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1. EXECUTIVE SUMMARY

This Master Plan Update has been prepared for the Town of Bayfield (Town) to assist in evaluating the 
existing wastewater treatment and collection infrastructure, the capacity of this infrastructure to serve a 
growing population, and the ability to meet current and anticipated future regulations associated with 
the sanitary sewer system. 

Wastewater collection and treatment systems play a critical role in protecting the environment and 
maintaining the quality of life for the whole community. Use of individual (septic) treatment systems 
consumes significant land space and can lead to contamination of ground and surface water. Allowing the 
sewage to run into rivers untreated has historically caused regional pollution, algal blooms, and has led to 
the loss of aquatic life. The existing collection system and treatment plant help prevent these issues and 
protect the environmental resources of the Bayfield community and the Los Pinos River.

The report includes a review of existing and known future regulatory requirements; a comprehensive 
assessment of the existing facilities and their respective abilities to meet those regulations; review of 
anticipated growth rates and locations, as well as, the potential impact of growth on existing 
infrastructure; and the development and prioritization of planned capital improvement projects. 
Population growth and system needs have been evaluated for the 20-year planning period.

The existing collection facilities are adequately sized for current and future service needs. The existing lift 
stations are predicted to be capable of conveying expected sewer flow rates throughout the planning 
period and beyond. There are some areas of older vitrified clay piping that may eventually be targeted for 
replacement due to age; however, the major maintenance need for the collection system is to reduce 
inflow and infiltration. Sewer tap repairs are considered as a potential way to reduce the infiltration of 
groundwater to the sewer system. Cost estimates and suggestions for how to approach these needs are 
included in the report.

The current wastewater treatment plant has been in operation since 2009 and continues to perform as 
designed. All major units of the treatment process have been maintained in accordance with the 
manufacturer’s recommendations. Several upgrades are evaluated in this Plan to help the plant meet new 
nutrient removal requirements that the state has implemented since the time of the plant design; the 
potential nutrient removal upgrades include a new controller, chemical dosing, as well as, additional 
process sensors and mixers. 

A potential expansion to the treatment plant capacity is also considered. State regulations require that 
design of a facility expansion begins once the average flow exceeds 80 percent of the permitted capacity. 
Population growth is predicted to create the need to expand the plant capacity at the end of the planning 
period (close to 2039). However, the current rates of inflow and infiltration could lead to a requirement 
to expand the plant much sooner. 
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2. INTRODUCTION AND OBJECTIVES

This update to the Town’s Wastewater Master Plan has been prepared to assess the existing collection 
and wastewater treatment systems owned and operated by the Town, and to prepare for future growth. 
All existing components of the system have been reviewed for their respective abilities to meet current 
and future (20-year) operating conditions. The development of this report includes an assessment of the 
collection system gravity piping and pumping systems, as well as, evaluation of the individual unit 
processes at the treatment plant. The Town’s SewerGEMS hydraulic model has been updated and 
calibrated to match existing conditions.  A model of the anticipated future service area has also been 
prepared to help review future collection system needs. All the Town’s sewer collection and treatment 
systems were reviewed and are discussed in the following sections.  Recommended future upgrades and 
capital improvement projects are included following the system analysis.

2.1. APPROACH

The methodology used to develop the required information for this Master Plan includes the following:

1) Review of the Town’s historic and projected population data to estimate wastewater 
loading for the Town’s current and predicted future service area.

2) Review of current and upcoming potential regulatory requirements.

3) Update of the Town’s hydraulic model to simulate the existing conditions.

4) Development of a hydraulic model to simulate the system using the projected population in 
2039, and review of infrastructure needed to support potential expansion areas consistent 
with future growth projections.

5) Assessment of treatment plant improvements that may be needed to support upcoming 
regulations and future growth.

6) Identification of proposed system improvements for use in a capital improvements plan.  

Section 3 presents a summary of existing wastewater collection and treatment facilities. Section 4 
discusses existing and anticipated regulatory requirements that impact the Town operations. Section 5 
evaluates the current and estimated future wastewater flow rates. Section 6 presents a review of the 
hydraulic model of the collection system. In Section 7, the major components of the collection system and 
treatment facility are evaluated for current performance and ability to meet future needs of the system. 
Recommended, and potentially required, capital improvement projects are presented in Section 8.
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3. DESCRIPTION OF EXISTING WASTEWATER SYSTEM

3.1. SERVICE AREA

The sanitary sewer service area covers the incorporated limits of the Town, as well as, the neighboring 
Gem Village community and several residences along Bayfield Parkway to the west of the Town limits. 
There currently are approximately 1,700 residential and commercial billed users within the Town’s sewer 
system.  Growth during the planning period is anticipated to be concentrated to the east of the existing 
service area, with some infilling of the area between Gem Village and the Town service areas. Figure 1 
(below) depicts the current and predicted future service area boundaries.

SEE FIGURE 1 – SERVICE AREA MAP REFERENCED ON NEXT PAGE.
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Figure 1. Service Area Map
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Figure 2. Existing Facilities Map
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3.2. COLLECTION FACILITIES

The sanitary sewer collection system provides for the conveyance of sewer flows from all (connected) 
Town businesses and residences to a central treatment facility. This arrangement helps to maintain a clean 
environment by preventing sanitary waste from contaminating private and public property, including 
waterways, and prevents over concentration of residential septic systems.

3.2.1. GRAVITY PIPING AND MANHOLES

There are approximately 21.6 miles of gravity pipe in the existing collection system. The majority 
is constructed of polyvinyl chloride (PVC) piping with some older areas of vitrified clay pipe (VCP). 
The oldest portions of the collection system remaining in service date back to the 1960s. There 
are a combined total of 500 manholes and 4 lift stations that convey sanitary sewer flows within 
the existing collection system. Historically, the Gem Village area operated a separate collection 
and treatment system but the older WWTP was decommissioned and a lift station installed to 
convey sewer flows to the Town treatment facility in 2007.

The Gem Village collection area is depicted in Figure 2 (above). This area is built with 
approximately 19,670 feet of 8-inch PVC piping, and a 70-foot section of 10-inch piping that 
connects the last manhole to the Gem Village Lift Station. There are 80 manholes and 2 lift stations 
within the Gem Village collection area.

The Town collection area is larger and more varied in size and material types than the Gem Village 
area. There are approximately 85,610 feet of 8-inch, 210 feet of 10-inch, 5,220 feet of 12-inch, 
and 3,310 feet of 15-inch gravity piping within the Town collection area. This mostly consists of 
PVC piping, but also includes approximately 15,220 feet of VCP, 3,550 feet of which has been lined 
with PVC during previous maintenance projects. There are approximately 420 manholes and 2 lift 
stations that connect the Town collection area and convey flows to the Town WWTP.

3.2.2. LIFT STATIONS

The Bayfield collection system includes 4 collection system lift stations; 2 of the stations use 
vacuum prime pump systems and 2 others have recently been rebuilt using submersible pump 
systems. Each station is a duplex installation; providing redundant pumping units that alternate 
duty to maintain even wear on the pumps. They are discussed individually in the sections below.

3.2.2.1. SUNRISE LIFT STATION

The Sunrise Lift Station was rebuilt in June 2019 with a new submersible pump system (Flygt 
model NP 3085); pump curves are included in the Figure 3. The rebuilt lift station retains the 
existing force main, which is constructed of approximately 1,610 feet of 4-inch PVC piping. 
The new pumps are predicted to run at a reduced motor frequency of approximately 50 Hz to 
achieve the design flow rate. The previous installation used a mechanical rotophase unit to 
convert single phase to 3-phase power to operate the pumps.  The new installation uses a 
solid state (VFD) unit to create 3-phase power; this change has also improved the reliability 
of the lift station. This lift station averaged 5.4 hours of run time per day with the previous 
vacuum prime pump system and showed no seasonal change in operating times. The 
Operations team had struggled with occasional loss of prime in the vacuum system leading to 
erroneously high run times on the pump hour meter.  The new submersible system has shown 
significantly reduced run time, averaging 1 hour per day. 
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Figure 3. System and Pump Curves for Sunrise Lift Station
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3.2.2.2. SHELL LIFT STATION

The Shell Lift Station was rebuilt in July 2019 using identical pumps and controls as the Sunrise 
Lift Station; pump curves are represented on Figure 4. The lift station designer appears to 
have planned for more head loss than the as-built conditions provide; hence, the duty point 
is significantly above the calculated system curve. This existing force main is built from 
approximately 450 feet of 4-inch PVC and the new pumps may be able to achieve the design 
flow at a reduced motor frequency of approximately 40 Hz. This lift station averaged 0.3 hours 
of run time per day with the vacuum prime system and showed no seasonal variation in run 
times; the new pump system has shown the same average daily run time. 

