Technical Memorandum
TVPOA 2017 Water System Model

1.

GENERAL

TELLICO Village is located in Loudon County, Tennessee, on the western side of Tellico Lake. It is home to
approximately 7,000 residents and three golf courses. The water system is operated by the Tellico
Village Property Owners Association (TVPOA). As the system has continued to expand over the years
both in size and into higher elevation areas, certain neighborhoods have begun to exhibit lower than
normal system pressures. TVPOA has retained the services of Jacobs to develop a hydraulic model to aid
in evaluating the system for low system pressures especially in the Coyatee neighborhood. The model
will also be used to evaluate a proposed water storage tank for the northern end of the Village.

The hydraulic model includes all system pipes and geographically is represented by two contiguous
systems. However, the southern section known as Kahite was not part of the hydraulic calculations. The
northern system is supplied through five purchase points as shown below in Figure 1.

Figure 1.1
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2.

DATA COLLECTION/ANALYSIS

The TVPOA provided monthly water purchase and usage data for the system for 2010-2017. Customer
billing data was provided for September of 2016. For the purposes of this evaluation, Peak Day Demands
(PDD) were based on September 2016 as it had the highest water sold volume during the 8 year period
with an average of 1.88 MGD. Table 1 shows the water audit information for 2016.

Table 1 – System Water Loss (values in gallons per month)

Date
Jan-16
Feb-16
Mar-16
Apr-16
May-16
Jun-16
Jul-16
Aug-16
Sep-16
Oct-16
Nov-16
Dec-16

Total
Purchased
17,910,503
18,429,415
18,565,069
25,313,468
36,418,420
47,727,152
50,381,878
49,830,800
56,514,068
59,846,600
35,210,600
22,973,000

Metered Sales
13,509,877
10,789,085
11,381,447
17,737,238
23,552,913
40,193,836
39,743,259
40,757,912
49,276,298
44,891,966
37,082,051
18,217,204

Total Accounted Unaccounted % water
for Water
for Water
Loss
14,908,157
3,002,346
16.8
12,729,585
5,699,830
30.9
15,227,947
3,337,122
18.0
21,746,298
3,567,170
14.1
24,818,593
11,599,827
31.9
41,204,476
6,522,676
13.7
41,088,199
9,293,679
18.4
42,103,412
7,727,388
15.5
50,359,978
6,154,090
10.9
49,069,036
10,777,564
18.0
37,369,177
(2,158,577)
-6.1
18,497,204
4,475,796
19.5

Jacobs, in coordination with TVPOA staff, installed pressure recorders at or near each of the five
purchase points from approximately noon 10.09.2017 to noon 10.12.2017. A fire flow test was also
conducted near the south entrance on Mialaquo Road. Additionally, TVPOA staff took hourly master
readings over a 24 hour period in the absence of master meter SCADA.

3.

HYDRAULIC MODEL DEVELOPMENT

WaterGEMS performs steady state and extended period analyses of distribution systems using the
EPANET computational engine. A steady state analysis evaluates system behavior for a period of time.
An extended period simulation (EPS) examines the system behavior for a period of time. As a result, the
EPS can be used to simulate temporal events such as prolonged periods of high demand or the
effectiveness of storage tanks. The model network can be modified and evaluated quickly to
troubleshoot system inadequacies. In the current analysis, the model was analyzed to ensure the EPS
results are consistent with peak day demand conditions. SCADA data was obtained from the Tellico Main
Lift Station which recorded reasonable water system pressure data for May, August, September, and
October of 2017. This data was used to evaluate system pressures in other time periods with various
demands.
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Network
The Geographic Information System (GIS) database of the existing water distribution system used by
TVPOA was provided to Jacobs by the Client. The database pipe layer included pipe location, diameter,
length, and material. All pipes were integrated into the model. Tools within the WaterGEMS application
were used to address any connectivity issues by eliminating orphaned nodes, disconnected pipes,
duplicate pipes, and pipes which needed to be split at an intersection.
Other GIS layers provided but not included in the model were master meter locations, tank, and
neighborhood zones. No GIS data was provided for pump stations, fire hydrants, and valves. Two pump
stations exist; one at the south entrance which is not currently used and one serving a portion of the
Coyatee subdivision. Pump curves were provided and loaded into the model.
The nodes in the model represent pipe endpoints, connections to intersecting pipes, field measurement
locations or high and low elevation points. The GIS database junction layer provided included elevations
and neighborhood information which was used in assigning most of the customer demands. The
following section outlines the details associated with the demand allocation process.

