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Town of Erie

c/o Wendi Palmer, PE, Civil Engineer
645 Holbrook Street

Erie, Colorado 80516

RE: WASTEWATER COLLECTION SYSTEM MASTER PLAN
Dear Wendi:

Submitted herewith is the Wastewater Collection System Master Plan for the Town. The Master Plan
should serve as a long-range planning tool for the Town’s wastewater system, providing guidance for
implementing capital improvements to meet future growth needs. The Plan has been based on
development projections as established in the Comprehensive Plan and North Water Reclamation
Facility Master Plan. The Planning Area Boundary has been adopted as a logical service area.

Conclusions reached during development of the Master Plan include:

» The Town will continue to experience significant growth, with a projected 2030 population of
54,300.

» Ultimate maximum day wastewater flow is estimated to be 10.6 MGD.

 Recommended improvements include both needed upgrades to address existing capacity
issues and new trunk sewer extensions, interceptors, upgrades, and improvements needed to
meet projected flow increases in the next 20 years.

We appreciate the opportunity to work with you on this important planning project.

Merrick & Company
(hare Wm?/,( Pl iy
Clare Steninger, PE Terry Kenyon, PE .
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Section | — Introduction

Background

The Town of Erie is located in Boulder and Weld Counties, north of the Denver Metro area and east
of the City of Boulder. The Town provides wastewater collection and treatment for approximately
28,310 residents as well as several commercial and industrial developments. The existing system is
comprised of approximately 110 miles of sanitary sewer mains, over 3,000 manholes, and 2 flow
monitoring vaults at the treatment plant. The North Wastewater Reclamation Facility (NWRF) was
completed in 2011, replacing the South Water Reclamation Facility (SWRF). Anticipated expansions
to the NWRF will result in a new permitted capacity of 3.03 MGD.

In recent years, the Town has experienced substantial growth and planned development within its
planning boundary. Growth will impact the existing wastewater utility, necessitating significant
investment in new infrastructure. The Town recognizes the need to update its comprehensive
wastewater collection system master plan to help guide the growth of its utility system.

The Town has several previous updates to its Wastewater Master Plan. Burns and McDonnell
completed the Wastewater Utility Plan in 2015. This latest collection system master plan updated the
2013 Wastewater Utility Plan (Indigo Water Group LLC) and 2006 Water and Wastewater Master Plan
(Black and Veatch). The 2015 Master Plan provides corrected population projections, based on the
original 2005 Town of Erie Comprehensive Plan and 2015 population estimate. The 2013 Plan offers
a limited discussion of the collection system and updated hydraulic model using Innovyze software;
modeling showed the system to under 70% capacity and did not identify any surcharges. The plan
recommended two interceptors and two lift stations to serve undeveloped areas in the future, with
temporary lift stations serving outlying developments until the permanent interceptor/lift station
system is built. The 2006 Plan was amended based on results of the first hydraulic model of the
collection system in H20Map Sewer. However, this model was not calibrated with flow monitoring
data. This Plan recommended four lift stations and four interceptors, two of which have been built —
NWREF interceptor and Kenosha Farms Lift Station Bypass (now decommissioned).

In 2019, HDR competed a Master Plan for the expansion of the Northern Water Reclamation Facility
(NWRF). While this master plan focused on the treatment plant, updated population and growth
estimates were included that will influence this collection system master plan.

Purpose

The purpose of this Wastewater Collection System Master Plan is to update the predictions and
recommendations established in the 2015 Wastewater Utility Master Plan, particularly for the
wastewater collection system. Since the last master plan, numerous developments have been
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constructed, the Town’s Comprehensive Plan was updated (2015), the Town’s Land Use Plan Map
was updated (2017) , and possible areas for annexation were identified. This information was used
to reassess ultimate wastewater flow projections and evaluate the wastewater collection system.

This Master Plan updates the existing water utility assets to reflect existing conditions of regional
facilities including major interceptors. This updated Master Plan addresses changes and issues within
the wastewater collection system specifically. The goals of this Wastewater Collection System Master
Plan update are to:

Review the previous reports and models.

Review planned development and establish future wastewater flow loadings.

Summarize flow monitoring data previously collected.

Assess the condition and operations of the major trunk sewer mains.

Create an up-to-date hydraulic model of the collection system using Innovyze InfoSewer software.

Prepare preliminary level cost estimates and timeline for any improvement phases recommended
within the next (approximately) 15 years.
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Section Il — Design Criteria and Flow Projections

Service Area

The study area for the Wastewater Collection System Master Plan Update is the Planning Area
Boundary (approximately 46 square miles) established by Erie’s 2015 Comprehensive Plan plus
probable areas of annexation as identified with staff, e.g. the Parkdale development area. This defines
a logical boundary for efficient expansion of municipal services to undeveloped areas, providing a
basis of inclusion for determining future demands. Additionally, residential areas currently on septic
may connect to the collection system in the future and were considered as an alternative to the
ultimate build-out analysis. The Town’s service area is tributary to the NWRF and is shown in the
Wastewater Collection System Master Plan Map on Figure WW-1. The total service area comprises
approximately 39 square miles and includes current undeveloped areas.

Land Use Planning and Growth Projections

A number of planning and engineering reports have been completed over the last couple decades
and have estimated current and projected growth and resulting population. Growth projections are
based on the Town’s various planning documents.

Merrick’s analysis of the growth forecasts, combined with percent change, have been graphed on
Figure 1. This illustrates the greatly varying growth experienced over the past 10 years. Years 2003 —
2007 showed growth well above 10% per year; yet, due to the economic downturn, the trend
drastically decreased to approximately 2% per year in 2008 — 2012 and in 2015.