Figure 4. System and Pump Curves for Shell Lift Station
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3.2.2.3. HIGHWAY 160 LIFT STATION

The Highway 160 Lift Station uses a Smith & Loveless vacuum prime pump system that was 
installed in 2001, and it averages 0.3 hours per day of run time; represented on Figure 5. The 
station is being considered for a future upgrade to the same Flygt pumps installed in the 
Sunrise and Shell Lift Stations.  This would allow the Town to maintain limited shelf spares 
that can be utilized at any of three lift stations. The existing force main is constructed of 
approximately 1,200 feet of 4-inch PVC piping, that crosses under Highway 160 near the east 
edge of Gem Village. The planned replacement pumps are predicted to run at a motor 
frequency of 50 Hz to maintain the design flow rate. This lift station operates for an average 
of 20 minutes per day and shows no seasonal variation in recorded run times.

Figure 5. System and Pump Curves for Highway 160 Lift Station

3.2.2.4. GEM VILLAGE LIFT STATION

The Gem Village Lift Station conveys sanitary sewer flows from the Gem Village area into the 
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Figure 6. System and Pump Curves for Gem Village Lift Station
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3.3. WASTEWATER TREATMENT PLANT

The current wastewater treatment plant is based around a Sanitaire Sequencing Batch Reactor (SBR) 
design and has been in operation since August 2009.  Previously the Town operated a three-cell lagoon 
treatment system. The WWTP process flow diagram is included as Figure A in Appendix A.  The SBR WWTP 
includes 2 treatment trains that both operate simultaneously, but on alternating cycles so only one will 
discharge at a given time. The SBR plant was designed for a hydraulic loading of 0.6 MGD, and organic 
loading of 1,583 pounds/day BOD. Each unit process of the WWTP is reviewed in the sections below.

Sizing requirements for WWTP unit processes is not always intuitive. Some components are rated and 
sized based on average usage situations, but all units must be able to process the peak hourly flow 
entering the plant. Due to this, the headworks and disinfection processes are typically rated for the 
anticipated peak hour flow and the biological treatment processes are rated based on average flow rates. 

3.3.1. HEADWORKS

The WWTP headworks is the unit process where flow leaves the collection system and enters the 
treatment plant. The headworks provides for removal of grit and relatively large suspended solids 
(such as rags, plastics and other non-sanitary waste solids), flow measurement, and pumping flow 
into the treatment basins. At the headworks, wastewater flows through a step screen, is 
measured in a 6-inch Parshall flume, flows thorough the grit removal process, and is finally 
pumped out of the headworks for further processing and treatment. The influent flow channel is 
covered, and the foul air is collected by an odor control system that passes the air through an 
activated carbon filter.
 
The existing step screen is a Huber SSF series and, like the rest of the headworks, was sized for a 
peak hour flow rate up to 3 MGD. It has a 3x6 mm screen spacing, effectively removing most solids 
and placing them in an integral bagging system. The unit has performed as designed since the 
WWTP startup and is scheduled for preventive maintenance in 2019. There is also a second 
screening channel with a 1-inch manual bar screen that can be used to bypass the step screen for 
emergency or maintenance needs.
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Influent flow is measured with a 6-inch Parshall flume and data is recorded continuously using an 
ultrasonic level sensor. The influent flow data is saved in the plant’s supervisory control and data 
acquisition (SCADA) system. 

The grit removal system is a Smith & Loveless Pistagrit series vortex type system; it is designed to 
remove sand, gravel, and other small grit that could damage pumps and become trapped in the 
treatment basins.  The system operates at internal flow rates up to 250 gpm and uses a bagging 
system to collect the grit removed from the processed wastewater.

Following screening and grit separation, the influent flow is pumped into the SBR basins. The 
influent pump system utilizes 3 pumps to cover a wide range of possible flow rates. The smallest 
pump was designed to convey flows as low as 84 gpm, the second pump will turn on if flows 
exceed 210 gpm, and the third pump will activate if flows are in excess of 420 gpm.  The combined 
capacity of the 3 pumps is 3 MGD. The influent pump layout includes space for a fourth pump if 
necessary for future expansion. 

3.3.2. SEQUENCING BATCH REACTORS

The Town’s previous lagoon treatment system (like many other continuous flow facilities) had a 
constant flow of sewage in and treated water out of the treatment facility. Sequencing Batch 
Reactor (SBR) plants treat the wastewater in batches and interrupt the effluent flow from the 
facility. Some SBRs also include influent equalization to allow interruption of flow into the 
treatment tanks; the Town SBR system uses a continuous inflow design. The SBR is a biological 
treatment process that provides for the reduction of biochemical oxygen demand, ammonia, 
suspended solids, and some other wastewater constituents; special operating parameters may be 
required to effectively reduce some contaminants such as inorganic nitrogen, and phosphorous.

There are 2 existing SBR units and available space for 2 additional treatment trains in the future. 
The SBRs utilize Sanitaire’s Intermittent Cycle Extended Aeration System (ICEAS) process and are 
rated for an average daily flow of up to 0.6 MGD.

The existing basins are approximately 96-feet long and 34-feet wide and designed to provide a 
hydraulic retention time of 1.32 days. The basins are each divided into a smaller pre-react zones 
of approximately 128,900 gallons and a larger SBR tank that holds roughly 962,000 gallons.

Each basin operates on a timed cycle; the cycle time can be automatically reduced if needed to 
respond to unexpectedly high inflow. The basic cycle time consists of a 120-minute React phase 
(which is the sum of three 40-minute aeration cycles with adjustable aeration times for each), a 
60-minute Settle phase, and a 60-minute Decant phase. Each basin is on an alternating operation 
cycle so a single blower can operate continuously. During a storm cycle, the normal 4-hour cycle 
time is reduced to 3-hours by simply reducing the time of each phase by 25 percent. A moving 
weir allows treated water to flow out from the top of the basin during the Decant phase.

The manufacturer’s specifications show planned effluent quality parameters (at design loading) 
of 20 mg/L TSS and BOD, and a seasonally varying ammonia of either 2 or 10 mg/L (summer or 
winter, respectively). The design parameters remain appropriate with the current discharge 
permit requiring a limit of 30 mg/L TSS and BOD, and 13 mg/L for ammonia (see discharge permit 
in Appendix B).
Each basin also has a dedicated pump to convey waste activated sludge from the SBR basin into 
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the sludge holding tank. These pumps are submersible, Flygt model NP3102, and rated to convey 
up to 271 gpm.

3.3.3. UV DISINFECTION SYSTEM

Disinfection of wastewater entering surface waters is required under state and federal 
regulations. This may be accomplished using a chemical disinfectant such as chlorine or with 
ultraviolet light. The existing disinfection system utilizes ultraviolet light to inactivate pathogens 
in the treatment plant effluent. The Trojan Model UV 3000 Plus units are sized for flow rates up 
to 3 MGD. There are 2 UV channels and reactors to provide redundancy for the disinfection 
process. Water level in the disinfection channels is held constant by a serpentine weir.

3.3.4. EFFLUENT FLOW METER

The flow rate of treated water leaving the plant is measured with an electromagnetic flow meter 
upstream of the UV system. There is also a 90-degree V-Notch weir immediately downstream of 
the UV system’s serpentine weir; the V-Notch weir can be used as a secondary measurement 
point and may also be used to verify accuracy of the electromagnetic flow meter.  Flow data is 
collected continuously and recorded by the SCADA system.

3.3.5. BLOWERS

Blowers provide forced air to the treatment basins to reduce biochemical oxygen demand, 
ammonia, and other inorganic materials. In theory, it takes approximately 1.1 pounds of oxygen 
to reduce 1 pound of BOD, and 4.6 pounds of oxygen to reduce 1 pound of ammonia to nitrate (a 
process called nitrification). Oxygen demands for complete denitrification (reducing the nitrate to 
nitrite and then to nitrogen gas) can be much greater than simple nitrification. Inefficiencies of 
oxygen transfer due to aeration bubble size and water depth must also be accounted for in sizing 
a blower system.
 
Three existing blowers are available to provide air to the SBR basins and the sludge holding tank. 
All blowers are Sutorbilt 7MP Series with a sound attenuation package that includes inlet and 
outlet silencers, and an enclosure over the blower assembly. The blowers are each rated to 
produce a minimum air flow of 760 scfm.  One 8.8 psi capable blower provides air to the sludge 
holding tank, while two 8.3 psi capable blowers are available to provide air for the SBR basins.

3.3.6. SOLIDS HANDLING

The sludge dewatering and solids handling processes include a sludge holding tank, belt filter 
press, and associated transfer pumps and polymer feed system. Waste activated sludge (WAS) is 
transferred from the SBR basins to the sludge holding tank for processing on the belt filter press. 
The holding tank is designed for a maximum storage volume of 178,800 gallons of liquid while 
maintaining the required 18-inches of freeboard. 

