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Executive Summary

In 2021, Tellico Village Property Owners Association (TVPOA) and Jacobs Engineering Group (Jacobs)
collaborated to develop a sewer model of their existing primary Lift-Station system, including Mialaquo and
Toqua Tanasi Cove, Tanasi Shores, and Main Lift-Station. The model development included calibration of this
system using field-collected data and operational validation from TVPOA personnel.

The hydraulic model was developed and calibrated to assess system operations and recommend improving
reliability and operations for existing and future demands. Jacobs gathered available information from the
geographical information system (GIS), markups from TVPOA personnel, and field data collected from pressure
loggers deployed at each modeled lift-Station. This information allowed for the development and representation
of the distribution system and the calibration of the hydraulic model. The calibrated hydraulic model provides
the necessary detail to enable the most accurate representation of the system and meets the intended objectives
for developing a Master Plan.

Jacobs consulted with TVPOA personnel and Loudon Utility Board (LUB) personnel regarding available capacity
for existing systems. LUB indicated the TVPOA system manifolds into their current force main. The estimated dry
weather inflows from the TVPOA collection system were 260 gpm and a peak wet weather flow of 1,250 gpm.

Jacobs utilized TVPOA's inflows obtained during the field collection period to develop and project future sewer
flows. From the previously developed Water System Master Plan, TVPOA's current service area would be fully
built out by 2035.

Jacobs analyzed the existing and future sewer systems identifying areas of concern, including:

e Insufficient capacity,

e high velocities above five fps,

e and inefficient pump operations.
Jacobs found the existing primary lift-stations indicated a few areas of concern, including an oversized pumped
flow from Mialaquo and excessive rainfall dependent inflow and infiltration (RDII) for pressure sewer systems.
The future sewer system was evaluated based on available developable land, which requires capital improvement
projects, including upgrades to each primary lift-station.
The recommended improvements are due primarily to RDII during wet weather. Additional alternative solutions

relating to offline storage or RDII reduction could be included as part of any future analysis; However, only
increased capacities were evaluated for this report.
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1. Background

TVPOA collects wastewater flow from its service area of approximately 8 square miles and pumps into the
Loudon Utilities Board’s (LUB) Care Inn Lift-Station. TVPOA'’s collection system operates as a pressure
system consisting of 84 miles of pressure sewers and 12 Lift-Stations that do not include the Kahite
system to the south.

The TVPOA requested the development of a sewer system hydraulic model to analyze available system
capacity at the primary Lift-Stations under existing and future flows. The hydraulic model is intended to be
developed in multiple phases, with the initial phase containing:

Mialaquo
Toqua
Tanasi Cove
Tanasi Shores
Main Lift

a s whe

Additional phases can include more local sewers where further detail is desired.

This Collection System Hydraulic Model report contains the following sections:
e  Section 1 Background

e  Section 2 Model Development

e  Section 3 Model Calibration

e  Section 4 Hydraulic Analysis

e  Section 5 Capital Improvements Plan through the Year 2035 (Buildout).
Supporting information is provided in the following appendices to this report:

o Appendix A Supplemental Information.
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2. Model Development

TVPOA requested a planning level model to evaluate existing and future wastewater capacity for the area's
primary Lift-Station.

Model development was initiated at the kickoff meeting held in February 2021. Items discussed included:
e Data requirements to further develop the model and established timelines for receipt of the data

e Problematic areas within the collection system were identified

e Equipment necessary to measure existing system performance

o Field testing required to measure current system performance

e Model Development, Calibration, and Analysis

e Flow Projections.
2.1 Collection System Network

Information requested for model development consisted of:

e GIS data

o Wastewater system drawings (as necessary)

e Pressure Recorders of Lift-Station operations

e Booster Pump Station Manufacturer curves and Field Drawdown Testing

e 2020 Water consumption records from billing data

211 GIS Data

The model was developed using the existing GIS data and markups received from TVPOA for developed
areas not yet included in the GIS provided by TVPOA in May 2021. Data within the provided geodatabase
included: Pressure Mains and associated sizes, as well as Lift-Stations.

The collection system's GIS data included 84 miles of sewer with diameters ranging from 2-inches to 12-
inches in diameter, 12 Lift-Stations, not including the Kahite System to the south.