The previous Comprehensive Plan projected rapid growth: 6% through 2010 and a forecasted
4% average growth to build-out. The updated 2015 Comprehensive Plan revised its projected annual
population growth to 3.3%, based on slow growth between 2012 and 2015. However, population
growth rose again in 2016 and 2017 to 5.6%, so the previously forecasted 4% growth rate fits the
average growth over the past 10 years.

As part of the 2019 NWRF Expansion Master Plan, HDR estimated future growth projections based on
recent population data. From their analysis, the recommended population growth rate is
8% exponential growth rate until 2022, and then 5% exponential growth rate from 2023 and on. To
be consistent across various master planning documents, Merrick has incorporated these growth
rates and Figure 1 (below) illustrates the population and growth rate projections. The projected 2030
population is about 54,300.
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Figure 1: Population Projections
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Population projections are frequently relied on for establishing wastewater flows. The assumption is
that population increases are proportional to the wastewater usage (i.e. if population doubles,
wastewater usage would also double). This approach is overly simplistic, particularly for communities
where the relative mix of commercial and industrial customers with very different flow requirements,
may change over time. The majority of Erie’s existing and projected growth is residential, but there
are several areas of commercial and industrial uses, especially along the Interstate 25 (125) corridor.

The Equivalent Residential Unit (EQR) is considered to provide a more accurate estimate of historic
and projected demands. This method uses a “common denominator” approach, establishing a typical
single-family residence as one EQR, to equate wastewater flows for different user categories. More
detail on EQR determination is provided in the Wastewater Flow Projections section.

Ultimate development projections, especially for undeveloped areas, were estimated from the land
use categories and corresponding areas in the Town’s 2015 Comprehensive Plan. The Land Use Plan
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Map (updated 2017) is shown in Appendix A. The residential land use densities from the
Comprehensive Plan are presented in Table 1 below:

Table 1: Land Use Density

Land Use Density
Rural Density 1 unit/acre
Low Density 4 units/acre
Medium Density 8 units/acre
High Density 16 units/acre
Mixed Use 50% Land Medium Density

Wastewater Flow Projections

The Town’s collection system serves single family and multi-family developments; various commercial
developments, including restaurants and other retail establishments; some light industrial areas; and
municipal facilities, such as schools, parks, and recreation centers. The wastewater flow varies
diurnally (i.e. hourly, daily); design flows must be defined to properly design the collection system.
Wastewater collection systems are typically analyzed for the following flow loadings: average day,
maximum month, maximum day, and peak hour. The presence of inflow and infiltration (I/1) is another
important component in understanding the temporal variations in wastewater flows.

The average day is used for estimating total water requirements based on average annual use. The
maximum month is used to relate flows to the NWRF’s discharge permit. The maximum day is the
highest daily flow rate which can be expected and is used to size the water reclamation facility. The
peak hour is the highest expected demand in any 60-minute period of one day and used to evaluate
the collection system network, including mains, monitoring and lift stations.

Maximum/Average Day Ratio

To establish the historical maximum month, the Town provided monthly wastewater influent flow
records from the NWRF’s for the years 2010-2017. Daily influent records between April 2016 —
December 2018 (except for April 2017 when meter was offline) provided information on the average
day, maximum day, and peak hour flows experienced at the NWRF. These flow records and the
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relationship between average day, maximum month, maximum day, and peak hour flows were

calculated and are shown in Table 2 below.

Table 2: Summary of NWRF Influent Flow Data

Max. Max. Peak

Max. | Average | Month: Max. Day: Peak Hour:

Month Day Avg. Day Avg. Hour Max.

Year (MGD) | (MGD) Day (MGD) Day (MGD) Day
2010 1.09 1.01 1.08
2011 1.19 1.07 1.10
2012 1.16 1.09 1.06
2013 1.67 1.22 1.38
2014 1.23 1.18 1.04
2015 1.50 1.25 1.20

2016 1.38 1.30 1.06 1.98 1.52 5.52 2.79

2017 1.60 1.42 1.12 2.66 1.86 4.89 1.84

2018 1.56 1.50 1.04 2.17 1.45
MEAN 1.07 1.61 2.32

In recent years, the mean ratio of maximum day to average day flow has been 1.61, whereas the
mean ratio of peak hour to maximum day flow is 2.32. The mean ratio of maximum month to average
day flow over the past 9 years is 1.07.

The mean ratio of maximum day to maximum month is 1.50. This ratio was rounded to 2.0 for use
with special cases such as schools, churches, municipal, and existing commercial properties to relate
observed maximum month flow water use data to maximum day flows.

Peak Flow Demands

While wastewater flows vary throughout the day due to typical diurnal patterns, collection and
transmission lines must be sized to handle the peak instantaneous flow rates. Peak wastewater flow
rates are estimated by determining the average daily rate (for a maximum day) and then applying a
peaking factor.

The Town’s current design criteria specify that peaking factor shall not be less than 2.5 or greater than
5; the current Town peaking factor is calculated using the following equation:

pF = 38

= DpoL7 where ADF is the average day flow in MGD.
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Since peak flows are critical in appropriately designing the collection network, manhole monitoring
would offer additional information on flow differences throughout the system. Merrick assisted the
Town with manhole monitoring as part of a 2016-2017 Flow Monitoring Study. This study evaluated
infiltration and inflow to the system leading to analysis of peaking factors throughout the collection
system. This study is summarized in the Inflow/Infiltration Section below. As recommended in the
Flow Monitoring Study, the analysis of peaking factors to-date have indicated that using the peaking
factors from the City and County of Denver criteria would be more appropriate for determining Erie’s
collection system capacity. The City and County of Denver peaking factor is given by the formula:

pF = 26

= Jppoie’ where ADF is the average day flow on the Maximum Day in cfs.