The filter press is a BDP Industries Model 3DP belt filter press with a 3/4-meter wide belt. It was 
designed to thicken sludge at a rate of 550 lb/hr and 130 gpm, and to dewater thickened sludge 
at the same mass loading rate but a predicted flow rate of 47 gpm.  

The polymer feed system was converted from an automated make-up system to a batch mix tank 
system in July 2019. WWTP Staff reported a savings in both water and polymer consumption after 
making this change. The new polymer system utilizes a Hootenanny type eductor to mix dry 
polymer into water and a tank mixer provides for the full dispersion and activation of the polymer 
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solution.

Sludge is conveyed from the sludge holding tank to the belt filter press by a dedicated Boerger 
Pump Model PL 100. A similar model PL 200 Series pump is used to convey thickened sludge back 
to the sludge holding tank (after primary processing on the filter press). A screwless shaft 
conveyer is used to move dewatered sludge from the end of the press to a roll off dumpster.

3.3.7. SUPERVISORY CONTROL AND DATA ACQUISITION SYSTEM (SCADA)

The SCADA system was installed with the new WWTP and commissioned in 2009. The WWTP is 
operated from a central programmable logic controller (PLC) that runs the major treatment 
processes and feeds information into the SCADA system. Several unit processes operate with local 
PLCs that are controlled through the central WWTP PLC; these include the step screen, grit 
removal, and belt press. The Operations staff have remote monitoring and alarm viewing ability 
through the RS Means based SCADA system. An alarm dialer will alert the on-call operator if there 
is an immediate response need. The SCADA system also records data required for monthly 
compliance reporting.
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4. REGULATORY REQUIREMENTS

Wastewater treatment facilities are regulated by both the Federal Environmental Protection Agency (EPA) 
and the State of Colorado Department of Public Health and Environment (CDPHE). The CDPHE has primacy 
over EPA regulations and therefore is the only agency with which Colorado treatment facilities interact. 
The following sections discuss the major applicable regulations that impact the wastewater collection and 
treatment systems.
 EPA Clean Water Act
 Colorado Water Quality Control Act
 CDPHE Regulation 22 – Site Location and Design Approval
 CDPHE Regulation 31 – Basic Standards for Surface Water
 CDPHE Regulation 64 - Biosolids
 CDPHE Regulation 85 – Nutrient Removal
 CDPHE Regulation 100 – Operator Certification Requirements 
 CDPHE WPC DR 1 – WWTP Design Criteria

4.1. EXISTING REGULATIONS AND TREATMENT REQUIREMENTS

The following sections give brief summaries of the major federal and state regulations that set forth the 
effluent and treatment quality requirements for the Town WWTP.

4.1.1. EPA CLEAN WATER ACT

The Clean Water Act (CWA) establishes the basic structure for regulating discharges of pollutants 
into the waters of the United States and regulating quality standards for surface waters. The basis 
of the CWA was enacted in 1948 and was called the Federal Water Pollution Control Act, but the 
Act was significantly revised and expanded in 1972. “Clean Water Act” became the Act’s common 
name with amendments in 1972. 

Under the CWA, the EPA has implemented pollution control programs; such as, setting 
wastewater standards for industrial and municipal users. The EPA continues development and 
occasional revision of quality criteria that regulate pollutants in surface waters.

The CWA made it unlawful to discharge any pollutant from a point source into navigable water, 
unless a permit was obtained.  The EPA’s National Pollutant Discharge Elimination System (NPDES) 
permit program controls allowable discharges. Point sources are discrete conveyances, such as, 
pipes or man-made ditches. Individual homes that are connected to a municipal system, use a 
septic system, or do not have a surface discharge do not need an NPDES permit; however, 
industrial, municipal, and other facilities must obtain permits if their discharges go directly to 
surface waters.

4.1.2. COLORADO WATER QUALITY CONTROL ACT

The Colorado Water Quality Control Act was most recently updated in 2017; it is published under 
the Colorado Revised Statues, Section 25-8-501. This regulation defines the State’s ability to 
regulate water uses and discharges to conserve and maintain the quality of public waters. The 
requirements related to expansion and construction projects for wastewater treatment facilities 
are included in this regulation; if a facility exceeds 80 percent of design capacity (as a 30 day 
average), they are required to begin planning and design of a facility expansion and if a system 
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exceeds 95 percent of capacity, the facility must begin construction of the planned expansion.

4.1.3. CDPHE REGULATION 22 – SITE LOCATION AND DESIGN APPROVAL

The Site Location and Design Approval for Domestic Wastewater Treatment Works (Regulation 
22) regulates wastewater treatment facilities, lift stations and large diameter sewer lines. This 
rule sets forth the minimum standards for location selection and design of the covered systems; 
however, local government entities are permitted to create more stringent requirements if 
desired. The CDPHE has also established a fee system to help offset their expenses associated 
with reviewing site location and design submittals.

Changes in design flow rate and organic loading capacity can require an amendment to the 
existing site approval. This can impact both lift stations and treatment plants if community growth 
forces an increase in capacity.

4.1.4. CDPHE REGULATION 31 – BASIC STANDARDS FOR SURFACE WATER

The Basic Standards and Methodologies for Surface Water (Regulation 31) was adopted in 1979 
and most recently updated in 2017. This regulation sets forth an antidegradation rule for 
managing potential impacts to surface waters; it also creates a system for classifying water bodies 
and assigning standards based on those classifications. These standards form the basis for most 
of the numeric effluent requirements applied to the WWTP. The most notable impacts of the 
recent revisions are to nutrient limits. For cold water streams (such as the Los Pinos River) interim 
limits include 110 ug/L total phosphorous and 1,250 ug/L total inorganic nitrogen; however, these 
limits will likely not be in effect until 2027.  A mass balance approach to estimating future Bayfield 
limits reveals a potential total phosphorus limit less than 1 mg/L and a total inorganic nitrogen 
limit less than 5 mg/L. WWTP permits will start to adopt limits intended to keep the total nutrient 
load in the river below these interim limits in the next 10 years.

Regulation 31 also establishes the numerical limits for a long list of substances ranging from 
common metals (such as iron and copper) to radioactive substances and chemicals of concern. 
Most regulated substances have been listed for many years and meeting the associated 
limitations does not represent a challenge for most treatment systems.

4.1.5. CDPHE REGULATION 64 – BIOSOLIDS

Biosolids are a waste product of the treatment process. They are the solids remaining after 
dewatering waste solids from the treatment process and are commonly disposed of by use as a 
fertilizer source for specific crops or may alternatively be disposed of in a landfill. The purpose of 
the biosolids regulation is to control the use of biosolids as a fertilizer and/or organic soil 
amendment to protect the public health and prevent the discharge of pollutants into state waters. 

This regulation applies to facilities that produce biosolids and those that transport or apply them. 
It establishes limitations to the quantity applied to an area based on cumulative loading of tracked 
potential pollutants. Biosolids disposed of in a landfill, which is the current practice at the Town’s 
WWTP, are subject to regulation as solid wastes and are not controlled though Regulation 64.

4.1.6. CDPHE REGULATION 85 – NUTRIENT REMOVAL

Regulation 85 provides a technology-based limit approach to reducing nutrient discharges from 
wastewater treatment facilities. This contrasts with the antidegradation approach to the limits in 
Regulation 31. The technology-based approach creates limits that are achievable with currently 
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available equipment, while the antidegradation approach simply looks at the existing stream 
quality and does not account for current technological or economical limitations. 

This regulation went into effect in 2012 and established different limitations for existing versus 
new facilities. Facilities that went into service after May 31, 2012 are subject to more stringent 
limits than those in operation previously. WWTP’s that meet the requirements of Regulation 84 
are eligible for deferred implementation of Regulation 31; the amount of delay is dependent on 
how regularly the facility meets the current limits. The annual average total inorganic nitrogen 
and total phosphorous limits created by Regulation 85 are presented in Table 1. 

Table 1. Regulation 85 Nutrient Limits

Description WWTP started 
before May 31, 2012

WWTP started 
after May 31, 2012

Total Inorganic Nitrogen (mg/L) 1.0 0.7
Total Phosphorous (mg/L) 15 7

4.1.7. CDPHE REGULATION 100 – OPERATOR CERTIFICATION REQUIREMENTS

The personnel operating the treatment and collection systems must be licensed by the State to a 
level appropriate for the size and complexity of the facility. There are four licensing levels for 
treatment and collection operations; treatment licenses are identified as D through A and 
collection licenses as 1 through 4, with the D or 1 level being introductory and the A or 4 level 
requiring a minimum of four years’ experience. In addition to meeting experience requirements, 
personnel must also pass a written exam to qualify for each licensing level.  The licensing 
requirements are defined within CDPHE Regulation 100, which was updated in 2019. The 
collection system currently requires a Class 2 license, while the treatment plant requires a Class B 
license. The potential combination of adding nutrient removal processes and an increase in 
treatment plant capacity could change the licensing requirement to an A level.

