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0.0 Executive Summary

A wastewater Master Plan has been prepared for the City of Belgrade to provide an overview of
the condition and deficiencies in the collection, treatment, and disposal systems. Improvements
to the City’'s wastewater system, inclusive of major infrastructure upgrades and capital
improvements projects during the 20-year planning period, were developed based on future
growth and existing deficiencies. Properly functioning wastewater systems are necessary to
protect local ground and surface waters and comply with discharge standards established by the
Montana Department of Environmental Quality (DEQ) and the U.S. Environmental Protection
Agency (EPA). The collection system analysis was completed prior to June 2017 and may not
reflect proposed or constructed improvements past that date.

This Master Plan is the City’s initial step towards grant and loan assistance for capital
improvements. The evaluation and conclusions presented in this document may be included in
a future Preliminary Engineering Report (PER) and associated Uniform Application for Montana
Public Facility Projects. Funding applications may then be submitted to such grant and loan
programs as the Montana Department of Commerce’s Community Development Block Grant
(CDBG) and Treasure State Endowment Program (TSEP), the Montana DEQ’s State Revolving
Fund (SRF) Loan Program or the Montana Department of Natural Resource and Conservation’s
(DNRC) Renewable Resource Grant and Loan (RRGL) Program, as well as others.

0.1 POPULATION AND GROWTH

Historic population data reported by the United States Census Bureau was collected for both the
City of Belgrade and Gallatin County. Both the County and the City have seen consistent
population growth. Gallatin County reported 1.77% to 3.20% annual growth between 1990 and
2010. In that same time period, the City of Belgrade saw between 2.90% and 6.74% annual
growth. Based on the historic data and conversations with City personnel, it was decided an
annual growth rate of 3.5% would provide an appropriately conservative basis of design.

The 2010 Census reported 7,389 people living within the City of Belgrade. A construction year of
2018 and 20-year design life were assumed throughout this Master Plan. With an annual growth
rate of 3.5%, the population within the City of Belgrade is estimated to be 19,360 people in the
year 2038.

0.2 REGULATORY COMPLIANCE AND DISCHARGE PERMIT

The DEQ regulates wastewater systems in the State of Montana. Circular DEQ-2: Design
Standards for Public Sewage Systems was referenced during the evaluation of the existing
facilities, including the collection, treatment, and disposal systems. Additionally, all improvement
alternatives discussed throughout this Master Plan designed in accordance with Circular DEQ-2
standards.

The City of Belgrade currently has a Montana Groundwater Pollution Control System (MGWPCS)
permit that grants discharge of treated wastewater to Class | groundwater. The City’s current
permit mandates the groundwater nitrate concentration at the end of each mixing zone is not to
exceed the human health standard of 10.0 mg/l.

The City has three permitted outfalls, IP Bed A, B, and C. A non-degradation analysis for each
outfall was performed by the DEQ during the City’s most recent permit renewal process. In order
to maintain acceptable groundwater concentrations, the DEQ has limited the total nitrogen (TN)
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loading to 72 Ib/day, 72 Ib/day and 74 Ib/day for IP Beds A, B, and C, respectively. A meeting with
the DEQ Water Protection Bureau of February 8, 2017 indicated effluent limitations are not likely
to change during future permit renewals, provided the treatment plant can continue to produce
effluent quality to prevent exceedances of effluent loading limits.

0.3 COLLECTION SYSTEM CONDITION AND RECOMMENDATIONS

The collection system consists of gravity collection mains, manholes, lift stations, and force mains.
Most of the system discharges to a sewer vault on Dry Creek Road before entering the outfall
sewer that feeds the Wastewater Treatment Plant. Two subdivisions northeast of the treatment
plant discharge wastewater through a force main which terminates at the end of the outfall sewer.
In general, the collection system is in good condition with isolated issues including older, clay tile
sewer mains around West Main Street and issues at the Cruiser and Gallatin Farmers Lift
Stations. Engineer’s estimates of probable cost were prepared for improvements at each lift
station: $640,000 for the Cruiser Lift Station and $510,000 at the Gallatin Farmers Lift Station.
Smaller repairs are recommended at the other lift stations to address sensor and SCADA issues
and to provide bypass pumping connections recommended by DEQ.

Seven future planning regions were delineated and referenced to develop collection system
improvements including design flow rates, gravity trunk main sizing, lift station location, and force
main diameter. The areas of future growth between the City limits and planning boundary were
identified and delineated through discussions with City personnel and by reviewing property
ownership and aerial imagery. The design peak hour flow for each future development region
was estimated by applying the City’s design standards and the mapped zoning. Future gravity
mains, lift stations, and force mains were sized to accommodate planning region peak hour flows.
Improvements include a Northwest Regional Lift Station to serve areas north of Cruiser Lane, a
Southwest Regional Lift Station to serve future development west of Special Improvement District
#78, upsizing critical sewer crossings and interceptors, and upsizing existing lift stations. Cost
estimates were not prepared for planning region improvements since, in most cases, it is difficult
to predict when the development will occur and how costs may be distributed between the City
and the developer.

0.4 TREATMENT SYSTEM CONDITION AND RECOMMENDATIONS

Through the course of this Master Plan, it was found that the City of Belgrade has a well
maintained, properly functioning wastewater treatment system. However, the Belgrade area is
expected to maintain its elevated population growth rate. Upgrades to the BWTP are necessary
to provide reliable wastewater treatment as the City’s raw wastewater flow continues to increase.
Potential solutions were preliminarily considered; two were believed to be technically and
logistically feasible. These alternatives include upgrades to the existing system and a new
greenfield mechanical system. Upgrades to the existing system may include a new advanced
aeration system with tertiary nutrient removal or a new SBR with biosolids storage within the
existing lagoons. Possible greenfield mechanical systems include a fully mechanical SBR with
solids digestion, 5-Stage Bardenpho, or MBR. Conversations with City personnel have indicated
the most desirable option will result in a reliable, easily maintained system at a low capital cost.
Due to the high construction cost and O&M complexity of the greenfield mechanical systems, it is
recommended that City proceed with upgrades to the existing system.

