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ABSTRACT

The question of waste disposal has always been an inherent problem of urbanized 

environments. The passage of the Federal Water Pollution Control Act, specifically the 

1972 Amendments known as the Clean Water Act (CWA), legislated secondary 

treatment of all municipal wastewater and provided funds to construct or upgrade 

facilities. Since the passage of the CWA and the implementation of secondary 

wastewater treatment facilities, the federal Environmental Protection Agency (EPA) and 

the Montana Department of Environmental Quality (MDEQ) have developed and 

enforced increasingly stringent effluent limitations to protect surface waters and human 

health. Today small Montana communities face a critical juncture. The mechanical 

components of their 30 to 40 year old wastewater treatment facilities have reached the 

end of their useful design lives and the treatment capabilities of the existing facilities can 

no longer meet stringent effluent limits, especially for ammonia. Many small Montana 

communities have been affected; this thesis analyzes the impacts on three communities. 

The City of Conrad is addressing this issue through the construction of a mechanical 

treatment plant. The City of Glasgow is utilizing an advanced covered lagoon treatment 

system. However, as demonstrated by the City of Deer Lodge, the future of treated 

effluent limits is also at a critical juncture as the EPA and MDEQ take a holistic 

watershed approach to effluent limits by considering both point and non-point sources of 
pollution through watershed total maximum daily loads (TMDLs).
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CHAPTER 1 
INTRODUCTION

Beginning in the 1900’s with heavy focus since the 1970’s, the United States has worked 

to improve the quality of the nation’s surface waters to protect human health by placing 

limits on the treated effluent from point source dischargers. Today, small Montana 

communities face a critical juncture. Communities face the rehabilitation of aging 

wastewater collection infrastructure and upgrading wastewater treatment facilities to 

meet increasingly strict effluent discharge regulations. Working with engineers, these 

communities search for innovative and reasonable methods to accomplish treatment of 
the waste they create.

1.1 Stepping Up the Secondary- The Purpose of This Thesis

Wastewater Engineering: Treatment and Reuse clearly defines the goal of wastewater 

engineering as “the protection of public health in a manner commensurate with 

environmental, economic, social, and political concerns” (Metcalf 2). Engineers 

specializing in the treatment of wastewater are challenged to develop treatment methods 

and systems that can not only achieve required results, but which are also feasible for 

small communities to operate, maintain, and afford. The purpose of this thesis is to 

examine how rural Montana cities have adapted their wastewater treatment facilities to 

meet increasingly stringent treated effluent limits. More specifically, this thesis will focus 

directly on the effects of more stringent effluent ammonia limits. Ammonia is the main 

driver for treatment effectiveness and it appears to be the common constituent in forcing 

communities to upgrade their current treatment facilities. To accomplish this purpose, 

the thesis will provide a regulatory history of treated effluent limits, explain commonly 

monitored wastewater constituents, address the inability of existing lagoon facilities to 

meet new effluent limits, explain how the cities of Conrad, Montana and Glasgow, 

Montana are upgrading their WWTF from secondary to advanced systems, and 

conclude with a brief look at the changing future of watershed management through 

watershed Total Maximum Daily Loads (TMDLs).

1.2 Increasingly Strict Regulation

The question of waste disposal has always been an inherent problem of urbanized 
environments. In the 1960’s and 1970’s, the United States became increasingly aware 
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that disposal of wastewater to the nation’s rivers and lakes created more problems than 

it solved. The passage of the 1972 Federal Water Pollution Control Act Amendments 

made the most significant steps to restoring the quality of the nation’s waters by setting 

specific guidance for numeric goals and appropriating funding for construction of 

secondary wastewater treatment facilities and continued research. The objective of the 

Clean Water Act (CWA) was to restore and maintain the chemical, physical, and 

biological integrity of the nation’s waters. The CWA essentially set a regulatory floor for 
secondary treatment of wastewater.

Driven by the 1972 Act, the Federal government, through the Environmental Protection 

Agency (EPA), and the State of Montana, through the Department of Environmental 

Quality (MDEQ), have developed regulations to protect surface waters from pollution by 

point source dischargers. Currently, Montana municipalities are facing increasingly strict 

regulations for total ammonia in discharged effluent. The grant funding appropriated by 
the 1972 Act led to construction of many wastewater treatment facilities (WWTFs) in the 

1970’s and 1980’s. These facilities are 30 to 40 years old and the mechanical 

components have reached the end of their design lives. Today the funding to finance 

these upgrades comes from low interest state revolving funds or state grant programs as 

the nation’s communities must make the leap from secondary wastewater treatment 

facilities to advanced wastewater treatment plants.

To restore the integrity of our nation’s surface waters, regulatory agencies and the 

federal government have focused research toward reducing point source discharge 

pollution. Current regulations reflect this research and set numeric pollutant limits. 

These limits primarily seek to reduce nutrient loading which propagates algal growth and 

to reduce ammonia (a form of nitrogen) which harms fish and other aquatic species. 

Consequently, effluent discharge standards dictate the level of wastewater treatment 
required and force upgrades to current treatment facilities.

1.3 Wastewater Constituents

The scope of this thesis is wastewater treatment in rural Montana communities, thus the 
wastewater in question is primarily domestic in nature with light industrial influence. It 
was the American Industrial Revolution which drastically changed the characteristics of 

municipal wastewater rendering primary treatment no longer adequate. For a period of 
time, secondary treatment was measured primarily by Biochemical Oxygen Demand
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(BOD) and Total Suspended Solids (TSS) because the organic materials in untreated 

waste undergo biological stabilization at the expense of receiving water dissolved 

oxygen levels. The focus on nutrient removal and ammonia reduction has been more 
recent, primarily within the last twenty years.

Wastewater is characterized by chemical, physical, and biological characteristics. The 

primary nutrients of concern are nitrogen and phosphorous because of their ability as 

natural building blocks to promote algae growth and decrease dissolved oxygen in 

receiving waters. The primary biological components of concern are pathogenic bacteria 

which grow in the human intestinal tract and are released through human feces.

1.4 Lagoons as Wastewater Treatment Systems

Typical rural Montana municipal treatment facilities with flows between 0.4 and 1.5 

million gallons per day have been subject to less scrutiny than larger plants with greater 

effluent discharge quantities. Historically, these smaller treatment facilities have utilized 

secondary treatment standards focusing on removal of biodegradable organics, total 

suspended solids, and pathogens. Partially aerated lagoons with mechanical aeration 

equipment and facultative lagoons that consist of both aerobic upper portions and 

anaerobic lower depths are the most common type of lagoons. The detention time in the 

lagoon allows settlement of solids and biological reactions to remove BOD and nutrients. 

Recent regulations focusing on the removal of nutrients, heavy metals, and priority 

pollutants, render existing lagoon systems for wastewater treatment inadequate 
especially where high influent loading is present.

1.5 Case Studies

This thesis analyzes three rural Montana communities whose allowable effluent 

discharge limits require updated methods of treating wastewater. The Cities of Conrad, 

Glasgow, and Deer Lodge attempt to comply with more stringent regulations of the 

Montana Pollutant Discharge Elimination System (MPDES) permits through different 

methods. The unique aspects of each city’s challenge will be discussed and the most 

current solutions will be presented. One shortcoming of the current Clean Water Act is 

the lack of control and enforcement of non-point sources of pollutant. While nonpoint 
sources are significantly more difficult to monitor and legislate, they contribute a large 

portion of pollutants to water bodies. Infinitely strict limitations on point source
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dischargers cannot repair a watershed if non-point sources continue to pollute. The 

current nationwide approach to restoring the nation’s waters is evaluating total maximum 

daily loads (TMDLs) for all sources, point and non-point, within a given watershed.
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CHAPTER 2
INCREASINGLY STRICT REGULATION

2.1 Introduction

The question of waste disposal has always been an inherent problem of urbanized 

environments. In the 1960’s and 1970’s, the United States became increasingly aware 

that disposal of wastewater to the nation’s rivers and lakes created more problems than 

it solved. On October 18, 1972, Congress passed the 1972 Federal Water Pollution 

Control Act Amendments (P.L. 92-500) to address restoring the quality of the nation’s 

waters (“Clean” 50). Tracy Mehan, former assistant administrator of the Environmental 

Protection Agency’s (EPA) Office of Water stated, “I think that there was a perception of 

a need and a certain societal evolution that said we need to get on with cleaning up our 

waters in the United States” (qtd. “Clean” 50). Driven by the 1972 Act, the Federal 

government, as administrated by the EPA, and the State of Montana, as administrated 

by the Department of Environmental Quality (MDEQ), have developed regulations to 

protect surface waters from pollution by point source dischargers. Currently, Montana 

municipalities are facing increasingly stringent regulations for total ammonia, one of the 

major constituents of municipal wastewater, in discharged effluent.

2.2 Diseases: An Inherent Problem of Urban Environments Lacking 
Public Health Infrastructure

As early as Mesopotamia and the dawn of urban environments, humans have 
experienced the inherent problem of disease in highly concentrated living systems. Lack 

of public health infrastructure and sanitary sewer and drinking water systems led to 

outbreaks of water-borne diseases caused by pathogenic organisms from improper 
waste disposal.

Steven Johnson’s 2006 book The Ghost Map provides insight as to how London’s 1854 

Cholera outbreak and Dr. John Snow’s persistence in investigating the cause led to 

changes in our urban living. In 1854, with a population of approximately 2.5 million, 
London was the largest metropolitan city to exist in human history. Yet, frequent 

outbreaks of Cholera decimated the population and led authorities to question whether 
this type of living system could be sustainable. In an attempt to reduce the outbreaks 

thought to be caused by the sewage odor, the city authorities required all cesspools
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(storage of human sewage and wastewater) to be disposed into the River Thames. 

When this action increased the number of Cholera outbreaks, Dr. John Snow concluded 

that Cholera was a water-borne disease. Mapping deaths in the Soho neighborhood, he 

traced the 1854 Cholera outbreak to a single contaminated well on Broad Street By the 

1866 Cholera outbreak, inhabitants were instructed to boil water effectively ending the 

epidemic. This new awareness meant that large cities could be sustainable if systems 

for waste disposal and water treatment were installed. As Johnson explained in his 

November 2006 book tour, Dr. Snow developed a “map of death which created a whole 

new way of life” (Johnson Ghost Map Tour). In the 1880’s, London installed sewer 

systems designed by Joseph Bazalgette (The Science Museum).

2.3 Cuyahoga River Fire Proves Dilution is Not the Pollution Solution

As demonstrated by London’s attempt to dispose of waste into the River Thames, the 

traditional dictum, “the solution to pollution is dilution” sums waste management through 

much of human history. The concentration of industrial production and residences 

results in a concentration of waste products, and the easiest and least expensive way to 

dispose of human and industrial wastes have traditionally been to surface water bodies. 

The largest shift from rural to urban living in United States history and consequently the 

largest increase in the amount of waste is often associated with the American Industrial 
Revolution of the mid-1800’s.

Like many American cities, Cleveland, Ohio since its incorporation utilized the nearby 

river to dispose of industrial and human waste. The Cuyahoga River’s inability to 

tolerate this amount of waste was demonstrated by reoccurring fires in 1868, 1883, 

1887, 1912, 1922, 1936, 1941, 1948, 1952, and 1968 (“Cuyahoga River Fire”). 
According to the Ohio Historical Society, the November 3, 1952 two-day fire caused 

approximately 1.5 million dollars in damage, yet, it was the 1968 river fire that caught the 

nation’s attention. On Sunday, June 22, 1968, the oil and debris floating on the 

Cuyahoga River near railroad trestles southeast of downtown Cleveland caught fire. 

The five story high flames burned for 30 minutes (“Cuyahoga River Fire”). This image of 

a burning river, which was plastered in newspapers across the country, along with a 

growing environmental consciousness, led to the development of the Clean Water Act.
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2.4 History of the Federal Water Pollution Control Act

Increasing environmental awareness, Rachael Carson’s Silent Springs spreading 

concerns about pesticide pollution, and the burning of the Cuyahoga River forced the 

federal government to assume the task of reducing variability among state standards 

and enforcement for wastewater disposal. The 1972 Amendments to the Federal Water 

Pollution Control Act which attempted to clarify the “hodgepodge of law” resulting from 

the “sporadic legislation” of eleven restructurings became widely known as the Clean 

Water Act (CWA) (“History: Water”). The Act also appropriated funds to accomplish 

proposed goals. By “setting goals, specifying treatment levels and requirements, 

creating enforcement tools, and providing funding, the law departed significantly from all 

previous statutes attempting to control water pollution” (“Clean” 52).

The infamous 1972 Amendments to the Federal Water Pollution Control Act (Clean 

Water Act) were preceded by legislation beginning in 1899. The River and Harbor Act of 

1886 (amended in 1899 as the Rivers and Harbors Act) was the United States’ first 

legislation aimed to protect the nation’s surface water bodies. This act regulated 

construction of structures in or over existing water bodies and the discharge of 

construction materials into the water body. Forty-nine years later, Congress passed the 

Water Pollution Control Act of 1948. This act provided grants and technical assistance 

for communities developing waste protection and treatment facilities and placed 

regulatory enforcement power with the individual states. The 2002 American Society of 

Civil Engineers (ASCE) President H. Gerard Schwartz, Jr. explained that these 

regulations focused on whether a water body’s quality had been impaired. In many 

cases, it was assumed the river’s “assimilative capacity” was large and a low level of 
treatment could “improve the quality of water sufficiently” (“Clean” 51).

The 1948 Act was amended five times by 1965. The 1956 Amendments increased 

enforcement provisions by allowing the Federal Agency to become involved without the 

request or consent of the state agency in cases were public health was endangered or 

compromised (“History: Water”). Amendments in 1965 allowed federally and state 

enforceable standards and “became the basis for interstate water quality standards” 
(“History: Water”). The 1970 Amendments, the Water Quality Improvement Act, sought 

to prevent and characterize degradation of water below acceptable standards, but failed 
to outline acceptable standards (“History: Water”). From the passage of the 1948 Act
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through its 1970 Amendments, the Act’s goals had not been supported with funding 

strategies or specific numeric limits.

After the 1972 Amendments, the next major revision to the Federal Water Pollution 

Control Act occurred in 1987 and was known as the Water Quality Act (WQA). It 

strengthened federal regulations through use of permitting and fining violators, more 

specific requirements for sludge disposal, funds to identify non-point sources, storm 

water permitting, and new deadlines for compliance (Metcalf 6). The most significant 

change which occurred as a result of the 1987 Act was a new method for funding 

objectives.