4.1.8. CDPHE WPC-DR-1 – WWTP DESIGN CRITERIA

The current version of the State of Colorado Design Criteria for Domestic Wastewater Treatment 
Works (WPC-DR-1) was implemented in the Fall of 2012, replacing the former Policy 96-1. This 
document describes the criteria used by the State for review of wastewater systems and sets forth 
the requirements for design reports prepared for state review. 

The listed criteria are used by the CDPHE to evaluate whether a design, including lift stations, 
interceptors, treatment facilities, and outfalls, is adequate for the wastewater conveyance and 
treatment requirements defined in the site location approval, discharge permit, or other 
applicable criteria. To the maximum extent practical, these criteria are performance-based, 
providing flexibility to tailor the design to specific project circumstances. 

4.2. FUTURE REGULATORY REQUIREMENTS

The major upcoming requirements for treatment facilities are already published in Regulation 31. It 
establishes the basis for future nutrient removal beyond the current requirements in Regulation 85. There 
are no published plans for further restrictions on the discharge of municipal wastewater facilities; 
however, there has been discussion among the regulatory agencies regarding the control of 
pharmaceutical byproducts and other emerging contaminants of concern. The next major revision to 
effluent limitations could address the cumulative loading of these contaminants to the water ways.
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5. CURRENT AND FUTURE WASTEWATER FLOWS

5.1. POPULATION PROJECTIONS AND GROWTH AREAS

Future growth of the Town of Bayfield is expected to be concentrated to the east of the existing service 
area. The Clover Meadows Subdivision is currently expanding with active construction that could build up 
to 123 equivalent units of water and wastewater demand; this development is located east of Clover Drive 
and south of Orchid Drive. A map of the anticipated wastewater service area growth is included above as 
Figure 1. 

The Town adopted a Comprehensive Plan in 2018 that contains the most recent prediction of future 
population growth.  It shows an annual growth rate close to 3.5 percent for the current period (2015 
through 2020), decreasing over time to approximately 1.5 percent by 2035.

5.1.1. 20-YEAR PLANNING PERIOD

The 20-year planning period extends into 2039. The 2018 Comprehensive Plan lists population 
predictions out to 2045. Figure 7 presents the historical population records and the predicted 
growth based on the Comprehensive Plan.

Figure 7. Town of Bayfield Historical and Predicted Future Population
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5.1.2. POPULATION GROWTH RATES

The Town of Bayfield was incorporated in 1906, with an initial population of 227 people. The 
population has grown steadily since then; the last census completed in 2010 showed a population 
of 2,333. More recent estimates predict a current population of approximately 2,950.

Figure 7 depicts both the recorded and predicted population for the Town of Bayfield. National 
Census Data is included for the four previous U.S. Census cycles (1980, 1990, 2000, and 2010). 
State demographer estimates are included for the years between US Census cycles.  The predicted 
future population projection is based upon the 2018 Comprehensive Plan growth estimates.
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5.1.3. SPECIFIC AREAS OF CONCENTRATED GROWTH

The existing subdivisions within the Bayfield service area are largely built out. Clover Meadows is 
currently constructing their planned Phase 7 Development; this is anticipated to add 123 
residences to the system and is already included in the service area boundary. Future 
development is predicted to be east of County Road 501 and mostly to the north of Highway 160.  
The land north of Dove Ranch Road is expected to become a medium density (single family) 
development area. The land adjacent to the new elementary school is also likely to be developed; 
a mix of medium and higher density developments is anticipated for this area. 

Previous predictions have anticipated growth immediately north of Dove Ranch Road. Recent 
completion of a new elementary school south of Oak Drive may re-focus growth to that vicinity. 
Additional medium density growth is also anticipated to the southeast of the current service area, 
adjacent to the existing Mesa Meadows and Clover Meadows Subdivisions. For more detail, see 
the Future Land Use Map located in Appendix A.

5.1.4. LAND USE

The predominant zoning type in the Town is residential; less than 10 percent of the incorporated 
area is designated as commercial. Future growth is projected to continue within the existing 
pattern towards residential zoning with enough commercial development to provide for the 
major needs of local residents. For visual reference, see the Bayfield Future Land Use Map 
(developed by RG & Associates) located in Appendix B.

5.2. HISTORICAL WASTEWATER LOADING

5.2.1. ANNUAL WWTP LOADING

There is a significant difference between the average influent flow rate during the summer and 
winter months. Records from recent years show an approximate doubling of flow rates in the 
summer; this is attributed to a seasonal rise in the water table level due to unlined ditches that 
cross through many areas of Town, and possibly a significant number of unwanted sump pump 
connections. The increased water table leads to infiltration of groundwater to the collection 
system. Figure 8 (below) presents the monthly average influent flow to the WWTP during the 
study period and Figure 9 (below) presents the biochemical loading during the same period. Each 
figure includes a line depicting 80 percent of the applicable permit limit.  In accordance with 
CDPHE regulations, the Town must begin design of a plant upgrade if loading exceeds 80 percent 
of the permit limit on a 30-day average.
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Figure 8. Monthly Average WWTP Influent Flow
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Figure 9. WWTP Monthly Average Biochemical Oxygen Demand
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5.2.2. HISTORICAL CONNECTIONS

Historical population data and future growth predictions are summarized above in Section 5.1. 
Table 2 (below) summarizes the current and predicted future number of service taps in relation 
to population estimates. The current ratio of population to Equivalent Residential Taps (ERTs) is 
1.7 persons per ERT, which has been used to predict the future growth in system connections in 
relation to population growth.
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Table 2. Population and Billed Accounts Prediction

Description Existing Service Area 
(2019)

Future Service Area 
(2039)

Population 2,950 4,650
Billed Accounts 1,700 2,750

5.2.3. CURRENT POPULATION AND PER CAPITA WASTEWATER FLOW

The most recent federal census completed in 2010 recorded a population of 2,333 people in the 
Town of Bayfield; predictions of 2019 population show approximately 2,950 people. Averaged 
plant data from 2014 through 2018 shows per capita loading rates of 105 gpcd for the average 
WWTP influent flow and 155 gpcd for the maximum month average flow. 

The maximum flow day during the study period was during June 2015. The WWTP recorded a 
daily maximum influent flow of 0.62 MG, correlating to a per capita flow of 240 gpcd. The average 
and max month flows have not significantly changed over the past five years; however, the 
average flow has grown from 0.28 to 0.29 MGD, and the highest maximum month flow of 0.45 
MGD was recorded in 2015.

5.3. DIURNAL AND INFLOW AND INFILTRATION PEAKING FACTORS

Diurnal peaking factors are based on typical daily variations of flow within the sewer system attributed to 
the cycles of human activity.  There can also be changes in flow due to seasonal or weather conditions 
that impact sanitary sewer systems; common weather-related causes are rainfall and snow melt. The peak 
flow day during the study period was investigated; it was during June, so snowmelt was not a factor, and 
the 0.7 inches of rain received was also not likely the cause. 

Inflow and infiltration (I&I) describe pathways for unwanted water to enter the collection system; inflow 
refers to water entering from the surface (such as at manhole lids), while infiltration refers to water 
entering below ground level (associated with poor sealing of manholes, pipes, or service taps). The I&I 
within the Bayfield collection system appears to be more related to seasonal ditch operation, and the 
associated change in local groundwater level than to any weather-related impact. The seasonal variation 
attributed to infiltration leads to the average summer flow exceeding the winter flow rates by a factor of 
1.8. 

Daily variations show a diurnal curve reflecting the trends in human activity with peak flows in the morning 
and evening, and very low usage in the nighttime.  Figure 10 presents an average diurnal curve that was 
derived from flow metering in the Bayfield system completed in 2015; this curve is used to predict peak 
hourly flows within the hydraulic model.
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Figure 10. Diurnal Curve of Bayfield Wastewater Flow
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5.4. PROJECTED FUTURE WASTEWATER LOADING RATES

The predictions of future flow and biological loading at the plant are based on the population projection 
and recorded plant data discussed in the sections above. The flow and biological loading are represented 
on Figure 11 and 12.

If the current influent loading rate per capita holds steady and the growth predictions are correct, the 
maximum month average influent flow could start to exceed 0.48 MGD before 2025, and the annual 
average could reach that level within the planning period.  As mentioned above in the regulatory review, 
once the influent flow exceeds 80 percent of either the hydraulic or biological limits, CDPHE regulations 
require that the Town begin design of a facility expansion.

