Table 2.1.2.B: NPDES Permit Limits |
Table 2.1.2.C: Biological Secondary Treatment Process Design Information
Table 2.1.2.D: Wastewater Characterization

Influent

Effluent
Table 2.1.2.E: Plant Performance - Percent Removal
Table 2.1.2.F: Probability Analysis



Table 2.1.2.A: Plant Design Parameters

Grand Rapids WWTF

Parameter Value Units
1. Plant Loadings
Flow
Design Flow 15.2 MGD
Annual Average Flow 8.8 MGD
% Industrial 46%
BOD
Design 38,908 Ib/day
Annual Average 23,330 Ib/day
% Industrial 62%
188
Design 34,007 Ib/day
Annual Average 19,501 ib/day
% Industrial 87%
2. Treatment Unit Sizes
Flocculation Basins 2
Volume 0 gallons
Depth 16 feet
Area 1,000 sq. feet
Detention time!"” 0.5 hours
Primary Clarifier 3 .
Volume 0.85 gallons
Depth 145 feet
Diameter 100 feet
Area 7,854 sq. feet
Overflow Rate®™ 330 gpa/i
Detention time®™ 7.0 hours
Aeration Tanks . 2
Volume 7.8 gallons
Depth 18 feet
Area 58,000 sq. feet
Detention time'" 42.6 hours
Final Clarifier 2
Volume 0.56 gallons
Depth 9.5 feet
Diameter 100 feet
Area 7,854 sq. feet
Overflow Rate® 970 gpd/ft?
Detention time!" 3.0 hours
Final Clarifier 1
Volume 2.82 gallons
Depth 14.0 feet
Diameter 185 feet
Area 26,880 sq. feet
Overflow Rate” 970 gpdift
Detention time'” 7.7 hours
Effluent Polishing Ponds 2
Volume 19.75 gallons
Depth 20.0 feet
Area 132,000 sq. feet
Detention time""’ 108 hours
Effluent Polishing Ponds 2
Volume 16 gallons
Depth 20 feet
Area 106,000 sq. feet
Detention time®” 87 hours
3. Sludge Handling
Thickening Gravity Thickeners
Digestion None
Storage None
Siudge Dewatering Belt Filter Press

Sludge Disposal

Landfili

(1) - based on design dry weather flow



Table 2.1.2.B: 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
CBOD; 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
CBODs; 85 % Removal [Monthly Min Jan - Dec 3/week |24 hrcomp
Total Residual Chlorine | 0.038 mg/L Monthly Max Aprit - 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 jMonthly Min Jan-Dec |. 3/week {24 hrcomp
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 FIM MLSS MLVSS

2002-2003 MGD GPD Ib/lb 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 54 0.19 0.04 4,646 2,503
Average 7.4 0.56 0.11 3,795 2,242




Grand Rapids WWTF

Table 2.1.2.D: Wastewater Characterization

Influent

Month Flow BOD5 BOD5 TSS TSS
2002-2003 MGD mg/L Ib/d mg/L Ib/d
October 10.6 444 39,229 214 18,959
November 11.5 405 38,892 290 27,859
December 115 399 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 71 - 258 15,225 309 18,223
May 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 BOD5 BOD5 TSS TSS Total Phos
2002-2003 MGD mg/L ibid mg/L Ib/d mg/L
October 8.8 52 382 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%
Average 99.2% 95.7%




Grand Rapids WWTF

Table 2.1.2.F: Probability Analysis

Influent Effluent
1SS BOD TSS BOD TP
% Occurrence'” mg/L_ mglL_ 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 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 2.1.3

New Ulm WWTF

Summary of Plant Data

Table 2.1.3.A: Plant Design Parametets
Loading Rates
Treatment Unit Sizes
Sludge Handling
Table 2.1.3.B: NPDES Permit Limits
Table 2.1.3.C: Wastewater Characterization
Influent
Effluent
Table 2.1.3.D: Plant Performance - Percent Removal
Table 2.1.3.E: Probability Analysis



Table 2.1.3.A: Plant Desigh Parameters
Parameter Value Units

1. Plant Loadings _

Flow

Design Flow 6.77 MGD

Annual Average Flow 255 ° MGD

% Industrial 34%

BOD

Design 21,828 Ib/day

Annual Average 8,141 Ib/day
.|% Industrial 80%

1SS

Design 15412 Ib/day

Annual Average 5,755 Ib/day

2. Treatment Unit Sizes

Treat t Trains: 2

Primary Clarifier 2

Volume 248,745.00 gallons

Depth 10.0 feet

Diameter 65 feet

Area 3,318 sq. feet

Detention time!” 47 hours

Aeration Tanks 4

Volume 737,350 gallons

Depth 13 feet

Area 7,396 sq. feet

Detention time'" 28 hours

Final Clarifier 3

Volume 298,500 gallons

Depth 12 feet

Diameter 65 feet

Area 3,318 sq. feet

Detention time'" 8.4 hours

Cl, Contact Tank 2

Volume 68,816 gallons

Depth 5 feet

Area 2,000 sq. feet

Detention time®” 1.3 hours

3. Siudge Handling

Thickening Gravity Thickeners

Digestion Aerobic 4

Volume 58,798 gallons

Depth 141 feet

Diameter 295 feet

Area 683 sq. feet

Storage Tank 4

Volume 800,000 gallons

Sludge Dewatering None

Sludge Disposal

Land Application

(1) - based on design dry weather flow

New Ulm WWTF



Table 2.1.3.B: NPDES Permit Limits

New Ulm WWTF

Type

Parameter Limit Units Limit Type | Period | Frequency
CBODg 25 mg/L Monthly Avg Jan - Dec 3/week |24 hrcomp
CBOD;4 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 #1100 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




New Ulm WWTF

Table 2.1.3.C: Wastewater Characterization

influent

Month Flow CBOD; | CBOD; TSS TSS TP BOD:P
2002-2003 MGD mg/L Ib/d mg/L Ib/d mg/L
September 27 296 6,647 204 4574
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 5594 | 9.1 40
July 2.8 361 8,356 267 6,183 9.2 39
August 2.7 393 8,970 292 6,673 8.0 49
September 27 340 7,568 263 5,863 8.8 39
Average 2.5 387 8,141 273 5,755 8.9 43
Effluent

Month Flow CBOD; | CBODg4 TSS TSS TP Ammonia NO;
2002-2003 MGD mg/L lb/d mg/L Ib/d 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 < 0.08 394
January 2.3 4.3 83 3.9 75 < 0.08 38.4
February 2.3 47 90 4.8 92 5.6 < 012 31.3
March 2.3 4.4 86 6.0 117 6.2 < 0.51 38.1
April 2.4 4.2 82 59 . 117 4.6 < 0.21 44 1
May 2.8 3.5 83 5.0 119 4.7 < 0.08 47.2
June 26 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 27 2.3 50 2.8 63 4.8 0.00 43.1
Average 2.5 3.5 72 42 89 4.8 < 013 42.2




Table 2.1.3.D: Plant Performance - Percent Removal

New Ulm WWTF

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%
Average 99.1% 98.4% 44.4%




New Ulm WWTF

Table 2.1.3.E: Probability Analysis

. Influent . Effluent
% TSS BOD TP TSS BOD | TP ‘NH, NO,
Occurrence'” 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 11 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

Summary of Plant Data

Table 2.2.1.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling
Table 2.2.1.B: NPDES Permit Limits
Table 2.2.1.C: Biological Secondary Treatment Process Design Information
Table 2.2.1.D: Digester Process Characteristics
Table 2.2.1.E: Wastewater Characterization

Influent

Effluent
Table 2.2.1.F: Plant Performance - Percent Removal
Table 2.2.1.G: Probability Analysis |



Table 2.2.1.A:

Plant Design Parameters

Parameter Value Units
1. Plant Loadings
Flow
Design Flow 13.0 MGD
Annual Average Fiow 10.8 MGD
Industrial 22 MGD
BOD
Design 15,578 Ib/day
Annual Average 26,800 Ib/day
% Industrial 17.1% )
TSS
Design 16,547 Ib/day
Annual Average 26,100 ib/day
% Industrial 17.5%
2. Treatment Unit Sizes
Primary Clarifier 4
Volume 273,000 gallons
Depth 8 feet
Area 4,563 sq. feet
Overflow Rate!" 712 gpd#t’
Detention time!" 2 hours
Aeration Tanks 3
Volume 1,070,000 gallons
Depth 16 {eet
Area 9,537 sq. feet
Detention time™ 5.03 hours
Finat Clarifier 3
Volume 647,000 gallons
Depth 12 feet
Diameter 96 feet
Area 7,238 sq. feet
OQverflow Rate' 599 gpd#t?
Detention time!” 3.58 hours
Cl, Contact Tank 2
Volume 142,000 gallons
Detention time™ 0,52 hours
3. Sludge Handling
Sludge Thickening
Belt Thickeners and Dissolved Air Flotation
Digestion
Anaerobic Digesters 4
Diameter 60 ft
Capacity 575,000 galtons
Storage Tank

Sludge Disposal

Land Application

(1) - based on design dry weather flow

St. Cloud WWTF



St. Cloud WWTF

Table 2.2.1.B: NPDES Permit Limits

Parameter Limit Units Limit Type Period Frequency Type
CBOD; 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
CBODyg 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 SuU Monthly Min/Max  lJan - 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/lweek |24 hr comp
Total Suspended Solids 45 mg/L  {Weekly Avg Jan - Dec 3iweek |24 hr comp
Total Suspended Solids 85 | % Removal|Monthly Avg Jan - Dec 3/week |24 hr comp




St. Cloud WWTF

Table 2.2.1.C: Biological Secondary Treatment Process Design Information

Month RAS SRT FIM MLSS MLVSS
2002-2003 MGD days Ib/lb 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 - 017 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 87 = 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




St. Cloud WWTF

Table 2.2.1.D: Digester Process Characteristics

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
August 597 4,609 2.88 61.3
September 590 4,184 2.25 62.8
Average 637 4,453 2.58 62.7




St. Cloud WWTF

Table 2.2.1.E: Wastewater Characterization

Influent

Month Flow | CBOD5 | CBODS cob TSs TSS TKN _|Ammoniaj Total Phos BOD/P
2002-2003 | MGD mg/L Ib/d mg/L mg/L Ib/d _mg/L mg/L mg/L mg/L)/(mg/L
October 12.7 119 12,665 461 141 14,977 25.0 176 5.2 23.1
November 11.7 139 13,574 462 154 14,965 274 19.8 4.8 29.1
December 10.5 150 13,135 532 158 13,837 31.0 218. 55 272
January 10.2 164 13,975 159 .1 158 13,418 32.1 23.4 5.6 296
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 59 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 23.0 193 47 28.0
August 10.6 165 14,606 204 130 11,518 25.0 20.1 5.4 30.5
September 10.8 101 8,951 432 136 12,051 24.6 15.2 3.8 26.3
Average 10.8 144 12,881 278 153. 13,721 28.4 211 5.2 274
Effluent

Month Flow CBOD5 | CBOD5 TSS TSS TKN | Ammonia[Total Phos
2002-2003 | MGD mg/L Ib/d mg/L Ib/d mg/L _mg/L mg/L
October 12.7 5.0 536 7.7 822 6.2 4.3 1.5
November 1.7 6.0 585 10.4 1,009 13.6 112 0.71
December 10.5 6.3 550 8.9 783 15.3 121 0.80
January 10.2 9.0 762 13.3 1,134 121 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 10.3 204 0.91
April 10.6 6.9 608 9.1 805 15.0 21.9 1.0
May 10.9 48 436 6.1 554 8.5 1563 0.50
June 10.9 2.7 247 3.8 343 5.0 114 0.29
July 11.0 38 349 4.9 449 35 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 13
Average 10.8 57 506 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%
August 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



St. Cloud WWTF

Table 2.2.1.G: Probability Analysis

influent Effluent
% TSS COoD BOD TP TKN NH3 T8S BOD P TKN NH3
Occurrence!”|  mglL mgl/L mgl/L mgi/L mg/L mgl/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 52 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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Appendix 2.2.2

Fergus Falls WWTP

Summary of Plant Data

Table 2.2.2.A: Plant Design Parameters

Loading Rates

Treatment Unit Sizes

Sludge Handling
Table 2.2.2.B: NPDES Permit Limits
Table 2.2.2.C: Biological Secondary Treatment Process Design Information
Table 2.2.2.D: Wastewater Characterization

Influent

Effluent
Table 2.2.2.E: Plant Performance - Percent Removal
Table 2.2.2.F: Probability Analysis



Table 2.2.2.A: Plant Design Parameters

Fergus Falls WWTP

Parameter Value Units
1. Plant Loadings
Flow
Design Flow 2.81 MGD
Maxirum Storm Flow 7.75 MGD
Annual Average 1.76 MGD
BOD
Design 6,600 Ib/day
Annual Average 3,336 Ib/day
T8S
Design 6,248 Ib/day
Annual Average 3,000 Ib/day
2. Treatment Unit Sizes
Primary Clarifier 2
Volume 139,500 _gallons
Depth 10 feet
Diameter 50 feet
Area 3.926 sq. feet
Overflow Rate! 716 gpdAf?
Detention time'” 38 hours
Aeration Tanks 2
Volume 550,000 galions
Depth 15 feet
Area 4,960 sq. feet
Detention time' 150 hours
Aeration Blowers (number) 4
Aeration Blowers (capacity)} 8,000 cfm
Final Clarifier 2
Volume 298,000 gallons
Depth 12 feet
Diameter 65 feet
Area 5,655 sq. feet
Overflow Rate"” 497 gpd/itt
Detention time"" 8.1 hours
Disinfection 2
Volume 78,091 gallons
Depth 7.5 feet
Area 696 sq. feet
Detention time®™ 2.1 hours
3. Studge Handling
Thickening None
Digestion Anaerobic 3
Diameter 50 ft
Capacity 471,000 gallons, each
Storage None
Dewatering
Belt Filter Press
Sludge Storage Tank 1.48 MG

Sludge Disposal

Haul or Land Application

(1) - based on design dry weather flow



Table 2.2.2.B: 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 124 hr comp
CBODs 25 mg/L Monthly Average  |Jan-Dec 3/week |24 hr comp
CBODs 40 mg/L  |Weekly Average Jan-Dec 3iweek |24 hr comp
CBOD; 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
Total Lead Monitor ug/L Single Value Jul 1/month Grab
Total Copper Monitor ug/L Single Value Jul 1/month Grab
Dissolved Oxygen Monitor mg/L _ [Monthly Minimum |Jan-Dec 7/week Grab
pH 6.0-9.0 SuU Monthly Min/Max  |Jan-Dec 7/week Grab
Total Phosphorus 1.0 mg/L Monthly Average ' |Jan-Dec 3/week |24 hr comp
Total Suspended Solids 30 mg/L _ {Monthly Average |Jan-Dec 3/week |24 hr comp
Total Suspended Solids 45 mg/L _ |Weekly Average Jan-Dec 3/lweek |24 hr comp
Total Suspended Solids 85 | % Removal|Monthly Average jJan-Dec 3/week | Calculation




Fergus Falls WWTP

Table 2.2.2.C: Biological Secondary Treatment Process Design Information

RAS

Month SRT FIM MLSS MLVSS
10/02-10/03 MGD days ka/kg mg/L %
QOctober 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
August 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