Preliminary capital cost estimates suggest upgrades to the system will range from $17 million to
$18 million. It is suggested the City complete a PER in the year 2020 to apply for financial
assistance for the proposed upgrades. During preparation of the PER, a more detailed analysis
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of optional upgrades and conversations with City staff regarding specific needs and desires can
be completed and treatment system recommendations will be finalized. Due to inflation and the
preliminary nature of the current cost estimate, the City of Belgrade should budget for $20 million
in capital costs for the upgrades. This value will provide a sufficiently conservative financial plan.

0.5 DISPOSAL SYSTEM CONDITION AND RECOMMENDATIONS

Based on population projections and assumed upgrades to the treatment system, the City is not
expected to need additional disposal infrastructure until the year 2032. Three feasible disposal
alternatives were detailed within the Master Plan: installation of a fourth IP bed, upgrades to the
existing irrigation system and construction of additional irrigation area. Evaluation of each
alternative all three are considered equally beneficial. Estimated capital costs ranged from
approximately $100,000 for upgrades to the existing irrigation system to $650,000 for a fourth IP
bed.

It is recommended that the City prioritize more pressing system upgrades. Improvements to the
disposal system should be considered by 2029, to ensure a completed system by 2032. Capital
cost and needs of the City should be re-evaluated at that time.

0.6 CONCLUSIONS AND NEXT STEPS

This Master Plan provides recommended improvements to the City of Belgrade wastewater
system and a general timeline for implementing the treatment and disposal system improvements.
The City’s wastewater treatment system is expected to reach capacity around the year 2023. It
is recommended that the City’s primary wastewater system planning prioritize recommended
treatment alternatives necessary to ensure operations in 2023.

An independent Rate Study is currently considering infrastructure improvements to budget for
recommended projects. It is expected that conventional grant and loan funding options will be
considered in the Rate Study and pursued in the next funding cycle. A Preliminary Engineering
Report (PER) is needed to submit for grant funding.

It is recommended that the City submit a finished PER in 2020. Grant applications submitted in
2020 will be subject to approval during the 2021 Legislative session (2023 Biennium). If the
project ranks well and funding is approved, design could begin in the summer of 2021 to and bid
documents ready in early 2022. Bidding should occur soon after to allow for delivery of long-lead
equipment ahead of the 2022 construction season.

Recent discussions with the DNRC indicates planning grants will be available in the Fall of 2018.
It is recommended the City contact DNRC and other perspective planning grant programs early
to confirm funding availability and anticipated grant allowances.
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1.0 INTRODUCTION

The City of Belgrade has requested an analysis of their existing wastewater collection,
treatment and disposal systems, inclusive of recommending major infrastructure upgrades and
capital improvement projects for a 20-year planning period. The chapters to follow include the
necessary planning and engineering required to systematically address the existing and future
issues regarding the City’s wastewater management system.

1.1 Purpose

This Master Plan has been prepared for the purpose of identifying deficiencies within the City of
Belgrade’s existing wastewater collection, treatment and disposal systems. Properly functioning
wastewater systems are necessary to protect local ground and surface waters and comply with
discharge standards established by the Montana Department of Environmental Quality (DEQ)
and the U.S. Environmental Protection Agency (EPA). Additionally, wastewater infrastructure
must be adequately sized to manage peak flows. This Master Plan will address the impacts of
the City’s anticipated growth and increased wastewater flows on the existing infrastructure.

Improvement alternatives will be identified and evaluated to provide a prioritized list of major
and minor capital improvement needs. All proposed upgrades will account for a minimum 20-
year design life. A cost-effective analysis of the proposed alternatives will be compared to
determine the lowest capital and operating costs in conjunction with social and environmental
considerations. A conceptual design level analysis of various alternatives will be completed.
Calculations and cost estimates will be presented to predict financial feasibility of the
alternatives and recommended projects. Through this process, prudent and cost-effective
wastewater management improvements can be selected for implementation.

This Master Plan is the City’s initial step toward pursuit of grant and loan assistance for capital
improvements. The evaluation and conclusions presented in this document may be included in
a future Preliminary Engineering Report (PER) and associated Uniform Application for Montana
Public Facility Projects. Funding applications may then be submitted to such grant and loan
programs as the Montana Department of Commerce’s Community Development Block Grant
(CDBG) and Treasure State Endowment Program (TSEP), the Montana DEQ’s State Revolving
Fund (SRF) Loan Program or the Montana Department of Natural Resource and Conservation’s
(DNRC) Renewable Resource Grant and Loan (RRGL) Program, as well as others.

The wastewater system is owned and operated by the City of Belgrade. Contact information is
as follows:

City of Belgrade
91 East Central Avenue
Belgrade, Montana 59714

1.2 Problem

The City of Belgrade’s existing wastewater system is comprised of aging infrastructure. The
existing collection system includes six lift stations of varying age, condition and capacity. The
collection system includes newer PVC, installed in the last decade, as well as older clay tile pipe
prone to root intrusion and blockages. The existing treatment system was constructed in 2004
with a 20-year design life. Two effluent disposal methods are currently available to the City,
land application through spray irrigation and a series of three Infiltration/Percolation (IP) Beds.
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The DEQ has set pollutant loading limits on the IP beds in the City’s groundwater discharge
permit.

The City of Belgrade has experienced population growth. The annual population growth rate
has remained close to or above 3% since 1980; this trend is expected to remain over the design
life of the proposed improvements. As Belgrade’s population continues to grow, wastewater
flows through the collection, treatment and disposal systems will increase. Additionally, the City
has historically produced wastewater with elevated Biological Oxygen Demand (BOD) and
organic nitrogen concentrations. Generally speaking, high strength wastewater increases
capital costs of treatment components as well as operating costs.

Evaluation of the current system along with recommended improvements and scheduling are
critical to ensure the system has sufficient capacity to manage the increased flows. Although
the existing system has a history of compliance with the state and federal discharge
requirements, additional treatment will also be necessary in the years to come to maintain
compliance as populations and wastewater flows increase.

1.3 Scope

Thomas, Dean and Hoskins (TD&H) Engineering in partnership with Advanced Engineering and
Environmental Solutions, Inc. (AE2S) was hired by the City of Belgrade to complete a
comprehensive study of the City’s wastewater collection, treatment and disposal systems. The
scope of this Master Plan is to evaluate the effectiveness of the existing wastewater
management systems and provide improvement recommendations with preliminary cost
estimates and implementation scheduling.