The hydraulic model includes the primary Lift-Stations and their respective force mains feeding the Main
Lift-Station and Mialaquo. The remaining sewers feed directly into one of the primary wet wells or
manifold into the primary force mains. The unmodeled sewers were used to determine service areas for
allocating how sewer flows would enter the system into one of the modeled Lift-Stations, or manifold into
the modeled force mains.

21.2 TVPOA Markups

Record drawings and markups provided by TVPOA personnel were used to update the GIS and sewer
model where the GIS did not offer adequate connectivity or updated operational status.
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2.1.3 Field Data Collection

Available operational records are limited to pump status and runtime. Calibration of the model requires
understanding inflows during dry and wet weather. Jacobs coordinated field data collection consisting of
pressure recorders and pump drawdown testing to calibrate the sewer model.

2.1.3.1 Pressure Recorders

The challenge of collecting flow in a pressure system is the installation of flow meters on all incoming and
outgoing force mains. Equipment installation is difficult to install on the existing system due to space and
access restrictions on discharge piping. TVPOA decided to take a different approach and install pressure
loggers in the existing wet wells and on the pump discharge piping. In general terms, the pump station's
flow was measured by combining data from pressure sensors located at hydraulically important locations
in the station with key data such as the station’s wet well dimensions, elevations, and the station operating
performance from existing pump curves.

The sewer wet well loggers were provided and installed by Water & Waste Equipment which recorded wet
well level and force main pressures from July 28", 2021, through September 24™ 2021. Due to the
availability of equipment and installation issues, recording dates vary by station.

e Main Lift: September 9'" — September 24", 2021

e Toqua: July 28" — September 241", 2021

e Mialaquo: July 30" — September 9%, 2021

e Tanasi Shores: September 8" — September 23", 2021
e Tanasi Cove: July 28" — September 24", 2021

The list of equipment used in the data logger panel includes the following:

o Duplex Nema 4X Fiberglass Enclosed Data Logger Panel

¢ Industrial Grade Pressure Transducer Models BR111, BR211, BR311
e Blue Ribbon Dual-Input Pump Controller Model BD306

e Surge Protector Model BCP3000.

At each pump station, the wet well elevation sensor enabled the we well wastewater volume to be
calculated and the storage volume of all areas flowing into the system. The pressure transducer on the
discharge line allowed the system discharge pressure to be monitored at all stages of the pump cycle.
Since this is a low pressure system, the discharge pressure is not constant, creating variable system
pressures. This can lead to varying operating points for the pump stations. Utilizing the pump curves and
system pressure, a pumped flow rate can be calculated at any given condition.

2.1.3.2 Drawdown Testing

The development of sewer lift-station operating curves determined the operational flow points for each
pump at each station. Drawdown tests were performed on each of the five sewer lift-stations: Main,
Mialaquo, Toqua, Tanasi Cove, and Tanasi Shores. The purpose of the drawdown tests was to discover
current operating while a single pump is on. The test procedure involved:

e Filling the wet well to a specified, recorded level

e Recording the time it took to fill the wet well to a recorded level

e Measuring the water level drop that occurred while a single pump was running
e Recording the time it took to pump the wet well down.
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Construction as-builts for the lift-stations were reviewed to determine the dimensions of the wet wells. At
least two drawdown tests were performed for each lift-station to capture both pumps and their flow
properties.

214 Sewer Flows

Sewer inflows were developed from reviewing the data collected from the pressure loggers. The rate of
change in the wet well level at each measured interval provided a flow rate into each monitored wet well.
Jacobs developed a mass balance that included the rate of change in the wet well and wet well area to
determine the measured inflow for each station.

2.1.41 Dry Weather Flows

For DWF, the inflows were averaged by the hour for each day and each daily diurnal pattern compared to
the entire data set. Days where the flow appeared related to wet weather or data anomalies, were
removed from the data set. This was done to provide a typical dry weather inflow and diurnal pattern.
Figure 2-1 presents the original data analysis for average hour daily inflows, and Figure 2-2 illustrates the
final data set where the bold blue line shows the average inflow. Table 2-1 presents the DWF measured for
each Lift-Station.