Fergus Falls WWTP

Table 2.2.2.D: Wastewater Characterization

Influent

Month Flow BOD5 BOD5 TSS TSS |Ammonia| Total Phos BOD/P
10/02-10/03f MGD mg/L Ib/d mg/L Ib/d 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 BOD5 BODS5 TSS TSS | Ammonial Total Phos
10/02-10/03{ MGD mg/L Ib/d mg/L Ib/d mg/L mg/L
October 1.77 2.0 30 44 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 42 59 5.0 70 2.3 0.85
Average 1.756 3.0 44 98 7.2 0.60

6.7




Table 2.2.2.E: Plant Performance - Percent Removal

Month CBOD; TSS Ammonia Total Phos
2002-2003 '
QOctober 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% 196.3% 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



Fergus Falls WWTP

Table 2.2.2.F: Probability Analysis

Influent Effluent
% TSS BOD TP NH, TSS BOD TP NH, NO,
Occurrence”|  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 57 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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Appendix 2.3.1

Wadena WWTF

Summary of Plant Data

Table 2.3.1.A: Plant Design Parameters
Loading Rates
Treatment Unit Sizes
Sludge Handling
Table 2.3.1.B: NPDES Permit Limits
Table 2.3.1.C: Biological Secondary Treatment Process Design Information
Table 2.3.1.D: Wastewater Characterization
Influent
Effluent
Table 2.3.1.E: Plant Performance - Percent Removal

Table 2.3.1.F: Probability Analysis



Table 2.3.1.A - Plant Design Parameters

Parameter Value Units
1. Plant Loadings
Flow
Design Dry Weather Flow 0.50 MGD
Design Wet Weather Flow 0.75 MGD
Annual Average Flow 0.32 MGD
BOD
Design 640 tb/day
Annual Average 412 ib/day
TSS
Design 849 Ib/day
Annual Average 549 Ib/day
2. Treatment Unit Sizes
Primary Clarifier 1
Volume per tank 65,802 gallons
Depth 7 feet
Diameter 40 feet
Area 1,257 sq. feet
Overflow Rate” 398 gpdift®
Detention fime™ 3.2 hours
Oxidation Ditch 4 passes
Middle Passes (2) 110 ft
Inner Pass 15.5 ft
Quter Pass 16+ ft
Depth 8.5 ft
Width of Pass 16 ft
Volume per tank 396,000 gallons
Depth 8.5 feet
Detention time™ 19.0 hours
Final Clarifier 2
Volume per tank 103,403 ___gallons
Depth 11 feet
Diameter 40 feet
Area 1,257 sq. feet
Overflow Rate™ 199 gpd/t
Detention time!” 9.9 hours
Cl, Contact Tank 1
Volume per tank 6,970 gallons
Depth 467 feet
Area 200 sq. feet
Detention time™ 0.3 hours
Effluent Filter 2
Anthracite and Anthrasand 12ftx 121t
Media Depth 1 ft
Filter Area 150 ft mediaffilter
3. Sludge Handling
Thickening None
Digestion Anaerobic
Primary Digestion
Diameter 40 ft
Capacity 189,000 galions
Secondary Digestion
Diameter 35 ft -
Capacity 130,000 gallons
Storage
Tank 2
Capacity per tank 250,000 gallons
Dewatering None
Disposal 858,000 gallons/year

Land Apply in Spring and Fall; Store in Winter and Summer

(1) - based on design dry weather flow

Wadena WWTF




Table 2.3.1.B: NPDES Permit Limits

Wadena WWTF

Parameter Limit Units Limit Type Period Frequency Type
Ammonia 15 mg/L Monthly Avg Dec - March 1/week |24 hr comp
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 Monthly Avg Oct - Nov 1iweek |24 hr comp
CBOD; 10 mg/L Monthly Avg Jan - Dec 1/week |24 hr comp
CBOD; 15 mg/L Weekly Avg 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 hr comp
Total Suspended Solids 30 mg/L Monthly Avg Jan - Dec 1/week |24 hrcomp|
Total Suspended Solids 45 mg/L  [Weekly Avg Jan - Dec 1/week |24 hr comp
Total Suspended Solids 85 % Removal [Monthly Avg Jan - Dec 1/week | Calculation




Table 2.3.1.C - Biological Secondary Treatment Process Design Information

Wadena WWTF

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 1,938 3,879 7,234
August 432,000 5,610 232 335 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




Wadena WWTF

Table 2.3.1.D: Wastewater Characterization

Influent

Month Flow CBOD5 | CBOD5 TSS TSS Ammonia| Total Phos BOD/P
2002-2003 MGD mg/L ib/d mg/L Ib/d 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 0.360 148 440 226 679 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 ib/d mg/L Ib/d 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 53
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 (CBODg;, 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%




Wadena WWTF

Table 2.3.1.F: Probability Analysis

Influent Effluent
% TSS BOD TP NH3 TSS BOD TP NH3
Occurrence'” 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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Appendix 2.3.2

Whitewater River PCF

Summary of Plant Data
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Loading Rates
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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
Design BOD 3,089 Ib/day
Annual Average BOD 2,422 ib/day
TSS
Design TSS 2,298 Ib/day
Annual Average TSS 1,833 Ib/day
2. Treatment Unit Sizes
Oxidation Ditch 2
Volume/Unit 598,400 gallons
Area 12,600 sq. ft.
Depth 6.25 feet
Detention time'" 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 gpm/sq. ft.
Anthracite Depth 18 in
Sand Depth 18 in
Chlorine Contact Tank 1
Volume . 27,700 gallons
Area 758 sq. ft.
Depth 11 feet
3. Sludge Handling
Thickening None
Digestion None
Storage "
Lagoon 1
Volume 693,400 gallons
Sludge Disposal
L and Application

(1) - based on design flow



Whitewater River PCF

Table 2.3.2.B: NPDES Permit Limits

Parameter Limit Units Limit Type Period Frequency Type
CBOD; 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 hr comp
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 hr comp
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 hr comp




Whitewater River PCF

Table 2.3.2.C: Wastewater Characterization

Influent

Month Flow CBOD5 CBOD5 TSS TSS TP BOD:P

2002 - 2003 MGD mg/L Ib/id mg/L ib/d 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 | 066 463 2422 | 344 1,833 10 45
Effluent

Month Flow CBOD5 CBOD5 TSS TSS NH4-N Total TP

2002 - 2003 MGD mg/L Ib/d mg/L lb/d mg/L mg/L

September 0.60 3.0 15 7.0 35 0.24 75
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 58 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 17 12 3.0 21 0.24 57
July 0.81 2.2 15 47 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%
Average 99.4% 98.5% 32.9%




Whitewater River PCF

Table 2.3.2.E: Probability Analysis

Influent Effluent
% TSS BOD TP TSS BOD NH; (T) TP
Occurrence'” [ mg/L mg/L mg/L mg/L mgl/L mg/L mg/L
10% 188 259 7.0 1.8 2.2 0.21 45
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
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Table 2.4.1A: Plant Design Parameters

Moorhead WWTF

Parameter Value Units
1. Plant Loadings
Flow
Design Flow 6.0 MGD
Annual Average Flow 3.9 MGD
% Industrial 25%
BOD
Design 13,357 Ib/day
Annual Average 8,575 Ib/day
% Industrial 55%
88
Design 9,372 Ib/day
Annual Average 6,042 Ib/day
% Industrial 11%
2. Treatment Unit Sizes
Primary Clarifier 2
Volume 290,000 galions
Depth 12 feet
Area 3,240 sq. feet
Overflow Rate!" 925 gpd/t®
Detention time!"” 23 hours
Aeration Tanks
High Purity Oxygen 2
Volume 510,000 gallons
Depth 12 feet
Area 5,700 sq. feet
Detention time®” 4.1 hours
Final Clarifier 4
Volume 250,000 ‘gallons
Depth 12 feet
Diameter 60 - feet
Area 2,827 sq. feet
Overflow Rate'” 530 gpd/t’
Detention time!” 4.0 hours
Chlorine Disinfection Tank 1
Volume 36,500 gallons
Depth 17 feet
Area 288 sq. feet
Detention time'” 0.15 hours
Polishing Ponds/Nitrification Basin 3
Total Area 9.6 acres
Total detention time™” 43 days
3. Sludge Handling
Thickening
Air Flotation Thickeners 2
Capacity 63,500 gallons
Digestion
Anaerobic Digesters 3
Diameter 60 ft
Capacity (maximum) 550,000 gallons
Storage BioSolids Tank