The detailed scope of work for this Master Plan Includes:

Projection of population and sewage flows

Evaluation of existing collection system

Evaluation of existing pump stations

Evaluation of existing treatment lagoons and associated facilities
Evaluation of existing disposal systems

Evaluation of existing control devices and local panels
Identification of infrastructure in need of repair or replacement
Evaluation of viable alternatives

Preparation of preliminary construction costs for each alternative
Improvement recommendations and implementation scheduling

1.4 Acknowledgements

City of Belgrade personnel, including Mr. Ted Barkley-City Manager, Mr. Steve Klotz- Public
Work Director, Mr. Jason Karp- Director of Planning, Mr. Clinton Holman, Mr. Paul Burkardt, Ms.
Diane Eagleson and the entire City of Belgrade financial team were very helpful in providing
recent data and historic records for the system in addition to assistance with facility inspections
and equipment testing. Their cooperation, understanding and direction guided the
recommendations in this report. The community has shown concern for the problems with their
wastewater system and has a strong desire to address the problem in the most cost effective
means possible. They have been very proactive in attempting to address their problems with
the financial means and personnel availability at their disposal.
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2.0 BACKGROUND

The City of Belgrade’'s wastewater system includes a network of six submersible lift stations,
gravity mains and force mains, a three-celled aerated lagoon system and two disposal methods.
The collection system has been designed to convey only wastewater to the treatment lagoons; a
separate storm sewer system has been constructed to handle stormwater runoff. This chapter
describes the planning area, population trends and applicable regulatory requirements.

2.1 Planning and Service Area

The location and physical characteristic of the City of Belgrade’s planning area is described in
the sections to follow.

2.1.1  Location.

The City of Belgrade is an incorporated city located in Gallatin County, just east of the
Continental Divide in southern Montana. The City is situated on Interstate-90, roughly 10 miles
west of Bozeman and 75 miles east of Butte. Most of the City is in Sections 1 and 12, Range 4
East, Township 1 South. The center of the City is at latitude 45.7785, longitude -111.1790, at
an elevation of approximately 4,460 feet above sea level. A vicinity map is available in Figure 2-
1.

The City is roughly 3.25 square miles. The planning area for this Master Plan is approximately
12.5 square miles and includes the Bozeman-Yellowstone International Airport. Figure 2-2
displays the existing City limits, the current Belgrade zoning boundaries and the selected
planning area boundary. The planning area boundary was selected based on input from City
staff.

2.1.2 Physical Characteristics.

2.1.2.1 Topography

The City has relatively flat topography, generally sloping to the north. The Gallatin and
Madison Mountain Ranges are south of the City, while the Bridger Mountain Range and
the Tobacco Root Mountains are east and west of the City, respectively. The nearby
mountains can rise to elevations as high as 10,300 feet.

2.1.2.2 Soils

A query of the United States Department of Agriculture (USDA) Natural Resources
Conservation Service’s (NRCS) web soil survey was completed for the planning area.
Per the NRCS, most the planning area consists of soils classified as loam or cobbly
loam. The detailed soils report is available for review in Appendix 2.

2.1.2.3 Surface Water
Belgrade is located between the East and West Gallatin Rivers, just south of their

confluence. Several tributaries, such as Cottonwood, Gibson and Bostwick Creeks, flow
past the City. Additionally, numerous irrigation ditches flow through the planning area.
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2.1.3

2.1.2.4 Groundwater

The City of Belgrade is in the Gallatin River drainage. The Montana Bureau of Mines
and Geology’s (MBMG) Groundwater Information Center (GWIC) was referenced to
evaluate water levels in the area. Wells logs from 50 wells in and around Belgrade
reported an average static water level of 45.3 feet below the top of the casing (TOC).

Groundwater elevations were mapped using AutoDesk Civil 3D for the City’'s 2011
MPDES groundwater discharge permit renewal application. Static water level data from
2003 to 2010 was utilized to map groundwater table elevations. A sample of these
groundwater table elevation figures, including maps from June through September of
each year of record, is provided in Appendix 2. Evaluation of aquifer conditions around
the existing wastewater lagoons indicates groundwater in that area is between 27 to 32
feet below the ground surface. It was also determined that the hydraulic gradient near
the wastewater lagoon is approximately 0.0044 ft/ft and slopes to the northwest.

2.1.2.5 Floodplain

The East and West Gallatin Rivers nearest the City of Belgrade have been mapped by
the National Flood Insurance Program (NFIP). The majority of the City and planning
area are categorized as Zone X: areas to be outside the 0.2% annual chance floodplain,
also known as the 500-year flood plain. A small portion of the northeast corner of the
City and planning area is categorized as Zone A: areas within the 1% annual chance
floodplain, also known as the 100-year floodplain. The Flood Insurance Rate Maps
(FIRM) for both the East and West Gallatin Rivers can be found in Appendix 2.

Climate

The Western Regional Climate Center (WRCC) was referenced for climatologic data in the
Belgrade area. Data collected from the Bozeman-Yellowstone International Airport weather
station was utilized. Temperate in the Belgrade area fluctuates greatly depending on time of
year. In winter months, temperatures near or below 0°F are not uncommon; while the summer
time can see long periods with temperatures as high as 90°F. Precipitation usually peaks in the
summer with an average of 2.53 inches in June. Snow fall in the area does not generally occur
in the summer, however averages 7.2 and 8.5 inches in December and January, respectively.
Table 2-1 summarizes monthly averages for temperature, precipitation, snowfall and snow

depth.
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Table 2-1
Climate Summary

Average Average Average Average Average
Maximum Minimum Total Total Snow
Temperature Temperature Precipitation | Snow Fall Depth
(CF) CF) (in) (in) (in)

January 29.9 6.2 0.57 8.5 4
February 35.5 12.1 0.45 5.6 3
March 43.1 18.8 0.91 9.1 2
April 54.9 28.7 1.35 6.0 0
May 64.4 36.9 2.21 2.3 0
June 73.2 43.9 2.53 0.0 0
July 84.6 48.9 1.12 0.0 0
August 83.2 47.4 1.12 0.0 0
September 71.2 38.7 1.29 0.5 0
October 58.4 29.3 1.06 2.3 0
November 41.8 18 0.76 5.6 1
December 32.0 8.9 0.55 7.2 2
Annual 56.0 28.2 13.92 47.0 1

2.2 Population Projections and Planning Period

Both the City of Belgrade and Gallatin County have experienced relatively consistent growth in
the past. A detailed analysis of population trends is critical to correctly assess the existing
system’s available capacity as well as provide accurate design conditions for future upgrades.
Historic population analysis and future projections for the City of Belgrade are detailed in the
following sections.