Infiltration and Inflow

Infiltration and inflow (I/I) also contribute to peak loadings experienced by the collection system. I/I
must be limited because of its deleterious effects at the treatment facility and use of pipeline capacity.

In June 2016, the Town of Erie began monitoring sewer flow rates at 10 different manholes located
throughout the collection system. The purpose of this study was to tabulate and evaluate the
manhole monitoring data in order to investigate the effects of I/l on the system, as well as provide
recommendations on additional actions to take to reduce I/I, if determined necessary. The Town does
not have any permanent monitoring vaults, so monitoring equipment was contracted over the study
period. Merrick aided the Town in data collection and analysis, culminating in Manhole Monitoring
Evaluation Report (February 2018). This report is provided in Appendix B.

Initially, the data observed from June 2016 through February 2017 did not indicate any correlation
between precipitation events and sewer flows throughout the collection system, both when
considering daily flow trends as well as peak flows. However, monitoring data collected during the
May 18, 2017 storm indicates that there are observable impacts of I/l on the system during a 7-year
return period storm or during storm events, implying low lying manholes. Percentages of observed
peak hour wastewater flow (PHWWF) attributed to rainfall derived infiltration/inflow (RDII) were
between 25% and 70% at the monitoring locations. There was an estimated 50% RDII contribution for
the entire system based on influent flows at the NWRF. Less significant storms (less than 1-year
recurrence interval) observed over the study period did not correlate well with instances of peak flow
at the monitoring locations.

By their nature, high-recurrence interval storms occur infrequently, making it unlikely to collect data
on multiple storms with recurrence intervals greater than 1-year during a study period of 20 months.
I/l response can also vary significantly from storm to storm, due to factors such as the spatial
distribution of the rainfall and antecedent soil moisture conditions. This combination of a small
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sample size with high sample variance results in a high degree of uncertainty for developing a
predictive I/l model for capacity planning purposes. However, despite these limitations, incorporating
the results into current system capacity modeling and design efforts are a significant improvement
over not accounting for wet weather events in sewer capacity planning efforts or relying on typical I/I
contribution values.

For this master plan, infiltration was incorporated into the EQR estimates per the land use type and
flows found in the Town’s design standards. An additional 20 gpd/EQR (unpeaked) was added to the
maximum day flow. While it is highly unlikely for this storm event and the peak hour on the max day
to occur at the same time, the conservative estimate of capacities will allow for longevity and
resiliency in the collection system.

Equivalent Flow per Residential Unit

The equivalent residential unit (EQR) is used to establish a “common denominator” approach to
estimating demands. Relating the flow data to the number of existing service taps provides the
calculated EQR for Erie. The Community Development Department provided updated numbers of
constructed dwelling units by year. From this data, the maximum day flow per residential unit was
calculated. Table 3 shows that the maximum day wastewater flow per residential unit is about
260 gpd. This figure is only slightly higher than the Town’s current design criteria, i.e. 90 gpd per capita
with 2.89 people per dwelling unit equals 248.4 gpd/EQR. Therefore, a value of 250 gpd/EQR was
adapted for evaluating future developments.

Table 3: Demand by Dwelling Unit

. Maximum Day
. Maximum Day
Dwelling Flow per
Year . Flow . , .
Units MGD Residential Unit
(9pd/EQR)
2016 8,203 1.98 241
2017 8,666 2.66 307
2018 9,000 2.17 241
Average 263
Master Plan 250

Dwelling units (2015-2017) based on building permit data.
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An inventory of developable area was created based the Town’s 2015 Comprehensive Plan, Land Use
Plan Map (revised June 2017), and GIS information. See Appendix A for more information about the
land use maps from the 2015 Comprehensive Plan.

Once developable parcels were identified, development density plans were referenced to determine
local loads based on equivalent residential unit (EQR). In residential areas, development constitutes
EQR per lot. The updated ultimate residential wastewater flow projection is:

30,695 units X 250 gal/day/unit = 7.7 MGD

In cases where specific residential development density information was not available, loads were
calculated utilizing the Comprehensive Plan land use densities per area. As stated in the
Comprehensive Plan, only 0.5% of the existing land use within Erie is commercial. However, almost
1,900 acres are assigned a land use of commercial/business in the Comprehensive Plan and the Land
Use Plan. There were no specific high-water demands (and therefore high wastewater use) for
industry identified in the Plan. The Town’s current schedule for wastewater flow rates, which includes
an allowance for infiltration, is provided in its sanitary sewer facility design standards and shown in
Table 4 below:

Table 4: Town of Erie Design Flow Criteria

User Type Unit Wastewater Flow Rate
Residential 90 gpd/capita X 2.89 people/unit
Industrial 1,500 gpd/ acre

Commercial 1,000 gpd / acre
Park/Recreation 50 gpd / acre

Elementary Schools 15 gpd/ student

Middle/High Schools 20 gpd / student
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Using water records and experience with similar systems, the updated the wastewater flow EQR
schedule was developed to assign flows to undeveloped areas based on the 2015 Comprehensive
Plan land use categories. The updated EQR schedule is presented in Table 5.

Table 5: EQR Schedule

Land Use Category Loading
(EQR/Acre)

Rural Residential (RR) 1
Low Density Residential (LDR) 4

Residential
Medium Density Residential (MDR) 8
High Density Residential (HDR) 16
Mixed Use (MU) 4

Mixed Use
Downtown (DT) 4
Neighborhood Commercial (NC) 4
Commercial | Community Commercial (CC) 4
Regional Commercial (RC) 5
Business/ Business 4
Industrial Industrial 6
School School 2%

* Existing schools used peak month flow with 2 safety factors. Future schools

used 2 EQR/Acre if area was known, otherwise 25 EQR based on typical school
use data.