None

Sludge Dewatering (thickening only)

Siudge Disposal

Land Application

MBased on design flow



Table 2.4.1.B: NPDES Permit Limits

Moorhead WWTF

Parameter Limit Units Limit Type Period | Frequency Type
Ammonia 190" mg/L Monthly Avg June - Sept| 3/week |24 hr comp
CBODs 12 mg/L Monthly Avg Jan - Dec 3/week |24 hr comp
CBOD; 18 mg/L Weekly Avg Jan - Dec 3iweek |24 hr comp
CBODs 85 % Removal [Monthly Avg Jan - Dec 3fweek |24 hr comp
Total Residual Chlorine | 0.038 mg/L Daily Max April - Oct 1/day Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean |April - Oct 3lweek -Grab
Dissolved Oxygen Monitor mg/L Monthly Min “|Jan - Dec 5/week Grab
pH 6.0-9.0 SuU Monthly Min/Max _ {Jan - Dec 5lweek Grab
Total Phosphorus Monitor mg/L Monthly Avg Jan-Dec | 1/week |24hrcomp
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 80 % Removal |Monthly Avg Jan - Dec 3/week |24 hr comp

MAmmonia discharge load is 647 kg/day @ 19 mg/L (River flow > 50 cfs)
MAmmonia discharge load is 108 kg/day @ 19 mg/L (River fiow > 50 cfs)




Moorhead WWTF

Table 2.4.1.C: Biological Secondary Treatment Process DesiQn Information

SRT

RAS FIM MLSS MLVSS

Month North | South | North | South [ North | South [ North | South | North | South

2002 MGD days Ib/Ib mg/L mg/L
January 027 | 202 | 461 1.3 0.32 | 068 | 3296 [ 2,476 | 2,880 | 2,183
February 099 | 1.02 4.4 7.3 0.38 | 043 | 2405 | 2,073 | 2,117 | 1,873
March 1.01 | 1.01 2.5 4.1 042 | 034 | 2422 | 2,766 | 2,211 | 2,421
April 1.01 | 1.01 1.8 43 042 [ 038 | 2279 | 2,537 | 1,968 | 2,172
May 1.01 | 1.01 1.8 4.6 039 | 0.34 | 2,384 | 2,786 | 2,008 | 2,356
June 1.01 | 1.01 2.1 3.9 038 | 040 | 2,149 [ 2,240 [ 1,732 [ 1,822
July 1.01 | 1.01 2.2 3.1 042 | 0.38 | 1,938 | 2,076 | 1,626 | 1,747
August 1.01 | 1.03 3.3 3.3 045 | 045 | 1,841 | 1,863 | 1,644 | 1,642
September 111 | 113 4.2 3.7 036 | 041 | 2,358 | 2,152 | 2,120 | 1,938
October 1.15 | 1.01 3.3 2.8 039 | 050 | 2,188 | 1,800 | 1,894 | 1,592
November 115 | 1.07 27 3.0 0.38 | 053 | 1,964 [ 1,949 | 1823 | 1,771
December 122 | 1.22 - 1.3 - 0.70 - 2,498 - 2,135
Average 1.00 | 113 ] 677 | 356 | 039 | 046 | 2,293 | 2,268 [ 2,002 | 1,971
Plant Average 1.06 5.17 0.43 2,281 1,986




Table 2.4.1.D: 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
August 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

Moorhead WWTF

Influent
Month Flow CBOD5 | CBOD5 TSS TSS '| Ammonia [ Total Phos BOD/P
2002 MGD mg/L Ib/d 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 6.3 453
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 5.7 443
June 47 226 8,940 169 6,682 14 4.9 45.8
July 45 219 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 6.5 417
October 3.6 310 9,288 192 5,744 22 6.8 458
November 3.7 276 8,617 202 6,300 24 7.0 39.3
December 40 280 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' | Total Phos
2002 MGD mg/L Ib/d 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 41 125 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 29
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 71 223 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

"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'" 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%
August 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%
Average 96.7% 96.1% 15.3% 38.3%

Mnitrification process went on line in 2003.

Moorhead WWTF



Moorhead WWTF

Table 2.4.1.G: Probability Analysis

Influent Effluent
% TSS BOD TP NH, TSS BOD TP NH,?
Occurrence!” [ mgiL mg/lL | 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 74 25.0. 12.0 11.7 46 27.3

Mpercent of samples with concentrations less than the concentration specified

Based on the development of percent occurrence/probability plots for each parameter

@Note: The ammonia data are for 2002. Nitrification process went on line in 2003.
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Appendix 2.4.2

Rochester WRP
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Table 2.4.2.A: Plant Design Par

Parameter Value Units
1. Plant Loadil
Flow -
Design Flow (Max Monthly) 19.1 MGD
Ann Avg Flow (1993 - 2002) 125 MGD
Ann Avg Flow (2003) 13.2 MGD
BOD
Design 59,961 Ib/day
Annual Average 31,749 Ib/day
% Industrial 30-40%
TSS
Design 33,717 Ib/day
Annual Average 20,563 Ib/day
2. Treatment Unit Sizes
Equalization Basin 1 1
Volume 1,781,006 galfons
Depth 13.5 feet
Area 17,637 sq. feet
Detention time™ 32 hours
Equalization Basin 2 1
Volume 3,805,824 gallons
Depth 12 feet
Area 42,400 sq. feet
Detention time® 6.9 hours
Grit Basins 2 .
Volume 35,904 gallons
Depth 16 feet
Diameter feet
Area 300 sq. feet
Preaeration Basins 2
Volume 140,250 gallons
Depth 15 feet
Diameter - feet
Area 1,250 sq. feet
Primary Clarifier 2
Volume 782,441 gallons
Depth 10 feet
Diameter feet
Area 10,460 sq. feet
Overflow Rate” 1,826 gpdiit?
Detention time® 29 hours
1st Stage Aeration 2
Volume - 593,762 gallons
Depih 15 feet
Area 5292 sq. feet
Detention time"™ 22 hours
Intermediate Clarifiers 2
Volume 490,728 gallons
Depth 10 feet
Diameter 90 feet
Area 6,362 sq. feet
Overflow Rate®” 3,002 gpdiftt
Detention time!" 1.8 hours
Intermediate Clarifiers 2
Volume 681,071 gallons
[Depth 14 feet
Diameter 90 feet
Area 6,362 sq. feet
Overflow Rate®™ 3,002 gpd/f
Detention time'? 25 hours
2nd State Aeration 3
Volume 927,754 gallons
Depth 15 feet
Area 8,269 sq. feet
Detention time®™ 5.1 hours
Intermediate Clarifiers 4
Volume 1,201,978 gallons
Depth 14 feet
Diameter 120 feet
Area 11,310 sq. feet
Overflow Rate™ 1,689 gpdift
Detention time'™® 8.8 hours
Cl, Contact Tank 3
Volume 261,800 gallons
Depth 7 feel
Area 5,000 sq. feet
Detention time™ 1.4 houss
3. Sludge Handling
Sludge Thickening
Belt Thickeners
Digeshi
Anerobic Digestion 6 units
Total Capacity 5.80 MG
Storage None
Siudge D
Gravity Belt Thickener
Sludge Disposal Land Application