2.2.1 Historical Population and Analysis

Population trends for both the City and the County were reviewed to gain a better understanding
of past growth in the area. Population information published by the United States Census
Bureau is summarized in Table 2-2 along with average annual growth rates for each decade.
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Table 2-2
Historic Population Data
Gallatin County City of Belgrade
Annual Growth Annual Growth
Population Rate Population Rate
1890 6,246
1900 9,553 5.29%
1910 14,079 4.74% 561
1920 15,864 1.27% 499 -1.11%
1930 16,124 0.16% 533 0.68%
1940 18,269 1.33% 618 1.59%
1950 21,902 1.99% 663 0.73%
1960 26,045 1.89% 1,057 5.94%
1970 32,505 2.48% 1,307 2.37%
1980 42,865 3.19% 2,336 7.87%
1990 50,463 1.77% 3,422 4.65%
2000 67,831 3.44% 5,728 6.74%
2010 89,513 3.20% 7,389 2.90%
2014’ 97,308 2.18% 7,798 1.38%

1 2014 population data is considered a Census estimate

Both Gallatin County and the City of Belgrade have experienced consistent growth over the past
century. Annual growth for the County has ranged from 0.16% in the 1920s to 5.29% in the
1890s. More recently, the County’s annual growth rate has remained relatively constant at or
above 3.00%. Since 1970, the average annual growth rate has exceeded 3.00% for three of the
five decades. A noticeable decline in growth was experienced from 1980 to 1990 with only a
1.77% average annual rate. However, from 1990 to 2000 the County’s growth increased to
3.44% and remained above 3% from 2000 to 2010.

The City grew at a slower rate in the early 20" century. Between 1950 and 1960, the growth
rate drastically increased to nearly 6%, then peaked at 7.87% in the 1970s and remained above
4.5% until 2000. From 2000 to 2010, the growth slowed to just below 3% and is estimated to
have slowed even further since 2010. The population and growth rate information is graphically
presented in Charts 2-1 and 2-2 for Gallatin County and the City of Belgrade, respectively.
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Chart 2-1: Gallatin County Population and Average Annual Growth Rate

Chart 2-2: City of Belgrade Population and Average Annual Growth Rate
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2.2.2 Future Population Planning Period and Growth Recommendations

The continual growth reported for both the City of Belgrade and Gallatin County indicates further
growth in the area can be expected. Conversations with City personnel suggest Belgrade
generally experiences times of rapid growth followed by periods of more consistent population.
Although the City’s population has grown at an annual rate of less than 3% in recent years,
three of the past 5 decades have witnessed average annual growth rates exceeding 4.5%. Itis
believed that an annual growth rate of 3.5% will provide a conservative basis of design. With
this growth rate and a 20-year planning period, the design population for the City of Belgrade is
19,360 persons. The City of Belgrade formally approved these population projections in an
October 24, 2016 e-mail from City Planner Mr. Jason Karp, provided in Appendix 2. Detailed
population projections are presented in Table 2-3.

Table 2-3
Population Projections

Annual

Growth Population
Year Rate Estimates
2010 3.5% 7,389
2018 3.5% 9,730
2020 3.5% 10,423
2030 3.5% 14,703
2038 3.5% 19,360

2.3 Regulatory Requirements

The DEQ is the primary regulatory agency for wastewater systems in the State of Montana.
This agency reviews and approves new wastewater collection, treatment and disposal systems
in accordance with Circular DEQ-2: Design Standards for Public Sewage Systems. Additionally,
the Permitting and Compliance Division of DEQ issues and enforces permits pertaining to the
disposal of treated wastewater. The following sections discuss the design and permitting
considerations for the existing and future system.

2.3.1 Definitions

According to Circular DEQ-2, specific values for both hydraulic and organic loading must be
provided as the basis of design for new and retrofitted wastewater facilities. The Circular’s
definitions for the specific design quantities are provided below.

2.3.1.1 Hydraulic Capacity Definitions

Minimum hydraulic parameters must be established to evaluate the capacity of sewer
mains, lift stations, wastewater treatment plants, treatment units and all other
wastewater handling facilities. Critical design parameters include design average flow,
maximum day flow, peak hourly flow, peak instantaneous flow, and maximum month
flow. All hydraulic parameters are expressed in units of volume per time.

o Average Daily Flow (ADF): The average daily volume of wastewater, over a 12-
month period, to be received by a wastewater facility.
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¢ Maximum Day Flow: The maximum volume of wastewater to be received by a
wastewater facility in a continuous 24-hour period.

e Peak Hourly Flow: The maximum volume of wastewater to be received by a
wastewater facility during a one-hour period.

e Peak Instantaneous Flow: The maximum recorded flow received by a wastewater
facility over the shortest time interval consistent with the recording equipment.

e Maximum Month Flow: The maximum average daily flow calculated for a single
calendar month, over a 12-month period.

2.3.1.2 Organic Definitions

Organic loading pertains almost exclusively to wastewater treatment facilities. As such,
specific organic quantities for the design year are not required for collection system
design. Quantities related to BOD, Total Nitrogen (TN) and Total Phosphorus (TP) are
included in treatment facility design requirements. Organic loading is expressed in units
of weight per time.

e Biochemical Oxygen Demand (BODs): The amount of oxygen required to
stabilize biodegradable organic matter under aerobic conditions within a five-day

period.
0 Average BODs: The average BODs load received for a continuous 12-month
period.

0 Maximum Day BODs: The largest amount of BODs load to be received during
a continuous 24-hour period.

0 Peak Hourly BODs: The largest amount of BODs load to be received during a
one-hour period.

o Total Nitrogen (TN): The summation of organic nitrogen, ammonia, nitrite and
nitrate (all expressed as N).