Table 2-1. DWF by Lift-Station

DWF
Year (GPM)
Main 260
Toqua 132
Mialaguo 35
Tanasi Shores 28
Tanasi Cove 55

Sewer flows were allocated based on how unmodeled sewers connected to the system. Sewer flows from
customers within the Mialagoa, Tanasi Cove, and Tanasi Shores were loaded directly into the wet well at
each respective location. Sewer flows from customers downstream of these facilities were allocated based
on the number of customers served where pressure sewers connected to the modeled force main. Figure
2-3 presents the sewer loadings for the model.
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Figure 2-1: Total Data Set (all days)
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Figure 2-2: Final Data Set and Daily DWF Average Inflow
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Figure 2-3: DWF Loadings
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2.1.4.2 Wet Weather Flows

Wet Weather Flows (WWF) was developed again from a review of the lift-station inflow data calculated
from pressure logger data. Jacobs selected the peak flows as measured during the storm events.
Incorporation of the storm events into the model used a wet weather hydrograph that gradually increases
flows into the sewer over 12 hours and then recedes for 12 hours to simulate typical rainfall dependent
inflow and infiltration (RDII) time of peak and regression DWF. Table 2-2 presents the WWF peak flows
simulated for each Lift-Station. Figure 2-4 presents a sample WWF hydrograph.

Table 2-2. WWF Peak Inflows

WWF

Year (GPM)

Main Lift 1,250
Toqua 750
Mialaquo 275
Tanasi Shores 150
Tanasi Cove 250

Like DWF, WWFs were allocated based on sewers feeding each lift-station. Sewer Flows from customers
within the Mialagquo, Tanasi Cove, and Tanasi Shores were loaded into the wet well at each respective
location. Sewer flows from customers downstream of these facilities were allocated based on the number
of customers served where pressure sewers connected to the force main feeding Main Lift.

Figure 2-4: WWF Sample Hydrograph
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3. Model Calibration

Calibration compares the hydraulic model output data to field measured data and then adjusts hydraulic model
parameters such as pipe roughness, head losses, and pump settings to simulate actual system performance. This
process requires model input data consisting of sewer inflows for wet and dry weather.

The calibration process consisted of implementing an extended period simulation (EPS) for 24 hours. The EPS
allows for a Lift-Station to cycle and recover from WWFs to DWFs.

Based on the inflows and pressures measured during the field data collection, Jacobs modified the pump curves
or system as necessary to replicate pump operations calculated from the Drawdown Tests. Table 3-1 presents
the results from the model compared to the Field observed data.

Table 3-1: Calibration Results

Static Static Flow Flow
INET (] Observed | Modeled | Observed | Modeled
(fo) (fo) (gpm) (gpm)

Main Lift | 189-240 201 750-809 780
Toqua 52-56 62 458-528 438
Mialagquo 5-6 2 419-500 500
Tanasi 99-103 104 268-301 280
Cove
Tanasi 45-49 45 237-248 250
Shores

The following edits were necessary for calibration to calibrate pump operating points from the drawdown testing.

1. The 6-inch main shown in the GIS was changed to an 8-inch main. This edit could replicate Mialaquo
operational measurements based on the provided pump curve. Mialagua was originally designed with a
Myers model pump. During drawdown testing, we found out these pumps have been upgraded to Flygt
pumps; however, the current pump selection operations at a higher flow rate than the original design
point.

2. The pump curve at Tanasi Cove was increased beyond the reported 10.5-inch impellor to an 11.5-inch
impellor.

3. The pump curve at Tanasi Shores was assumed to be a 7.15-inch impellor based on operating conditions
from the reported 8.13-inch.
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4. The main lift-station pumps were operating lower than the initial pump curves had indicated for the KSB
pumps. This pump curve was adjusted in our analysis. Upon further investigation it was determined that
the pumps had trimmed impellers.

The model could replicate the measured performance from the Field collected data by incorporating the above
adjustments.
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4, Existing Sewer System Analysis

The objectives of the sewer system analyses are to identify the following within the existing water distribution
system:

e Areas of concern related to insufficient capacity
e Areas indicating significant WWF/DWF response
e  Pump Performance

e Primary pressure pipe performance.