This projection scenario does not include areas currently designated as Open Space or Agriculture or
areas that are already served by other jurisdictions. Areas served by other jurisdictions or areas that
will not be served by Erie in the future are shown hatched on the Wastewater Collection System
Master Plan Map on Figure WW-1. Open space and agricultural areas were not included in
wastewater loadings and are not called out on Figure WW-1. With the adjusted build-out projections,
the Ultimate Maximum Day Flow for the Town of Erie is estimated to be 10.6 MGD. Table 6 presents
the ultimate projected flows separated by customer classification.

10
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Table 6: Projected Wastewater Flows in Service Area

Maximum Maximum Day
Customer Classification EQR Day Flow, Flow,
gpd/EQR gpd
Residential 30,695 250 7,673,750
Commercial 6,341 250 1,585,250
Industrial 4,704 250 1,176,000
Schools 375 250 93,750
Churches 38 250 9,500
Park/Recreation 70 250 17,500
Municipal / Other 40 250 10,000
Estimated Maximum Day Flow 10,565,750

This projected build-out results in approximately 3 MGD greater flow than the previous Master Plan
projected. This ultimate flow projection assumes extensive future growth; all recommended
improvements should be based upon development and staged with appropriate trigger points.

This Master Plan also identified some existing homes with septic systems that may connect to the
Town'’s collection system in the future. Under this scenario, an additional 0.15 MGD need to be added
to the ultimate maximum day flow.

11
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Section Ill — Existing Collection System

Basins/Sub-Basins

Fifteen drainage basins are identified in Figure WW-1. The existing collection system serves 9 of these
basins, with 1 basin in development, and 5 undeveloped basins. Basins were further divided based on
existing or future developments and their loading point locations. These subbasins are not included
on Figure WW-1 for clarity.

Quantitative & Qualitative Assessment

The existing collection system consists of gravity pipelines; most of the system is relatively new and
constructed of Polyvinyl Chloride (PVC). VCP in the “old Town” area have been lined using CIPP. The
size range in the collection system is 6-inch to 36-inch diameter. There are approximately
591,600 lineal feet of pipe and 3,100 manholes currently installed.

The main collection interceptor (South Coal Creek) runs north through Town along Coal Creek and NE
County Line Road to the NWRF. Other major existing collection mains include the West Side
Interceptor, 119%™ Street (Orchard Glen) Interceptor, County Road 3 (Colliers Hill) Interceptor, and
Coal Creek (Erie Parkway) Interceptor.

Since the collection system is relatively new and mostly constructed with PVC pipe, it is probable that
manholes are the primary contributor of I/1. The results of the manhole monitoring evaluation suggest
that I/l are not a regular concern for the collection system but high intensity storm events during the
monitoring period did affect the peak hour wastewater flows. Town operators have also noted
influent increases at the NWRF following snow fall events, which indicates that snowmelt may be
pooling around manholes and entering the collection system. The Town has expressed interest in
infiltration dishes to minimize inflow into sanitary sewer manholes.

The Town is developing rapidly with planned developments along Erie Parkway in the east, along Jay
Road in the west, along Colorado Highway 7 in the south, and along I-25 and State Highway 52 in the
northeast.

Lift Stations

The Town does not have any lift stations currently in service that serve along interceptors. The
Kenosha Lift Station was decommissioned in 2010 when the NRWF was installed. However, there is a
local lift station in Vista Ridge Filing 6 that connects to local sewers and eventually to the 10” in
Bonanza Drive. This lift station was not part of the interceptor analysis. It is shown on Figure WW-1.

12
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Treatment Facilities

The Town’s North Water Reclamation Facility (NWRF) was constructed in 2010 north of State Highway
52, on the north side of Town. The NWRF has a permitted capacity of 1.5 MGD and 3,233 pounds
BODS5 per day. The Town is currently in design to increase the NWRF’s capacity to 3.03 MGD and
9,376 pounds BOD5 per day. The facility includes headworks screening and grit removal, staged
aeration basins, clarifiers, effluent filters, and ultraviolet (UV) disinfection system. The effluent
outfalls to the South Boulder Creek. During summer months, the NWRF facility reuses about 50% to
60% of its effluent to irrigate properties throughout Town via its non-potable water distribution
system. The NWRF has a dedicated reservoir and pump station for returning reclaimed water to the
non-potable water system.

The Town also owns the decommissioned South Water Reclamation Facility (SWRF) located north of
downtown on Briggs Street.

13
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Section IV — Collection System Master Plan

Overview

The goal of the Wastewater Collection System Master Plan is to present an optimum system design —
and provide overall guidance for extension of service for projected ultimate development.

Construction of future trunks, located schematically on Figure WW-1, should be undertaken on a
schedule as dictated by development. The trunks have been laid out to provide gravity service, and
to utilize existing capacity where applicable. The sizes noted on Figure WW-1 for ultimate trunks are
to be considered approximate. Actual development would govern required sizing and should be
reviewed during the design process.

Design Criteria

To facilitate analysis and evaluation of the regional trunks and interceptors, the service area was
segregated into basins and sub-basins. Basin boundaries are primarily dictated by existing flow
patterns and topography to allow for gravity flows whenever possible.

Pipe Capacities

Gravity sewer capacities are a function of pipe size, slope, and to some extent, pipe material and
condition. Sewers should be designed to maintain a minimum velocity of 2.0 feet per second (fps),
based on full pipe.

It is generally accepted practice to design new sewers at about 50 percent of pipe capacity (0.50 d/D
or safety factor of 2) for 12-inch and smaller sewers and about 0.70 d/D for larger sewers. For
evaluation of existing sewers, judgement is used in applying safety factors, i.e. we would not replace
a sewer just because it was over 70 percent capacity.