0 Average Total Nitrogen: The average TN load received for a continuous 12-
month period.

o Diurnal Peak TKN: Total Kjeldahl Nitrogen (TKN) is the organically bonded
nitrogen and ammonia present in the wastewater. The diurnal peak TKN is
the largest quantity of TKN to be received during a continuous 24-hour
period.

e Total Phosphorus (TP) Loading: The average daily quantity of the phosphorous
to enter the treatment plant for a continuous 12-month period.

e Total Suspended Solids (TSS) Loading: TSS are solids present in the
wastewater stream that may be captured and removed by a filter. TSS loading is
the average daily quantity of TSS received by the treatment plant over a
continuous 12-month period. TSS loading is not specifically required by DEQ-2,
but should be considered during the design and evaluation of treatment systems.

2.3.2 DEQ Design Standards

Circular DEQ-2: Design Standards for Public Sewage Systems details design criteria for
collection, treatment and disposal systems. The following sections briefly summarize applicable
standards. Detailed evaluation of the existing system and improvement alternatives will be
discussed in the chapters to follow.
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2.3.2.1 Collection System

Collection system design criteria is detailed in DEQ Circular-2, Chapter 30: Design of
Sewers and Chapter 40: Wastewater Pumping Stations.

Chapter 30 presents specific design criteria for both gravity and force mains. Criteria
include minimum allowable pipe size and slope for gravity mains, restrictions to
alignment and changes in pipe sizing, manholes, stream crossings and separation of
clear water. Chapter 40 defines minimum standards for lift station design criteria
including pump station structure requirements, pumps, intakes, and safety.

The existing collection system will be evaluated against applicable criteria. Additionally,
all improvement alternatives will comply will DEQ regulations.

2.3.2.2 Treatment and Disposal Systems

The current treatment and disposal system, discussed in detail in the following chapters,
is a partially mixed aerated lagoon system with controlled discharge to a series of IP
beds and an irrigation system. Table 93-2 of Circular DEQ-2 provides criteria for this
type of system. The criteria are summarized below in Table 2-4. The existing system
will be reviewed against this criterion later in this Master Plan. Possible upgrades may
require different criteria based on the proposed treatment and disposal.

Table 2-4
Treatment Standards for Partially Mixed Aerated Lagoons with Land Application

DEQ Circular-2 Criteria

Standard

Distance from Habitation

Minimum 1/4 mile from human habitation

Minimum 4 feet from groundwater to bottom of

Groundwater Separation pond
Minimum 10 feet from bedrock to bottom of
Bedrock Separation pond
Minimum 500 feet separation from pond to
Water Well Separation water well
Minimum Number of Cells 1-2(
Minimum System Oxygen Requirements 2.5 Ibs O2/ Ib BOD5 removed
Quiescent Zone Detention Time 1-2 days
Minimum Dissolved Oxygen 2.0 mg/l
Depth 10-15 feet
Minimum Detention Time Under Aeration 20 days
Maximum Seepage Rate 6 inches per year
Emergency Storage for I/P Beds 30-90 days
Winter Storage for Irrigation @)
Mixing In Aerated Cells 5-10 HP/MG

() One aeration cell if large storage cell is proposed, two if IP is proposed
2) An annual month-by-month water balance must be used to determine required winter storage
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2.3.3 Discharge Permit

The City of Belgrade has a Montana Groundwater Pollution Control System (MGWPCS)
groundwater discharge permit issued by the DEQ. The current permit was issued December 1,
2012 and expired November 30, 2017. A completed application was submitted to the DEQ prior
to the expiration date. At the time of writing this Master Plan, the current permit has been
extended until a new permit can be issued.

Montana’s non-degradation policy went into effect April 29, 1993. According to the current
permit’'s Fact Sheet, the City’s discharge activities do not result in a change in the water quality
occurring on or before April 29, 1993. The DEQ therefore concluded Belgrade’s discharge is
not a new or increased source of contamination, and as such is not subject to the State’s non-
degradation policy. Rather, the DEQ has classified the receiving water as Class | groundwater.
Class | groundwater must be maintained to provide the following with little or no treatment:

Public and private water supply
Culinary and food processing purposes
Irrigation

Drinking water for livestock and wildlife
Commercial and industrial purposes

Discharging to Class | groundwater may not cause the following effects beyond the system’s
defined mixing zone boundaries.

¢ Violations to groundwater human health standards listed in Circular DEQ-7

e Increase of any constituent to a level deemed by the department to be detrimental,
harmful or injurious to the beneficial uses of Class | groundwater.

e Decrease from the general water quality necessary to support designated beneficial
uses

The water quality standards for Class | groundwater, defined in Administrative Rules of Montana
(ARM) 17.30.1006 and Circular DEQ-7 were utilized in developing the permit effluent limitations.
These standards state that nitrate concentrations at the end of mixing zones may not exceed
the human health standard of 10.0 mg/l. For the purposes of predicting the nitrate concentration
in the groundwater, the DEQ assumed the entire TN load is composed of nitrate, rather than a
mixture of nitrate, nitrite, TKN and ammonia.

DEQ has set TN loading limits for each of the three outfalls, IP Beds A, B and C. Values were
calculated using a mass balance equation considering volume of effluent, volume of
groundwater, ambient groundwater concentration and applicable groundwater quality standards.
(10 mg/I TN).

Allowable TN loading, as set by the current permit, is available in Table 2-5. A meeting with the
DEQ Water Protection Bureau on February 8, 2017 indicated effluent limitations are not
expected to change with future permit renewals, assuming the treatment plant can maintain TN
concentrations low enough to prevent exceedance of effluent loading limits. Should the City
become unable to comply with current permit limits, the department would likely consider the
groundwater discharge as a new or increased source. At least for increased nutrient loading,
this would trigger Montana’s non-degradation policy and result in more stringent allowable
groundwater concentrations.
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Table 2-5

Current Permit Loading Limits

Outfall Pollutant Effluent Limit
IP Bed A Total Nitrogen (as N) 72 Ib/day
IP Bed B Total Nitrogen (as N) 72 Ib/day
IPBed C Total Nitrogen (as N) 74 Ib/day
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3.0 COLLECTION SYSTEM EXISTING FACILITY REVIEW

The purpose of this chapter is to evaluate the existing wastewater demands and the City of
Belgrade’s wastewater collection system condition. The collection system consists of gravity
collection mains, manholes, lift stations, and force mains. Most of the system discharges to a
sewer vault on Dry Creek Road before entering the outfall sewer that feeds the Wastewater
Treatment Plant. Two subdivisions northeast of the treatment plant discharge wastewater
through a force main which terminates at the end of the outfall sewer. The analysis was
completed in June 2017 and does not account for planned or installed infrastructure beyond this
date.