Figure 11. Measured and Predicted WWTP Influent Flow
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Figure 12. Measured and Predicted Biological Loading
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6. HYDRAULIC MODEL

Computer based hydraulic models are commonly used to aid in analysis and design of sewer collection 
systems. All major components of the collection system (including each manhole, lift station, and all 
connecting pipes) are represented in the model. Pumps and lift stations are modeled based on 
manufacturer’s performance curves and surveyed elevations. A properly calibrated model is an excellent 
resource for evaluating existing system conditions and planning for future improvements; however, 
digitized models of real-world systems are limited to the accuracy of the data used to build and calibrate 
them.

The model of the Town of Bayfield’s sanitary sewer collection system has been updated using Bentley’s 
SewerGEMS computer program; the previously developed model was updated, expanded, and re-
calibrated as part of this study. The Existing Facilities Map presented in Section 2 shows the entire 
collection system as represented in the model.

The SewerGEMS model has been developed using survey data collected by Pinnacle Surveying on behalf 
of the Town.  The model was initially started by Souder Miller and expanded by Plummer to include the 
entire collection system. An accurate survey is an exceptional data source for a hydraulic model; the 
relative distances and elevations between the system components is critical data input to a model for a 
sewer collection system which operates almost entirely by gravity. All system components have been 
represented as accurately as possible; the lift stations have been modeled based on the manufacturer’s 
pump curves and recorded wet well depths, and the slope of the gravity flow pipes is based on surveyed 
invert elevations at all manholes.

User demands within the model are distributed based on current records and predictions of future growth 
usage and locale. The total sewer flow in the model was adjusted to reflect recent WWTP maximum month 
records and predictions of future demand presented in Section 5. Hourly variations in flow are based on 
a diurnal curve which was developed from measured sewer flows in the Bayfield collection system.  This 
diurnal curve allows for evaluation of predicted peak hourly flows within the collection system. 

6.1. HYDRAULIC MODEL CALIBRATION

The model has been calibrated to reflect the best available records for the collection system. This is based 
on the recorded influent flow at the WWTP and the run time meters at the lift stations. The Operations 
staff expressed limited confidence in the run time data due to repeated incidences where vacuum prime 
pumps have lost prime and run dry, creating a false increase in recorded run times.  Due to this, limited 
emphasis has been placed on run time data and extra care has been taken to ensure an appropriate 
loading of equivalent units to each area.

Tables 3 and 4 show the recorded versus modeled flows and lift station run times achieved within the 
calibrated model.

Table 3. Comparison of Measured Versus Modeled Collection Flow Rates

Scenario Recorded Influent 
(MGD)

Modeled Influent 
(MGD)

Average Flow 0.281 0.283
Max Month Flow 0.411 0.408
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Table 4. Comparison of Measured Versus Modeled Lift Station Run Times

Sunrise LS (hrs) Shell LS (hrs) Hwy 160 LS (hrs) Gem Village LS 
(hrs)Scenario

Actual Model Actual Model Actual Model Actual Model
Average 1 1.6 0.4 1.2 0.35 0.4 2.1 2.7
Max Month 1 1.8 0.6 1.8 1.1 0.55 3.1 4.1

6.2. HYDRAULIC MODEL OF EXISTING CONDITIONS

Two scenarios of the existing conditions have been developed in the model to reflect both the annual 
average and maximum month flow rates to the WWTP (0.28 and 0.41 MGD, respectively). The modeled 
results for influent flow and lift station run times are presented above in Tables 3 and 4. The run times 
presented for the Shell and Sunrise Lift Stations are based on the available operating data for the new 
pump installations; the new pumps have only been in operation for 2 to 3 months.

The total flow in the modeled system shows good calibration for the average and maximum month flow 
scenarios. The data fit for the lift station run times show more variability; the modeled results show up to 
one-hour difference from the field data. Due to the relatively low utilization at all the lift stations, these 
results are considered acceptable and do not impact the evaluation or recommendations for capital 
improvements.

6.3. HYDRAULIC MODEL OF FUTURE CONDITIONS

The future conditions are simulated for the 20-year prediction of maximum month loading. The predicted 
future maximum month flow rate of 0.766 MGD is based on the current 1.8X peaking factor between 
average and maximum month conditions. Assuming improvements are made to reduce inflow and 
infiltration rates, this should present a worst-case scenario for the 20-year planning period.

The model does not predict any overload conditions within the future scenario. The Gem Village Lift 
Station is predicted to operate for up to 12 hours per day under a max month condition; however, the 
peak influent rate at the wet well remains below the pump station design point. Depending on how the 
growth to the east is connected to the existing system, there could also possibly be a significant increase 
in flow to either the Shell or Sunrise Lift Stations. Gravity flow pipes are considered overloaded if the 
predicted flow exceeds 75 percent of capacity; no existing gravity pipes are predicted to exceed this 
threshold. 
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7. WASTEWATER SYSTEM EVALUATION

The following section reviews the major system components and their predicted ability to meet future 
system needs.

7.1. COLLECTION SYSTEM EVALUATION

The existing collection system is mostly constructed of PVC piping and pre-cast concrete manholes which 
are expected to have a service life in excess of 30 years. There are limited sections of older clay piping 
that should eventually be replaced (or potentially slip lined depending on overall integrity). Individual 
aspects of the collection system are discussed in the following sections.

7.1.1. COLLECTION SYSTEM BASINS

The natural geography of the area leads to major branches of the gravity collection system that 
run into a common pipe before joining the rest of the system.  These areas can be conceptualized 
as collection basins and the common pipe can provide a location for flow measurement for the 
whole basin. The lift stations also represent distinct basins that can provide additional flow 
monitoring locations. Several other locations could provide places to logically separate the 
existing system, including the eastern and western branches of the collection system north of 
Highway 160, and the branch connections near the intersection of Mustang and Mars. 

These basins present ways to divide the collection system into manageable areas to organize 
cleaning, camera inspections, and repair of the system on a regular basis.  It is important to have 
a sustainable maintenance plan and budget and to keep Inflow & Infiltration (I&I) at acceptable 
levels.  The budget should allow for cleaning, CCTV inspection, and timely repair of identified 
issues. The total pipe length to be inspected each year should ideally provide for the monitoring 
of the entire system every 5-10 years (large systems strive for a one-year cycle). Discussions with 
regional contractors who provide cleaning and CCTV services have resulted in an estimated 
expense of $2.50 per foot to outsource this work. This rate leads to a potential cost of $290,000 
for the whole existing system; if the system were covered on a 10-year cycle the budgeted cost 
for cleaning and CCTV services would be approximately $30,000 annually. Town staff have been 
cleaning the entire system annually but have not had manpower to keep up with CCTV 
inspections; without CCTV inspections, locations in need of repair can be difficult to identify.

7.1.2. INFLOW AND INFILTRATION

I&I within the existing collection system is significant during summer months when the irrigation 
ditches are in operation. The influent flow rate to the plant during this time period can be close 
to double of winter flows. Improvements to the collection system should be completed to reduce 
unwanted groundwater in the collection system and prevent a potential treatment plant 
expansion that could otherwise be required. Discussions with District staff have identified some 
known service tap deficiencies which are discussed further in Section 8. In addition to repair of 
known issues, regular inspections should be completed to identify potentially new areas of root 
intrusion or other structural issues. 

7.1.3. GRAVITY PIPING CAPACITY

The model shows no directly overloaded pipes; however, some sections show low slope which 
may create maintenance challenges. One section along East Court has predicted flows that can 
exceed 50 percent of capacity.  Staff suggested a potential gravity reroute to reduce loading to 
that section of pipe; the potential costs for that work are included in Section 8.
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Staff also requested a review of options for creating a gravity conveyance line to serve the area 
along Highway 160 to the east of the current service area.  A potential alignment has been 
identified (see Figure B in Appendix A; it follows existing roadways and property lines).  However, 
due to the conceptual nature of this alignment, existing easements have not been investigated. 
The cost estimate presented in Section 8 includes a small contingency for easement acquisitions.

7.1.4. LIFT STATION CAPACITY

The existing lift stations show relatively low usage and should require only routine maintenance, 
including occasional pump replacement. The Shell and Sunrise Lift Stations have received pump 
replacements during the Summer of 2019. 

The Highway 160 Lift Station is being considered for pump replacement using identical pumps as 
the Shell and Sunrise locations, which would allow the District to keep limited spare parts for any 
of three lift stations. There is also some potential for this lift station to be eliminated depending 
on future modifications to the Gem Village Lift Station.

The Gem Village Lift Station uses pumps in series to create the needed pressure to pump over the 
hill to the east. The Operations staff have reported maintenance issues with this installation and 
are interested in alternative solutions; potential alternatives are discussed in Section 8. Flow 
metering for the Gem Village Lift Station has been discussed in the previous master plan and 
during the 2018 rate study; flow meter installation should be considered for completion.

7.2. TREATMENT FACILITY EVALUATION

The treatment facility is in good condition and most unit processes are sufficiently sized to serve 
the District’s future needs. The major unit processes are discussed separately in the sections 
below.