2.5 The (1972) Clean Water Act

The United States EPA sites the Clean Water Act as “the cornerstone of surface water 
quality protection in the United States” (“Introduction to the Clean Water Act”). The C\NA 

provides both regulatory and non-regulatory assistance to publically owned wastewater 

treatment facilities. Beginning with the 1972 amendments, the act sought to finance 

municipal wastewater treatment facilities for the reduction of polluted discharge by point 

sources. To a lesser degree, the act attempted to manage potentially polluted runoff. 

By the 1980’s, CWA programs began to pursue a “holistic approach to watershed 

management” including voluntary programs to address non-point sources of pollution 

(“Introduction to the Clean Water Act”).

2.5.1 Objective and Goals of the Act

The objective of the CWA is “to restore and maintain the chemical, physical, and 
biological integrity of the Nation’s waters” (Federal Water Pollution Control Act). The 

integrity is maintained when acceptable levels of chemical elements support surface 
water habitat for an adaptive community of organisms. This challenge began when 

regulatory agencies and the federal government recognized that degradation to surface 

water quality had occurred in the past and was continuing to occur with increasing 

amounts of polluted discharge. In most cases, the integrity would have to be restored 
before it could be maintained.

To achieve the defined objective, the Act set two interim goals. The target date for 

achieving the interim goals was set for the mid-1980’s. By 1985, the nation hoped to
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eliminate the discharge of pollutants to its surface waters. The act also called for the 

“protection and propagation of fish, shellfish, and wildlife and provides for recreation in 

and on the water” by 1983 (Federal Water Pollution Control Act). The “success” of the 

Act would be measured by setting water quality goals and conducting ambient 

monitoring to ensure the standards were met. When the standards were not met, States 

would develop strategies to meet the standards which could be addressed through the 

development of Total Maximum Daily Loads (TMDLs). Needless to say, these interim 

goals were not achieved by their respective target dates, but significant progress was 
made in updating treatment facilities around the nation.

2.5.2 Requirements for Publically Owned Wastewater Treatment Works 
(POTW)

The original Act gave industries and POTW until July 1, 1977 to meet standards for “best 

practicable control technology currently available” (“Clean” 50). Essentially, the CWA 

set a floor requiring all point source dischargers to meet secondary treatment of 

wastewater before effluent could be discharged to surface water bodies. Explained in 

greater detail in Chapter 3, preliminary treatment involving the physical methods of 

screening and gravitational settling to remove floatable and settleable solids from raw 

sewage and industrial waste was no longer sufficient. Secondary treatment involving 

biological processes to remove organic material would be required. As a minimum, all 

wastewater treatment facilities must achieve 85 percent removal of Biochemical Oxygen 
Demand (BOD) and 65 percent removal of Total Suspended Solids (TSS). POTW could 

not discharge effluent with BOD or TSS concentrations greater than or equal to 30 ppm 

(also mg/L) (“Clean” 52). According to Metcalf and Eddy, the secondary treatment 

standards could only be modified in cases of a combined sewer system, use of waste 

stabilization ponds and trickling filters, or receiving less concentrating influent 
wastewater from separate sewers (Metcalf 6).

2.5.3 Funding for WWTFs and Research

What made the 1972 Amendments significantly different and more effective than 
previous legislation was the appropriation of funds to accomplish the objective and 

goals. According to the article 20 Years of the Clean Water Act, “the cornerstone of the 

Clean Water Act” was the construction grant assistance to upgrade municipal
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wastewater treatment plants to meet secondary treatment. Initially federal grants 

provided financial assistance for POTWs to upgrade to or construct secondary WWTFs, 

for management planning processes, and for federal research of necessary technology 

to address both point and non-point sources of pollution. As a result of the federal 

grants, large amounts of infrastructure were built in the 1970s and 1980s. According to 

a 2002 article in Civil Engineering magazine, in 1968, four years before the CWA, 70 

percent of POTWs utilized secondary treatment and less than 1 percent utilized 

advanced treatment. By 1996, the EPA reported that less than 200 POTW provided less 

than secondary treatment (“Clean” 53). Although the CWA did set a nationwide 

treatment floor, it encouraged state and public participation.

Later, the 1987 amendment transferred the federal government grant program to a state 

managed revolving loan fund. The federal government appropriated funds to each state 

through a capitalization grant which states matched 20 percent. The funds could then 

be loaned to pursue goals of the CWA. As entities repaid the loans to the states, the 

states could loan the funds to other entities. This method is known as the low interest 

state revolving fund (SRF). SRF loans may cover up to 75 percent of the cost of a 

POTW construction or upgrade. Municipalities must cover the remaining 25 percent 

through state grants, user fees, or other loans. With the 1987 amendments, the direct 

federal appropriations ended in 1994 (Knopman 10).

Historically, prevention of pollution and reclamation of polluted water bodies has come 

with a hefty price tag and primarily focused on point source dischargers. According to a 

1993 Environment article by Debra S. Knopman and Richard A. Smith, between 1972 

and 1992 American taxpayers and the private sector have spent approximately $541 

billion on water pollution control primarily aimed to control municipal and industrial 

discharge (Knopman 17). In the 1972 fiscal year, Congress appropriated $1.25 billion 

for wastewater infrastructure. Increasing annually, the appropriated amount had risen to 

$7 billion for the 1975 fiscal year (“Clean” 52). A 2002 Civil Engineering article 

estimates that construction grants provided municipalities with $61 billion between 1972 

and 1990 and the State Revolving Fund (SRF) loan program made $20 billion available 
to municipalities between 1990 and 2002.
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2.5.4 Enforcement through Permits

From the 1970’s to the present, the EPA and state regulatory agencies continued to 

conduct research on best practices of wastewater treatment to improve the quality of 

surface water. This environmental focus first lead to effluent limits on biochemical 

oxygen demand (BOD5) and total suspended solids (TSS). Later, effluent limits began to 

require more complete removal of nutrients, specifically nitrogen and phosphorus. As 

Wastewater Engineering: Treatment and Reuse explains, increasingly stringent 

regulations were guided by a greater awareness of the long term effects of wastewater 

water dischargers on the environment (Metcalf 3).

The EPA issues and enforces effluent discharge permits to point source dischargers. 

Section 102 of the C\NA reiterates, the goal of eliminating “discharge of any sewage, 

industrial wastes, or substance which may adversely affect waters” (Federal Water 

Pollution Control Act). The National Pollutant Discharge Elimination System (NPDES) 

was developed by the EPA to regulate the amount and volume of pollutant discharged 

by point sources to surface and ground waters. Section 402 legislates it illegal to 

discharge from point sources without a permit from the proper authorities or regulatory 

program. In many cases, states have developed their own Pollutant Discharge 

Elimination System in compliance with the NPDES. In other cases, the proper authority 

is the EPA, or appropriate tribe or territory. Discharge permits include “specific, numeric, 

measureable sets of limits on the amount of various pollutants that can appear in the 

wastewater discharged by a facility to the Nation’s waters”, a compliance schedule to 

meet best management practices, and detailed monitoring requirements to assess the 
affect of effluent on the ambient water quality (“Introduction to the Clean Water Act”). As 

Albert Brary, the 2002 Deputy Executive Director of the Water Environment Federation, 

said, the development of NPDES permits “was the first time that the right to pollute...was 

questioned and denied” (qtd. In “Clean” 52).

2.5.5 Oversight: Control of Non-point Source Pollutant Dischargers

The widely noted oversight of the CWA is a lopsided focus on improving the nation’s 
waters through stringent controls of point source dischargers, while non-point sources 

are subject to little legislation. Non-point sources of pollution include “agricultural lands, 

feed lots, urban areas, suburban developments, and even silvicultures and grazing”
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(Knopman 35). The popular criticism was voiced by a 2002 Civil Engineering article: 

“point source generators have had to shoulder the [financial] burden of cleaning up the 

waterways, and the time has come for those largely responsible for non-point source 

pollution to assume their share of the work that remains to be done” (“Clean” 80). Even 

though “the cost of controlling certain nonpoint sources could greatly exceed the cost of 

point source controls,” watershed pollution cannot be eliminated by point source controls 
alone (Knopman 35).

Another criticism of the CWA is that the lack of information about present ambient water 

quality nationwide contributes to an incomplete picture of the CWA’s “success.” 
According to a Senate report:

much of the information on which the present water quality program is based in 

inadequate and incomplete. The fact that a clearly defined relationship between 

effluent discharge and water quality has not been established is evidence. The 

fact that pollutants continue to be discharged in ignorance of their effect on the 

water environment is evidence of the information gap (qtd. In Knopman 19).

2.6 State of Montana

Section 101, 7, part b of the CWA states that “it is the policy of the Congress to 
recognize, preserve, and protect the primary responsibilities and rights of the States to 

prevent, reduce, and eliminate pollution, to plan the development and use of land and 

water resource, and to consult” with the EPA (Federal Water Pollution Control Act). 

Under the structure of the CWA, each state was to develop a construction grant program 

to provide financial support for upgrading POTWs and to implement permit programs in 

compliance with the NPDES. Section 303 (c) of the CWA explains that States are 

required to adopt criteria for all toxic pollutants listed, except where more stringent 

standards could protect the designated uses assigned by the state (Federal Water 
Pollution Control Act).

Although part g of the CWA affirms State sovereignty in water rights stating “nothing in 

this Act shall be construed to supersede or abrogate rights to quantities of water which 

have been established by any State,” States are still subject to legislations mandated by 
the EPA (Federal Water Pollution Control Act). The EPA has published the following 
statement:
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The EPA has the power to reject State standards that fail to meet the legal 

requirements. EPA's rejection of all or part of a State's proposal forces the State 

to draft an acceptable alternative; failure to revise a proposal will result in EPA 

setting a standard. In the initial review standards will be weighed against their 

conformity to the old Act. This review and any required revision can include 

implementation schedules. Future revision of standards, after the initial review, 

will be limited to use classifications and criteria. (“History: Water”)

As States seek to “protect the public health and welfare, enhance the quality of water, 

and serve the purposes” of the CWA, States must submit effluent limitations to the EPA 

whenever the State revises or adopts new standards. Standards should be set for water 

bodies “taking into consideration their use and value for public water supplies, 
propagation of fish and wildlife, recreational purposes, and also taking into consideration 

their use and value for navigation” (Federal Water Pollution Control Act). Section 102, 

Part e of the CWA noted that public participation in the “development, revision, and 

enforcement of any regulation, standard, effluent limitation, plan or program” is “provided 

for, encouraged, and assisted” by the EPA (Federal Water Pollution Control Act).

The State of Montana developed the Montana Water Quality Act as part of the Montana 

Code Annotated (MCA). Under Title 75, Chapter 5, Section 301, MDEQ is charged with 

the task of classifying all state waters “in accordance with their present and future most 

beneficial uses” and to “formulate and adopt standards of water quality, giving 

consideration to the economics of waste treatment and prevention” (75-5-301). These 

classifications of state waters and standards are reviewed and revised as necessary or 
after a period of 3 years.

According to MDEQ Circular 7, Montana’s basis for human health toxins affecting water 

quality standards are more restrictive than national Maximum Contaminant Level (MCLs) 

or the National Recommended Water Quality Criteria (NRWQC). Numeric water quality 

standards which vary with stream classification are enumerated in the Administrative 

Rule of Montana (ARM) 17.20.620 to 17.30.670. These numeric standards are 

developed and evaluated in compliance with the Montana Water Quality Act and Section 
303 (c) of the CWA are to protect water bodies to support “aquatic life, public water 
supplies, recreation, or agriculture” from the following sources:
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• 1986 Quality Criteria for Water, EPA 440/5/86-001 (the “Gold Book”) and 

numerous updates

• Toxics Criteria for those States not complying with the Clean Water Act (The 

National Toxics Rule [NTR]) published in the Code of Federal Regulations, 40 
CFR 131.36(1992)

• Water Quality Standards

• Establishment of Numeric Criteria for Priority Toxic Pollutants for the State of 
California

• National Recommended Water Quality Criteria: 2002 (EPA 822-R-02-047)

• 2004 Edition of Drinking Water Standards and Health Advisories (EPA 822-R-04- 
005)(MDEQ Circular 7).

MDEQ publishes guidance in the form of circulars concerning wastewater treatment and 

effluent disposal. The Permitting and Compliance division of the MDEQ was developed 

to administer and enforce permits under the Montana Pollutant Discharge Elimination 

System (MPDES). Limits set by MPDES permits primarily seek to reduce nutrient 

loading which propagates algal growth and to reduce ammonia (a form of nitrogen) 

which harms fish and other aquatic species. Consequently, effluent discharge standards 

dictate the level of wastewater treatment required. As effluent discharge limits become 

more stringent, POWTs are forced to upgrade their wastewater treatment facilities.

2.7 Ammonia Toxicity

Ammonia is a form of nitrogen grouped with organic nitrogen and measured as total 

Kjeldahl Nitrogen. Ammonia is a unique toxin because ammonia is endogenously 

produced and excreted by animals. Ammonia can exist in the form of un-ionized 

molecular ammonia (NH3) or as an ammonium ion (NH4+). The neutral un-ionized 

ammonia molecule can be harmful to aquatic life because of its ability to diffuse across 
epithelial membranes. Fish are particularly susceptible to this toxin because fish excrete 

un-ionized ammonia through gills. If the ambient water contains high concentrations of 

un-ionized ammonia, the gradients can be reversed causing toxic buildup of ammonia in 
gills (1999 Update).

In 1984, the EPA reviewed data about the toxicity effects of ammonia on aquatic 

organisms and published ammonia criteria. After assessing the physicochemical 

properties, the EPA determined that pH, temperature, and to a lesser degree ionic
14
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composition affect the toxicity of ammonia. The temperature can have significant effects 

on the relative amounts on un-ionized ammonia versus ammonium ion. The ammonium 

ion is present in higher concentrations at low temperatures resulting in lower ammonia 

toxicity. The un-ionized form is significantly more toxic. Therefore, it has become 

convention in scientific literature to associate ammonia toxicity with relative 

concentrations of un-ionized ammonia.

Most recent national standards are based on the EPA’s 1999 Update of Ambient Water 

Quality Criteria for Ammonia which superseded all previous EPA recommended 

freshwater criteria for ammonia, but did not affect previously established ammonia 

criteria for saline aquatic life. The toxic pollutant (ammonia) criteria were based on 

ambient water quality data and “scientific judgments on the relationship between 

pollutant concentrations and the effects on aquatic life, human health, and the 

environment” (“Aquatic Life”). Consequently, the 1999 Update provided latitude in 
interpretation of “scientific judgments.” The EPA noted that “these criteria do not reflect 

consideration of economic impacts or the technological feasibility of reducing chemical 

concentrations in ambient water” (“Aquatic Life”). Thus the EPA admitted that the 

stringent standards may financially encumber permitted point source dischargers who 
attempt to meet new limits.