3.1 EXISTING HYDRAULIC DEMANDS

The existing hydraulic demands were estimated from historic influent flows to the City of
Belgrade’s wastewater treatment plant. A 21-inch gravity main, known as the outfall sewer,
conveys most of the City’'s wastewater to the plant. The remaining wastewater is conveyed
through a force main which discharges at the end of the outfall sewer. Wastewater then passes
through an open channel flow meter, in a structure called the weir box, prior to entering the
treatment plant. The influent flow meter reports flow rates to the City’s Supervisory Control and
Data Acquisition (SCADA) system in gallons per minute (gpm) at 6-minute intervals. Flow data
from January 1, 2010 to October 31, 2016 was downloaded from the SCADA system on
November 1, 2016. From this data, existing average day, maximum month, maximum day,
peak hour and peak instantaneous flows were calculated. This information is graphically
presented in Chart 3-1. The SCADA data is available electronically on CD with hard copies of
this Master Plan.

Chart 3-1: Existing Influent Flows
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A general increase in flow rates, commensurate with recent population growth, has occurred
over the past 6 years. A dramatic spike in peak instantaneous, peak hour and maximum day
flows is reported from October 2014 to January 2015. These elevated flow measurements have
been attributed to inaccurate meter measurements. Conversations with City staff suggest the
treatment plant’s influent flow meter had been damaged and was no longer properly seated
within the control structure. The ultrasonic open channel flow meter was reportedly replaced in
2015. Average day flow rates were not significantly affected by the damaged meter readings.

Inflow and infiltration (I/) are not expected to contribute to the system wastewater demands.
According to well records from the Montana Bureau of Mines and Geology’s (MBMG) Ground
Water Information Center (GWIC), the static groundwater level around the City of Belgrade
ranges from 22 feet to 75 feet below ground surface. The groundwater table is significantly
lower than the sanitary sewer collection system and, therefore, I/l is not considered a likely
source of inflow to the system.

3.1.1  Flow Verfication

M.E.T. Automation and Controls was procured to perform a flow verification and inspection of
the three electromagnetic flow meters in the pump building and the flow measurement
apparatus in the weir box. The verification was completed on March 27, 2017; a report
documenting the findings is provided in Appendix 3. The inspection revealed several issues
with the flow measurement equipment in the weir box. The current meter does not include a
primary device within the flow. Rather, the meter relies on water level measurements and user-
entered variables to calculate flow using Manning’s equation. M.E.T. discovered that several
variables were incorrect in the software, including pipe diameter and slope. The recorded flows
were nearly 40% higher than the actual flow rates. M.E.T. and City personnel corrected the
inputs to represent the system as accurately as possible. Regardless of the corrections, M.E.T.
does not recommend the current meter type or setup. Installing equipment which also
measures velocity and is submerged in the flow path has been recommended.

3.1.2 Current Wastewater Production and Average Day Flows

To determine the applicability of the available inflow measurements, the yearly average
wastewater production rates for 2014-2016 were calculated based on population data. The
results are presented in Table 3-1.

Table 3-1
Historic Average Day Influent Flows
Average Day Estimated Calculated Wastewater

Year Flow Population Production

(gpd) (persons) (gpcd)
2014 689,119 7,798 88.4
2015 776,624 8,071 96.2
2016 684,468 8,353 81.9

Average 716,737 -- 88.8

The DEQ recommends applying 90 to 100 gpcd wastewater production rates for design flows to
new treatment facilities. Previous Design Reports and Facilities Plans have reported 86 gpcd
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as a standard for Belgrade’s production rate. Production rates from 2014 to 2016 range from
81.9 to 96.2 gpcd and averaged 88.8 gpcd. Although these values are believed to be high
based on the previously discussed meter verification reports, they are not outrageously high
when compared to DEQ standards and Belgrade’s previous design conditions. Therefore, these
values are considered to provide reasonably conservative estimates of the existing flows.
Based the above analysis, the current ADF for the BWTP is estimated to be 716,737 gpd.

3.1.3 Existing Flow Rates

Peaking factors for maximum month, maximum day, peak hour and peak instantaneous flows
were estimated based on SCADA flow data presented in Chart 3-1. The procedures followed
during the peaking factor analysis are included in Appendix 3. Data from October 2014 to
January 2015 was not included in the analysis due to the dramatic increase in flow rates
attributed to the damaged meter. Table 3-2 summarizes the peaking factors and existing flow
conditions.

Table 3-2
Existing Flow Rates
Average Flow Rate
Demand Peaking Factor (gpd)

Average Day - 716,737
Maximum Month 1.44 1,032,101
Maximum Day 1.99 1,426,307
Peak Hour 3.30 2,365,232
Peak Instantaneous 4.19 3,003,128

The maximum month, maximum day, peak hour and peak instantaneous peaking factors for the
City of Belgrade have been defined as 1.44, 1.99, 3.30 and 4.19, respectively. Multiplying these
peaking factors by the existing average day flow of 716,373 gpd, the existing maximum month
flow rate is 1,032,101 gpd, the maximum day flow rate is 1,426,307 gpd and the peak hour and
peak instantaneous flow rates are 2,365,232 gpd and 3,003,128 gpd, respectively.

3.2 GRAVITY COLLECTION SYSTEM

Belgrade’s collection system consists of conventional gravity mains of varying sizes and pipe
materials. Most mains are located under streets, although a few are in the alleys east of
Belgrade High School. Figure 3-1 presents the known extents of the collection system and the
location of the mains, manholes, lift stations, and force mains. A full-size copy of Figure 3-1 is
provided with hard copies of this Master Plan.

The following sections describe the known physical condition, size, and capacity of the gravity
collection system; however, the City does not have a comprehensive inventory of sewer main
sizes, materials, or age. The City is currently compiling a GIS database of the sewer mains and
manholes in the system; however, this process is not complete and will not be finished prior to
adoption of this Master Plan. When the GIS database is complete, more information will be
available to assess pipe age and condition. The condition and deficiencies in the gravity
collection system, as documented in this report, are based on the 1998 Wastewater Treatment
and Collection Facilities Plan and observations by City personnel. A comprehensive
infrastructure inspection has not been conducted and is outside the scope of this Master Plan.
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The capacity of several sewer mains is examined in detail, including the outfall sewer, the east
interceptor, and the crossing under Interstate 90. Issues with two RV dumps are also
comprehensively described.