(1) - based on design flow

Rochester WRP



Table 2.4.2.B: Effluent Permit 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
CBOD; 14 mg/L Monthly Avg Jan-Dec| 3/week [24hrcomp
Fecal Coliform 200 MPN/100mL |Monthly Geo Mean [Jan - Dec| 3/week Grab
pH 6.5-8.5 SU Monthly Min/Max__ |Jan - Dec 1/day Grab
Total Phosphorus 1 mg/L [Monthly Avg Jan-Dec| 1/week |24 hrcomp
Total Suspended Solids 20 mg/L Monthly Avg Jan-Dec| 3/week [24 hrcomp
Turbidity 25 NTU - Monthly Avg Jan - Dec 1/day _ Grab
Dissolved Oxygen 5 mg/L Monthly Min Jan - Dec 1/day Grab




Rochesfer WRP

Table 2.4.2.C - Biological Secondary Treatment Process Design Information

RAS RAS SRT
Month 1 Stage | 2" Stage 15'Stage | 2" Stage 1%'Stage | 2" 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 1°'Stage | 2" Stage 1 Stage | 2™ Stage 1 Stage | 2" Stage
2003 mg/L % mg/L
January 2,499 3,995 88.2% 65.4% 2204 | 2613
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 4674 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




Rochester WRP

‘Table 2.4.2.D: Wastewater Characterization

Influent
Month Flow COD solCOD| CBODg | CBODs TSS TSS VSS TKN Ammonia*{Total Phos| Soluble P BOD/P Alkalinity
2003 MGD mg/L mg/l _mgiL ib/d mgiL Ib/d mg/L mg/L _mgl/L mg/L mg/L _ {mg/L)/(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 Average = 18.3 8.2 - 37.3
June 13.8 345 39,563 205 23,508 31.4 mg/L 16.1 8.9 38.8
July 14.3 503 190 320 38,030 204 24,244 167 | (1'993 i 15.9 8.5 37.8
August 13.5 597 213 320 36,109 199 22,455 176 2002) 15.3 8.3 53 34.5 340
September 12.7 368 39,009 197 20,882 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 9.8 471 .
December 12.4 ] 382 39,569 213 22,063 23.2 9.3 40.9
Average 13.2 550 202 376 41,166 212 23,207 171 18.8 94 5.3 401 340
Effluent
Month Flow CBODs | CBOD; TSS 1TSS TKN JAmmonia®] NO;-N |Total Phos| Soluble P | Alkalinity
2003 MGD mg/L Ib/d _mglL Ib/d mg/L mg/L mg/L mgil mgiL 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 0.07 0.87
May 144 3.0 361 7.0 842 A\Ler:gg _[o04 AerTSQZ _[o78
June 13.8 3.0 344 5.0 573 1.4 mgiL 0.05 23 mgiL 0.78
July 14.3 3.0 357 5.0 594 ('1993 . 0.07 (1996 - 0.73
August 13.5 3.0 33¢ 7.0 790 . 2002) 0.06 2002) 0.79 0.71 180
September 12.7 3.0 318 5.0 530 0.04 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
Average 13.2 3.2 347 6.0 660 AL 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



Rochester WRP

Table 2.4.2.F: Probability Analysis

Influent Effluent
% TSS BOD; TP TKN NH, 1SS BOD; TP TKN NH, NO,
Occurrence'™ | mgllL mg/L mg/L mgl. | mgll | mglL mall | mgiL mg/L mglL | mg/L
10% | 144 249 7.2 27 16 40 T 3.0 0.57 12 0.040 | 202 |
50% 195 340 8.9 32 19 5.0 3.0 0.72 14 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§, BOD; and TP based on daily data from 2002 - 2003

TKN based on annual averages from 1993 - 2002
NH, based on monthly averages from 2002

NO; based on annual averages from 1996 - 2002
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Detroit Lakes WWTF
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Table 2.5.1.A: Plant Design Parameters

Detroit Lakes WWTF

Parameter Value Units
1. Plant Loadings
Flow
Design Fiow 1.64 MGD
Annual Average Flow 1.06 MGD
BOD
Design 2,611 Ib/day
Annual Average 1,684 Ib/day
TSS ]
Design 2,299 Ib/day
Annual Average 1,492 Ib/day
2. Treatment Unit Sizes
Primary Clarifier 2
Volume 94,000 gallons
Depth 10 feet
Diameter 40 feet
Area 1,257 sq. feet
Overflow Rate!” 1,305 gparit’
Detention time™" 2.8 hours
Rock Filter 1
Diameter 91 feet
Area 6,504 sq. feet
Clay Tile Filter 1
Diameter 50 feet
Area 1,963 sg. feet
Final Clarifier 1
Volume 145,000 gallons
Depth 8 feet
Area 2,400 sq. feet
Overflow Rate(” 683 gpd/it’
Detention time" 2.1 hours
Aeration Pond 1
Volume 7,800,000 gallons
Depth 8 feet
Area 130,680 sq. feet
Stabilization Pond 1
Volume 40,700,000 gallons
Depth 5 feet
Area 1,089,000 sq. feet
Spray lrrigation 1
Area 2,352,240 sq. feet
Rapid Infiltration Basin 1
Volume gallons
Area 914,760 sq. feet
3. Sludge Handling
Sludge Thickening Gravity
Digestion Anaerobic
Primary Digestor 1
Volume per tank 289,000 ft
Depth 24 gallons
Diameter 45
Area 1,590
Secondary Digestor 1
Volume per tank 360,000 ft
Depth 25 gallons
Diameter 50
Area 1,963
Storage Tank
Volume 160,000 gallons
Dewatering None
Sludge Disposal Land Application

(1) - based on design flow



Spray Irrigation

Table 2.5.1.B: NDPES Permit Limits

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 }Instantaneocus Max |Sep - Aug 1/Year | Composite
Chemical Precipitation Discharge

Parameter Limit Units Limit Type Period Frequency Type
Ammonia Monitor} mg/L  [Single Value Jan - Dec 3/week Grab
CBOD; 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 mg/L _ {Daily Maximum April - Oct 1/day Grab
Fecal Coliform 200 | #/100 mL |Monthly Geo Mean |April - Oct 3iweek 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 SuU Monthly Min/Max  [Jan - Dec 1/day Grab
Total Phosphorus 1 mg/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 3iweek | Calculation
Rapid Infiltration Discharge

Parameter Limit Units Limit. Type Period Frequency Type
Ammonia N/A N/A N/A _ N/A N/A N/A
CBOD; ) 20 mg/L  [Monthly Avg April - Dec 3/week Grab
CBODg 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 Oxygen Monitor mg/L __ [Monthly Min April - Dec 1/day Grab
pH 6.0-9.0 SuU Monthly Min/Max  |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




Detroit Lakes WWTF

Table 2.5,1 .C: Wastewater Characterization

Influent Data (Willow St. Plant)

Month Flow CBOD; | CBOD; TSS TSS [Total Pho§ BOD/P
2002-2003 | MGD mg/L 1b/d mg/L ib/d mg/L__ [(mg/L)/(mg/L)
October 1.00 154 1,284 118 986 5.1 30
November 0.97 199 1,614 148 1,199 52 38
December 0.95 195 1,547 174 1,382 8.8 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 8.2 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 CBOD; | CBODs TSS TSS |[Total Phos
2002-2003|1 MGD mg/L Ib/d mg/L Ib/d 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
July 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 .1 208 225 201 4.3
Influent Data (Chemical Precipitation) -
Month Flow CBOD; | CBOD; TSS TSS
2002-2003 | 'MGD mg/L Ib/d 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 CBOD; | CBOD; TSS TSS |[Total Phos
2002-2003 | MGD mg/L Ib/d mg/L Ib/d 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
Average 0.94 12.5 104 8.9 75 0.37
Effluent Data (Spray Irrigation)
Month Flow CBOD; | CBOD; TSS TSS ([Total Phos
2002-2003 | MGD mg/L Ib/d mg/L Ib/d 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 8.3 .50 30.8 247 3.44
September 0.76 6.3 51 259 210 3.21
October 0.76 55 47 18.6 156 2.66
May 0.99