The 1999 Update used data collected between 1984 and 1998 to develop guidelines for 

numeric permit limits. The 1999 Update bases acute ammonia toxicity on the pH and 

the presence or absence of early life stages of fish species in the receiving water. It 

bases chronic ammonia toxicity on pH and the temperature of the receiving water. At 

low temperatures, chronic ammonia toxicity also includes consideration for the presence 

or absence of early life fish. The 7999 Update uses a 30-day averaging period for 
ammonia chronic criterion.

Prior to 2000, few MPDES permits placed numeric limits to regulate total ammonia. 

After publication of the 1984 guidance, MDEQ began to evaluate ammonia discharge in 

situations with ammonia sensitive receiving waters because of low flows or lack of a 

mixing zone. Some permits addressed ammonia through nitrogen limits. In the most 

recent permit cycle (many issued in 2006), MDEQ used the 7999 Update as guidance to 
develop numeric limits which were significantly more stringent than anticipated or utilized 

in the previous permit cycle. Currently, not all MPDES permits include ammonia limits, 

but communities without numeric limits should anticipate limits in their next permit.
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CHAPTER 3
WASTEWATER CONSTITUENTS

3.1 Introduction

The American Industrial Revolution greatly changed the characteristics of municipal 

wastewater by introducing manufacturing waste and altering processing methods. This 

change rendered primary wastewater treatment incomplete in addressing the 

constituents of wastewater. Primary (or preliminary) treatment generally refers to the 

removal by screening or settling large organic and inorganic solids from the wastewater. 

For decades, the nation was unaware of the environmental impacts of this change and 

water quality degradation remained unaddressed.

Between the 1950’s and 1980’s, secondary wastewater treatment facilities removed 

biodegradable organics, total suspended solids, and pathogens. Focus on nutrient 

removal began with large surface water bodies, such as the Great Lakes and 

Chesapeake Bay, but by the 1980’s expanded to “more stringent standards to deal with 

the removal of nutrients, heavy metals, and priority pollutants” in all surface waters 

(Metcalf 29). As we develop more advanced treatment and monitoring technology, we 

are capable of reducing environmental degradation and promoting human safety, health, 

and welfare.

The scope of this thesis is wastewater treatment in rural Montana communities. 

Consequently, Chapter 3 will address wastewater characteristics and constituents of 

said communities. The wastewater generated is primarily domestic in nature with light 
industrial influence. Since the majority of current MPDES permits set limits for 

Biochemical Oxygen Demand (BODS), Total Suspended Solids (TSS), E. coli, total 

ammonia as nitrogen, total nitrogen, and total phosphorus, these will be the basis for 
discussing wastewater constituents.

3.2 General Characteristics of Wastewater

Any wastewater text will introduce the general characteristics of wastewater by 
explaining, “wastewater is characterized in terms of its physical, chemical, and biological 

composition” (Metcalf 29). While each division is distinct, many characteristics are 

interrelated. One common example is the effect of temperature, a physical property, on
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levels of dissolved oxygen, a chemical property. Wastewater treatment generally 

focuses on the chemical and biological components. According to Wastewater 

Engineering: Treatment and Reuse, the “principal constitutes of concern” in wastewater 

treatment are suspended solids, biodegradable organics, pathogens, nutrients, priority 

pollutants, refractory organics, heavy metals, and dissolved inorganics (Metcalf 32).

Wastewater treatment facility discharge, or effluent, is subject to the limits of its MPDES 

permit. Constituent limits may be expressed as a loading or concentration. A loading, 

generally pounds per day (Ib/day), is the total weight of constituent which may be 

introduced to a water body. A concentration, generally milligrams per liter (mg/L), varies 

with the dilution of the waste. As monitoring instruments become more sophisticated, 

smaller concentrations can be measured in micrograms per liter Gug/I) and nanograms 
per liter(ng/l).

The sixth edition of Water and Wastewater Technology summarizes current technology- 

based standards. These standards were put in place for secondary treatment facilities 

with the passage of the 1972 Amendments to the CWA. The maximum monthly average 

for BOD and suspended solids are each 30 mg/l, pH may vary between 6.0 and 9.0m 

and fecal coliform is not to exceed 200 per 100 ml (Hammer 362). In some cases, 

treated effluent must be disinfected to protect public health. Even in rural Montana 

municipalities, disinfection is becoming more common to treat for anticipated future 

effluent limits. MPDES permits incorporate these limits.

3.3 Nutrients

Nutrients are inorganic chemical constituents of wastewater (Metcalf 57). The two most 

important nutrients are nitrogen and phosphorus, and each exists in numerous forms. 

These nutrients, which are biostimulates, along with carbon, are essential for plant and 

animal growth (Metcalf 32). Yet, when excess nitrogen and phosphorus are introduced 

to water systems, they lead to excessive algae growth reducing dissolved oxygen in the 

water. The reduction of dissolved oxygen affects aquatic species and can lead to 

increased rates of eutrophication. All MPDES permits include limits for total nitrogen 
and total phosphorus.
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3.3.1 Nitrogen

Nitrogen is vital to all organisms because it is an “essential building block” for the 

formation of proteins (Metcalf 60). According to Metcalf and Eddy, nitrogen is introduced 

to aquatic environments primarily through the biological origin of nitrogenous compounds 

from the decay of plants and animals, but nitrogen can also be introduced through 

sodium nitrate and atmospheric fixation of nitrogen (60). According to Hammer, nitrogen 

is present in municipal wastewater as a result of proteins in human excreta and food 

waste (497).

In both aquatic environments and wastewater, nitrogen can exist in a variety of forms. 

The most common are forms are: organic nitrogen as gas (N2), ammonia gas (NH3), 

nitrite ion (N02), and nitrate ion (N03), and ammonium ion (NH4). Total Kjeldahl nitrogen 

is the sum of organic nitrogen, ammonia, nitrate, and nitrite (Metcalf 60). Nitrogen is 

present in wastewater as organic nitrogen in proteins and amino acids and as ammonia 

from the bacterial mineralization of proteins and urea (Hammer 497). Nitrates and 

nitrites are generally not found in raw wastewater because there is not enough oxygen 

for the chemical reaction to occur (Hammer 497). Hammer states that 60 percent of 

nitrogen in wastewater is present as organic material, while the remaining 40 percent is 

contained in proteins and amino acids (497).

To understand the effects of excess nitrogen in an aquatic environment, it is essential to 

understand the nitrogen cycle. Algae and phytoplankton take in nitrate and chemically 

reduce the nitrogen to amino compounds (Davis 190). As these organisms die, the 

organic nitrogen is released as ammonia. At pH levels below 7, the ammonia is in the 
form of the ammonium ion. The ammonium ion is oxidized to nitrate through nitrification 

(Davis 190). According to Principles of Environmental Engineering and Science, as long 

as the water remains aerobic, the nitrogen will cycle from nitrate to organic nitrogen to 

ammonia and back to nitrate (191). Introduction of excess nitrogen will increase algal 

growth requiring increased levels of dissolved oxygen. As this algae decay, it depletes 

the oxygen supply further creating an anaerobic environment in which bacteria reduce 

nitrate to nitrogen gas. The process by which the nitrogen gas is released to the 
atmosphere is nitrification (Davis 191). Cyanobacteria (blue-green algae) are capable of 

fixing nitrogen gas from the atmosphere (Davis 191).
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In addition to excessive algae growth, excess nitrogen can be detrimental to rivers and 

lakes primarily in the form of ammonia. Unionized ammonia is toxic to fish. The 

conversion of ammonium ion to nitrate ion consumes large amounts of dissolved 

oxygen. The chlorine commonly used in disinfection systems can react with ammonia 
forming toxic chloramines (Davis 374).

3.3.2 Phosphorus

Like nitrogen, phosphorus is essential to the cell growth (Hammer 492). According to 

Davis, phosphorus occurs as mineral deposits and is introduced to aquatic environments 

primarily through dust precipitation or weathering of rock (Davis 337).

In both aquatic environments and wastewater, phosphorus can exist in three forms: 

orthophosphate, polyphosphate, and organic phosphate (Metcalf 63). According to 

Hammer, orthophosphates and polyphosphates come from the decomposition of organic 

matter (492). More specifically phosphorus can be dissolved as inorganic 

orthophosphate, suspended as organic colloids, and particulate organic and inorganic 

sediments (Davis 337). Plants and algae can only use soluble inorganic orthophosphate 
as organic compounds.

The phosphorus cycle is similar to the nitrogen cycle. As aquatic plants decay, they 

release inorganic phosphorus. This release occurs rapidly (Davis 193). Since 

phosphorus is often the limiting nutrient in freshwater systems, excess phosphorus 

causes excess algae growth (Davis 337). The decomposition of algae requires excess 
oxygen reducing available dissolved oxygen in an aquatic system (Davis 374).

3.4 Biological Characteristics

The biological characteristics of wastewater include very broad topics because they 

include many organisms: bacteria, fungi, algae, protozoa, plants and animals, and 

viruses (Metcalf 104). These organisms are both present in wastewater and some are 

artificially introduced to biodegrade the wastewater. This section will be limited to a 

discussion about the organic constituents of pathogenic bacteria, carbohydrates, 
proteins and fats.

Since pathogenic diseases are present in fecal matter, treated effluent containing fecal 
matter is potentially dangerous. Escherichia coli (E. coli). is an indicator organism of
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total coliforms from human waste and soil (Metcalf 116). High levels of E. coli can be 

indications that pathogenic bacteria or viruses may be present. MDPES permits limit E. 

coli in effluent.

According to Metcalf and Eddy, “many harmless bacteria colonize the human intestinal 

tract and are routinely shed in the feces” (109). However, pathogenic bacteria also 

colonize in the human intestinal tract and are present in wastewater. The most common 

protozoa are Crytosporidium parvum, Cyclospora, and Giardia lamblia (Metcalf 111). 

There are also 100 different enteric viruses released from fecal matter, but only the 

Norwalk virus and rotavirus are known to be waterborne (Metcalf 114).

According to Hammer, bacteria in wastewater treatment plants must break down the 

organic matter in wastewater consisting of carbohydrates, proteins, and fats (27). 

Carbohydrates are sugar units consisting of long chains of carbon, hydrogen, and 

oxygen (monosaccharides), proteins are strings of amino acids which create tissue, and 

fats are semi-soluble biochemical substances (Hammer 27). The bacteria play a vital 

role in decomposition and stabilization of this organic matter (Metcalf 104).

3.5 Biochemical Oxygen Demand and Total Suspended Solids as 
Indicators

BOD and TSS have been measurable effluent constituents used by regulatory agencies 

for monitoring since secondary treatment was set as the regulatory floor for wastewater 

treatment. BOD is a measure of the change of dissolved oxygen. Suspended solids is a 

measure of solids carried by the wastewater which can lead to sludge deposits (Metcalf 

32). Since wastewater includes organic materials such as carbohydrates, proteins, and 

fats, untreated waste discharged to the environment would result in depleted dissolved 
oxygen levels in the receiving water (Metcalf 32).

3.5.1 Biochemical Oxygen Demand (BODS)

According to Davis, “anything that can be oxidized in the receiving water and results in 

consumption of dissolved molecular oxygen is termed oxygen-demanding material” 
(335). “If the oxidation of an organic compound is carried out by microorganisms using 

the organic matter as a food source, the oxygen consumed is known as biochemical 

oxygen demand, BOD” (Davis 347). BOD is an indirect measurement of organic matter 

because it measures the change in dissolved oxygen, not the amount of dissolved 
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oxygen (Davis 348). But, according to Hammer, BOD is the most common parameter to 

define the strength of municipal wastewater because sampling of influent and effluent 
can provide a measure of the effectiveness of the facility in treating wastewater (72).

As previously mentioned, the organic matter in wastewater, which primarily comes from 

human waste and food residue, is 40 to 60 percent protein, 25 to 50 percent 

carbohydrates, and 8 to 12 percent fats (Metcalf 80). The other major organic 

compound in wastewater is urea, a component of urine (Metcalf 80). BOD measures 

how much oxygen is consumed as bacteria decays the organic matter. Therefore, BOD 

is an indicator of the amount of organic material in wastewater.

3.5.2 Total Suspended Solids (TSS)

Among common physical characteristics of wastewater, such as particle size 

distributions, turbidly, color, transmittance, temperature, conductivity, density, specific 

gravity, and specific weight, the most important is total solids content (Metcalf 42). 

According to Metcalf and Eddy, approximately 60 percent of suspended solids are 

settleable (42). Settleable solids are removed by gravity. To remove suspended solids, 

coagulant is added to sitimulate flocculation. The floes can then be settled by gravity 
and/or removed through filtration.
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CHAPTER 4
LAGOONS AS WASTEWATER TREATMENT FACILITIES

4.1 Introduction

According to Metcalf and Eddy, across the United States there are approximately 16,000 

municipal wastewater treatment facilities which treat a combined total of 32 x 109 million 

gallons per day. Of this total flow, 92 percent is treated in plants with a capacity of more 

than 1 million gallons per day (Metcalf 14). Typical rural Montana municipal treatment 

facilities with flows between 0.4 and 1.5 million gallons have utilized secondary 

treatment methods designed to remove biodegradable organics, total suspended solids, 

and pathogens. Recent regulations focusing on the removal of nutrients, heavy metals, 

and priority pollutants, render existing basic lagoon systems for wastewater treatment 

inadequate because non-specialized lagoons do not have the ability to adequately 

remove these constituents.

4.2 Natural Treatment Systems

A joint publication by the Water Environment Federation (WEF) and the American 

Society of Civil Engineers (ASCE) titled Design of Municipal Wastewater Treatment 

Plants cites five wastewater treatment systems which require minimal mechanical input; 

these are termed “natural treatment systems.” This publication will subsequently be 

referred to as Manual of Practice (MOP 8). The natural treatment systems are:

• Soil Absorption

• Lagoons

• Land Application

• Floating Aquatic Plants

• Constructed Wetlands

Soil absorption, consisting of gravel filled percolation trenches preceded by a septic 

system, can be utilized for municipal flows from limited sources, usually less than 20 

households (MOP 8 13-2). Land application is the controlled application of wastewater 

to agricultural or otherwise dedicated land which corresponds with natural physical, 

chemical, and biological soil processes (MOP 8 13-13). Floating aquatic plants, 

primarily hyacinths and duckweed, are used in lagoon systems to shield sunlight, thus 
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reducing algae growth and removing BOD, nitrogen, metals and trace organics (MOP 8 

13-32). Constructed wetlands utilize cattails, reeds, and rushes as filters to treat storm 

water, acid mine waste, landfill leachate, agricultural runoff, and food processing waste 
(MOP 8 13-35).