3.2.1 Condition and Physical Deficiencies

The age of the gravity mains varies throughout the City. Newer polyvinyl chloride (PVC) mains
have been installed during the last decade in two subdivisions east of town, Meadowlark Ranch
and Ryen Glenn Estates, and in Special Improvement District (SID) #78 south of Interstate 90
near Jackrabbit Lane. The new gravity mains and sewer manholes in these areas are in good
condition. The age of the remaining gravity mains and manholes is not known; however, it is
suspected that some have been in place between ten and fifty years. The 1998 Wastewater
Treatment and Collection Facilities plan indicated the gravity mains were 25 years old at the
time, so they would be 44 years old in 2017. In general, the mains and manholes are in good
condition with no obvious damage or deficiencies, except in the area between North Quaw
Boulevard, North Kennedy Street, West Central Avenue, and West Main Street. The 1998
Wastewater Treatment and Collection Facilities Plan indicates this area consists of older, clay
tile pipe which is prone to root intrusion and other blockages. The Facilities Plan also reports a
single storm drain inlet is connected to the sanitary sewer; however, the location of the inlet is
unknown.

While the physical condition of the gravity infrastructure is generally good, several aspects of
the layout may not comply with DEQ requirements. A review of the available sewer main
mapping indicates there are locations with manhole or cleanout spacing which exceeds the
requirements in Section 34.1 of Circular DEQ-2. A 2006 water and sewer design report, Design
Report for City of Belgrade SID 78 Water & Sewer Improvements, indicates the City has
equipment available to clean and maintain lengths up to 500 feet for gravity sewers 8-inches
and larger.
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3.2.2 Diameter and Capacity

The gravity collection system includes 6-, 8-, 10-, 12-, 18-, and 21-inch mains. The DEQ-
required minimum sewer diameter is 8-inches; therefore, it is recommended to upsize any
existing 6-inch mains during any utility replacement or street reconstruction projects. Table 3-3
presents the approximate quantities of each main size in the system. Quantities are based on
the system mapping available as of May 2017. The City’s GIS inventory will provide a better
estimate when it is complete. Force mains are discussed in the following sections with their
corresponding lift stations; however, the approximate quantity of force mains is included in
Table 3-3.

Table 3-3
Collection System Inventory
Type Pipe Diameter Approximate Length®
6-inches 670 LF
8-inches 154,400 LF
. . 10-inches 7,500 LF
Gravity Main 12-inches 11,720 LF
18-inches 1,700 LF
21-inches 9,840 LF
4-inches 740 LF
Force Main 6-?nches 2,950 LF
8-inches 6,760 LF
10-inches 5,200 LF
(1)Lengths are approximate and may change after City GIS mapping is complete.

The capacity and sizing of sewer mains is based on DEQ and City criteria and is related to their
slope, material, and diameter. Slopes should be sufficient to produce a scouring velocity in the
pipes and prevent buildup of debris and solids. If the gravity mains are oversized, then a
scouring velocity of 2-3 ft/sec may not be achieved. Circular DEQ-2 requires sewer mains be at
least 8-inches and designed at the minimum slope provided in Table 3-4. Smaller diameters are
allowed for certain structures where no future development is planned. The City of Belgrade
Design Standards and Specification Policy, updated in July 2017, indicates that sanitary sewers
be designed for peak hour flows plus an infiltration allowance when the pipe is 75% full. Table
3-4 presents the pipe capacity and velocity at various flow depths and at minimum DEQ slopes.

City of Belgrade Wastewater Master Plan - Final Collection System Existing Facility Review
April 2018 Page 3-6
B16-048



Table 3-4
Gravity Sewer Capacity at Minimum Slope
DEQ 30% Full 75% Full 90% Full
Minimum Flow Flow Flow

Sewer Slope Rate Velocity Rate Velocity Rate Velocity
Diameter (ft/ft) (gpm) (ft/s) (gpm) (ft/s) (gpm) (ft/s)

6-inches 0.0060 38 1.7 178 2.5 210 24

8-inches 0.0040 67 1.7 313 2.5 369 2.4
10-inches 0.0028 102 1.6 474 24 560 2.3
12-inches 0.0022 147 1.7 684 2.4 807 2.3
15-inches 0.0015 220 1.6 1,024 2.3 1,208 2.3
18-inches 0.0012 320 1.6 1,489 2.3 1,757 2.3
21-inches 0.0010 440 1.6 2,051 2.4 2,419 2.3

City personnel have indicated no major issues with clogging or backups; as a result, it is
assumed existing sewer mains are installed at sufficient slopes and are not oversized. The
older, clay tile mains around West Main Street have been known to clog; however, that behavior
is likely caused by root intrusion or pipe collapse.

Pipes at slopes greater than the DEQ minimum facilitate higher velocities at smaller flow rates;
however, velocities which are too high may damage or displace concrete manholes and pipe
inverts. Circular DEQ-2 requires special provisions for pipes with velocities higher than 15
ft/sec. The City of Belgrade is in a gently sloping area and high velocities are not anticipated in
any of the gravity mains.

3.2.3 Outfall Sewer

The majority of the City’s raw wastewater is conveyed to the wastewater treatment plant though
approximately 2,300 linear feet (LF) of 21-inch PVC sewer pipe. As-built drawings indicate the
pipe slope ranges from 0.10% to 0.24%. The outfall sewer begins at a sewer vault just east of
Dry Creek Road and terminates at the treatment plant. A flow measurement vault (also referred
to as the weir box) and a diversion vault are located at the downstream segment of the outfall
sewer, near the head of the treatment facility. The weir box is a 60-inch precast concrete
manhole with steps and manhole rim access. The diversion vault is a 72-inch precast concrete
manhole with manhole rim access and steps. Two manual slide gates direct flow to either or
both of the primary treatment ponds through the distribution and by-pass piping. The layout and
configuration of the wastewater treatment plant piping is described in Chapter 4. Components
of the outfall sewer are summarized in Table 3-5.
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Table 3-5
Outfall Sewer Components

Pipeline
21-inch PVC 2,300 LF
Weir Box
Structure 60-inch Precast
Concrete Manhole
Inlet 21-inch PVC (south)
Outlet 21-inch PVC (north)
M Ultrasonic Open
eter

Channel Flow Meter

Diversion Vault

72-inch Precast
Concrete Manhole

Inlet 21-inch PVC (south)
21-inch PVC (north)
21-inch PVC (east)
Valves (2) Slide gate

Structure

Outlet

City personnel indicate the outfall sewer is in good condition. No recent leaks, main breaks or
issues related to the condition of the manholes has been reported.