The analysis uses common operating standards for pressure sewers to ensure adequate service.
4.1 System Capacity

Under DWF conditions, Pump performance and pressure pipe performance indicate that the system is operating
within expected standards; however, during WWF, TVPOA personnel has indicated the need for throttling flows
from Mialaquo and Toqua to prevent Main Lift-Station from flooding during wet weather flow conditions. A
review of the peak WWF suggests flows above rated capacity for Toqua and Main Lift. Table 4-1 presents the
DWF, Peak WWF, and Lift-Station outflows.

Table 4-1: Lift-Station Hydraulic Analysis

Wet Well DW Peak WW Outflow | WWF/DWF | # of pumps

Inflow Inflow (gpm) (gpm) (% adjust)
(9pm)

Mialaquo 35 275 500 7.8 1

Toqua 132 750 570 5.6 2

Tanasi Cove 55 250 280 4.5 1

Tanasi Shores 28 150 250 53 1-2

Main 260 1,250 1,100 4.8 2
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4.2 DWF/WWF

Given this system is a pressure sewer, the wet weather response is significant. While all areas suggested some
level of RDII response, the Mialaquo service area indicated nearly twice the amount as other basins. Based on the
number of homes served, Mialaquo is the smallest service area and should undergo a review to understand
inflow and infiltration sources. Figure 4-1 presents the lift-station service areas, DWF, WWF, and DWF/WWF ratio.
Table 4-1 above presents the peak WWF to DWF ratios. The WWF/DWF ratio indicates how much stress is
experienced by the sewer system during rainfall. The higher ratios mean larger the infrastructure required to
convey flows to prevent flooding. This increased infrastructure requires larger capital costs and higher
operational and maintenance costs over the life of the system.

4.3 Pump Performance

A review of the pump station performance suggests that each station is operating as expected. However, it was
noted that Mialaquo appears to be significantly oversized given its DWF and WWF inflows. Operating points for
each station is shown below:

Mialaquo

100
90
80
70
60
50
40
30
20
10

TDH (ft)

140
120
100

80

TDH (ft)

60
40
20



"
Collection System Model & Master Plan \JaCObS

TDH (ft)

TDH (ft)

Tanasi Cove

200
180
160
140
120
100
80
60
40
20

2, % % % % o %2 2

Flow (GPM)

Tanasi Shores

80
70
60
50
40
30
20
10

Flow (GPM)

17



1
Collection System Model & Master Plan \JaCObS

Main Lift
300
£ \\
200
E
T 150
()]
[
100
50
0
o N < N 2 S o) = & 9, N NG v . <. Ve
(@) Q. (@) (@) (@) (#) [@) (@) (@) [@) b7 > K b7 Ky
(@] (@ (@ (@ (@] (@} (@} (@] (@] OO OO 00 00 OO OO

Flow (GPM)

4.4 Primary Pressure Mains

Maximum Velocities along the primary pressure mains ranged from 2.5 to 6.5 fps. The higher velocities were
measured along the 6-inch main, downstream of the Tanasi Shores and Tanasi Cove manifold, and only when
both pumps ran.



Figure 4-1: WWF/DWF Factors
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5. Capital Improvement Plan through 2035

The capital improvement projects recommended in this section result from the water system analyses conducted
using current and future water demands over a planning period of 2035.

Allocation of Future DWF reviewed the non-active water users for each area where the sewers connect to the
modeled system. Future sewer flows were developed from a review of active water customers and system DWFs
into Main Lift-Station. DWF for Main Lift was estimated at 260 gpm. The active number of water users for 2020
was estimated to be 4,137 homes, equating to 90 gallons per day per home. Future DWF buildout using this
methodology indicates 373 gpm and 6,034 homes. No additional RDII was included as a function of future
demands.

Under the current DWF and future DWF loadings, the system appears to allow for sufficient capacity. However,
during WWF, the model confirms that the system has insufficient capacity to convey peak flows to Care Inn Lift-
Station operated by LUB.