According to MOP 8, the most prevalent natural system for wastewater treatment is a 

lagoon (MOP 8 13-4). Lagoon systems are often lined with native clay or bentonite- 

amended soil. More recently, lagoons have been lined with geosynthetic clay liner and 

geomembranes (MOP 8 13-9). Lagoons may be classified by the duration and 

frequency of discharge or by the depth and biological processes. The most common 

systems in rural Montana communities are a combination of aerated and facultative 
lagoons.

4.3 Lagoons: Classified by Discharge

Based on the duration and frequency of effluent release, there are three types of lagoon 

systems. They are:

• Total Retention Lagoons

• Controlled Discharge Lagoons

• Continuous Discharge Lagoons

A total containment lagoon, also called a complete retention lagoon or evaporation 

lagoon, can be used in locations were the evaporation exceeds precipitation. These 

lagoons retain the treated effluent until it is evaporated or percolated into the soil (MOP 8 

13-5). Controlled discharge lagoons discharge effluent at a predetermined number of 

times and flow rate throughout the year. The discharge usually occurs to surface waters 

at times when the waters are least susceptible to pollutant loads, but effluent may also 

be discharged through land application similar to irrigation (MOP 8 13-5). Finally, a 

continuous discharge lagoon discharges at approximately the rate influent is received to 

the plant. The wastewater is retained in the plant during treatment, but it is subsequently 

discharged to a receiving water (MOP 8 13-5).
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4.4 Classify By Depth and Biological Process

Based on the depth of the lagoon and the biological processes taking place, there are 
four types of lagoon systems. These are:

• Aerobic Lagoons

• Anaerobic Lagoons

• Aerated Lagoons

• Facultative Lagoons

According to MOP 8, aerobic lagoons are best suited for warm, sunny climates. The 

aerobic state is.maintained through the production of oxygen during algal photosynthesis 

and the introduction of oxygen during surface disruptions. They are generally shallow, 1 
to 2 feet, which allows mixing through flow circulation. In colder climates, this type of 

lagoon is not used because it will freeze due to the shallow depth, often killing the algae 

and bacteria necessary for wastewater treatment (MOP 8 13-4).

Anaerobic lagoons are rarely used to treat municipal wastewater in the United States 

(MOP 8 13-5). However, they are used to treat a heavy organic load, such as one 

provided by animal wastes from dairies or pig farms or industrial wastes, where 

treatment is effective in an environment without oxygen. These relatively deep lagoons, 

8 to 20 feet, have a detention time of 20 to 50 days in which the solids separate and 

settle into layers (MOP 8 13-5). The top layer consists of grease and scum keeping 

oxygen from entering during surface agitation (“There Are Many Types”). Bacteria in the 

anaerobic environment treat the wastewater, but sludge must be removed occasionally. 

Odor can often be a problem in anaerobic lagoons which can be minimized by adding 
sodium nitrate (“There Are Many Types”) or providing a cover over the lagoon.

Aerated lagoons can be partially or completely mixed by mechanical floating aerators or 

submerged diffusers. Approximately 1.5 pounds of oxygen should be added for each 

pounds of BOD loading. Design detention times for aerated lagoons range between 5 

and 30 days with typical depths of 10 to 20 feet (MOP 8 13-4). Detention time can be 

calculated based on a ratio of influent to effluent BOD loadings and a rate constant 

determined by temperature (MOP 8 13-9). The area of the lagoon is determined by the 
product of the flow and detention time divided by the average depth (MOP 8 13-9). 

Aerated lagoons are less susceptible to odors than other types of lagoons.
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According to MOP 8, the most common lagoon treatment system is a facultative lagoon 

which is also called an oxidation lagoon, stabilization pond, photosynthetic pond or 

aerobic-anaerobic pond (“There Are Many Types”). A facultative lagoon ranges in depth 
between 5 and 8 feet and contains an aerobic surface layer and anaerobic bottom layer. 

Bacteria in both layers contribute to the decomposition of waste. The detention time 

ranges between 25 and 180 days (MOP 8 3-4). Since pretreatment rarely consists of 

more than screening, facultative lagoons are often built in series where the first cell will 

accumulate sludge at a more rapid rate than the subsequent cells (MOP 8 3-4).

4.5 Performance and Design of Facultative Lagoons

According to MOP 8, facultative lagoons are usually reliable in treating BOD5 effluent to 

the range of 30 and 40 mg/l BOD (MOP 8 13-5). Algae often remain in the effluent 

contributing 40 to 100 mg/l TSS (MOP 8 13-4). In general, longer detention times result 

in a high level of nitrogen and pathogen removal because bacteria and viruses will be 

removed through sedimentation, predation, die-off, or adsorption (MOP 8 13-5). 

Facultative lagoons are capable of 40 to 95 percent nitrogen removal, less than 40 

percent phosphorus removal, and approximately 86 percent volatile organic removal, but 

these values depend on the climate (MOP 8 13-5). These numbers are summarized in 

Table 4-1. The problem with facultative lagoons is that high influent loadings may result 

in effluent that does not meet required constituents limits.

TABLE 4-1: CAPABILITIES OF FACULTATIVE LAGOONS

Constituent Level of Treatment

BODS 30 to 40 mg/l

TSS 40 to 100 mg/l
Nitrogen 40 to 95 % Removal

Phosphorus Less than 40 % Removal

Volatile Organics 86 % Removal

Based on the current EPA standards for construction of lagoons, there are five 

acceptable methods of design: Areal loading rate; Gloyna, Marais and Shaw; Plug flow; 

Wehner; and Wilhelm (MOP 13-6). Of these five methods, the areal loading rate is the 

most common. Using the areal loading rate method, the lagoon surface area is
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determined by dividing the product of BOD load and flow by the approximate loading 

rate (MOP 8 13-6). The approximate loading rate may be determined by sampling or 

using a general estimate of influent loading based on discharge during average winter 

temperatures (MOP 8 13-7). A number of design components exist to prevent short 

circuiting of the wastewater. Manifolds and diffusers may be installed at inlets and 

outlets. The inlet and outlet should be as far apart as feasible with variable levels. 

Baffles may be constructed to separate lagoons. Lagoons should be constructed in 
series (MOP 8 13-8).

Lagoons are subject to odors which are usually caused by the gases produced by 

decomposition of organic matter. A common sulfur smell is produced when anaerobic 

microorganisms reduce sulfate to sulfide (Metcalf 70). Other odors are caused by 

volatile organic compounds and algae (Hammer 491).

4.6 Reliability of Lagoons

Most discharge permit effluent limits are based on 7-day or 30-day average 

concentrations or loadings. According to Metcalf and Eddy, the effluent quality varies 

during these periods because of variable organic loading and changing environmental 

conditions. When considering the design or upgrade of a plant, the varying loadings and 

future loadings must be considered to design a facility to produce effluent less than the 

permitted limits. Treatment plant reliability considers the inherent reliability of a process 

and the mechanical components to “meet established performance criteria consistently 
over extended periods of time” (Metcalf 17).
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CHAPTER 5
CITY OF CONRAD WASTEWATER TREATMENT FACILITY 

CONRAD, MONTANA

5.1 Introduction

In 2007, the City of Conrad, Montana contracted with Morrison-Maierle, Inc. (MMI) to 

amend the City’s 2004 Wastewater Facilities Preliminary Engineering Report (2004 

PER), also prepared by MMI. The result of this contract was the 2007 Wastewater 

Facilities Preliminary Engineering Report Amendment (2007 PER Amendment). 

According to the 2007 PER Amendment, the purpose of the report was to “evaluate 

additional treatment alternatives capable of meeting the anticipated long-term ammonia 

limits that may be imposed by MDEQ in the next permit cycle” (2007 Conrad PER 
Amendment 2-1).

As of 2007, the City of Conrad had received 10 MPDES permit violations (2007 Conrad 

PER Amendment 1-1). The wastewater treatment facility was designed to be a 

continuously discharging facility, but City staff had taken on the responsibility of 

regulating effluent flow during the spring and fall to reduce permit violations associated 

with lagoon turnover. (2007 Conrad PER Amendment 1-1). As early as the 2004 PER, it 

was noted that a facility upgrade was necessary for two primary reasons. First, the 2004 

PER stated that the sludge levels in the existing lagoon Cell 1 had reached the surface 

and that mechanical components had reached the end of their design lives (2004 

Conrad PER 2-2). Second, the 2004 PER anticipated additional effluent permit limits 

that the City’s current treatment facility could not meet. However, stringent ammonia 

effluent limits established by the 2006 MPDES permit greatly surpassed the 

conservatively anticipated ammonia effluent limits. The City faced significant WWTF 

improvements to meet the numeric ammonia effluent limits.

5.2 The City of Conrad in Pondera County, Montana

The City of Conrad is located in rural north central Montana in Township 28 North, 

Range 3 West, Section 23. Conrad serves as the administrative seat of Pondera County. 
The county has an area of 1,640 square miles. Pondera County is located near the 

eastern slope of the Rocky Mountain Front. The county is surrounded by Glacier and 

Toole Counties to the north, Choteau and Liberty Counties to the east, Teton County to 
the south, and Flathead County to the west. According to the 2004 PER, the 
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topography of the area consists of rolling plains on glacial lake deposits with underlying 

bedrock layers of shale and sandstone. The groundwater has poor quality due to high 
levels of dissolved solids resulting in poor taste (2004 Conrad PER 4-4).

Figure 5-1: Location of Pondera County and the City of Conrad, Montana
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The State of Montana website offers a brief history of the City. Conrad was preceded by 

the Pondera trading post which hosted a post office as early as March 1892. Conrad 

was incorporated in September 1908, after M. S. Darling laid out a 602 acre city planned 

around the railway line between Lethbridge, Alberta, Canada and Great Falls, Montana. 

The agricultural roots of the City resulted in a population of 1,500 residents by 1916. 

The discovery of oil in 1927 led to the development of the Pondera Oil Field (“Montana 
Official: Conrad”).
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According to the City website, today Conrad is an agriculturally-based community which 

acts as a hub for grain transportation because of its location on the Burlington Northern 

Santa Fe railroad line between Great Falls and Shelby (“Conrad”). The City’s economy 

is also supported by governmental services required by the county administrative seat 

(2004 Conrad PER 4-2). The Montana Department of Commerce Census and 

Economic Information Center reports that the 2000 census population of Conrad was 

2,753 and the 2008 estimated population was 2,501 (“Demographics”). The decreasing 

population corresponds with a decreasing Pondera County population from 6,242 to 

5,852 between 2000 and 2008 (“Demographics”). Figure 5-2 illustrates the populations 
of the City of Conrad in relation to Pondera County. According to the 2004 PER, the 

decrease in population since 1980 can be attributed to the cancellation of local military 

infrastructure program (2004 Conrad PER 4-1).

Figure 5-2: Census Record of City of Conrad and Pondera County1
11920- 2000 Census Data and 2008 Population Estimate provided by the Montana Department of Commerce Census and 

Economic Information Center

As of 2003, there were 1,175 residential and commercial sewer connections within the 
City of Conrad which was a slight decrease from the 1,199 connections in 1998 (2004
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Conrad PER 4-2). According to the 2008 Basis of Design Report, the planning area for 

the wastewater treatment plant includes the incorporated boundary of the City of 

Conrad, anticipated growth west and north of the existing city limits, and the planned 

industrial park east of Interstate 15 (2008 Basis of Design 1-1). The planning area 

boundaries and location of the existing WWTF are shown in Figure 5-3.

Figure 5-3: Location of Conrad WWTF and Planning Area

5.3 Existing Wastewater Treatment Facility

The existing wastewater treatment facility is classified by its MPDES permit 

(MT0020079) as a minor POTW (Publicly Owned Treatment Works). The facility 

consists of a 3 cell aerated lagoon with a design flow of 0.65 million gallons per day. The 

facility is located approximately 2.5 miles southeast of Conrad off Shelby Road. The 

facility discharges to an unnamed tributary of the Dry Fork of the Marias River at 

approximately, 48°12’25” N latitude, 111°55’30” W longitude.
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The original wastewater treatment facility was constructed in 1958 as a two-cell 

facultative stabilization system. In 1972, a primary aerated treatment cell was added to 

upgrade the facility. In 1991, effluent flow monitoring facilities were constructed. The 

effluent flows to a wetland which then flows approximately 1.25 miles to the Dry Fork as 

an unnamed tributary (2004 Conrad PER 4-20). A study of the sludge was conducted in 

1996 by Thomas, Dean & Hoskins Engineers titled Sludge Disposal and Financial Plan 

(March 1996). The Conrad WWTF is a hybrid system using a partially mixed aerated first 

cell followed by two facultative cells (2004 Conrad PER 4-35).

Figure 5-4: Existing (2009) Treatment Facility
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5.3.1 Aerated Cell 1 and Aeration Equipment

Aerated Cell 1 was designed to have a capacity of 8.1 million gallons, but as of 2004 it 

was estimated that half the capacity was occupied by settled sludge (2004 Conrad PER 

4-21). The sludge accumulation resulted in incomplete treatment of wastewater by 

decreasing the 20 day detention time to 10 days (2004 Conrad PER 4-34). This resulted 

in permit violations. Table 5-1 provides a summary of sludge depths as measured in 

2004. As of 2004, no known leakage was occurring from the Cell 1 dikes or bottom.

The City’s aeration system is a low-pressure coarse bubble diffuser system designed to 

induce flow patterns for circulation of wastewater. There are ten stainless steel diffusers 

located approximately three feet below the water surface creating 80 linear feet of 
aeration (2004 Conrad PER 4-21). The system is powered by a single 30 horsepower 

centrifugal blower capable of 300 cubic feet of air per minute (cfm) at 1.37 psi (2004 

Conrad PER 4-24). A building located on site houses the blower. In general, the 

aerators are in good condition, but the aeration piping, walkway system, and blowers are
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in a deteriorating condition (2004 Conrad PER 4-27). The condition of the components 

is to be expected given their 1972 installation.

Figure 5-5: Aeration System Components in Cell 1

5.3.2 Cells 2 and 3

Cells 2 and 3 were designed with volumes of 12.1 and 17.0 MG, respectively. However, 

the sludge accumulation had reduced these effective volumes to 10.1 and 15.2 MG by 

2004 (2004 Conrad PER 4-24). Based on their classification as secondary cells by 

MDEQ Circular 2, Cells 2 and 3 should have a detention time of 100 to 140 days. 

Measurements taken in 2004 indicated a detention time of only 75 days (2004 Conrad 

PER 4-36), an indication that sludge accumulation has reduced storage capacity in the 

cells. Table 5-1 provides a summary of sludge depths as measured in 2004.