Circular DEQ-2 specifies sewer conveyance infrastructure including gravity sewers must be
sized to carry the peak hour flow. As previously mentioned, the outfall sewer is a 21-inch PVC
sewer main. According to the record drawings, the minimum slope along the pipe line is 0.10%.
Calculations, provided in Appendix 3, indicate the capacity when the pipe is 75% full is about
2,050 gpm or 2.95 MGD. When the pipe is full the calculated capacity is 2,250 gpm (3.24
MGD). The current peak hour flow is 2.36 MGD, so the pipe is not yet at capacity.
Approximately 19% of the outfall sewer has a slope greater than 0.10%.

3.2.4 East Interceptor Sewer

A 21-inch sewer interceptor was constructed around ten years ago on the east side of Belgrade.
Documentation related to the SID #79 improvements indicates the interceptor was intended to
“serve all new developments on the southeast side of Belgrade and areas south of [-90”. The
interceptor is a 21-inch sewer main located on the east side of Belgrade. Figure 3-1 indicates
the location of the interceptor.

The slope of the interceptor is not known; however, the capacity can be estimated using Circular
DEQ-2’s minimum slope for 21-inch sewer mains: 0.10%. The capacity of the east interceptor
when flowing 75% full is about 2,050 gpm and when flowing full is 2,250 gpm. Calculations are
provided in Appendix 3. The maximum theoretical capacity of the pipe, when flowing about 94%
full, is 2,419 gpm.

3.2.5 Interstate 90 Crossing

The sewer system south of Interstate 90 is conveyed through two parallel gravity mains under
the interstate. The parallel mains begin at a manhole in Alaska Frontage Road, south of the
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interstate, and end at a manhole at the intersection of Stiles Avenue and Colorado Street.
According to 1995 MDT plans, the crossing includes two 12-inch PVC SDR 35 gravity mains
which slope at 0.444%. The capacity of the crossing when the pipes are 75% full is 1,850 gpm
and when the pipes are flowing full the capacity is 2,030 gpm. The 1995 plan sheet and
capacity calculation are provided in Appendix 3.

3.2.6 RV Dump Stations

There are two RV dumps in the City of Belgrade; both contribute flow to the WWTP. They are
located at two service stations on Jackrabbit Lane north of Interstate 90: Town Pump and Rocky
Mountain Supply. Photos of the facilities are provided in Appendix 3 and their locations are
indicated in Figure 3-2.

The RV dump at Rocky Mountain Supply flows through gravity mains to the sewer vault in Dry
Creek Road. The second RV dump station at Town Pump flows to the Jackrabbit Lift Station.
City personnel indicate they recently forced a closure of the Town Pump facility due to lift station
pump damage. The pumps were replaced in 2012 because of a flexible hose left at the RV
dump station entering the sewer system. Town Pump and City personnel have attempted to
prevent hoses entering the City system by installing screws inside the drop pipe; however, the
screws have been removed multiple times by patrons whose RV hoses would not stay in the
drop pipe.

It is recommended to modify the Town Pump RV dump station to prevent tampering with the
drop pipe and to prevent hoses from impacting the downstream lift station. Solutions may
include one or more of the following:
o Place the trash rack at the Jackrabbit Lift Station into service to catch any hoses or other
debris from the dump station;
¢ Modify the bollards at the dump station so vehicles can park closer to the drop pipe;
e Raise the drop pipe a few inches and reinstall screws to provide more depth for RV drain
pipes to “grip”;
e Add a p-trap and sewer cleanout to catch hoses or debris before it reaches the lift
station;
e Replace the screws in the drop pipe with an anchored steel rod and remove and replace
a section of the concrete pad.
¢ Install a sewer manhole with a trash rack downstream of the RV dump.

It is recommended the City adopt design standards for RV dump stations to prevent similar
issues at future installations.
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3.3 LIFT STATION #1: JACKRABBIT

Lift Station #1, also referred to as Jackrabbit Lift Station, is located east of the intersection of 8"
Street and Jackrabbit Lane near Saddle Peak Elementary School. The lift station is in a locked,
fenced area. It was moved to its current location in 1978 and at the time of the 1998 Facilities
Plan, it consisted of a steel tank and concrete wet well with submersible pumps. The Facilities
Plan recommended multiple repairs and improvements. The station currently consists of a
circular concrete wet well and circular concrete valve vault with duplex submersible pumps. In
2012 the pumps were replaced and a bypass connection was installed. The current
submersible pumps are Flygt model NP3153 with 20 hp motors and a duty point of 535 gpm at
80 ft total dynamic head (TDH). The station includes a trash rack; however, it is not used. A
dedicated automatic transfer switch (ATS) at the station provides access to backup power from
the elementary school’'s emergency generator. Figure 3-3 presents the location and layout of
the lift station. Photos and notes from a site visit are provided in Appendix 3.

Jackrabbit Lift Station serves a large area of central Belgrade. Prior to September 2013, Lift
Station #2 (Cruiser) contributed flow directly to Jackrabbit. An evaluation of the Cruiser and
Jackrabbit lift stations was completed by Morrison Maierle, Inc. in 2013. The report, Lift Station
#2 Force Main Improvements, indicated the Jackrabbit Lift Station was nearing capacity and
proposed to reroute the Cruiser Lift Station directly to the sewer vault on Dry Creek Road.

Lift Station #1 discharges to a 6-inch force main which terminates in a manhole near the
intersection of Al Drive and Amsterdam Boulevard. A 10-inch gravity main then conveys the
flow to the sewer vault on Dry Creek Road.

The City of Belgrade’s SCADA system continuously receives alarms and pump run times from
the Jackrabbit Lift Station. At this time, wet well depths and lift station flow rates are not
measured or reported. The station is controlled with a pressure transducer in the wet well.
Alarms are communicated through the SCADA system and radio telemetry to City personnel.
The system continuously recor