7.2.1. HEADWORKS ANALYSIS

The entire headworks is sized for a peak capacity of 3 MGD. To date, the plant has recorded a 
peak instantaneous influent flow of 1.2 MGD; based on population growth, peak flows at the end 
of planning period are predicted to be approximately 1.9 MGD. Given appropriate maintenance, 
the headworks should serve the facilities needs well beyond the current planning period.

7.2.2. TREATMENT SYSTEM ANALYSIS

Overall, the treatment plant is operating well and performing as designed. Major maintenance is 
current with influent screen servicing in 2019. One regulated and one potential need for major 
equipment upgrades have been identified for the treatment plant. The regulated upgrade is based 
on the nutrient removal regulations discussed in Section 4, and the potential upgrade would be 
due to excess I&I entering the collection system.

The nutrient removal requirements in Regulation 85 went into effect in 2012, shortly after the 
District’s new treatment plant went online. Based on a preliminary evaluation, the WWTP will 
require several upgrades to meet those limits. These include an upgraded SBR control system, 
additional sensors and submersible mixers in the treatment basins, coagulant chemical dosing, 
and a tertiary filter to remove suspended phosphorous. There is also a potential need for an 
additional carbon source to support the nutrient removal biochemistry. Predicted expenses for 
the needed upgrades for nutrient removal are discussed in Section 8; a process flow diagram for 



Master Plan
Wastewater Master Plan Update

Town of Bayfield 26

the needed plant improvements is included as Figure C in Appendix A.  Finalizing the design of 
upgrades to meet the future nutrient removal requirements will require further collection and 
evaluation of process data, and possibly limited pilot testing.

The treatment plant flow capacity is regulated based on the monthly average flow; flow rates 
have been coming close to the 80 percent limitation level for the past several years (during 
summer months).  Without a significant reduction in I&I, flow may exceed the 80 percent trigger 
level in a few years. Preliminary review by the SBR manufacturer indicates that flow capacity could 
be doubled by adding a three additional treatment trains (this is due to the combination of 
nutrient removal needs and hydraulic capacity changes). Population growth is not predicted to 
require an increase to the treatment plant capacity during the planning period; however, I&I 
flows, if not reduced, may drive that need within the next 5 years. A process flow diagram showing 
the potential impacts of both nutrient removal and hydraulic capacity improvements is included 
as Figure D in Appendix A, and a conceptual-level engineer’s opinion of probable costs (OPC) for 
a treatment capacity expansion are included in Section 8. 

7.2.3. DISINFECTION ANALYSIS

The existing disinfection system was designed for a peak flow of 3.0 MGD. This is in accordance 
with State design criteria, which require the headworks and disinfection equipment to be sized 
for the peak hour flow rate. Due to the SBR treatment process, the instantaneous effluent flow 
rate varies cyclically due to the SBR decant cycles but is fairly consistent and is not dependent on 
the peak influent flow; the flow rate is determined by how quickly the effluent weir lowers into 
the water and typically peaks below 0.4 MGD. Currently, only one SBR is permitted (by the control 
system) to discharge at a time, and the existing disinfection system has capacity for multiple SBR 
trains to be discharging simultaneously. 
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8. ITEMS FOR INCLUSION IN THE CAPITAL IMPROVEMENTS PLAN

8.1. RECOMMENDED IMPROVEMENTS

The following sections present the recommended capital improvements that were identified through 
discussions with Town staff, development of the hydraulic model, and review of the existing wastewater 
system infrastructure. Figure E (in Appendix A) identifies the locations of these recommended 
improvements. The most critical work is to reduce the system I&I to avoid the expense of a treatment 
capacity expansion, which would otherwise not be required for approximately 20 years. A secondary focus 
over the next 5 years should be improvements to meet nutrient removal requirements at the WWTP. 
Table 5, at the end of this section, provides a summary of the recommended and potential capital 
improvements.

8.1.1. COLLECTION SYSTEM

The suggested collection system improvements are to address inflow and infiltration, potentially 
reroute part of the gravity system, and to consider the redesign and rebuild of the Gem Village 
Lift Station.   Additionally, a gravity sewer service to the east of the existing service area could be 
a desirable future capital improvements project.  This would be dependent on future 
developments; thus, conceptual costs have been provided but no timeframe has been 
recommended.

8.1.1.1. INFLOW AND INFILTRATION

Reduction of I&I could prevent a mandated increase in treatment plant capacity to process 
unwanted groundwater. Minimizing the I&I related peak flows observed during the summer 
irrigation season could possibly allow the existing WWTP to meet community needs for the 
next 20 years. 

The primary target identified for I&I reduction is repair of service taps, largely in the 
downtown area. Previous CCTV inspections of the collection piping identified 140 taps as 
potentially significant sources of system infiltration and as potential targets for slip lining or 
other repairs.  There are several regional vendors that specialize in trenchless repair (slip 
lining) of sewer services. However, there is a significant expense associated with this potential 
solution and it is recommended to complete a test section to evaluate the impact and assess 
if further slip lining would provide the desired improvements. Thirty-eight (38) previously 
identified tap repair locations along North and Park Streets between Buck Highway and 
Bayfield Parkway are proposed for the potential pilot study. Figure E includes a representation 
of the tap locations, as created by Souder Miller for the previous collection system study and 
a conceptual level cost for both the proposed pilot and the lining repair of all 140 taps is 
included in Appendix C. 

Before the Town can implement sewer service repairs, there is an additional issue related to 
ownership demarcation that must be addressed. The current sanitation regulations state that 
the property owner is responsible for their individual sewer tap to the connection at the 
Town’s collection pipe, which is typically under a paved roadway. This situation has led to a 
lack of sewer tap maintenance.  Discussions with Town staff have led to the identification of 
several options to address this situation.

1. Direct the individual property owners to make repairs under the authority provided within 
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Section 15-116 of the Municipal Code. However, this option could cause the Town to 
leverage court proceedings to enforce repair compliance by the property owners. 
Another potential is for the Town to offer financial assistance to help offset costs to the 
property owners.

2. Amend Town Code to alter the ownership demarcation. This approach could allow the 
Town to take over ownership and responsibility for the service lines to allow for proper 
maintenance. This could include the undesired consequence of having Public Works 
Personnel respond to all service backups or other obstructions.

3. Create a short-term lease of impacted service lines. This option would allow the Town to 
take temporary ownership of the service lines, make needed repairs, and then return the 
service line ownership to the individual properties. While this is intended as a one-time 
event, the public may perceive that the Town is responsible for sewer service repairs in 
the future.

4. Expand the WWTF to increase hydraulic capacity. Expansion of the treatment facility 
would allow the system to safely process the extra water associated with I&I. This is an 
expensive option when compared to the estimated I&I repair cost; however, it would 
provide a definitive return on the investment.

Town staff favor an incremental approach based on Option 1. Completion of the trenchless 
service tap lining should be weighed against the expansion of the treatment facility; repairs 
have the potential to mitigate the need for plant expansion at a lower cost, but success is not 
guaranteed. While the expansion is anticipated to be more expensive, it would allow 
treatment of sanitary (and I&I) sewer flows throughout the planning period.  

In addition to repairing previously identified service taps, cleaning and CCTV inspection should 
be completed on the entire collection system on a regular basis (the actual frequency will be 
dependent on available budgeting). Conceptual level costs for contracting this work are 
discussed in Section 7.1.1.

8.1.1.2. GRAVITY PIPING

The piping along East Court has a history of poorly installed taps and gravel infiltration, and it 
carries a significant portion of the collection flow.  A simple reroute that involves installation 
of approximately 300 feet of new gravity piping could alleviate the flow on that section of 
line. The potential reroute would connect two existing manholes which would be a relatively 
small project, and the resulting line would have a more favorable slope to alleviate future flow 
limitations.  Completion is not critical but would provide a long-term benefit in reducing the 
flow along East Court where pipes are predicted to exceed 50 percent of capacity.

A conceptual level cost estimate is also included for the potential eastern expansion of the 
gravity service area. A preliminary alignment is depicted as Figure B in Appendix A but would 
be dependent on unknown easement needs. 

8.1.1.3. GEM VILLAGE LIFT STATION 

The Gem Village Lift Station currently utilizes a Smith & Loveless packaged pump system that 
has been in service since 2009. The previous master plan identified a need for an electrical 
service upgrade and flow meter installation at this lift station; this project has not been 
completed. Staff would also like this lift station changed to a submersible pump system, or to 
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consider adding an intermediate lift station location to eliminate pumps running in series. 