Flow enters Cell 1 and moves successively through Cell 2 and Cell 3. The existing 

system has no bypass capabilities. In 1972, an air lift pump was installed in order to 

recirculate treated water from Cell 3 to Cell 1, but due to undersized components, it was 

abandoned shortly after installation (2004 Conrad PER 4-24). It may reasonably be 
assumed that the 30 plus year old corrugated metal piping between the cells is in poor 

condition, but the pipe has not been inspected. The City actively removes weeds,
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cattails, and aquatic plants from the lagoon dikes, but some bank instabilities occur on 

the north and east edges of Cell 3 from wind erosion (2004 Conrad PER 4-27).

5.3.3 Effluent Monitoring

In 1991, an effluent overflow structure was constructed. Treated effluent is discharged 

from Cell 3 at a level 4 feet below the water surface through a 12-inch Palmer Bowlus 

flume with ultrasonic flow measuring equipment. The flow recorder and solar power for 

the system are housed in a building and all are in relatively good condition (2004 Conrad 
PER 4-25).

Figure 5-6: Effluent Discharge to Figure 5-7: Solar Powered Flow

Unnamed Tributary Wetland Recording Building

5.3.4 Sludge Depths and Disposal

In 1994, Montana Rural Water Systems helped the City measure sludge depths in the 

lagoons. The Sludge Disposal and Financial Plan for Conrad, Montana completed in 

March 1996 concluded that the lagoons had significant sludge deposits. A summary of 
the finding is presented in Table 5-1 below. Continued measuring and sampling showed 

that the sludge would be acceptable for land application (2004 Conrad PER 4-30).

TABLE 5-1: 2004 SLUDGE DEPTHS 
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Design
Depth
(Feet)

Allowable
Sludge
Depth
(Feet)

Actual
Sludge
Depth
(Feet)

Design
Capacity

(MG)

Actual
Capacity

(MG)

Aerated Cell 1 7.0 2.0 3.5 8.1 4.6

Facultative Cell 2 5.0 1.0 1.65 12.1 10.1

Facultative Cell 3 6.5 1.0 1.60 17.0 15.2

5.3.5 Wastewater Characteristics

The City of Conrad collected effluent BOD5 and TSS data between 1992 and 2003. This 

12 year period was the basis of wastewater characteristics of the treatment facility (2008 

Basis of Design 2-1). According to the 2008 Basis of Design Report, other effluent 

parameters were estimated using average domestic wastewater values. In 2007, the 

influent was tested and the results are summarized in Table 5-2.

TABLE 5-2: 2007 AVERAGE INFLUENT CHARACTERISTICS2

9/10/07
(mg/l)

9/17/07
(mg/l)

9/24/07
(mg/l)

Basis of
Design
(mg/l)

TSS 178 133 121 250

BOD 130 150 91 200

Ammonia as N 24.9 20.0 18.7 25

Orthophosphate

as P
4.72 3.83 2.08 -

Temperature 15.6 16.4 14.7 10-20

pH 7.79 7.72 7.79 7-8

22008 Basis of Design Report 2-2

The treated effluent from the WWTF is discharged to a wetland tributary of the Dry Fork 

of the Marias River. The Dry Fork is classified as a B-2 surface water body. The City 

requested that the designation be changed. During a 2006 Use and Attainability 
Analysis (UAA), data was collected in the receiving stream upstream and downstream of 

the WWTF discharge. As a result of the study, MDEQ concluded that the receiving 
stream would be reclassified to B-3 and there is no mixing zone in the receiving waters
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(2008 Basis of Design Report 3-4). The reclassification requires less strict discharge 

standards than the previous classification.

5.3.6 WWTF Performance

Aside from the reported exceedances, the WWTF has historically met its permit limits. 

Exceedances began occurring during spring turnover of the lagoons. In the 1990’s, the 

City implemented a plan to retain treated effluent in March and April during turnover 

months when violations are most likely to occur. This program was effective in 

eliminating violations between 1991 and 1997. However, the data shows an increase in 

effluent BOD, TSS, and ammonia in 1998. The increase partially corresponds with the 

decrease in effective lagoon capacity due to sludge accumulations. Additional permit 

violations were recognized by MDEQ (2004 Conrad PER 4-34). Currently, the total 

detention time is approximately 100 days, which indicates the facility could treat 0.5 to 

0.65 mgd without the accumulated sludge (2004 Conrad PER 4-36). Aside from the 

problems associated with spring turnover, odors are not generally a problem for the 

treatment facility (2004 Conrad PER 4-36).

5.4 Current Ammonia Effluent Limits and Permit History

The current MPDES (MT0020079) permit for the City of Conrad is effective May 1,

2006 to April 30, 2011. Prior to this permit, a permit issued April 1, 1995 expired 

December 31, 1999. After its expiration, the 1995 permit was administratively 

extended until a draft permit was proposed in June 2005 and a final permit issued 

in May 2006. The 1995 permit limits are provided in Table 5-3 on the next page.
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TABLE 5-3: CITY OF CONRAD EFFLUENT LIMITS 

MPDES PERMIT APRIL 1, 1995 TO APRIL 1, 2006

Parameter1 Units
Average
Monthly

Limit

Average
Weekly

Limit

Annual
Average

Load
(ld/day)4

BOD52 mg/l 30 45 163
TSS mg/l 100 135 542
Phosphorus, Total (as P) mg/l N/A N/A 45
Nitrogen, Total (as N) mg/l NA NA 82
Fecal Coliform Bacteria3 mg/l 4000 2000 N/A

1. Monitoring frequency required is one grab sample per month
2. The arithmetic mean of the BOD5 for effluent samples collect in a period of 30 consecutive 
days shall not exceed 15 % of the arithmetic mean of the values for influent samples 
collected at approximately the same times during the same period (85% removal).
3. This limitations applies from the period beginning April 1 and ending October 31
4. Annual average load based on a design flow of 0.65 mgd.

The 2004 PER had developed WWTF alternatives assuming the next permit issued 

would limit ammonia to greater than 10 mg/l summertime with no winter limit. A 1999 

conversation with MDEQ indicated that their study found Conrad’s WWFT effluent was 

not “detrimentally affecting” the Dry Fork River (2004 Conrad PER 3-6). The 2004 

recommendation was to upgrade the existing facility by making the existing lagoon 

deeper, splitting it into three cells, and adding a more efficient aeration system. The 

system was designed to reduce ammonia to single digits for summer and low double 

digits for spring and fall. The system would be unable to reduce ammonia during winter 

months because the cold climate reduces effectiveness of biological reactions. At this 

point the city was awarded a Treasure State Endowment Program (TSEP) grant for 
$500,000 (2007 Conrad PER Amendment 2-1).

At the time of completion of the 2004 PER, the 1995 permit was under administrative 

extension. As the 2007 PER stated, “at that time, it was unknown when Conrad’s new 

discharge permit would be issued or what the discharge limits would be, most notably for 
ammonia” (2007 Conrad PER Amendments 2-1). In June 2005, MDEQ issued a draft 

MPDES permit for the City of Conrad’s WWTF. The monthly average for ammonia was 

much lower than expected at 2.71 mg/l summer and 3.18 mg/l winter. MMI prepared 
comments on the draft for the City and MDEQ agreed to:

remove the ammonia limits from the proposed permit based on the City’s request

to collect additional data to characterize the quality and flow of the receiving 
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water. The proposed limits will be incorporated into the next permit renewal 

unless additional data suggest a new or modified limit is warranted (qtd. 2007 

Conrad PER Amendment 2-1).

The current permit limits are provided in Table 5-4. The ammonia limits will likely be 

reinstated in the next permit.

TABLE 5-4: CITY OF CONRAD EFFLUENT LIMITS 

MPDES PERMIT MAY 1,2006 TO APRIL 30, 2011

Parameter Units
Average
Monthly

Limit

Average
Weekly

Limit

Maximum
Daily
Limit

5-Day Biological Oxygen mg/l 30 45 NA
Demand Ibs/day 162.6 243.9 NA

Total Suspended Solids mg/l
Ibs/day

45
243.9

65
352.4

NA
NA

E.Coli Bacteria, Summer1 Cfu/100 ml 126 NA 252
E.Coli Bacteria, Winter2 Cfu/100 ml 630 NA 1,260
Total Residual Chlorine mg/l NA NA 0.011
Total Ammonia as N, summer1 mg/l 2.71 NA 12.6
Total Ammonia as N, winter2 mg/l 3.18 NA 12.1
1. April 1 to October 31
2. November 1 to March 31

The next permit cycle is scheduled to be issued in 2011. It is extremely likely that year- 

round average monthly limits of 5 mg/l will be imposed for ammonia. Based on the 

current MDPES and the expectation of ammonia limits, the following estimate was 
presented in the 2008 Basis of Design Report (2-3).

TABLE 5-5: DESIGN TREATMENT LIMITS

Parameter Units
Average
Monthly

Limit

Average
Weekly

Limit

Maximum
Daily
Limit

5-Day Biological Oxygen mg/l 30 45 NA
Demand Ibs/day 162.6 243.9 NA
Total Suspended Solids mg/l

Ibs/day
45

243.9
65

352.4
NA
NA

E.Coli Bacteria, Summer1 Cfu/100 ml 126 NA 252
E.Coli Bacteria, Winter2 Cfu/100 ml 630 NA 1,260
Total Residual ChlorineJ mg/l NA NA 0.011
Total Ammonia as N, summer1 mg/i 2.71 NA 12.6
Total Ammonia as N, winter2 mg/l 3.18 NA 12.1
1. April 1 to October 31
2. November 1 to March 31
3. In compliance as long as total residual chlorine does not exceed 0.1 mg/l
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Based on a 20 year design life and a projected population of 4,000 residents (allowing 

for growth), the 2007 PER estimated 0.60 mgd flow, 966 Ib/day BOD, 1248 Ib/day TSS, 

155 Ib/day total Kjeldahl nitrogen, and 37 Ib/day phosphorus for peak month values 
(2007 Conrad PER Amendment 5-3).

5.5 Proposed Treatment

Although the current facility is adequately sized and the existing lagoons do not need to 

be upgraded to a synthetic liner, the system performance is not capable of meeting 

anticipated treated effluent discharge limits to be imposed with the issuance of the 2011 

permit. The components of the existing facility are 30-plus years old and in marginal 

shape. Since there has been significant build up of sludge, sludge treatment was 

addressed as part of the proposed treatment.

The alternatives assessed were cost-effective means to achieve future ammonia 

discharge standards. Viable options included a combination of secondary and advanced 

treatment. The most practical were those which allowed extension of biological nutrient 

removal should nitrogen and phosphorus limits become more stringent in future MPDES 

permits. The treatment options also addressed ease of operation and maintenance 

(2007 Conrad PER Amendment 3-17).

After assessing the capital and annual operation and maintenance (O&M) costs for each 

alternative, the six least expensive options were assessed based on treatment reliability 

(ability to consistently meet discharge standards), operational ease, facility 

flexibility/expandability, and energy consumption (2007 Conrad PER Amendment 4-8). 

The proposed treatment plant will require an additional staff member, increased energy 

costs, maintenance, testing, and equipment replacement. The plant will include the 
following components:

• Flow Measurement

• Headworks

• Aeration Basin

• Secondary Clarification

• UV Disinfection

• Aerobic Digestion

• Sludge Thickening & Dewatering
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5.5.1 Flow Measurement

Influent and effluent flow measurements will be taken by Parshall flumes with a throat 

width of 6 inches and a maximum discharge of 2.53 mgd (2008 Basis of Design 3-2).

5.5.2 Headworks

A cylindrical fine screen with bar spacing of % inch was selected due to its low 

maintenance requirements. The screen is cleaned by a mechanical rake (2008 Basis of 

Design Report 3-2). The screen is located in a 26-inch wide rectangular channel with a 

maximum flow capacity of 1.83 mgd. A bypass channel will also be installed with screen 

that has 1-inch spaced bars that can be manually cleaned. The screened waste is then 
screw conveyed to a dumper where it will be disposed in a landfill (2008 Basis of Design 

3-3).

The headworks facility will employ a vortex grit chamber using a swirling action to keep 

organic matter suspended and allow grit to settle. The grit will also be disposed via 

screw conveyer to the dumpster collecting the screenings (2008 Basis of Design Report 

3-3).

5.5.3 Extended Aeration Basin

The plant will require three self-priming pumps to transport influent from the headworks 

building to the extended aeration basin. The pumps’ variable frequency drives will 

accommodate varying wastewater flows (2008 Basis of Design 3-4).

In the extended aeration basin, the majority of BOD will be removed and nitrification will 

be completed. The extended aeration basin consists of a rectangular earthen basin with 

a depth of 10 feet, a volume of 823,800 gallons, and a hydraulic retention time of 1.65 

days (2008 Basis of Design 3-5). Submerged fine-bubble diffusers powered by two 

blowers through floating laterals will supply required aeration for biological processes 

and to keep solids in suspension (2008 Basis of Design 3-5). If additional nutrient 

removal is necessary to meet future permits, the extended aeration basin has the 
capability to be expanded to facilitate increased nutrient removal.
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Figure 5-8: Extended Aeration Basin with Floating Laterals

5.5.4 Secondary Clarifiers

From the aeration basin, a splitter box and manual weir gates will control the flow to two 

secondary clarifiers operating in parallel (2008 Basis of Design 3-5). The 35 foot 

diameter circular clarifiers will settle activated sludge which can be returned to the 

aeration basin for cultured bacteria or be removed to the aerobic digester. Scum will be 

pumped from the clarifiers to the digester via a submersible pump in the scum pit (2008 
Basis of Design 3-6).

Books 2010
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5.5.5 UV Disinfection

The treated wastewater will gravity flow from the clarifiers to the UV disinfection system 

located in the treatment building. The system will utilize a low pressure/low intensity 

system which offers the lowest capital cost but requires manually cleaning of the lamps. 

The system will require 48 lamps in two banks of 24 with side-by-side configuration of 

four by six lamps (2008 Basis of Design 3-7). The system will provide a dose to treat 
31,000 uW/sec/cm2 (2008 Basis of Design Report 3-7).

5.5.6 Aerobic Digester

The purpose of the aerobic digester is for solids stabilization. The aerobic digester, a 

lined earthen basin, will receive solids and scum from the secondary clarifiers. After the 

sludge is digested through an aeration process and 90 days of retention, it will be 

transferred to a rotary drum thickener and then to drying beds for stabilization (2008 
Basis of Design 3-8).