Demand and Water Loss Allocation
The peak day demand incorporated into the model is based on September of 2016. During this period,
the PDD excluding Kahite was approximately 1.64 MGD. A breakdown of the PDD is listed in Table 2.

Table 2 – Breakdown of PDD
Type
Residential
Commercial
Irrigation
Church
North Entrance
Water Loss
Total

Demand (gpd)
527,000
27,000
844,000
8,000
29,000
205,000
1,640,000

TVPOA provided a spreadsheet containing water sold for September of 2016 consolidated by
neighborhood. Jacobs also evaluated March 2016 which appeared to be most representative of an
average usage month with most residents returning after winter but before irrigation really picked up.
After removing commercial and TVPOA accounts, residential accounts with usage less than 50 gpd and
in excess of 10,000 gallons per month, the resulting average was approximately 6,000 gallons per month
or 200 gpd. This value is in line with industry averages and was used for disaggregating irrigation
demands from residential demands. The purpose of this effort was to align water demands with the
correct diurnal patterns which will be discussed in the next section.
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Once the number of customers for each route (neighborhood) was known and the base monthly
residential demand of 6,000 gallons per month was established, Jacobs used the individual and
consolidated September 2016 demand information to parse and allocate demands into the model. This
was completed using the protocol outlined below:
1. Each Route was evaluated independently.
2. Filter individual billing records by route.
3. Accounts with usage less than 6,000 gallons were assumed to be 100 percent residential
demand.
4. Accounts with usage in excess of 6,000 gallons were parsed into 6,000 gallons of residential
demand and the remaining amount was assumed to be irrigation.
5. The totals for residential and irrigation demand were summed up by route.
6. The number of junctions in the model corresponding with the subject route was totaled.
7. The residential and irrigation demands were then globally spread across the applicable junctions
and associated with the respective diurnal pattern.
8. Commercial accounts and TVPOA accounts were evaluated and assigned manually and assigned
with the respective diurnal pattern (commercial, irrigation, etc.).
Upon completion of the above process, water loss was evenly distributed across the model based on
records provided by TVPOA. A daily average of 205,000 gallons of water loss was evenly distributed
throughout the distribution system. The remaining 15 percent of water loss was assumed to be within
the Kahite area.

Diurnal Pattern
The peaking factor of the diurnal pattern is multiplied times the daily demand to simulate the hourly
demands over the peak day demand period. Industry standard diurnal demand patterns were assigned
for commercial and church patterns. Water loss was assumed to be at a fixed rate. Custom diurnal
patterns were created for residential and irrigation demands based on 24 hour meter readings collected
by TVPOA staff. The diurnal patterns are displayed in the following graphs.
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Figure 2.1: Average Residential Day Demand Pattern
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Figure 2.2: Average Commercial Day Demand Pattern
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Figure 2.3: Average Irrigation Day Demand Pattern
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Model Verification/Calibration Observations
Pressure recordings from 10.09.2017 to 10.12.2017 were used to calibrate the model and verify model
results. These pressure recordings were used to establish source water patterns which were assigned to
each Loudon Utilities Board (LUB) master meter. The raw pressure recording data is shown below which
exhibits constancy across all the meters and SCADA from the Tellico Main Lift Station.