This lift station has a low flow and very high head duty point (160 gpm at 320 feet TDH) that 
makes pump replacement a challenge; manufacturers of both self-priming and solids handling 
turbine pumps have declined to offer selections for this duty point. One potential option is to 
construct a new intermediate lift station near the western intersection of Bayfield Parkway 
and Highway 160. This would allow the abandonment of the Highway 160 lift station.  It would 
also provide similar duty requirements for both the Gem Village and the new location, 
allowing for the probable use of identical, submersible, pumps at both lift stations. 
Conceptual level cost estimates are included for these potential upgrades.

8.1.2. TREATMENT FACILITY

There are two potentially significant capital needs at the treatment plant. The primary need is to 
improve the nutrient removal capabilities to facilitate compliance with current and expected 
regulations; the other is to expand the hydraulic capacity, if a reduction in the I&I flows that drive 
this potential expansion need cannot be attained. 

8.1.2.1. NUTRIENT REMOVAL

Performance of the existing treatment facility was reviewed and the improvements for 
nutrient removal are based on the manufacturer’s recommendations. A new controller, 
additional process sensors, and submersible tank mixers have been identified as necessary 
upgrades to the SBR treatment systems; tertiary filtration will also be required to meet the 
new phosphorous limits.

Due to the implementation gap between Regulations 31 and 84, the Town may want to 
consider making the necessary upgrades to maximize the biological nutrient removal capacity 
and defer the cost of tertiary filtration needed to remove suspended phosphorus that is not 
removed through the biological process This approach would allow the system to earn credit 
towards deferred implementation of Regulation 31 (as set forth in Regulation 84), and 
therefore have additional time to plan for the tertiary filter installation project. Cost estimates 
for this phased approach are presented in Appendix C.

8.1.2.2. CAPACITY EXPANSION

The existing treatment plant will eventually require a capacity expansion. If the current levels 
of I&I can be reduced in the near future, the expansion may not be necessary until at or near 
the end of the 20-year planning period.  However, if efforts to reduce I&I are not completed 
or are unsuccessful, an expansion of hydraulic capacity may be required in the relatively near 
future. The costs presented for the potential hydraulic expansion are based on consultation 
with the SBR manufacturer. 
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Table 5. Summary of Recommended Capital Improvements

Description Recommended 
Completion Time

Conceptual Level 
Cost Estimate

Sewer Tap Repairs (downtown pilot) TBD  $418,400
Sewer Tap Repairs (all) TBD  $1,540,800
Biological Nutrient Removal Upgrades 2022  $394,700
Suspended Phosphorous Removal Upgrades TBD (likely 2027) $1,985,900
CCTV & Cleaning (10% of System) Annual  $30,000
East Court Gravity Realignment TBD  $43,700
Eastern Gravity Line Installation TBD $3,363,500
Gem Village LS Flow Meter Installation 2022  $69,200
Rebuild Gem Village LS + New Intermediate LS TBD  $814,100
WWTP Capacity Expansion TBD  $8,932,700
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Division Description Quantity Units

Cost per Unit 

($)

Installation 

Multiplier

Cost               

(nearest $100)

1 General Requirements 0
Survey 0 LF 10 1.0 0
Geotechnical Allowance 0 LS 5,000 1.0 0

33 Utilities 220,400

Sewer Service Slip Lining (near side of road, ~20 feet) 19 LS 4,100 1.0 77,900

Sewer Service Slip Lining (far side of road, ~30 feet) 19 LS 5,100 1.0 96,900
Vac-A-Tee Install 38 LS 1,200 1.0 45,600

SUBTOTAL 1 220,400

CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 22,040 1.0 22,100

CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 33,060 1.0 33,100

SUBTOTAL 2 275,600

CONTINGENCY (See Note 4) 40.0% of Subtotal 1 88,160 1.0 88,200

SUBTOTAL 3 363,800

ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 54,570 1.0 54,600

TOTAL 418,400
Notes

1 Construction Prorates
 (a) (b)

10%

(a)

2 Contractor's Overhead & Profit
 (a)

15%

(a)

4 Design Contingency 
(a)

40%

(a)
5 Engineering Costs 15%

Costs incurred during Design and Construction

General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and 

Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs 

The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.

Town of Bayfield Wastewater Collection Service Tap Repairs

Opinion of Probable Construction Costs (ASCE Class 4)



Town of Bayfield Wastewater Collection Service Tap Repairs
Opinion of Probable Construction Costs (ASCE Class 4)

Division Description Quantity Units
Cost per Unit

($)
Installation
Multiplier

Cost
(nearest $100)

1 General Requirements 0
Survey 0 LF 10 1.0 0
Geotechnical Allowance 0 LS 5,000 1.0 0

33 Utilities 812,000
Sewer Service Slip Lining (near side of road, ~20 feet) 70 LS 4,100 1.0 287,000
Sewer Service Slip Lining (far side of road, ~30 feet) 70 LS 5,100 1.0 357,000
Vac-A-Tee Install 140 LS 1,200 1.0 168,000

SUBTOTAL 1 812,000
CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 81,200 1.0 81,200
CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 121,800 1.0 121,800

SUBTOTAL 2 1,015,000
CONTINGENCY (See Note 4) 40.0% of Subtotal 1 324,800 1.0 324,800

SUBTOTAL 3 1,339,800
ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 200,970 1.0 201,000

TOTAL 1,540,800
Notes

1 Construction Prorates (a) (b) 10%
(a) General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and

special construction practices to maintain continued plant operations.  Also includes misc construction materials needed for project not
included above.

2 Contractor's Overhead & Profit (a) 15%
(a) Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs

and profits.4 Design Contingency (a) 40%
(a) The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.
5 Engineering Costs 15%

Costs incurred during Design and Construction



Division Description Quantity Units

Cost per Unit 

($)

Installation 

Multiplier

Cost               

(nearest $100)

1 General Requirements 8,000
Survey 300 LF 10 1.0 3,000
Geotechnical Allowance 1 LS 5,000 1.0 5,000

33 Utilities 15,000

Manholes 1 LS 15,000 1.0 15,000
Gravity Sewer Piping 300 LF 140 1.0 42000

SUBTOTAL 1 23,000

CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 2,300 1.0 2,300

CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 3,450 1.0 3,500

SUBTOTAL 2 28,800

CONTINGENCY (See Note 4) 40.0% of Subtotal 1 9,200 1.0 9,200

SUBTOTAL 3 38,000

ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 5,700 1.0 5,700

TOTAL 43,700
Notes

1 Construction Prorates
 (a) (b)

10%

(a)

2 Contractor's Overhead & Profit
 (a)

15%

(a)

4 Design Contingency 
(a)

40%

(a)
5 Engineering Costs 15%

Costs incurred during Design and Construction

General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and 

Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs 

The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.

Town of Bayfield Wastewater Collection South St Gravity Re-Routing

Opinion of Probable Construction Costs (ASCE Class 4)



Town of Bayfield Wastewater Collection Eastern Gravity Expansion
Opinion of Probable Construction Costs (ASCE Class 4)

Division Description Quantity Units
Cost per Unit

($)
Installation
Multiplier

Cost
(nearest $100)

1 General Requirements 71,000
Survey 11500 LF 4 1.0 46,000
Geotechnical Allowance 1 LS 25,000 1.0 25,000

33 Utilities 1,701,500
Manholes (including Excavation,Backfill & Compaction) 30 LS 6,500 1.0 195,000
Gravity Sewer Piping (including Trenching, Backfill, & Compaction) 11500 LF 130 1.0 1,495,000
Easement Allowance 11500 LF 1 1.0 11,500

SUBTOTAL 1 1,772,500
CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 177,250 1.0 177,300
CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 265,875 1.0 265,900

SUBTOTAL 2 2,215,700
CONTINGENCY (See Note 4) 40.0% of Subtotal 1 709,000 1.0 709,000

SUBTOTAL 3 2,924,700
ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 438,705 1.0 438,800

TOTAL 3,363,500
Notes

1 Construction Prorates (a) (b) 10%
(a) General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and special

construction practices to maintain continued plant operations.  Also includes misc construction materials needed for project not included above.2 Contractor's Overhead & Profit (a) 15%
(a) Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs and profits.
4 Design Contingency (a) 40%

(a) The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.
5 Engineering Costs 15%

Costs incurred during Design and Construction



Division Description Quantity Units

Cost per Unit 

($)

Installation 

Multiplier

Cost               

(nearest $100)

1 General Requirements 0
Geotechnical Allowance 0 LS 5,000 1.0 0

26 Electrical 25,000

Electrical & Controls 1 LS 25,000 1.0 25,000
31 Earthwork 1,800

Excavation & Fill for Flow Meter Vault 35 CY 50 1.0 1,800
33 Utilities 9,500

Force Main (4" DIP, including TB&C) 30 LF 115 1.0 3,500

Flow Meter Vault 1 LS 6,000 1.0 6,000

SUBTOTAL 1 36,300

CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 3,630 1.0 3,700

CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 5,445 1.0 5,500

SUBTOTAL 2 45,500

CONTINGENCY (See Note 4) 40.0% of Subtotal 1 14,520 1.0 14,600

SUBTOTAL 3 60,100

ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 9,015 1.0 9,100

TOTAL 69,200
Notes

1 Construction Prorates
 (a) (b)

10%

(a)

2 Contractor's Overhead & Profit
 (a)

15%

(a)

4 Design Contingency 
(a)

40%

(a)
5 Engineering Costs 15%

Costs incurred during Design and Construction

General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and 

Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs 

The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.