Due to the significance of the WWF/DWF peak factors, a majority of system recommendations are to address this
deficiency through conveyance. It is recommended to review RDII reduction methods for Mialaquo to determine
what impact a system-wide RDII reduction plan could have to reduce peak flows. Alternative solutions such as
offline storage, RDII reduction, or combination should also be reviewed to allow for more optimal operations.

51 Capital Improvement Projects

The following projects should be incorporated into the existing system to improve operations and prepare for
future growth.

Projects 1-3 address the current capacity and operational issues by reducing oversized pumps at Mialaquo and
increasing capacity downstream. Project 4 would need to be addressed as additional development occurs.

Project 1 — Mialaquo Pump Optimization. Currently, Mialaquo is pumping approximately 500 gpm, while Toqua
can pump approximately 570 gpm. Mialaguo should be evaluated further to optimize the pump rate so as not to
overwhelm the Toqua station. This project should be done in conjunction with a pilot study to remove the inflow
from the system. RDII reduction should be developed for the entire system. However, Mialaquo should be the
priority due to the high RDII values recorded.

Project 2 — Toqua Pump Station Upgrade. Toqua shows a peak WWF greater than its current capacity during peak
wet weather flows, which is only partially due to larger flows from Mialaquo. This project should rehabilitate the
existing station and evaluate upsizing the existing pumps and pump capacities. This project should be
undertaken after project 1 and after the RDII reduction pilot has been completed to determine the impacts of
RDII reduction. Toqua will need to be rehabilitated regardless of the RDII reduction to optimize the pump rate to
handle the firm capacity. Currently, the station is running both pumps in a wet weather scenario and does not
have a standby pump.

Project 3 — Main Lift-Station Upgrade. This station receives flow from all the other mentioned pump stations.
This station currently has two KSB pumps that convey flow through a 12- inch force main to the Care Inn LiftSta-
tion operated by LUB. It was determined that the existing 12- inch force main discharge was modified at some
point in history by LUB. The existing 12- inch line is discharged into a Parshall flume. The previous

modification eliminated this flume and ran a new 8- inch pipe approximately 950 linear feet into the Care Inn
station, which is manifolded into the Care Inn 12-inch force main. Additional information is provided in Appendix
A
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Our initial model does not show a significant increase in the total dynamic head experienced by the pumps;
however, a more detailed hydraulic analysis should be performed to verify conditions.

During DWF conditions, this station operates one pump at a time, but both pumps run to convey flow during wet
weather. This station should be evaluated further to determine alternatives. The station currently does not meet
Hydraulic Institute standards for wet well design and does not have firm capacity since both pumps must run
during wet weather flows. Before this project is completed, a preliminary engineering analysis should be
performed to evaluate alternatives and determine the max flow capacity that LUB can receive. It was noted
during the pump drawdown that this station has a notable surge. While this station does have a surge valve
installed, the engineering report should also look at surge mitigation as a part of the analysis.

Project 4 — Tanasi Cove upgrade. Tansi Cove is a future project that will be completed to increase pump capacity
as homes in this service area are completed. The increase of houses should be monitored to determine the

appropriate time for this project. To extend or eliminate this project from the list, RDIl reduction should be
considered.

Table 5-2. Capital Improvement Projects

Recommended Solution

Project ID Planning Year Project Name Deficiency

Rated Capacity

Existing (2022) )
Mialaguo Pump

1 Operation 350 gpm @ 35 ft
Reduction P gpm @

Existing (2022) .
Toqua Pump Station . .
2 Operation/ Capacity 700 gpm @ 100 ft
Upgrade

Existing (2022)
3 Main Lift Upgrade Operation/ Capacity 1,500 gpm @ 270 ft

Future (greater than
4 10 years) Tanasi Cove Upgrade Capacity 325gpm @ 170 ft
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6. Estimate Classification & Basis of Project Capital Costs

A construction budget was developed for each project. This estimate does not include land and easement
acquisition. Engineering and services during construction were not added to this cost. All costs are presented in
the year 2022 and do not include escalation to the planned year of expenditure.

At this level, detailed engineering design costs are typically estimated as a percent of construction cost, ranging
from 8 to 10-percent of the construction cost. Construction phase engineering and inspection services are
typically estimated from 4 to 7-percent of the project construction cost.