June 0.88

July 0.89

August 0.95

September 0.95 v

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

Average 0.99

Detroit LLakes WWTF



(Willow Street Plant)

Table 2.5.1.D: Performance; Percent Removal

Detroit Lakes WWTF

{(Chemical Precipitation)

Month | CBOD; 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%

Month CBOD; 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%




Detroit Lakes WWTF

Table 2.5.1.E: Probability Analysis

Influent Effluent
TSS BOD TP TSS BOD TP
% Occurrence'! 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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Table 2.6.1.A - Plant Design Parameters

Faribault WWTF

Parameter Value Units
1. Plant Loadings
Flow
Design Flow 7.0 MGD
Annual Average Fiow 4.1 MGD
% Iindustrial 25%
BOD
Design 10,000 Ib/day
Annual Average 11,673 Ib/day
% Industrial 83%
1SS
Design 7,200 Ib/day
Annual Average 8,112 Ib/day
% Industrial 2%
2. Treatment Unit Sizes
Preaeration 1
Volume 38,640 gallons
Depth 9 feet
Area 574 sq. feet
Detention time"™ 0.13 hours
Primary Clarifier 4
Volume 106,370 gallons
Depth 7 feet
Diameter 48 feet
Area 1,923 sq. feet
Overflow Rate™” 380 gpd/t?
Detention time'” 1.46 hours
Tricking Filter
Volume 359,064 gallons
Depth 16 feet
Area 3,017 sq. feet
Overflow Rate'” 40 gpmy/sq ft
Detention time"" 1.23 hours
Aeration Tank 2
Volume 435,180 gallons
Depth 15 feet
Area 4,012 sq. feet
Detention time'"” 3.0 hours
Final Clarifier 4
Volume 333,750 gallons
Depth 12 feet
Diameter 70 feet
Area 3,846 sq. feet
Overflow Rate®" 455 gpd/ft?
Detention time" 2.29 hours
Cl, Contact Tank
Volume 51,160 gallons
Depth 8 . feet
Area 855 sq. feet
Detention time"”’ 0.18 hours
3. Sludge Handling
Sludge Thickening Gravity
Digestion
Primary Digestors 2
Volume 319,320 gallons
Secondary Digestor 1
Volume 537,510 gallons
Sludge Storage Lagoons
Sludge Dewatering None
Sludge Disposal Land Application

(1) - based on design flow



Table 2.6.1.B: NPDES Permit Limits

Faribault WWTF

Parameter Limit Units Limit Type Period | Frequency Type
Ammonia Monitor| mg/L |[Monthly Avg Jan-Dec| 1/month |24 hr comp
CBODg 25 mg/L  |Monthly Avg Jan-Dec| 3/week |24 hrcomp
CBOD;s 40 mg/L |Weekly Avg 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 Oxygen 4.0 mg/L  [Monthly Min Jan - Dec 1/day Grab
pH 6.5-8.5 SU  |Monthly Min/Max  |Jan - Dec 1/day Grab
Total Phosphorus Monitor| mg/L |Monthly Avg Jan-Dec| 1/week |24 hrcomp
Total Suspended Solids 30 mg/L  |Monthly Avg Jan-Deci 3/week |24 hrcomp
Total Suspended Solids 45 mg/L  |Weekly Avg Jan-Dec] 3/week |24 hrcomp




Table 2.6.1.C: Wastewater Characterization

Faribault WWTF

Influent
Month Flow CBOD; CBODg TSS TSS |Ammonia| Total Phos BOD/P
2002-2003 MGD mg/L Ib/d mg/L Ib/d 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 6.2 493
November 3.9 323 10,565 246 8,032 15 8.5 37.8
December 3.8 258 8,176 246 7,794 16 7.9 327
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 8.4 445
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 7.6 456
Effluent
Month Flow CBOD; CBOD; TSS TSS |Ammonia| Total Phos BOD/P

2002-2003 MGD mgl/L Ib/d mg/L ib/d 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 45 6.7 249 11.9 447 11.4 4.2 1.6
June 4.3 10.4 371 22.5 801 1.8 42 2.5
July 4.2 9.4 333 18.0 637 9.3 6.3 1.5
Average 40 8.8 296 16.0 540 7.3 47 | 1.9




Table 2.6.1.D: Performance; Percent Removal

Faribault WWTF

Month CBOD; 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

Influent Effluent
% TSS BOD . TP NH3 TSS BOD TP NH3
Occurrence'” | mglL 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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Table 2.6.2.A: Plant Design Parameters

Parameter Value Units
1. Plant Loadings
Flow
Design Capacity 4.3 MGD
Annual Average Flow 2.1 MGD
% Industrial 80%
BOD 13,863 Ib/day
Design 6,867 Ib/day
Annual Average
T8S
Design 16,302 Ib/day
Annual Average 8,173 Ib/day
2. Treatment Unit Sizes
Grit Tank 1
Diameter 16 feet
Area 201 sq. feet
Primary Clarifier 2
Volume 211_,506 gallons
Depth 10 feet
Diameter 60 feet
Area 2,827 sq. fest
Overflow Rate™ 1,521 gpd/ft?
Detention time" 2.4 hours
Trickiing Filter 2
Volume 507,615 gallons
Depth 24 feet
Diameter 60 feet
Area 2,827 sq. feet
Detention time™ 5.7 hours
Equalization Tank 1
Generally receives any flow in excess of 4 MGD
Aeration Tank 4
Volume 269,298 gallons
Depth 15 feet
Area 2,400 sq. feet
Detention time®™ 6.0 hours
Final Clarifier 2
Volume 345,460 gallons
Depth 12 feet
Diameter 70 feet
Area 3.848 sq. feet
Overllow Rate® 1,117 gpdlﬂT
Detention time™ 3.9 hours
Effluent Traveling Bridge Filter 2
Volume 15,160 gallons
Depth 1.7 feet
Area 1,216 sq. feet
UV Contact Tank 1
Volume 3,890 gallons
Depth 4 feet
Area 130 sq. feet
Detention time™ 6.4 seconds
Effluent Aeration 1
Volume 67,325 gallons
Depth 15 feet
Area 600 sq. feet
3. Sludge Handling
Sludge Thickening None
Digestion
Anaerobic Digestors 2
Sludge Storage None
Sludge Dewatering None

‘ Sludge Disposal Land Application

(1) - based on design flow

Marshall WWTF



Table 2.6.2.B: Effluent Permit Limits

Marshall WWTF

Parameter Limit Units Limit Type Period Frequency | Type
Ammonia, Total (as N) 1.1 mg/L Monthly Avg June - Sept 1/month |24 hr comp
Ammonia, Total (as N) 2.3 mg/L Monthly Avg Oct - Nov 1/month |24 hr comp
Ammonia, Total (as N) 9.4 mg/L Monthly Avg Dec - March 1/month 124 hr comp
Ammonia, Total (as N) 2.4 mg/L Monthly Avg April - May 1/month |24 hr comp
'CBODg ‘ 5 mg/L Monthly Avg Jan - Dec - 3/week |24 hr comp
CBODs 10 mg/L Weekly Avg Jan- Dec 3/week |24 hr comp
CBODs 85 % Removal |Monthly Avg Jan - Dec 3/week | Calculation
Fecal Coliform 200 | Orgs/100 mL {Monthly Geo Mean [March - October 3/week Grab
Dissolved Oxygen 7.5 mg/L Monthly Min Jan - Dec 1/day Grab
pH 6.0-9.0 SuU Monthly Min/Max  |Jan - Dec 1/day Grab
Total Suspended Solids 30 mg/L  |Monthly Avg Jan - Dec 3/week |24 hr comp
Total Suspended Solids | 45 Weekly Avg Jan - Dec 3/week |24 hr comp
Total Suspended Solids | 85 % Removal |Monthly Avg Jan - Dec 3/week | Calculation