Tellico - Pressure Recordings 10.10.17 to 10.12.17
1130
1120

HGL

1110
1100
1090
1080
1070
0:00

6:00

Ritchey Road

12:00
Maple

18:00

0:00

Little Valley
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It was observed in the pressure recordings that a pump station within the LUB system causes a 7 psi
drop in system pressure when operating as can be observed at 12:00 pm on the first day. It appears the
pump station typically runs for 1.5 hours during each run cycle. This event was included in the pattern to
reflect the impact it has on pressures within the TVPOA system. However, as shown in the SCADA data
over different time periods, these events appear to be based on a LUB tank level and are not time
dependent. As a result, the LUB pump on/off cycle varies from day to day which can occasionally align
with TVPOA peak system demands resulting in lower than normal system pressures.
Also noted in the pressure recordings and SCADA information was a system wide pressure spike of
almost 20 psi. This is again suspected to be a hydraulic characteristic of the LUB water system; most
likely a tank reaching full capacity while pumps continue to pressurize the system. Without additional
information, the source of this hydraulic event cannot be confirmed. This spike was excluded from the
source Hydraulic Grade Line (HGL) patterns as it was typically short in nature and unpredictable in
occurrence. Furthermore, the emphasis of this effort was to evaluate system low pressures so little time
was expended on this point.
The verification process incorporated 24 hour meter consumption data as recorded by TVPOA staff
which had a daily flow volume of 1,123,000 gallons. This volume is lower than the total demand loaded
into the model by 517,000 gallons (October vs. September demands). Using SCADA data from the Tellico
Main Lift Station location, it was observed that the system pressures in October were trending up as
compared to September, leading to the conclusion that irrigation demands were starting to drop off.
Therefore, the irrigation demand was reduced by 61 percent (517,000 gallons) for the model simulation
to match the observed meter readings by TVPOA.
A base scenario was established in the model to conduct an Extended Period Simulation (EPS) for the
specific time period. The model results were compared to the recorded measurements, and specific
model elements were iteratively modified to match the EPS results with the measured data. In addition,
the flow test results were analyzed to define local system behavior. The flow test field data provided
localized pressure measurements at the south entrance was used to estimate the Tellico Area Service
System (TASS) master meter HGL. The verification process resulted in a calibrated model, which reflects
the pressure recordings taken in the field. Graphs of the observed vs. model pressures are located in
Appendix A. Details associated with the model verification process are described in the following
section.

Extended Period Simulation
Extended Period Simulations were used to evaluate the general system behavior and track the
movement of water through the distribution system. The simulation results were analyzed to verify
volumetric amounts at each of the master meters and confirm system pressures reported at the
pressure recorder locations. In the current analysis, each EPS was conducted for a 48 hour timeframe.
The source HGL patterns were based on the first 24 hour period and then repeat for each subsequent 24
hour period. Thus, in a 48 hour run, the first 24 hours closely resemble actual pressures and the next 24
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hours simulates the approximate pattern with some temporal differences but still predicts the high and
low pressures.
There was no SCADA information for the water storage tank. Additional pressure recordings would be
required to confirm how tank levels in the model compare to actual.
Once the model was calibrated based on an estimated October demand, the model was rerun using the
September 2016 demands which represented the PDD (1.64 MGD). An example week is shown below
with a close match (Tellico Main Lift Station).

150
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9/25/2017

Model

The pronounced pressure drop to 100 psi as observed on 09.18.17 only occurred three times in
the month of September. All occurred at 6:00am and is likely the combination of TVPOA peak
residential and irrigation demands and the operation of a booster station in the LUB system
which was discussed previously. Data for this location shows a similar occurrence in August
except more pronounced.
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SCADA - Tellico Main Lift Station
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4.