Construction

The Town of Erie requires all new sewer mains to be PVC with a minimum 8-inch diameter. Since
gravity sewers are greatly influenced by pipe slope and size, it is important for all sewer pipes to be
installed correctly to maintain proper slopes. The proposed pipe sizes shown on Figure WW-1 are
recommended sizes and actual development would govern final sizing requirements. For
developments with future developments upstream, sewers shall be constructed for full build-out
conditions as the Town will not be responsible for upsizing pipes in the future.
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Hydraulic Modeling

Description

Merrick used the Town’s latest GIS information to update the Innovyze InfoSewer hydraulic model of
the collection system. Additional information about the existing system was acquired through as-built
construction plans and field visits. Conflicts in pipe sizes, lengths, or inverts were resolved with Town
staff or as-built information. Existing and ultimate flows were used to evaluate the capacity of the

pipes.

For the ultimate build-out conditions, existing pipes that connect known future developments to the
existing interceptors were included in the modeling. Proposed pipes for several developments were
also included in the model based on preliminary designs. These pipes are designated as “Planned
Development” on the Master Plan in Figure WW-1.

For ultimate build-out conditions, conceptual level design for sewers were included in the hydraulic
model, intended to help determine the viability of the master plan. More detailed design should be
completed based on actual development plans (prior to construction). The typical depth for proposed
sewer interceptors has been based on providing gravity service for basements, typically about
12-feet. However, in some areas along the 125 and Highway 52 (HWY52) corridors, the cover is
shallower or deeper depending on topography. Final slopes must be confirmed during preliminary
design.

Assumptions and Calibration

For all modeled pipes, a Manning’s roughness coefficient of 0.012 was assumed, as the majority of
the existing system is PVC.

This Master Plan model was loaded for max day flows with the Denver Peaking Factor. Loads were
determined based on existing lots (residential), existing flows (schools, commercial, etc.), and
Comprehensive Plan land use category flows. Loads were then applied to appropriate manholes in
the model.

Analysis and Discussion

The majority of the collection system has adequate capacity for ultimate build-out conditions. For
items with marginal or inadequate capacities, please refer to the item numbers discussed and their
corresponding location on the Wastewater Collection System Master Plan on Figure WW-1. Model
manhole and pipe output tables are presented in Appendix C.
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Capacity Analysis

Adverse Slopes

Based on the information provided by the Town through GIS data and as-built information, several
sewers with either flat (0 percent) or adverse (negative) slopes were identified. In existing conditions,
these slopes impact interceptor capacity locally, but could become problematic with future
development. It is recommended that these sewers be further evaluated to address capacity issues
with future development and replaced if determined necessary. Table 7 below describes the location
and condition of the adverse or flat sloped pipes. The Map Number specified in the table corresponds
to the location of these pipes on Figure WW-1.

Table 7: Adverse or Flat Slopes

Map Interceptor Location Size | Length | Slope
Pipe ID Basin o
Number Description (in) (ft) (ft/ft)
1 TOE_2787-EVF4_46 | West Side South of Erie Village 21 495 0
2 TOE_2786-TOE_2784 | West Side | South of Erie Village 21 505 0

i th
3 TOE 2781-TOE 2782 West Side 119" St North of 18 388 0
- - Jasper Road

West Side North of Jasper Road,

4 TOE_2774-TOE_2775 West of 119 St 18 352 -0

5 OTF1_89-OTF1_90 Old Town Along Evans St. 8 329 -0.007

6 TOE_2744-TOE_2591 | Old Town Under Coal Creek 30 437 0
Pressurized Pipe

In addition to the adverse or flat sloped pipes, there are several instances where existing pipes exceed
capacity and become pressurized with ultimate build-out loadings, see Table 8 on the following page.
This is typically due to these pipes having flatter slopes than upstream or downstream pipes. The Map
Number specified in the table corresponds to the location of these pipes on Figure WW-1.
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Map Interceptor Location Size | Length | Slope
Pipe ID Basin o
Number Description (in) (ft) (ft/ft)
7 ECF4_134-ECF4_135 | C2Yon South of Erie 12 | 301 | 00017
Creek Parkway
TOE_2715to West Side 111t St
8 TOE 2717 10 282 0.004
TOE_2711to West Side 111t St
9 TOE_2710 10 701 0.004
Marginal Capacity

Table 8: Pressurized Pipes (d/D>1.0)

There are also several instances where existing pipes exceed capacity criteria (above 50 percent full

for 12-inch and smaller pipes or 0.70 d/D for larger pipes) and become marginal at ultimate build-out.

The Town should monitor the sewers in Table 9 below. The Map Number specified in the table

corresponds to the location of these pipes on Figure WW-1.

Table 9: Marginal Capacity Pipes

Map Interceptor Location Size | Length | Slope d/D
NI 5 Pipe ID Basin D (it .
umber escription (in) (ft) (ft/ft) (max)
Southeast of 0.001/
10 TOE_2904 to NWRF Northwest NWRE 36 368 0.002 0.796
ECF21_120to Canyon Along Mason St
11 ECF4_134 Creek near Austin Ave 12 2,407 0.005 | 0.653
. Erie Pkwy and 10/
12 TOE_2730to TOE_2750 | West Side 111t St 12 1,922 0.002 0.809
th
13 | TOE_ 2724 t0 TOE_2726 | West Side | ~11" Stsouthof 5 g0 | 0.007 | 0.665
Erie Pkwy
th
14 | TOE 271810 TOE_2721 | West side | S12" StSouthof 5|1 504 | 0004 1 857
Erie Pkwy 0.009
th
15 TOE 2711-TOE 2715 | WestSide | -2 StNorthof o h 1 183 | 0005 | 0.718
Prince Lake No. 2

MERRICK’

17



Town of Erie
Wastewater Collection System Master Plan

Number

_ Interceptor Location Size | Length | Slope d/D
Pipe ID Basin D ot .
ESCIIPMOI (in) (ft) (ft/ft) | (max)

th
TOE 2710-TOE 2712 | WestSide | 111" StEastof 10 | 173 | 0004 | 0815
- - Prince Lake No. 2

South Coal Near Coal Creek
TOE_2948-TOE_2849 Creek downstream of 18 340 0.001 0.773
Compass

Build-Out Capacity Discussion

West Side Interceptor

For map items 1-4, it is recommended that actual slopes of these pipes be verified. If they do
not have adequate slopes, it is recommended these sections of the West Side Interceptor be
replaced.