Table 2.6.2.C: Wastewater Characterization

Marshall WWTF

Influent
Month Flow CBOD; | CBOD;g TSS TSS TP NH, BOD:TP
2002-2003 MGD mg/L Ib/d mg/L Ib/d mg/L mgl/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 10,529 134 . 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 CBOD; | CBOD; TSS TSS TP NH,

2002-2003 | MGD mg/L Ib/d mg/L Ib/d 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 26 45 4.0 71 5.4 0.14

May 2.31 2.6 50 7.9 153 - 6.2 0.12

June 2.14 2.2 39 7.5 133 6.6 0.05

July 2.12 3.1 55 5.6 98 7.4 0.12

August 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 25 42 | 47 83 5.8 0.57

NOTE: Average %TVSS from January 2002 - September 2003 = 80%
NOTE: Average NH; from January 2002 - September 2003 = 17.15 mg/L



Table 2.6.2.D: Percent Removal

Month - CBOD; TSS NH,
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%
July 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



Marshall WWTF

Table 2.6.2.E: Probability Analysis

Influent Effluent
% TSS BOD NH, TP TSS BOD NH; TP
Occurrence!” [ 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 15 .| 0.5 42
50% 410 367 15 14 3.9 24 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 piots 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 - Petcent Removal

Table 2.6.3.F: Probability Analysis



Table 2.6.3.A: Plant Design Parameters

Parameter Value Units
1. Plant Loadings
Flow
Design Flow. 1.60 MGD
Annual Average Flow 0.80 MGD
BOD
Design 4,235 Ib/day
Annual Average 2,019 Ib/day
TSS
Design 4,660 Ib/day
Annual Average 2,279 Ib/day
2.T t Unit Sizes
Packed Tower Tricking Filter 1
Volume 237,944 gallons
Depth 20 feet
Diameter 45 feet
Area 1,590 sq. feet
Detention time'” 36 hours
Rock Trickling Filter 1
Volume 131,169 gallons
Depth 6 feet
Diameter 61 feet
Area 2,922 sq. feet
Detention time" 20 hours
Intermediate Clarifier 2
Volume 51,054 gallons
Depth 6.5 feet
Area 1,050 sq. feet
Overflow Rate™ 1,524 apdift?
Detention time™” 15 hours
Aeration Tank 2
Volume 179,083 gallons
Depth 15 feet
Area 1,598 sq. feet
Detention time'™” 5.4 hours
Final Clarifiers 4
Volume 112,803 galions
Depth 12 feet
Diameter 40 feet
Area 1257 sq. feet
Overflow Rate™ 1,273 gpd/it?
Detention time™ 6.8 hours
[Efluent Filfers 3
Area 80 sq. feet
Chlorine Contact Tank 1
Volume 85,577 gallons
Depth 11 feet
Area 1,040 sq. feet
Detention time'” 1.3 hours
3. Studge Handling
Sludge Thickening
Dissolved Air Flotation 1
Volume 15,799 gallons
Depth 11 feet
Area 192 sq. feet
Digestion
Primary Digester 1
Volume 261,739 gallons
Depth 22 feet
Diameter 45 feet
Area 1,590 sq. feet
Secondary Digester 1
Volume 227,663 gallons
Depth 155 feet
Diameter 50 feet
Area 1,963 sq. feet
Storage
Tank 2
Volume 370,285 gallons
Depth 15 feet
Area 3,300 sq. feet
Sludge Dewatering None
Sludge Disposal Land Application

(1) - based on design flow

Glencoe WWTF



Table 2.6.3.B: 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
CBOD; 25 mg/L Monthly Avg Jan - Dec 3/week |24 hrcomp
CBOD; 40 mg/L  |Weekly Avg Jan - Dec 3/week |24 hr comp
CBOD; 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/iweek |24 hrcomp
Total Suspended Solids 85 | % Removal|Monthly Avg 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 Ib/lb 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.D: Wastewater Characterization

Influent
Month Flow | CBOD; | CBOD; | TSS TSS TP

2002-2003 MGD mg/L Ib/d mg/L Ib/d mal/lL
September | 0.87 239 1,734 318 2,307 | 156
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 CBOD; | CBOD; TSS TSS TP Total NH;-N

.2002-2003 MGD mg/L ib/d mg/L Ib/d mg/L mg/L
September 0.87 1.2 8 2.4 18 94 . 0.40
October 0.83 2.7 19 46 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 067 34 19 6.5 36 10.7 0.08
April 0.97 4.8 39 52 42 8.3 1.1
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 35 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 CBOD; 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



Table 2.6.3.F: Probability Analysis

Glencoe WWTF

Influent Effluent
% TSS BOD TP TSS BOD NH3 TP
Occurrence!” | mgl/L mg/L mg/L mg/ll. | mglL 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 50 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 - Petcent Removal
Table 2.6.4.F: Probability Analysis



Table 2.6.4.A: Plant Design Parameters

Little Falls WWTP

Parameter Value Units
Flow
Design Flow 24 MGD
Annual Average Flow 15 MGD
BOD
Design 2,671 Ib/day
Annual Average 1,516 Ib/day
TSS Ib/day
Design 3,407 Ib/day
Annual Average 1,970 Ib/day
2. Treatment Unit Sizes
Wet Weather Holding Basin
Volume 254,000 gallons
Depth 12 feet
Area 2,827 sq. feet
Diameter 60 feet
Primary Clarifier 2
Volume per tank 103,000 gallons
Depth 11 feet
Area 1,257 sq. feet
Diameter 40 feet
Overflow Rate! 580 gpdift?
Detention time"” 2.1 hours
Fixed Growth Contactor
Redwood Pellets Downflow; no air added .
Avg. Organic Loading Rate 118 Ib/day/1000 [
Avg. Hydraulic L oading Rate 3.0 gpmit®
Volume per tank 80,425 (media) gallons
Depth 14 (media) feet
Area 768 sq. feet
Aeration Tanks 2
Length 36 ft
Width 18 it
Sidewater Depth 14 ft
Total Volume 138,000 gallons
Detention time'" 1.4 hours
Aeration Blowers (number) 3
Aeration Blowers (capacity) 810 scfm
Final Clarifier 2
Volume per tank 176,000 gallons
Depth 12 feet
Area 1,963 sq. feet
Diameter 50 feet
Overflow Rate!" 371 gpdiit®
Detention time” 3.5 hours
Cl, Contact Tank 1
Volume per tank 39,800 gallons
Depth 8 feet
Diameter 750 feet
Detention time'” 0.40 hours
3. Sludge Handling
Gravity Thickening 321,000 gallons
Digestion None
Storage
Tank 84,500 N gallons
Sludge Drying Bed 11,000 it

Sludge Disposal

Land Application

(1) Based on design flow



Table 2.6.4.B: 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 Monthly Avg Jan - Dec 1/month | 24 hr comp
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
CBODs 85 % Removal [Monthly Avg Jan - Dec 3/week |24 hr comp
Total Residual Chlorine 0.038 mg/L Monthly Max Jan - Dec 1/day Grab
Fecal Coliform 200 #/100 mL Monthly Geo Mean [April - Oct 3iweek 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 SuU 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




Little Falls WWTP

Table 2.6.4.C: Biological Secondary Treatment Process Design Information

Month RAS WAS SRT FIM MLSS
2002-2003 GPD GPD days Ib BOD/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 . 23,917 0.61 4,045
January ;gg';i'(',y, 33,604 115 3,003
February Can be, 38,499 4-5 days 1.29 3,441
March 32,967
- up to 500
April 1000 gpd 31,320
May 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