FIRE FLOW ANALYSIS AND LOW PRESSURE AREAS

A fire flow analysis was conducted to evaluate the available fire capacity based on the calibration source
HGL patterns and September 2016 demands. Only nodes supplied by 6-inch mains and larger were
included in the analysis. The minimum fire flow requirement was 500 gpm at 20 psi and zone pressures
were to be maintained at or above 20 psi. The fire flow requirements were applied at 6:00am which
corresponds with the lowest system pressures. The only streets which failed to meet this criterion were
Okmulgee Circle and Catoosa Lane. The nodes downstream of the Coyatee booster would also be
limited to the ability of the existing pump. Evaluating fire flow requirements under the exaggerated
system low pressures was not performed and will require an additional scenario be set up and calibrated
for.
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Figure 3.1
Under the base scenario, low pressures are only
exhibited in a few places. Pressures below 30
psi on a regular basis are near the tank and at
the intersection of Oostanali Way and
Kawatuska Way. As previously mentioned,
pressure fluctuations observed in the SCADA for
time periods beyond the calibration period,
were lower than during the calibration period.
These extremes have roughly an additional 10
to 13 psi drop. In the absence of a specific
model scenario, one could simply look at the
color coding and shift the range. For example
points in blue would be in the 0 to 20 range,
light blue 20 to 30 psi range and green in the 30
to 40 range.

Future Demand Scenario
A future demand scenario was created by increasing the residential, commercial and irrigation
demands by 30 percent which resulted in a daily demand of 2,058,000. This demand was
applied to the existing system as shown in the next figure. The low pressure areas have
expanded slightly as shown in the following map.
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Figure 3.2
The fire flow analysis was run against the
new system demand which identified the
same locations as before, Okmulgee Circle
and Catoosa Lane, as not meeting the fire
flow criterion.

Capital Improvements
Several options were evaluated to increase or sustain system pressures. The first was to modify
the irrigation demand pattern and shift the demand to a 7:00pm to 4:00am time frame. The
following graph shows the model results of this scenario.
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Next, a new tank was located at the top of Osage Drive in the Coyatee neighborhood. The tank
was tied into the system upstream of the booster station. The tank helps to stabilize pressures
in the northern part of the system but combined with future demands, the system low
pressures are comparable to today.
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However, a new tank in Coyatee had a negligible impact in the south.

Utilizing the booster from TASS during peak irrigation times (4:00am to 10:00am) in concert
with a proposed tank in Coyatee, system pressures can be stabilized.
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5.

CONCLUSIONS/NEXT STEP

Through this modeling effort, it appears that low system pressures are a result of irrigation demands
overlapping with residential demands between the hours of 3:00am and 10:00am. This creates high
enough of a demand during summer months to significantly drop system pressure which appears to be
noticed by some residents. This is further compounded by LUB system pump operations which
exacerbate the issue further. To more accurately evaluate the system low pressures observed in SCADA
for time periods outside the calibration period, additional information and model efforts would be
required.
The end of line pressure in Coyatee exhibits pressures in the 30’s. If pressures are an issue, consider
raising the fixed head discharge set point at the booster station. Based on the model the pump is
running at a much reduced speed and has available horsepower to increase the pressure. However, this
will increase power costs. If controls allow, consider raising discharge pressure during the 4am to 8am
hour range only to anticipate lower suction pressure but minimize power costs.
As would be expected, imposing a 30 percent growth in system demand causes system pressures to
drop even lower. If no changes are made, it would be expected for additional residents to complain of
pressure issues. While most of the system has adequate pressure by industry standards, there are
pockets that do dip into the 20 to 30 psi range which is typically not a satisfactory service pressure.
The most effective means to stabilize the pressure drop is add storage in the northern part of the system
such as Coyatee and operate the TASS booster station to help supplement the other master meters
during peak demand time periods. Another effective solution, however challenging to implement, is to
shift the irrigation demands to an evening through early morning schedule.
Master meter low head booster stations which operate during peak hourly system demands could be
another option to consider in lieu of a tank. This scenario was not modeled nor is their sufficient data to
accurately represent the suction side of the booster stations.
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APPENDIX A
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Irene Road 10.10.2017 - 10.11.2017
125
120
115
110
105
100
Recorder
95

Model

90
85
80

Nowata at Maple Hill 10.10.2017 - 10.11.2017
130
125
120
115
110
105
100

Recorder

95

Model

90
85
80
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Shawnee Place 10.10.2017 - 10.11.2017
140
130
120
110
Recorder

100

Model
90
80

North Entrance 10.10.2017 - 10.11.2017
150
140
130
120
Recorder

110

Model
100
90
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Mialaquo
140

130

120

110
Recording
100

Model

90

80
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