Old Town

The 8-inch sewer along Evans in Old Town (map item 5) appears to have an adverse slope. It
is recommended to verify the slope in the field and replace if it is adverse.

The 30-inch sewer under Coal Creek (map item 6) is pressurized, but there is sufficient drop
upstream, so the pressurization is local to that pipe only and will not impact upstream
interceptors. The cost/benefit to replace this pipe under the creek is not justified.

Canyon Creek Interceptor

The 12-inch system near the Coal Creek Center between Erie Parkway and Bonnell Avenue
(map items 7 and 11) has marginal capacity and 301 feet of pressurized pipe. This system
should be monitored and be considered for replacement if the loadings upstream are greater
than what was assumed in this master plan.

West Side and 111t Street Interceptor

The 10 and 12-inch system along 111t Street from near Prince Lake Number 2 to just north of
Erie Parkway (map items 8-9 and 12-16) has capacity issues at full build-out conditions
including marginal and pressurized pipe. The only proposed development that adds loads to
this interceptor for build-out conditions is the Nine Mile Development at Arapahoe Road and
111t Street. Service to Nine Mile was previously reviewed by Merrick on behalf of the Town.

18

MERRICK’



Town of Erie
Wastewater Collection System Master Plan

Although several portions of the 111t™ Street interceptor exceed the design criteria of
d/D<0.5 for 12” or smaller pipes, this sewer can safely surcharge if necessary, with the flows
from Nine Mile. Therefore, it may not be necessary to replace these over-capacity pipes. As
mentioned in our previous analysis, these pipes should be monitored as development occurs.
However, any additional development or addition of septic systems must come in
downstream (north) of Prince Lake.

NWRF Interceptor

Near the NWRF, the existing 36-inch sewer (map Item 10) above the junction with the future
36-inch sewer is close to capacity. However, because the depth of flow approaches an
acceptable level within a short distance upstream (based on an analysis of the hydraulic grade
line), and no service connections are anticipated, this is considered acceptable. The Town
should monitor this sewer as development occurs to verify adequate capacity.

South Coal Creek/ Parkdale Interceptor

Capacity of the existing 18-inch sewer connecting the Compass development to the Coal Creek
Interceptor (map item 17) becomes marginal with build-out of Parkdale (2,072 EQR). This pipe
and those downstream should be monitored as new developments occur.

Build-Out Proposed Interceptors

Alignments for proposed interceptors under build-out conditions were determined based on the

drainage basins discussed in Section Ill. Recommended sizes for these interceptors were determined

using the hydraulic model.

Highway 52 and I-25 Interceptors

Interceptors along I-25 and along Highway 52 will be needed to serve developments along
these two major thoroughfares. The Town provided a preliminary alignment for these
interceptors (marked “18” on Figure WW-1). This alignment would likely result in sewers over
40 feet deep in places due to varied topography. Excessively deep sewers are not
recommended because excavation and maintenance would be expensive, access to pipes
limited, and safety concerns. Merrick has shown an alternative alignment that would provide
an interceptor less than 30 feet deep without any lift stations. This alignment was used for
hydraulic analysis and recommended improvements for this corridor. An additional
alternative alignment (marked “19” on Figure WW-1) could further reduce the depth of the
proposed interceptor.
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Weld County Road 5/7 Interceptors

Although there are several existing developments within the Weld County Road (WCR) 5 and
7 drainage basins, they are currently on septic systems. New developments within these
drainage basins would require new interceptors.

While the proposed interceptors typically follow the exiting drainage patterns, there are two
areas south of the Scotts Acre development (approximately northwest of WCR 10 and WCR 7)
that were rerouted. These areas topographically drain to the northeast to WCR 7 (map item
20). However, unless the Scotts Acre development converts from septic to Town sanitary
sewers, it would be difficult to connect the south areas to the proposed WCR 7 system. It is
possible for these areas to go against grade and be a part of the WCR 5 system. The model
shows that the 12-inch/15-inch WCR 5 system would have the capacity to include this area.
See Figure WW-1 that shows this system.

Lift Stations

There are currently no lift stations that serve along the major interceptors. There is a lift station in
Vista Ridge Filing 6, but it was not included in the interceptor analysis since it is serves local flows.
Previous Master Plans have proposed several lift stations to serve Erie. However, Merrick’s Master
Plan proposes gravity sewer pipe to serve the Town. Temporary or local lift stations may be needed
to serve outlying developments in interim conditions.

The Town should avoid lift stations when at all possible due to higher possibilities of overflows and
backups, increased maintenance requirements, and regulatory complications. The Town should
require gravity collection systems whenever possible.

Septic Systems Connection

There are several existing developments within the planning boundary that use septic systems for
their wastewater. There is potential in the future that these communities may want to connect to the
Town’s collection system. The additional loads from areas with septic systems were added to the
ultimate buildout as a separate scenario. The additional septic loads did not significantly affect the
hydraulics of the ultimate build-out system and so no additional changes for pipe improvements are
recommended to include these areas. Manhole and pipe results tables for the septic/ultimate
scenario are presented in Appendix C.