5.5.7 Sludge Thickening & Dewatering

As sludge is transferred from the aerobic digester to a rotary drum thickener, an 

emulsion polymer will be added. The rotary drum thickener with cylindrical screens 

spins as sludge moves from one end to the other. Water drains through the screens and 

is returned to the head of the plant for continued treatment. The majority of sludge is 
moved to drying beds, while some of the sludge is returned to the digester to maintain 

the desired solids concentration. The Basis of Design Report estimates that the 

thickener will need to operate approximately three days per week (2008 Basis of Design 
3-10).

Due to adequate amounts of land at the WWTF located in an agricultural setting apart 

from residences, sludge drying beds are an economical and practical solution. The 

sludge must be mixed as it dries to promote even evaporation of moisture. During the 

summer months, this evaporation will take two to four weeks (2008 Basis of Design 3- 

11). During the winter months, the drying beds will freeze. This Class B sludge will be 
suitable for land application or disposal to a landfill (2008 Basis of Design 3-12).
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5.6 Projected Costs and Funding Assistance

Table 5-6 summarizes the estimated costs for the proposed system as presented in the 

2008 Basis of Design Report (5-1).

TABLE 5-6: CONRAD WWTP UPGRADE OPINION OF PROBABLE CONSTRUCTION 
COST

Description Estimated Cost

Treatment Building $232,000
Emergency Generator $61,000
Flow Measurement $26,000
Headworks $350,000
Aeration Basin $445,000
Secondary Clarifiers $383,000
UV Disinfection $85,000
Aerobic Digester $155,000
Sludge Thickening $162,000
Drying Beds $213,000
Site Work and Yard Piping $393,000
Electrical and Instrumentation $211,000
General Conditions (7%) $190,000
Contingency (15%) $407,000

TOTAL $3,313,000

The 2007 PER Amendment suggested that the construction would be financed through a 

TSEP Grant of $500,000 and a Rural Development (RD) loan and grant package at 4.25 

percent for 20 years (2007 Conrad PER Amendment 5-6). City residents will also see a 

rise in their water and sewer rates to finance the construction of the new WWTP.

Based on the capital cost of approximately 3.5 million dollars, the projected annual 

capital cost is $208,216. With an estimated 1,343 connections, the sewer rates would 

have to be increased by approximately $13.00 per month (2007 Conrad PER 

Amendment 5-6).

5.7 Current State of Construction

A contract signed May 20, 2009 by the City of Conrad (owner), Dick Anderson 

Construction, Inc. (contractor), and Morrison-Maierle, Inc. (engineer) set a substantial
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completion date for May 21, 2010. The contract awarded the contractor 360 calendar 

days for substantial completion of construction work. Construction began in June 2009 

after a preconstruction meeting May 20, 2009. As of April 2010, project has been 

constructed generally on schedule with a total of four change orders decreasing the 

original contract amount of $3,989,000 to $3,987,647.91.
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CHAPTER 6
CITY OF GLASGOW WASTEWATER TREATMENT FACILITY 

GLASGOW, MONTANA

6.1 Introduction

After the City of Glasgow, Montana received its 2006 MPDES permit, the City contracted 

with Morrison-Maierle, Inc. (MMI) to update the 2004 Wastewater Facilities Plan (2004 

WWFP) also prepared by MMI. The 2009 Wastewater Facilities Plan Update (2009 

WWFP Update) noted that the treated effluent ammonia discharge limits of the 2006 

permit were lower than predicted “and consequently the treatment alternatives selected 

in the 2004 WWFP no longer apply” (2009 Glasgow WWFP 2-2).

The existing wastewater treatment facility is approximately 35 years old, and the 

mechanical components of the aeration system have exceeded their design life. The 

primary concern of the City is meeting the ammonia and E. coli effluent limits which 

become effective January 1, 2011 under the Compliance Schedule of the current permit 

(2009 Glasgow WWFP Update 8-1). As previously demonstrated, the 2009 WWFP 

Update reinforces that “the effluent limitations for surface water discharge are the most 

important factor in determining the most effective and feasible wastewater treatment 

alternative” (2009 Glasgow WWFP Update (3-2).

6.2 The City of Glasgow in Valley County, Montana

The City of Glasgow is located in rural northeastern Montana in Township 28 North, 

Range 15 East, Section 13. Glasgow serves as the administrative seat of Valley 

County. The county has an area of 4,921 square miles and is bordered by Canada, the 

Fort Peck Reservoir, and the Missouri River. The county is also bordered by Daniels 

and Roosevelt Counties to the east, McCone and Garfield Counties to the south, and 

Phillips County to the west. According to the 2004 WWFP, the topography of the area 

consists of gently sloping plains with poor to moderately well drained silty clay loams and 

clays creating an agriculturally productive area (2004 Glasgow Plan 4-2). Due to a 120 

day freeze-free period, the primary crops are barley, oats, and hay (2004 Glasgow 

WWFP 4-4). The land surrounding the City is half privately owned, while 30 percent is 

managed by the US Bureau of Land Management and 10 percent is State, Local, or 
Tribal Government and US Fish Wildlife Services (2004 Glasgow WWFP 4-3).
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According to the 2000 census, the median household income for the City is $30,491, 
approximately $3,000 less than the State average (2004 Glasgow WWFP 4-3).

Figure 6-1: Location of the City of Glasgow in Valley County, Montana
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The State of Montana website offers a brief history of the City. The Lewis and Clark 

Expedition arrived at the confluence of the Milk and Missouri Rivers on May 8, 1805. 
Lewis named the Milk River for the whitish color of the water. Glasgow was originally 

established as a railroad town in the late 1880’s (“Montana Official: Glasgow”). The 

Montana Hi-Line railroad designed by James J. Hill of the Great Northern Railway 
brought farmers and ranchers to Montana and provided a mode to transport crops 
(“Glasgow Montana Area History”).
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The depression of the 1930’s slowed Glasgow’s growth, but it grew significantly with the 

erection of Fort Peck Dam in 1933. The dam is located approximately 18 miles 

southeast of Glasgow. Completed in 1940, the Fort Peck Dam is the largest earth filled 

dam in the world and creates the largest body of water in Montana (“Montana Official: 

Glasgow”). During World War II, the Glasgow Air Force Base consisted of 67 buildings 

and a 13,500 foot runway. Its closure in the late 1960’s caused a significant decrease in 

the population (“Glasgow Montana Area History”). Apart from railroad traffic, Glasgow is 

also an intersection of US Highway 2 and Montana Route 24.

In addition to agriculture, the shipping provided by Burlington Northern Santa Fe Railway 

supports the local economy. The City’s economy is also supported by governmental 

services required by the county administrative seat. The Montana Department of 

Commerce Census and Economic Information Center reports that the 2000 census 

population of Glasgow was 3,253 and the 2008 estimated population was 2,921 

(“Demographics”). The decreasing population corresponds with a decreasing Valley 

County population from 7,675 to 6,892 between 2000 and 2008 (“Demographics”). 

Figure 6-2 illustrates the populations of the City of Glasgow in relation to Valley County. 

As previously mentioned, the populations of the City and county have declined since the 

closure of the Glasgow Air Base in the 1960’s. The City and County follow the general 

declining treads seen in much of Eastern Montana.

Figure 6-2: Census Record of City of Glasgow and Valley County1
11920- 2000 Census Data and 2008 Population Estimate provided by the Montana Department of Commerce Census and 

Economic Information Center

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2008
—0— City of Glasgow » Valley County
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According to the 2009 WWFP Update, the planning area for the new wastewater 

treatment plant includes the incorporated boundary of the City of Glasgow and 

anticipated growth surrounding the City. The planning area boundaries and location of 

the existing Waste Water Treatment Facility (WWTF) are shown in Figure 6-3.

Figure 6-3: Location of Glasgow WWTP and Planning Area

6.3 Existing Wastewater Treatment Facility

The existing wastewater treatment facility is classified by its MPDES permit 

(MT0021211) as a minor POTW. The continuously discharging facility consists of a 4 

cell aerated lagoon system with a design flow of 0.70 mgd. The facility is located south 

of US Highway 2 and west of Montana Route 24. The facility discharges to the Milk 

River at approximately, 48°10’45” N latitude, 106°37’22” W longitude.

The original wastewater treatment facility was constructed in 1959 as a two-cell 

facultative lagoon system. In 1974, the facility was reconstructed at the existing location 

with two aerated lagoons and two storage/settling cells. The 1974 design provided one
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of the settling cells as a chlorine contact cell, but it is not currently in operation (2004 

Glasgow WWFP 6-7). The total volume of the four cells is 20.2 million gallons (2004 

Glasgow WWFP 6-1). The existing treatment facility is capable of discharging from 

three levels of Cell 4 through an 18-inch diameter outfall approximately 350 feet to the 
Milk River (2004 Glasgow WWFP 6-7).

Figure 6-4: Existing Glasgow WWTF

6.3.1 Aerated Treatment Cells 1 and 2 and Aeration Equipment

Influent wastewater is delivered to Cell 1 of Glasgow’s WWTF through a 14-inch 

diameter forcemain. Cell 1 was designed with a volume of 7.7 million gallons and a low 

pressure coarse bubble diffuser aeration system. The diffusers are located on 16 

submerged grids approximately three feet below the water surface (2004 Glasgow 

WWFP 6-10). A 2002 Comprehensive Performance Evaluation (CPE) of the facility 

revealed that a quarter of the aeration diffusers were not operating (2004 Glasgow 
WWFP 6-13). Two parallel baffles installed to promote mixing were also in need of 

replacement; however, draining the cells to repair the baffles could compromise the 

bentonite liner and repairs were not completed (2004 Glasgow WWFP 6-13).
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All cells are lined with bentonite clay which appears to be in good condition and prevents 

leakage. The 1998 CPE noted sludge depths of 4.3 and 1.6 feet in Cells 1 and 2, 

respectively. However, measurements in October 2008 reported depths of 5.5 and 4.4 

feet in Cells 1 and 2, respectively (2010 Basis of Design 5-1).Wastewater flows from Cell 

1 to Cell 2. The 1974 updates installed a system of valves to bypass Cell 1 and to control 

the water surface level in Cells 1 and 2, but these are currently inoperable due to 

disrepair. Cell 2 has a design volume of 7.3 MG with 4 submerged aeration grids three 

feet below the water surface and parallel baffle and end baffles to prevent short-circuiting 
(2004 Glasgow WWFP 6-11).

The aeration system also consists of a 16-inch diameter air header and two blowers of 

60 and 15 horsepower, housed in a 15 by 16 foot metal blower building (2004 Glasgow 

WWFP 6-17). The blowers provide 5,250 cfm to Cell 1 and 1,200 cfm to Cell 2. The 

blowers may be operated under manual or automatic control. As of 2004, both blowers 
operate 24 hours per day (2004 Glasgow WWFP 6-13).

Figure 6-5: Aeration Equipment in Cells 1 and 2

6.3.2 Polishing Cells 3 and 4

Cell 3 with a design volume of 4.3 MG acts as a settling pond with three outlet elevations 

at 2, 5.5, and 9 feet from the bottom of the cell (2004 Glasgow WWFP 6-15). Cell 4 with 

a design volume of 0.83 MG was designed as a chlorine contact basin. This component 

was abandoned in 1976 because chlorine was not necessary to meet the permit limits at 
that time (2004 Glasgow WWFP 6-15).
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Another component of the system which has been rendered inoperable due to disrepair 

is a three-way butterfly valve control structure located between Cells 3 and 4 to control 
surface water levels in these cells. Currently, effluent is discharged from the lowest 

structure of Cell 4 to prevent algae growth (2004 Glasgow WWFP 3-16).

Figure 6-6: Cell 3 and Manhole with Inoperable Control Valves

6.3.3 Effluent Monitoring

An 18-foot deep concrete manhole 15 feet downstream of Cell 4 contains a Palmer- 

Bowlus flume for effluent flow monitoring. The flume is in good condition and has 

capacity to measure current flows. The flows are currently measured once per month 
(2004 Glasgow WWFP 6-16).

Figure 6-7: Effluent Discharge to Milk River
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6.3.4 Sludge Disposal

The results of the 1998 CPE for sludge depths are provided in Table 6-1 (2009 Glasgow 

WWFP Update 4-10). It may be assumed that additional sludge has accumulated since 

in the last 11 years. Specifically, the sludge depths in Cells 1 and 2 were measured to 

be 5.5 and 4.4 feet in 2008. Sludge testing has not yet been conducted to confirm 

sludge is acceptable for land application, but according to the WWFP Update, there is no 

obvious reason why it should deviate from standard municipal sludge (2009 Glasgow 
WWFP Update 4-10).

TABLE 6-1: 1998 SLUDGE DEPTHS

Design
Depth
(Feet)

Allowable
Sludge
Depth
(Feet)

Actual
Sludge
Depth
(Feet)

Design
Capacity

(MG)

Actual
Capacity

(MG)

Aerated Cell 1 14.25 2.0 4.3 7.69 5.92
Aerated Cell 2 13.75 1.0 1.6 7.32 6.72
Polishing Cell 3 12.00 1.0 1.6 4.34 3.92
Polishing Cell 3 10.0 1.0 — 0.86 0.77

6.3.5 Wastewater Characteristics

The only commercial industry in Glasgow is the railroad and its offices and shops 

discharge sanitary sewer waste to the City’s WWTF. No other industrial waste is 

discharged to the City’s WWTF. Therefore the wastewater is solely residential and 

commercial in nature. The filter backwash from the City’s water treatment plant does 

result in higher than average per capita flows. Based on monthly flow measurement from 

2003 to 2007, the average daily flow is 0.40 mgd with a maximum monthly flow of 0.51 

mgd. This averages to an approximate 131 gallons per capita per day.

Since the facility influent is not measured, there is no available influent quality or flow 
data. Based on typical domestic wastewater values, the per capita influent loadings are 

603 Ib/day BODS, 663 Ib/day TSS, 121 Ib/day nitrogen, and 18 Ib/day phosphorus (2009 

Glasgow PER 4-8).
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6.3.6 Wastewater Performance

The facility has rarely exceeded permit limits for effluent concentrations. There have 

been two violations since the 2001 permit, but neither were effluent violations. In 

November 2002, a facility inspection noted the poor conditions of the diffusers and baffle 

walls. The second violation was a failure to submit a report detailing the City’s ability to 

meeting impending effluent limits compliance schedule (2009 Glasgow WWFP Update 
6-1).

Over a five year period (2003 to 2007), the average BOD concentration was 10.2 mg/L 

compared to allowable 30 mg/l. The TSS was 4.9 mg/L compared to an allowable 100 

mg/L (2009 Glasgow PER 6-2). From 1998 to 2002, the ammonia effluent concentration 

and load were monitored during the months of July and August. With an average of 

14.27 mg/L at 65.18 Ib/day exceeds the proposed current limits of 3.96 mg/L at 21.1 

Ib/day, but meets the revised permit limits of 12.9 mg/l at 68.9 Ib/day (2004 Glasgow 

PER 6-4). The 2009 PER Update also examined the effluent ammonia concentrations 

and found a summer average of 17.7 mg/L and a winter average of 21.9 mg/L between 

2003 and 2007. Both exceed the current permit limits of less than 3 mg/L.