Town of Bayfield Wastewater Collection Gem Village Flow Meter Installation

Opinion of Probable Construction Costs (ASCE Class 4)



Division Description Quantity Units

Cost per Unit 

($)

Installation 

Multiplier

Cost               

(nearest $100)

1 General Requirements 5,000
Geotechnical Allowance 1 LS 5,000 1.0 5,000

9 Finishes 5,000

Protective Coatings 1 LS 5,000 1.0 5,000
26 Electrical 55,000

Electrical & Controls 1 LS 15,000 1.0 15,000

Generator & ATS 1 LS 40,000 1.0 40,000
31 Earthwork 37,500

Excavation & Fill for Lift Station 100 CY 50 1.0 5,000

Excavation & Fill for Emergency Storage 500 CY 50 1.0 25,000

BMPs 1 LS 2,500 2.0 5,000

Clear & Grub 1 LS 1,500 1.0 1,500

Re-Seeding 1 LS 1,000 1.0 1,000
32 Exterior Improvements 0

Access Road 0 CY 175 1.0 0
33 Utilities 326,500

Force Main (6" DIP, including TB&C) 75 LF 120 1.0 9,000

Wet Well 1 LS 7,500 1.0 7,500

Emergency Storage Tank 1 LS 120,000 1.0 120,000

Pumping Equipment Package 2 LS 90,000 1.0 180,000

Traffic Control 1 LS 10,000 1.0 10,000

SUBTOTAL 1 429,000

CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 42,900 1.0 42,900

CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 64,350 1.0 64,400

SUBTOTAL 2 536,300

CONTINGENCY (See Note 4) 40.0% of Subtotal 1 171,600 1.0 171,600

SUBTOTAL 3 707,900

ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 106,185 1.0 106,200

TOTAL 814,100
Notes

1 Construction Prorates
 (a) (b)

10%

(a)

2 Contractor's Overhead & Profit
 (a)

15%

(a)

4 Design Contingency 
(a)

40%

(a)
5 Engineering Costs 15%

Costs incurred during Design and Construction

General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and 

Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs 

The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.

Town of Bayfield Wastewater Collection Gem Village + Intermediate Lift Station

Opinion of Probable Construction Costs (ASCE Class 4)



Town of Bayfield Wastewater Treatment Biological Nutrient Removal
Opinion of Probable Construction Costs (ASCE Class 4)

Division Description Quantity Units
Cost per Unit

($)
Installation
Multiplier

Cost
(nearest $100)

1 General Requirements 0
Geotechnical Allowance 0 LS 20,000 1.0 0

26 Electrical 33,000
Electrical & Controls Installation 1 LS 25,000 1.0 25,000
SCADA Updates 1 LS 8,000 1.0 8,000

33 Utilities 175,000
Sanitaire NDNP Control Package 1 LS 175,000 1.0 175,000
Polishing Filter 0 LS 644,000 1.0 0
Polishing Filter Building 0 LS 500,000 1.0 0
Chemical Feed Equipment 0 LS 12,000 1.0 0
Chemical Storage Tank 0 LS 7,500 1.0 0

SUBTOTAL 1 208,000
CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 20,800 1.0 20,800
CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 31,200 1.0 31,200

SUBTOTAL 2 260,000
CONTINGENCY (See Note 4) 40.0% of Subtotal 1 83,200 1.0 83,200

SUBTOTAL 3 343,200
ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 51,480 1.0 51,500

TOTAL 394,700
Notes

1 Construction Prorates (a) (b) 10%
(a) General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and

special construction practices to maintain continued plant operations.  Also includes misc construction materials needed for project not
included above.

2 Contractor's Overhead & Profit (a) 15%
(a) Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs

and profits.4 Design Contingency (a) 40%
(a) The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.
5 Engineering Costs 15%

Costs incurred during Design and Construction



Town of Bayfield Wastewater Treatment Suspended Phosphorous Removal
Opinion of Probable Construction Costs (ASCE Class 4)

Division Description Quantity Units
Cost per Unit

($)
Installation
Multiplier

Cost
(nearest $100)

1 General Requirements 0
Geotechnical Allowance 0 LS 20,000 1.0 0

26 Electrical 33,000
Electrical & Controls Installation 1 LS 25,000 1.0 25,000
SCADA Updates 1 LS 8,000 1.0 8,000

33 Utilities 1,013,500
Sanitaire NDNP Control Package 0 LS 175,000 1.0 0
Polishing Filter 1 LS 644,000 1.0 644,000
Polishing Filter Building 1 LS 350,000 1.0 350,000
Chemical Feed Equipment 1 LS 12,000 1.0 12,000
Chemical Storage Tank 1 LS 7,500 1.0 7,500

SUBTOTAL 1 1,046,500
CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 104,650 1.0 104,700
CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 156,975 1.0 157,000

SUBTOTAL 2 1,308,200
CONTINGENCY (See Note 4) 40.0% of Subtotal 1 418,600 1.0 418,600

SUBTOTAL 3 1,726,800
ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 259,020 1.0 259,100

TOTAL 1,985,900
Notes

1 Construction Prorates (a) (b) 10%
(a) General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and

special construction practices to maintain continued plant operations.  Also includes misc construction materials needed for project not
included above.

2 Contractor's Overhead & Profit (a) 15%
(a) Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs

and profits.4 Design Contingency (a) 40%
(a) The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.
5 Engineering Costs 15%

Costs incurred during Design and Construction



Town of Bayfield Wastewater Treatment Capacity Expansion
Opinion of Probable Construction Costs (ASCE Class 4)

Division Description Quantity Units
Cost per Unit

($)
Installation
Multiplier

Cost
(nearest $100)

1 General Requirements 25,000
Geotechnical Allowance 1 LS 25,000 1.0 25,000

3 Concrete 1,900,000
Concrete Base Slab 862 cy $700 1.2 724,400
Concrete Walls 1,178 cy $750 1.2 1,060,600
Concrete Suspended Roof Slab 73 cy $1,200 1.2 105,000
Leak Testing of new Tanks 40 hrs $250 1.0 10,000

9 Finishes 5,000
Protective Coatings 1 LS 5,000 1.0 5,000

26 Electrical 65,000
Electrical & Controls 1 LS 50,000 1.0 50,000
SCADA Integration 1 LS 15,000 1.0 15,000

31 Earthwork 19,000
Excavation & Fill for Lift Station Concrete Tank 400 CY 15 1.0 6,000
Site Grading 1 LS 10,000 1.0 10,000
BMPs 1 LS 2,000 1.0 2,000
Re-Seeding 1 LS 1,000 1.0 1,000

33 Utilities 2,693,500
SBR Equipment Package 1 LS 624,000 1.0 624,000
New Blower Building 1 LS 250,000 1.0 250,000
Polishing Filter 2 LS 644,000 1.0 1,288,000
Polishing Filter Building 1 LS 500,000 1.0 500,000
Chemical Feed Equipment 2 LS 12,000 1.0 24,000
Chemical Storage Tank 1 LS 7,500 1.0 7,500

SUBTOTAL 1 4,707,500
CONSTRUCTION PRORATES( See Note 1) 10.0% of Subtotal 1 470,750 1.0 470,800
CONTRACTOR'S OVERHEAD & PROFIT (See Note 2) 15.0% of Subtotal 1 706,125 1.0 706,200

SUBTOTAL 2 5,884,500
CONTINGENCY (See Note 4) 40.0% of Subtotal 1 1,883,000 1.0 1,883,000

SUBTOTAL 3 7,767,500
ENGINEERING COSTS (See Note 5) 15.0% of Subtotal 3 1,165,125 1.0 1,165,200

TOTAL 8,932,700
Notes

1 Construction Prorates (a) (b) 10%
(a) General conditions includes cost associated with permits, licenses, insurance, environmental safe guards, sediment and drainage control, and

special construction practices to maintain continued plant operations.  Also includes misc construction materials needed for project not
included above.

2 Contractor's Overhead & Profit (a) 15%
(a) Contractor's overhead and profit include costs for mobilization/demobilization, administration, and contractor/subcontractor overhead costs

and profits.4 Design Contingency (a) 40%
(a) The design continency is added to the subtotal based on the conceptual nature of information developed for this evaluation.
5 Engineering Costs 15%

Costs incurred during Design and Construction
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