However, there is a potential for nutrient credits to the NWRF permit with the increase in nutrients
from converting the septic systems to the Town’s collection system. Analysis of individual conversions
and impact on the reclamation facility should be conducted prior to inclusion in the Town’s system.
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Section V — Conclusions/Recommendations

General

Components of the collection system with capacity issues at full build-out are shown on Figure WW-1,
Wastewater Collection System Master Plan. The Recommended Improvements described below
outline future improvements to serve the growing population within the planning area. While small
diameter interceptors and laterals can be constructed by developers, the Town should take an active
role in the development, construction, and funding of major (regional) interceptors to serve currently
undeveloped portions of the planning area.

The utilities have been laid out to accommodate probable roadways/corridors, to provide gravity
service, and to utilize existing facilities where applicable, but should be considered schematic. Actual
development will govern final routing and required sizing and should be reviewed during the
predesign process. Long range planning is a continuing process since development never occurs at
the exact location, pace, or densities predicted. Preliminary comprehensive planning should,
therefore, take place before significant investments in new wholesale facilities.

Two categories of recommended improvements were identified: capacity improvements and
development driven extensions.

Capacity Improvements: Projects needed to address capacity issues in the collection system.
These upgrades would include addressing pipe sizes and slopes to provide pipes that meet design
criteria.

Development Driven Improvements: New sewer extensions, new interceptors, upgrades, and
improvements needed to meet projected flow increases in the next 20 years due to development.

Preliminary Cost Estimates

Preliminary capital cost estimates for the recommended improvements are presented in Table 10.
These capital cost estimates are based on similar projects, engineering experience, and other
standard cost-estimating methods. Contingencies and engineering/administrative costs were
included in the capital cost estimates at 25-percent. All recommendations and costs are preliminary,
and more detail should be completed during pre-design to establish pipe sizes, alignments, slopes,
and costs based on the actual conditions.

Capacity Improvements

The collection system upgrades are to improve the capacity within the system by addressing pipe size
or slopes of surcharging pipes. These improvements include portions of the West Side Interceptor
and Canyon Creek Interceptor.
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Development Driven Improvements and Value Engineering

As new development occurs with connections to the collection system, the Town should continue to
require developers to provide adequate capacity for future upstream development. Proposed
interceptors identified for build-out conditions include major interceptors along Highway 52, 1-25,
Weld County Road (WCR) 5, and WCR 7. Development along Highway 52 and/or I-25 will trigger these
improvements. Additionally, the South Coal Creek interceptor would serve Parkdale and other nearby
developments. These proposed interceptors are shown on Figure WW-1. Development within these
tributary basins will trigger these improvements.

Table 10: Capital Improvements Plan Recommendations and Opinion of Capital Costs

Map Opinion of Trigger for
Number e Capital Project
Item (See T Description Costs* Initiation**
Figure
WW-1) (%)
Replace approximately
West Side 612 feet of l8-ith sewer, Developments
Interceptor _ 2,002 feet of 21-inch upstream of
- 1-4 Capacity sewer, and upsize 683 feet | $1,211,000 | Arapahoe Ridge
Capacity
Improvements of 18-inch to 21-inch and Flatiron
sewer at appropriate Meadows
slopes.
Canyon Creek Replace approximately
Interceptor _ 2,710 feet of 12-inch Development
Capacity 7,11 Capacity sewer with 15-inch sewer | $762,000 upstream of
Improvements from Bonnell Ave to Erie Canyon Creek
Parkway along Mason St.
South Coal Development Install approximately 7,800 Parkdale, Fuller,
Creek Driven feet of 8-inch, 10-inch, 12- | $1,862,000 or Sierra Vista
Interceptor inch and 15-inch sewers. developments.
Install approximatel
Highway 52 Development | 14 400 fii\t of 24-inZh and "Developments
Interceptor Driven 36-inch sewer from NRW | >7+000:.000 | along Highway
along HWY 52 to WCR 7. 52
Install approximately
39,500 feet of 8-inch, 12-
Interstate Development | jnch, 15-inch and 24-inch **Development
Interceptor Driven sewer from HWY 52 & $12,129,000 along 1-25
WCR 7, along I-25 to
WCR 6.
5 MERRICK' ”
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Map Opinion of Trigger for
Number Tvpe of Capital Project
Item (See P Description Costs* Initiation**
. Improvement
Figure
WW-1) ($)
Install approximately
Weld County Development | 16,200 feet of 10-inch, 12- “*Develooment
Road 5 Driven inch, and 15-inch sewer $3,402,000 alon W(F:)R 5
Interceptor from HWY 52 along WCR g
5 to south of WCR 10.
Install approximately
Weld County Develo 10,600 feet of 8-inch and
pment ! **[) |
Road 7 Driven 10-inch sewer from HWY | $1,749,000 alofvf/\;’é’gi”t
Interceptor 52 along WCR 7 to WCR g
10.
*All Budgets include 25% for contingencies, engineering, inspection, legal and administrative costs.
** May be constructed in phases depending on location and timing of developments.
23
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Town of Erie, Colorado
Comprehensive Plan - 2015 Update
Land Use Plan Map
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. MERRICK?‘
OO0 & COMPANY

2480 W. 26t Avenue, Unit B225
Denver, Colorado 80211

Tel: +1 303-964-3333

Fax: +1 303-964-3355

www.merrick.com

February 13, 2017

Town of Erie

c/o Wendi Palmer and Matt Wiederspahn
645 Holbrook St.