6.4 Current Ammonia Effluent Limits and Permit History

The current MPDES (MT0021211) permit for the City of Glasgow is effective 

November 1, 2006 to October 31, 2011. The previous permit was issued June 

2001 effective June 1, 2001 to May 31, 2006.

The 2001-2006 permit included the basic 85 percent removal of BODS and 85 percent 

removal of TSS. The permit also contained final ammonia effluent load limits based on 

the 1995 WQB7 standards. As this was the first numeric ammonia limit set for 

Glasgow’s permit, the final July and August limits did not become effective until January 
1,2004 (2004 Glasgow WWFP 3-2).
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TABLE 6-2: CITY OF GLASGOW EFFLUENT LIMITS 

MPDES PERMIT JUNE 1, 2001 TO MAY 31,2006

Average Monthly
Limit

Average
Weekly Limit

BODs 30 mg/l 45 mg/l

TSS 100 mg/l 135 mg/l

Fecal
Coliform
Bacteria

755
Organisms/100 ml

1510
Organisms/100 

ml

Total
Ammonia

21.1 Ib/day July
21.2 Id/day August -

In 2006, a permit was issued with extremely stringent year-round effluent ammonia limits 

of less than 3 mg/L. Since the permit was based on limited data, Glasgow proposed 

replacing the year round ammonia effluent monitoring requirements with monthly 

monitoring of the Milk River to provide a more accurate data set on which to base future 

permit limits. MDEQ agreed and set a final effluent ammonia limit compliance date of 
January 1, 2011.

TABLE 6-3: CITY OF GLASGOW EFFLUENT LIMITS

MPDES PERMIT NOVEMBER 1,2006 TO OCTOBER 31,2011

Parameter Units
Average 
Monthly 
Limit'

Average 
Weekly 
Limit4

Maximum 
Daily 

Limit4

Biological Oxygen Demand (BOD5) mg/L 30 45 —
Ibs/day 175 263 —

Total Suspended Solids (TSS) mg/L 30 45 —
Ibs/day 175 263 —

E. Coli2 CFU/100-ml 126 — 252
E. Coli 3 CFU/100-ml 630 — 1,260
Total Residual Chlorine mg/L 0.011 — 0.019
Total Ammonia as N 2 mg/L 2.8 — 3.3
Total Ammonia as N 3 mg/L 2.7 _ 3.2

Total Nitrogen 4 Ibs/day 107
18.3

mg/L- 133

Total Phosphorus4 Ibs/day 16.3
2.8

mg/L- 23.8
1. See the definition section at the end of the permit (Appendix B) for explanation of terms.
2. Limitation applies from April 1 thru October 31.
3. Limitation applies from November 1 thru March 31.
4. Applicable from June 1 through September 30.
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The 2010 Basis of Design Report sets 20 year planning period design criteria (2-2) as 
shown in Table 6-4.

TABLE 6-4: WASTEWATER DESIGN CRITERIA

Design Criteria Value

Design Population 3,700
Influent Flow

Average Day
Maximum Month
Peak Day
Peak Hour

0.5 mgd
0.65 mgd
0.8 mgd
1.7 mgd

Average Influent Wastewater 
Characteristics

BOD5 Peak Month
Average

964 Ib/day
876 Ib/day

TSS Peak Month
Average

1,147 Ib/day
1,043 Ib/day

Ammonia as N
Peak Month
Average

115 Ib/day
104 Ib/day

TN Peak Month
Average

184 Ib/day
167 Ib/day

TP Peak Month
Average

29.8 Ib/day
27.1 Ib/day

In addition to the current and expected effluent limits, the Lower Milk River Basin 

Planning Region is scheduled for a draft TMDL completion in 2010, but “it cannot be 

determined with any certainty what affect the TMDL process would have on possible 

future discharge limits for the Glasgow WWTF” (2009 Glasgow WWFP Update 3-5).

6.5 Proposed Treatment

Although the current facility is adequately sized and can meet current discharge limits, 

the mechanical components have outlived their design life and are no longer functional. 

The City is striving to upgrade its WWTF by January 1, 2011 to meet interim ammonia 
and E. coli limits.

The alternatives were first evaluated based on cost-effectiveness. The least expensive 

options were then evaluated based on ability of each alternative to consistently meet
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established effluent limits (treatment reliability), operational ease, facility flexibility to 

adapt to future effluent limits, energy and resource use, and local economic effect (2009 

Glasgow WWFP Update 8-30). The proposed treatment includes covered aerated 

lagoons with post-nitrification and constant discharge to the Milk River. The WWTP is 

adaptable through process additions for increased nutrient removal (2009 Glasgow 

WWFP Update 8-32). The advanced lagoon treatment facility will include the following 
components:

• Flow Measurement

• Fine Screen Preliminary Treatment

• Covered Aerated Lagoons

• Post-Nitrification Reactor

• Ultraviolet Disinfection

6.5.1 Flow Measurements

Since MPDES permits require monitoring of both influent and effluent to determine 

treatment efficiency, a magnetic flow meter will be installed in the City’s main lift station 

that pumps all of the wastewater flow to the WWTF. The effluent will be measured with 

a Parshall flume with a throat width of 6 inches and a maximum measurable discharge of 
2.53 mgd (2010 Basis of Design 3-1).

6.5.2 Fine Screen Preliminary Treatment

A headworks screening building will also provide a location for influent constituent 

monitoring. The Glasgow headworks will utilize a % inch spaced cylindrical screen with 

a mechanical cleaning rake. The screen will be located in a 26-inch wide rectangular 

channel with a maximum flow of 1.83 mgd. The screenings will be screw conveyed to a 

dumpster to be disposed of in the land fill. A bypass channel will also be constructed 

with a screen having bars at 1-inch spacing and capable of manual raking (2010 Basis of 

Design 3-2). From the headworks building, flow may be routed to either aerated lagoon 
(2010 Basis of Design 3-3).
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6.5.3 Covered Aerated Lagoons

The covered aerated lagoons will deter algae growth by blocking sunlight and contain 

heat to maintain critical biological processes during the cold winter months. The 

autotrophic nitrifying bacteria need water temperatures above 6°C to convert ammonia 

to nitrate (2010 Basis of Design 3-3). The two covered lagoon basins will be constructed 

in existing Cells 1 and 3 with a 3:1 slope and approximate depths of 17.0 feet. Each 

basin will be divided by a membrane baffle curtain to create a total of four treatment cells 
(2010 Basis of Design 3-3).

The fist cell (Cell 1A) with a volume of 2.99 MG and a 4.6 day retention time will be 

completely mixed with fine bubble diffusers to remove BOD and ammonia. The next two 

cells (Cells 1B and 2A will) each with a volume of 2.015 MG and a retention time of 3.1 

days will be partially mixed aerated cells. The final cell (Cell 2B) with a volume of 2.99 

MG and a retention time of 4.6 days will be a quiescent zone for sludge settling (2010 
Basis of Design 3-5).

Although the existing bentonite clay liner is in good condition, new synthetic liners will be 

installed in existing Cells 1 and 3. Clay liner is no longer used in new installations 

because synthetic liners provide durability and reduce the occurrence of seepage (2009 

Glasgow WWFP Update 8-3). The reinforced polypropylene liner will have a design life 

of 25 to 40 years (2009 Glasgow WWFP Update 8-3).

6.5.4 Post-Nitrification Reactor

The post-nitrification reactor is a concrete basin with submerged fixed-media modules to 

support autotrophic bacteria performing ammonia removal (nitrification). The basin will 

require 22 coarse-bubble aeration diffusers and 2 fine bubble aeration diffusers (2010 

Basis of Design 3-6). The reactors contains aerated fixed media modules which provide 

the surface area for submerged attached growth of nitrifying bacteria (Basis of Design 3- 
6). The total retention time will be 4 hours.

Air for the aeration basins and the post-nitrification reactor will be provided by two 50 

horsepower blowers with 216 cfm. Effluent will be disinfected using UV radiation before 

discharge into the Milk River. The blowers and UV disinfection equipment will be 

installed in a new building next to the post-nitrification reactor.
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6.5.5 Ultraviolet Disinfection

The UV disinfection system will utilize low pressure, high intensity system with automatic 

cleaning. The system will utilize of 32 lamps in two banks of 16 lamps. The system was 

designed based on a minimum secondary effluent UV transmittance of 60% and a 

minimum design dose of 30,000 pW/cm2/sec. The system will be located in the UV 

disinfection and blower building (2010 Basis of Design 3-7).

6.5.6 Sludge Treatment

The 2009 WWFP Update estimates that by 2010 there will be approximately 4.7 million 

gallons of accumulated sludge in the lagoons (8-6). This sludge will likely be removed, 

dried, and disposed to a landfill. After this sludge is removed, sludge will be dredged 
approximately every 20 years.

6.6 Projected Costs and Funding Assistance

The following estimate was presented in the 2009 WWFP Update (9-4).

TABLE 6-5: ESTIMATED TOTAL PROJECT COST

Project Component Cost

WWTF Improvements Capital Cost $3,745,000
Cost Projection Factor1 1.08

Total Construction Cost (Projected to May 2010) $4,029,000

Engineering / Construction and Administrative Costs 2 $806,000

Total Project Cost $4,835,000
1. A factor of 4 percent per year was used to project construction cost to May 2009, 

accounting for inflation.
2. Costs for technical services are based on a percent of total construction for budgeting 

purposes only. Final costs for technical services will be negotiated during the design 
phase of the project and may vary.

The City of Glasgow has been awarded a $500,000 Treasure State Endowment 

Program (TSEP) grant for the WWTF upgrade and a State Revolving Fund (SRF) loan at 

3.75 % for 20 years. Other sources could come from Water Resources Development 
Act (WRDA) grants, State and Tribal Assistance Grants (STAG) grant, or line-item 

appropriation in the federal budget (2009 Glasgow PER 9-10). Yet, grants and loans 

may not cover the project cost. The City’s local share can be provided through revenue 

bonds and sewer rates (2009 Glasgow WWFP Update 9-11).
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The impact on sewer rates cannot yet be determined because it depends on the success 

of future grant and loan applications. Projections in 2009 estimated that the total annual 

cost of $476,640 divided among an estimated 1,678 connections could result in a user 

contribution of $23.67 per month (2009 Glasgow WWFP Update 9-12). This monthly 

estimate does not include the monthly water fees, and consequently the total water and 

wastewater monthly service charge could be higher than $23.67 per month.

6.7 Current State of Construction

In February 2010, Morrison-Maierle, Inc. completed the preliminary design phase. As of 

April 2010, the schedule calls for review of 90 percent plans and specifications by the 

City of Glasgow and MDEQ by early June 2010 and Morrison-Maierle, Inc. completion of 

final plans and specification by mid-July 2010. If these deadlines are met, the bid period 

would last four weeks, concluding in early August with a contract and bid awarded by 
mid-August 2010.

Books 2010
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CHAPTER 7
FUTURE WATERSHED MANAGEMENT:
TOTAL MAXIMUM DAILY LOADS AND 
THE CITY OF DEER LODGE EXAMPLE

7.1 Introduction

As mentioned in Chapter 2, a shortcoming of the current Clean Water Act is the lack of 

control and enforcement of non-point sources of pollutant. A 1993 Environment article 

acknowledged the disparity of regulation but stated, "the cost of controlling certain non

point sources could greatly exceed the cost of point source controls” (Knopman 35). 

While non-point sources are significantly more difficult to monitor and legislate, they 

contribute a large portion of pollutants to water bodies. Infinitely strict limitations on point 

source dischargers cannot repair a watershed if non-point sources continue to pollute. 

The current nationwide approach to restoring the nation’s waters is evaluating total 

maximum daily loads (TMDLs) for all sources, point and non-point, within a given 

watershed. This chapter explores the TMDL criteria and its effect on a community 

adjacent to a watercourse, namely Deer Lodge, Montana near the Clark Fork River.

7.2 Total Maximum Daily Load (TMDLs)

MDEQ has responsibility under Section 303(d) of the Federal Clean Water Act and the 

Montana Water Quality Act to monitor and assess the quality of Montana surface waters 

and to identify impaired or threatened stream segments and lakes. This prioritized list of 

impaired surface water bodies is called the “303(d) List.” Ideally, the 303(d) List is 

assessed every two years (“Classification and Standards for State Waters”). In a 

national effort to approach water quality, Total Maximum Daily Loads (TMDLs) are in the 

process of being established for surface water bodies and total watersheds. TMDLs for 
surface water bodies consider primarily point source pollutant dischargers, while TMDLs 

for total watersheds consider all sources of pollutant entering the water body from a 
given watershed.

Technically, a TMDL is the total amount of a pollutant, per day, (including a margin of 
safety) that a water body may receive from any source (point, non-point, or natural 
background) without exceeding the state water quality standards. A TMDL can be 

considered a “pollutant budget” or a “pollutant cap” based on the assimilative capacity of
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a water body (“Introduction To the Clean Water Act”). First a total pollutant load, 

considering future growth, is developed which would allow that water body to meet water 

quality standards. Then, controllable sources are allotted limits through MDPES permits. 

To date, the EPA and MDEQ have not developed regulations concerning how the loads 

should be allocated. This allows for proportional reductions from all point sources or 

numerically equal loading reductions from each source. MDPES permits may consider 

seasonal affects of pollutant introduction and allow different loading rates at critical 

seasons.

A TMDL must be completed for each impaired water body pollutant by pollutant 

(“Introduction To the Clean Water Act”). Some common pollutants are clean sediments, 

nutrients (nitrogen and phosphorus), pathogens, acids/bases, heat, metals, cyanide, and 

synthetic organic chemicals. The state, territory, or authorized tribe is responsible to 

enforce the implemented load reductions. A point source allocated reduction is termed a 

waste load allocation (WLA) and a non-point limit is a load allocation (LA) (“Introduction 

To the Clean Water Act”). TMDLs do not provide new regulations, they provide 

information about current loading rates and characteristics of pollutants to more 

effectively manage the amount of pollutant introduced to the water body.

7.3 TMDLs and Non-Point Source Reductions

“In order to realize program efficiencies and foster a more holistic analysis” TMDLs must 

address all sources of pollution, specifically point and non-point sources (“Introduction to 

the Clean Water Act”). A program to provide money to states and other regulatory 

agencies for the “development and implementation of programs aimed at reducing 

pollution” from “non-point” sources of pollution” was created in section 319 of the Federal 
CWA (“Introduction to the Clean Water Act”). However, it is important to note that the 

Act does not provide federal regulatory authority over non-point sources.