TVPOA should review and include Owner costs associated with staff salaries, permitting, utility company costs,
and other identifiable non-construction costs related to the project that has not already been otherwise included
in the estimates.

6.1 Estimate Classification and Project Construction Costs

The concept level cost estimates were prepared from project improvement and rehabilitation descriptions and
preliminary sketches provided to the estimating team. The information provided represents a level of project
definition of 2 to 5-percent, consistent with a Class 5 estimate defined by the Association for the Advancement of
Cost Engineers (AACEI). A Class 5 estimate has an accuracy range of -20% to -50% on the low side and +30% to
+100% on the high side, typically requiring a contingency of 30-percent or more. Due to the level of detail and
assumptions made in preparing the estimates to increase the level of project definition and the routine nature of
the work, a project contingency of 30-percent has been applied.

Construction costs were based upon pump station rehabilitation and include new pumps, discharge piping, and
new electrical and controls for each station. At the main lift-station, it was assumed that rehabilitation could be
accomplished by selecting new pumps, new controls, and adding a backup generator. These estimates should
be updated and revised based upon a more detailed alternatives study that evaluates the cost of rehab versus the
cost of a new pump station. A range of costs are shown in table 6-1 based upon the preliminary nature of this
estimate.
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Table 6-1. Capital Improvement Projects with Associated Construction Cost Estimates

Project
Name

Project ID Planning Year

Low -30% High +50%

Existin Mialaquo
1 9 Pump $434,210 $620,300 $930,450
(2022) -
Reduction
Toqua
Existing Pump
2 (2022) Station $432,390 $617,700 $926,550
Upgrade
Existing Main Lift
3 (2022) Upgrade $1,589,140 $2,270,200 $3,405,300
Future Tanasi Cove
4 (greater than $432,390 $617,700 $926,550
Upgrade
10 years)

6.2 Estimate Methodology

TVPOA'’s utility information and GIS maps were reviewed to develop assumed quantities for water main fittings,
air release assemblies, hydrants / blow-offs, valve locations, connections to existing mains, service connections if
applicable, stream crossings, and open cut and trenchless road crossings, and appurtenances. The estimates were
prepared using a combination of methods. Estimate quantity take-offs are based on scope description, pipe
lengths, pipe diameter, and preliminary pipe routes provided. Many of the routes were assumed to be in the road,
and asphalt paving and full depth stone backfill were assumed. Construction costs were developed by applying
unit prices to the take-off quantities. The unit prices were developed from labor, material, equipment,
subcontractor prices, or historical unit prices for similar projects. Allowances were included for a particular
system or scope of work for which sufficient detail is not available to determine estimated quantities for a
preliminary cost.

Allowances and dollar per square foot costs also were utilized in parts of the estimate.

The estimates are based on our collective experience. The final construction costs will depend on the final project
scope, actual labor and material costs, competitive market conditions, actual site conditions, implementation
schedule, and other variable factors. Jacobs cannot guarantee that proposals, bids, quantities, and actual
construction costs will not vary from our opinion.

6.2.1 Labor Costs

Current 2021 local labor rates were utilized where applicable in the preparation of this estimate.

6.2.2 Material Costs

Local material costs, current for the last six months, were utilized in this estimate. The booster pump material
price was based on historical pricing for pumps of similar capacity.
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6.2.3 Estimate Mark-ups

Sales Tax: A 9.5-percent tax rate was applied to material and equipment purchases. It was assumed that the
TVPOA is not tax-exempt.

Subcontractor Mark-ups: A 15 to 18-percent factor was utilized in the estimate includes the subcontractor's
markups for sales tax, labor burden, bonds, insurance, and fee. This was applied to disciplines such as Electrical,
I&C, and Concrete and masonry disciplines.

Subcontractor Bonds: A 15-percent factor was applied to subcontractor work to cover subcontractor work and
bond costs, typically required by General Contractor risk management plans.

Prime Contractor Overhead and Profit: A 10- percent factor was applied to the project subtotal for the
contractor's Overhead and the profit.

Insurance and Bonds: A 2.17-percent combined factor was applied to the estimate subtotal to cover the General
Contractor's Insurance and Bonds project requirements.
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Appendix A: Supplemental
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