Table 2.6.4.D: Wastewater Characterization

Little Falls WWTP

Influent
Month Flow CBOD; | CBOD; TSS TSS Ammonia Total P | BOD:P
2002-2003 | MGD mg/L ~_lbid mg/L Ib/d 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 14 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
Average 1.5 133 1,516 170 1,970 26.37 3.48 38
Effluent
Month Flow CBOD; | CBOD; TSS TSS Ammonia Total P BOD:P
2002-2003 | MGD mg/L Ib/d mg/L Ib/d 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 CBOD; TSS
2002-2003
September 94.3% 91.5%
October 92.4% 89.6%
November 93.2% 90.1%
December 92.8% 88.5%
January 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%
Average 92.0% 90.4%

Little Falls WWTP



Little Falls WWTP

Table 2.6.4.F: Probability Analysis

influent Effluent
% TSS BOD TP Ammonia TSS BOD TP Ammonia
Occurrence!” | mg/L mg/L | mglL mg/L mg/L mg/L. mg/L mg/L
10% 103 55 1.9 10 6.8 . 43 0.6 0.3
50% 138 106 3.2 19 13.2 7.7 2.2 7.3
90% 255 200 - 50 36 25 15.0 3.8 19.6

(1) Percent of samples with concentrations less than the concentration specified
Based on the development of percent occurrence/probability plots for each parameter



APPENDIX 2.7.1

REDWOOD FALLS WWTP




Appendix 2.7.1

Redwood Falls 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: Plant Design 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/day
Annual Average 1,162 Ib/day
TSS
Design 3,270 Ib/day
Annual Average 1,736 Ib/day
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.B: NPDES Permit Limits

Redwood Falls WWTP

Parameter Limit Units Limit Type | Period Frequency Type
Ammonia 7.5 mg/L  [Monthly Avg June - Sept 2/month |24 hr comp
Ammonia 9.7 mg/L Monthly Avg Oct - Nov 2/month | 24 hr comp
Ammonia 94 mg/L  |Monthly Avg Dec - March | 2/month |24 hr comp
Ammonia 64 mg/L  {Monthly Avg April - May 2/month | 24 hr comp
Un-ionized Ammonia 1 mg/L Monthly Avg Jan - Dec 2/month |24 hr comp
CBODs 25 mg/L  [Monthly Avg Jan - Dec 2/month |24 hr comp
CBODs 40 mg/L  |{Weekly Avg Jan - Dec 2/month |24 hr comp
CBOD; 85 | % Removal{Monthly Avg Monthly Avg | 2/month |24 hr comp
Chlorides 873 mg/L  [Monthly Avg Monthly Avg | 2/month {24 hr comp
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 SuU Monthly Min/Max  |Jan - Dec 2/month Grab
Total Suspended Solids 65 mg/L.  |Weekly Avg Jan - Dec 2/month {24 hr comp
Total Suspended Solids 85 | % Removal|Monthly Avg Jan - Dec 2/month [ 24 hr comp




Table 2.7.1.C: Wastewater Characterization

Redwood Falls WATP

Influent
Month Flow CBOD; | CBOD; TSS TSS

2002-2003| MGD mg/L Ib/d mg/L b/d

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 CBOD; | CBOD; TSS TSS |Total AmmonialUn-lonized Ammonia] Total Phosphorus

2002-2003 | MGD mg/L Ib/d mg/L Ib/d mg/L mg/i. 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.D: 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
% TSS BOD TSS BOD Ammonia| Un-lonized Ammonia TP
Occurrence'” 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 16.1 027 46

(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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Thief River Falls WWTP

Summary of Plant Data
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Loading Rates
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Sludge Handling
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Table 2.7.2.C: Wasteﬁzater Characterization
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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

Acrated Ponds

Primary Ponds 2

Volume (each) 256 MG
Depth v 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




Thief River Falls WWTP

Table 2.7.2.B: NPDES Permit Limits

Parameter Limit | Units Limit Type Period | Frequency Type
Ammonia Monitor| mg/L |Monthly Min Jan - Dec 1/month Grab
CBODg 15 mg/L  |Monthly Avg Jan - Dec 2/week Grab
CBOD; 25 mg/L  {Weekly Avg Jan - Dec 2/week Grab
Fecal Coliform 200 1#/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




Thief River Falls WWTP

Table 2.7.2.C: Wastewater Characterization

Influent

Month Flow CBOD; CBOD; TSS TSS TP BOD:P

2002 - 2003 MGD mg/L ib/d mg/L ib/d 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 CBOD; CBOD; TSS TSS NH,-N Total TP

2002 - 2003 MGD mg/L Ib/d mg/L Ib/d 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 2,085 56 5.0
September 5.73 5.0 239 27 1,291 0.2 1.0
Average 7.23 57 | 353 24 [ 1,455 4.1 2.4




Table 2.7.2.D: Plant Performance -
Percent Removal (CBODS)

Thief River Falls WWTP

Month CBOD;
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 NH; (T) TP
Occurrence!” | mg/L mg/L mg/L mgiL | mgiL 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 56 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



APPENDIX 2.8.1

BRAINERD AND BAXTER WWTP
(BRAINERD AREA)




Appendix 2.8.1

Brainerd and Baxter WWTP

Summary of Plant Data

Table 2.8.1.A: Plant Design Parameters
Loading Rates
Treatment Unit Sizes
_ Sludge Handling
Table 2.8.1.B: NPDES Permut Limits
Table 2.8.1.C: Wastewater Charactetization
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/day
Annual Average 3,619 Ib/day
TSS
Design 8,000 Ib/day
Annual Average 3,303 Ib/day
2. Treatment Unit Sizes
Primary Clarifier 2
Volume per tank 149,610 gallons
Depth 10 feet
Area 2,000 sq. feet
Overflow Rate!” 783 gpd/ft?
Detention time” 1.12-2.83 hours
Rotating Biological Contactors 12
# of Baffles 3 per unit
Total Surface Area 1,200,000 sq. ft per unit
Diameter 12 feet
Hydraulic Loading Rate'" 2.80-5.23 gpd/ft
Detention time"” 1.5 minimum hours
Final Clarifier 2
Volume per tank 260,637 gallons
Depth 11 feet
Diameter 65 feet
Area 3,318 sq. feet
Overflow Rate!" 472 gpd/it’
Detention time"” 1.81-4.47 hours
CI, Contact Tank 2
Volume per tank 35,345 gallons
Depth 8 feet
Area 630 sq. feet
Detention time'” 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




Brainerd and Baxter WWTP

Table 2.8.1.B: NPDES Permit Limits

Parameter | Limit Units Limit Type Period | Frequency Type
Ammonia Monitor mg/L Monthly Avg Jan-Dec| 1/month |24 hrcomp
CBODg 25 mg/L Monthly Avg Jan-Dec| 3/week {24 hrcomp
CBOD; 40 mg/L Weekly Avg 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 Oxygen 2.8 mg/L Monthly Min " |Jan - Dec 1iday Grab
Chlorine Residual 0.038 mg/L Monthly Min Jan - Dec 1/day Grab
pH ' 6.0-9.0 SuU 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




Brainerd and Baxter WWTP

Table 2.8.1.C: Wastewater Characterization

Influent

Month Fiow BOD; BOD; TSS TSS |[Total Pho§ BOD/P
2002-2003 MGD mg/L Ib/d mg/L Ib/d 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
Average 261 167 3,619 152 3303 | 56 31.3
Effluent

Month Flow BOD, BOD; TSS TSS |Ammonia| Total Phos
2002-2003 MGD mg/L Ib/d mg/L Ib/d 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 243 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
August 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.D: Plant Performance -
Percent Removal (CBODS5, TSS, Total Phosphorus)

Month CBOD; TSS Total Phos
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 NH;-N
Occurrence!” [ mgi/L mg/L mg/L mg/L mg/L mg/L mg/L
10% 103 17 3.9 5.0 7.0 1.7 11
50% 167 165 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