TMDLs must be developed for impaired waters “affected by pollutants where 

implementation of the technology-based controls imposed upon point sources by the 

CWA and EPA regulations would not result in the achievement of water quality 
standards” (“Introduction to the Clean Water Act”). The EPA admits that the regulatory 

and voluntary tools of the federal clean water act “may not be sufficient to achieve 

needed reductions, especially in situations where nonpoint sources dominate loadings” 

(“Introduction to the Clean Water Act”). The EPA also states, “because non-point
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sources are major contributors of pollutant loads to many water bodies, even these more 

stringent limits on point sources have not resulted in attainment of water quality 
standards” (“Introduction To the Clean Water Act”).

7.4 ON-OP Effluent and the City of Deer Lodge, Montana

The City of Deer Lodge wastewater treatment facility effluent discharge process dictated 

by the MDEQ MPDES discharge permit is an interesting case study of the early 

development of TMDLs. Inspection of the City’s discharge permit will reveal a peculiarity 

in the allowable discharge to the Clark Fork River. The total nitrogen limit is 0 pounds 

per day and total phosphorus limit is 0 pounds per day June 21st to September 21st, 

inclusive. Since current monitoring instruments cannot measure 0 pounds per day, how 
can the permit enforce said limits?

Essentially, these limits dictate that no effluent may be discharged from the wastewater 

treatment facility to the Clark Fork River during this time period. The Deer Lodge WWTF 

is designed as a continual discharge system and does not have capacity to store treated 

effluent. The City currently spray irrigates treated effluent on the neighboring Grant- 

Kohrs National Historic Ranch during these months, but the discharge permit limits the 

amount of treated effluent which may be irrigated annually. The City is currently facing 

an Administrative Order on Consent issued by MDEQ because the amount of treated 

effluent generated exceeds the amount which may be irrigated, and the City is forced to 

discharge to the Clark Fork River during the essentially “no discharge” period. The City 

of Deer Lodge unknowingly entered into this predicament when a voluntary attempt at 
nutrient reduction was approved by MDEQ and the EPA as a TMDL.

7.5 Location and Characteristics of the City of Deer Lodge and its WWTF

The City of Deer Lodge is located in rural Western Montana. Deer Lodge is the 

administrative seat of Powell County and located in the southern portion of the county. 

Powell County, with an area of 2,330 square miles, is bordered by Flathead County to 

the north, Lewis and Clark County to the east, Jefferson and Deer Lodge Counties to the 

south, and Granite and Missoula Counties to the west. Geographic features prominent 
in the southern portion of the county include the Clark Fork and Blackfoot Rivers and the 

Flint Creek and Garnet Mountain Ranges. The city of Deer Lodge is situated west of 

Interstate 90 (I-90) and located in a valley bordered by the Flint Creek Mountain Range

61
Chapter 7: Future Watershed Management City of Deer Lodge, MT Books 2010



to the west and the Continental Divide to the east. The city is located along the Clark 
Fork River.

Deer Lodge is located in the Clark Fork River Valley. The surrounding area has 

elevations ranging from 4,502 feet above sea level at the USGS gauging station on the 

Clark Fork River at Deer Lodge to 10,168 feet above sea level at the peak of Mount 

Powell, west of Deer Lodge. The soils near the existing wastewater treatment facility are 

alluvial deposits from the Clark Fork River (“Clark Fork River Watershed Programs”). 

The valley is geologically composed of Quaternary and Tertiary glacial and alluvial 

deposits overlain by 1 to 4 feet of topsoil. The United States Department of Agriculture’s 

Natural Resources Conservation Service completed a soil survey for Powell County 
citing “prime farmland” for much of the county.

Figure 7-1: Location of Powell County and the City of Deer Lodge, Montana
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The Deer Lodge WWTF is located northwest of Deer Lodge and west of Interstate 90. 

Under MPDES Permit No. MT-0022616, the City’s WWTF is authorized to discharge into 

the Clark Fork River, located north of the plant, and to land apply treated effluent to 

Parcels A and B of the Grant-Kohrs National Historic Ranch, located approximately two 

miles east of the plant. The current wastewater treatment facility service area includes 

the incorporated boundary of the City of Deer Lodge east and west of the Clark Fork 
River and the Warren Acres/l-90 Loop north of the City.

The current Deer Lodge MPDES permit expires October 2011. The City is in the 
process of implementing major improvements to its collection system to meet the 

requirements of the current permit and anticipated requirements of future permits over 

the next twenty years. There are a number of new effluent limits and regulatory issues 

currently being contemplated by MDEQ that, once implemented, will result in more 

stringent standards for wastewater effluent.

Figure 7-2: Proximity of Existing WWTF to the Clark Fork River
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7.6 City of Deer Lodge Non-Degradation Permit Limits

Montana’s Water Quality Act mandates protection of State surface and ground water 

quality from degradation. Facility planning for any wastewater treatment facility must 
consider Montana’s non-degradation rules (17.30.701 et seq.), which essentially limit the 

amount of pollutants which can be contributed to receiving waters. Discharge levels set 

prior to April 1993 are exempt except in the case of “new or increased sources.”

The current Deer Lodge non-degradation permit loads were based on a population of 

5,550 people and a design discharge of 1.50 MGD. The City’s current population is 

3,462 and its discharge is higher (summer discharge as high as 3.10 MGD) due to 

excessive inflow and infiltration of the collection system. MT Permit 0022616 allows 155 

pounds per day total nitrogen and 39 pounds per day total phosphorus for a 30-day 
average load.

7.7 Clark Fork River Voluntary Nutrient Reduction Program

Section 525 of the Federal Clean Water Act Amendments of 1987 directed the EPA to 

study sources of pollution within watersheds. Based on the Clark Fork River’s excessive 

algal growth documented in the 1970’s, the EPA worked with state water quality 

agencies of Montana, Idaho, and Washington to identify sources of nutrient pollution in 

the Clark Fork watershed. In a three year program from 1989 to 1992, the Clark Fork 

River was studied through intensive monitoring from its origin at Silver Bow Creek in 

Butte, Montana to its delta at Pend Oreille Lake near Clark Fork, Idaho (“Clark Fork 
River Watershed Programs”). The EPA’s Clark Fork- Pend Oreille Management Plan 

was presented to Congress in 1993, and the Tri-State Water Quality Council was formed 

between the EPA and state water quality agencies for implementation of the 
management plan.

The Tri-State Water Quality Council’s primary objective was to improve water quality 

through aquatic weed management by tributary point and non-point source nutrient 

controls. Guided by an immediate need for a plan of action, the Council developed in- 

stream nutrient target levels (“Clark Fork River Watershed Programs”). Beginning in 

1995, the Council worked with four major point source nutrient dischargers (Butte, Deer 

Lodge, and Missoula wastewater treatment facilities, and Smurfit-Stone Container plant 
near Missoula) to develop a voluntary agreement reducing nutrient loading by those 

sources. The Clark Fork River Voluntary Nutrient Reduction Program (VNRP) was 
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developed on a conservative basis by considering a 30 day, ten year low flow rather 

than the standard seven day, ten year low flow for MPDES standards.

In August 1998, the City of Deer Lodge signed a Memorandum of Understanding 

agreeing to remove all effluent discharge from the Clark Fork River during critical 

summer months (June 21st through September 21st) and to implement a phosphate 

detergent ban (“Clark Fork River Watershed Programs”). The City’s current discharge 

permit reflects these standards by requiring 0 Ib/day for Total Nitrogen and 0 Ib/day for 

Total Phosphorus from June 21st through September 21st. These limits are significantly 

lower than the non-degradation limits listed in the current permit.

7.8 Clark Fork River TMDL

In the development of a river TMDL, MDEQ considers existing point sources of pollutant 

and future growth and development of these sources. The existing sources include 

industrial plants, mining activities, and municipal wastewater treatment facilities. After 

determining the total amount of pollutant entering the water from each source, MDEQ 

must allocate load limits to controllable sources so the total load does not exceed the 

TMDL. Through these limits, MDEQ theoretically can ensure the water remains (or 

becomes) safe for its designated use (fishing, drinking, recreation, and aquatic life).

A Clark Fork River TMDL was accepted by the EPA in October 1998 (“Clark Fork River 

Watershed Programs”). The TMDL for phosphorus and nitrogen in the Clark Fork River 

was adopted from the Clark Fork River VNRP developed by the Tri-State Water Quality 

Council in 1998. In a letter sent from the EPA Region 8 Office of Ecosystems Protection 

and Remediation to the MDEQ Planning, Prevention and Assistance Division, the river 

TMDLs for nutrients from the VNRP are accepted in accordance with Section 303(d) of 

the Clean Water Act (“Clark Fork River Watershed Programs”). The implementation 

phase required continued field monitoring to gauge the effectiveness of the TMDL.

In the development of a watershed TMDL, MDEQ considers the existing and projected 

growth of point source pollutant dischargers and non-point sources of pollutant 

discharge. Therefore, watershed TMDLs take into account pollution from all sources, 
including runoff from farms, forests and urban areas, and natural sources such as 

decaying organic matter or nutrients in soil. Again, the total amount of pollutant is 

determined and controllable sources are allocated load limits (“Clark Fork River
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Watershed Programs”). MPDES permits incorporate and enforce the TMDL allocated 

load limits. The permits contain effluent limitations in quantity of discharge, rate of 
discharge, and concentration of pollutant. MDEQ is currently developing watershed 

TMDLs for the entire state of Montana. Federal legislation does not allow states to 

permit new or increased discharge permits until the appropriate TMDLs are established 

for a given water body.

The Upper Clark Fork Watershed TMDL was approved for completion in October 1998. 

A November 2009 MDEQ publication recorded the status as “under development”. 

Based on conversations with MDEQ, the Upper Clark Fork Watershed TMDL will not be 

completed for at least five years setting a possible completion date in 2015. The 

completion of the watershed TMDL will likely result in more stringent discharge 

limitations for point sources, but could provide the opportunity for the City of Deer Lodge 

to negotiate the 0 Ib/day Total Nitrogen and 0 Id/day Total Phosphorus summer effluent 
limits.

The City of Deer Lodge WWTF discharges to the Upper Clark Fork River. The USGS 

Hydraulic Code for the Upper Clark Fork River drainage basin is HUC 17010201, and 

Cottonwood Creek to the Little Blackfoot River is Montana Stream Segment 

MT76G001_030. Currently, the reach from Cottonwood Creek to the Little Blackfoot 

River is not listed on Montana’s 2008 303(d) list. However, the reach was listed in 1996 

and 2004 as impaired as a result of partial support of criterion. Probable impairments 

were metals, flow alternation, noxious aquatic pants, organic enrichment/DO, suspended 

solids, other habitat alternation, siltation, dewatering, riparian degradation and nutrients.
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CHAPTER 8 
CONCLUSION

Historically, rural Montana municipal wastewater treatment facilities have been subject to 

less scrutiny than larger plants with greater effluent discharge quantities. This occurs, in 

part, because there is a lag period between passage of national legislation and 

enforcement by the State of Montana. After the passage of the Federal Water Pollution 

Control Act, specifically the 1972 Amendments known as the Clean Water Act, these 

rural communities utilized federal grant funding to construct secondary treatment 

facilities. Today, the lag period for toxicity protection of Montana’s “wild and scenic” 

rivers has past, and the Montana Department of Environmental Quality is enforcing 

increasingly stringent ammonia effluent limitations requiring rural community point 

source dischargers to upgrade existing wastewater treatment facilities.

The passage of the 1972 Clean Water Act made significant steps in restoring the quality 

of the nation’s waters by setting numeric goals and appropriating grant funding for 

construction of secondary wastewater treatment facilities and continued research. But in 

the 1980’s, the Environmental Protection Agency realized that removal of biodegradable 

organics, total suspended solids, and pathogens alone could not restore the biological, 

physical, and chemical integrity of the nation’s waters. Additional treatment would be 

required to remove nutrients, heavy metals, and priority pollutants.

In 1984, the Environmental Protection Agency first published data about the toxic effect 

of ammonia on aquatic organisms. Yet, it was not until after the publication of 1999 

Update of Ambient Water Quality Criteria for Ammonia that the Montana Department of 

Environmental Quality began incorporating numerical ammonia effluent limits into 

discharge permits. These numeric limits, based on ambient water quality data and 

ambiguous scientific judgments about the relationship between pollutant concentrations 

and environmental effects, allowed for latitude of application often disregarding 

economic impacts or technological feasibility. Yet, it is these ammonia effluent limits 

which render secondary treatment systems inadequate and dictate expensive treatment 
facility upgrades, even in rural communities with minimal projected growth.

Many Montana municipalities utilized grant funding in the 1970’s and 1980’s to construct 

secondary treatment facilities. Today those grant programs have been shifted to state
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managed, federally allocated low interest revolving loans. The State of Montana has 

been proactive in developing the Water, Wastewater, and Solid Waste Action 

Coordinating Team (W2ASACT) to finance, regulate, and provide technical assistance 

for communities to improve the state’s environmental infrastructure. Through 

coordination among agencies and the development of a uniform application, a variety of 

grant and loan programs exist to finance wastewater treatment facility upgrades. But 

grants and loans do not cover project costs to upgrade facilities to meet ammonia 

effluent limits, and the remaining funding must come from user fees.

For the City of Conrad to construct its advanced mechanical treatment plant, the sewer 

rates will increase by at least thirteen dollars per month ($156 per year). Preliminary 

projections for the City of Glasgow to construct its advanced covered lagoon treatment 

facility will require sewer rates to be approximately twenty-four dollars per month ($288 

per year). Keeping in mind that both these estimates account for only the sewer rate 

increases, consider that the 1999 Census Data showed that 57 percent of Pondera 

County residents and 56 percent of Valley County residents earn less than $35,000 per 

year. In both communities, approximately 73 percent of residents earn less than 

$50,000 per year. For half the population, this increase will account for approximately 

one percent of the resident’s income. Yet, for single income family households, a twenty 
four (or even thirteen) dollar increase per month will be noticeable.

To restore and maintain Montana’s wild and scenic rivers, every community and 

individual will pay a price. The establishment of total maximum daily loads for Montana 

water bodies is a step toward limiting non-point source pollutants which will alleviate 

some burden from wastewater treatment facilities, but limiting non-point source pollution 

will likely be more expensive and difficult to regulate. However, the singular focus of 

point source discharges to limit pollution cannot accomplish the objective of the Clean 

Water Act. Infinitely strict limitations on point source dischargers cannot repair a 

watershed if non-point sources continue to pollute.
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