Erie, CO 80516

Subject: Re: Erie Manhole Monitoring Evaluation

Dear Wendi and Matt:

Attached is the final report on the monitoring and evaluation efforts for the Town of Erie’s sewer
collection system. The period of study covers 20 months of monitoring data from 10 manhole
meters, beginning June 2016 and ending in January 2018.

Our analysis consists of both dry weather and wet weather flow characterization. Dry weather
flows have been characterized by base sanitary flow, base infiltration, and total average dry
weather flow at each monitoring location. We have also analyzed peaking factors for dry weather
peak day and peak hour flow rates.

Wet weather flows have been characterized by peak hour rainfall derived inflow and infiltration.
There was one significant storm over the study period, which occurred on May 18%, 2017 and
had an estimated 7-year recurrence interval. Rainfall derived inflow and infiltration for this storm
accounted for approximately 50% of observed peak flow at Erie’s North Water Reclamation
Facility. Less significant storms (less than 1-year recurrence interval) observed over the study
period did not correlate well with instances of peak flow at the monitoring locations.

Based on the amount of inflow and infiltration observed in the May 18" storm, we recommend
including an allocation for wet weather flows in future capacity planning for the Town of Erie’s
sewer collection system, dependent on the Town’s desired level of service. We also recommend
an investigation to determine the cause of wet weather inflow and infiltration and possible
corrective measures.

Yours truly,
MERRICK & COMPANY

Steven Walton, EIT Terry Kenyon, PE
Principal/Senior Project Manager

Engineering | Architecture | Design-Build | Surveying | Planning | GeoSpatial Solutions Empl

\\den-data1.denver.merrick.com\data\P-Drive\Steven\python\Erie Manhole Monitoring\Report\February 2018 Final\Erie Cover Letter Final.docx



1 Introduction
1.1 Background

In June 2016, the Town of Erie began monitoring sewer flow rates at 10 different manholes located
throughout Erie’s sewer collection system. The purpose of this study is to tabulate and evaluate the
manhole monitoring data, investigate the effects of infiltration and inflow (I/I) on the system, and provide
recommendations on additional actions to take to reduce I/I if determined necessary. Peaking factors were
also evaluated, as prior to these monitoring efforts, collection system peak flow rates were based
primarily on published peaking data.

This report provides a final update on the monitoring and evaluation efforts through the end of the data
collection period, which began in June 2016 and ended in January 2018.

1.2 Previous Studies

A previous monitoring update was provided to the Town of Erie by Merrick in April 2017, which
included data through February 2017. The conclusions drawn by the monitoring update were:

e Peak hour and max day events did not coincide with wet weather events for the period monitored.

e A regression analysis on the effects of precipitation on average daily flow rate, as well as peak
hour flow rates, indicated there was no significant correlation between rainfall events and
increased sewer flows.

Based on these results, the small (less than 1-year recurrence interval) storms observed from June 2016
through February 2017 had little to no observable effects on sewer flows. Due to the availability of new
monitoring data, which includes an estimated 7-year recurrence interval storm in May 2017, this wet
weather assessment has been revised to consider effects of high recurrence interval storms on flows in the
system.
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2 Data

2.1 Manhole Locations

Monitoring data was collected at 10 manholes. Table 1 lists the manhole ID for each monitoring site, as
well as the corresponding aliases (‘A’,’B’...) , which will be used for this report.

Table 1: Manhole ID’s

Manhole ID Alias
SMH-37
SSMH-2A
MH-58
SSMH-VRI1
MH-16
MH-3
MH-5
MH-4G
SSMH-VR26.A
SMH-VR37

—~|~ZQHmgQw >

A map of the collection system showing the location of each manhole is included as Figure 1.

2.2 Metering Data

Metering data for flow rate, velocity, depth, and temperature were recorded at each site at 15-minute
intervals, beginning in June 2016 and ending in January 2018.

2.3 Precipitation Data

Precipitation data at 1-hour intervals was obtained from National Operational Hydrologic Remote Sensing
Center (NOHRSC) Station CO-BO-285, including both non-snow precipitation and snow melt events.
The location of the station is shown on the collection system map in Figure 1.

2.4 Plotting of Raw Data

A summary plot of all monitoring data from June 2016 to January 2018 is included as Figure 2. More
detailed monthly plots are included in Appendix A.

2.5 Diurnal Patterns

A plot of mean diurnal flow patterns through each monitoring location is shown in Figure 3. The
interquartile range (25%-75%) is included in these plots to aid in visualizing the typical range in
variability at each monitoring location.
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Figure 1. Map of manhole monitoring locations and weather stations. Manhole locations are marked in red,
weather stations are marked in blue. Map sourced from Town of Erie Wastewater Utility Plan, Jan 2013.
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Figure 2: Plot of 3 day moving averages for manhole monitoring flow data from June 2016 to January 2018.
Precipitation data was sourced from NOAA, Station SHEF ID CO-BO-285.
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Figure 3: Plot of mean diurnal flow patterns through monitoring locations, based on data from
June 2016 - January 2018. The shaded area is the interquartile range (25% - 75%), used here to show the
typical variability in diurnal peaks.
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3 Analysis
3.1 Average Dry Weather Analysis

Average dry weather (ADWF) flows consist of flows observed in the system outside of direct influence of
individual rainfall events. ADWF at each monitoring location was determined by taking the median value
of daily average flows over the course of the monitoring period.

ADWEF can be characterized into two components:

e Base Sanitary Flow (BSF) — Daily average flow in the system attributed to sanitary wastewater
o Base Infiltration (BI) — Dry weather infiltration not directly influenced by rainfall events

It is possible to estimate what flows in the system are sanitary flows versus infiltration flows using the
Steven-Schutzbach method, which compares the minimum hourly flows observed in the system overnight
to the average flow in the system. The rationale behind this method is that flows observed during times of
minimum use, typically between