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Figure 4-15 

Streamflow Gauge Correlation 
 

Q2400 = 1.105Q2350       

 Equation 4 

Q2400: flow at downstream gauge 
Q2350: flow at upstream gauge 

 
The flow difference between the two gauges (and without the estimated WWTP 
discharge discussed in Section 4.2) is used in the model as a daily time series of 
historical stormwater volume from the representative drainage area. This time 
series represents the stormwater that is available for collection and reuse, has 
potential to be managed through BMPs, and may eventually be quantified as 
stormwater flow to the river. 

4.5.2 Land Use Types 
The stormwater volume is partitioned into daily flow from three landuse types to 
facilitate calculations of typical runoff loads and estimate stormwater availability 
for land use specific BMPs and reuse strategies. The development of Franklin’s 
land over the planning period is derived from the 2004 Land Use Inventory and 
discussions with the City. Table 4-14 shows the fraction of the City’s land that 
falls into the three relevant land use categories. Runoff from each of the land use 
categories is not directly proportional to that land cover fractions in the table but, 
rather, is a function of the percentage of land cover and the typical runoff 
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coefficient for that land use. For example, runoff from commercial land in 2015 
would be higher than 11 percent of the total, and this would be balanced by 
runoff from undeveloped land being less than 55 percent of the total. But the 
runoff coefficients are only applied to the fraction of land to which they are 
relevant. The effective runoff coefficients for the three land use types are 
Residential 1.0, Commercial 1.8, and Undeveloped 0.51. 

Table 4-14 
Franklin Projected Land Use 

Projection Year Residential 
 

Commercial 
 

Undeveloped  

2015 34% 11% 55% 

 

2020 37% 12% 51% 

 

2025 41% 14% 46% 

 

2030 44% 15% 41% 

 

2035 48% 17% 36% 

 

2040 51% 18% 31% 

 
   
4.5.3 Pollutant Loads 
Pollutant loading to the Harpeth River due to stormwater was estimated using 
typical values of BOD and nitrogen concentrations found in stormwater from the 
USGS Nationwide Urban Runoff Program (NURP) database8. The concentrations 
from Knoxville, TN were averaged with the national average concentrations to 
estimate the pollutant loads in Franklin. It is likely that Franklin’s stormwater 
contains more or less BOD and nitrogen than the values used in the model; but 
for comparative purposes, the estimations of stormwater pollutants developed  
                                                           
8 Stakeholders identified BOD (Biological Oxygen Demand) and Nitrogen as the two most 
important indicators of water quality in the Harpeth River.  Hence, the model was developed to 
track these two pollutants. 
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from the NURP database are sufficient. Table 4-15 lists the concentrations used in 
the model by land use type. These concentrations are multiplied by the modeled 
stormwater flow from each land use type to calculate loading to the river in 
pounds per day. 

 
Table 4-15 

Estimated Pollutant Concentrations in Stormwater 
Land Use Type BOD, mg/L Nitrogen, mg/L 

Residential 11 2.3 
Commercial 11 2.6 
Undeveloped 8.3 1.6 

   
Several options included in the IWRP involved stormwater BMPs, ordinance, and 
other strategic controls to reduce the negative impacts of stormwater on the 
Harpeth River. As the model is not a representation of watershed or stream 
channel processes, it is not possible to quantify the effects of these various 
options on flood levels or flood frequency (i.e., hydraulic response to stormwater 
runoff). Therefore, flooding impacts have been included as qualitative 
performance measures: negative impacts of stormwater reduced and change in 
100-year flood elevation. The total volume of stormwater, as it affects river flow, 
is simulated in the model hydrologically, but not hydraulically. 

Projects and policies in the IWRP that aim to reduce stormwater pollutant 
loading to the river are considered in the model by reducing the volume of 
stormwater or the concentration of pollutants in stormwater that reaches the 
river. For example, residential rain barrels intercept stormwater flow from 
pervious surfaces, therefore reducing the volume that flows unabated to the 
river. Constructed wetlands also reduce volume by facilitating infiltration, but 
also reduce levels of pollutants in stormwater that eventually flows to the river. 
In the model, estimates of BMP sizes and pollution reduction capabilities are 
used to modify the basic flow concentration equation to calculate the resulting, 
reduced load when BMPs are activated. Table 4-16 lists the assumptions of size 
and pollutant reduction capabilities used in the model. 
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Table 4-16 
Stormwater BMP Assumptions 

Flow Captured by BMPs % of Flow from Total Drainage Area 
Constructed Wetlands 5% 

Pervious Pavement 5% 

Rain Gardens 7% 

Reductions Performed on Flow Captured by BMPs - 

BMP Pollutant Reductions1 BOD Nitrates TKN 
Constructed Wetlands 20% 30% 30% 

Pervious Pavement 20% 65% 65% 

Rain Gardens 20% 50% 50% 

Runoff Lost through ET, Infiltration, etc. % of Inflow to BMP 
Constructed Wetlands 20% 

Pervious Pavement 80% 

Rain Gardens 10% 

1: State of Georgia Stormwater Manual 
 

4.6 Reclaimed Water Distribution 
The Franklin integrated model represents the City’s reclaimed water system by 
comparing the water available for reuse—wastewater effluent and  collected 
stormwater—with the demand for reclaimed water and the infrastructure 
available to store and transport the water. Several key assumptions were made in 
model development and will be explained in this section: 

 The City predicts that there is an untapped demand for reclaimed water. 
Historical non-essential use patterns are therefore not completely explanatory 
in the development of future demand projections. The City believes that the 
demand for reclaimed water will increase with improved and increased 
infrastructure to deliver the water to customers. In other words, extrapolating 
historical use of reclaimed or non-essential water use into the future would 
likely under predict the actual demand, once the infrastructure and the 
resource itself are fully available. 

  Projected demand for water use sectors is based on the City’s 2009 Reclaimed 
Water System Master Plan. 

 Water reuse will offset the demand for potable water for irrigation, but this 
offset must be limited to the volume of potable water that customers would 
actually purchase to meet their irrigation needs. In the model, this limit is 
based on recent billing data for irrigation uses (See Section 4.3 for discussion 
and values of irrigation water demands).  
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Figure 4-16 shows a schematic of the modeled reclaimed water distribution 
system. Similarly to potable water use, reclaimed water use is segmented into 4 
sectors: residential, commercial, recreational, and industrial. There are two 
sources of water available for reuse: WWTP effluent as a large, centralized source 
requiring major infrastructure for distribution, and collected stormwater as a 
smaller, decentralized source requiring individual customers to initiate collection 
and reuse. Both sources would otherwise flow to the Harpeth River.   

 
Figure 4-16 

Franklin Reclaimed Water Model Schematic 
 

4.6.1 Stormwater Reuse 
Stormwater reuse volumes are difficult to estimate with accuracy without further 
study into potential collection technologies and locations. The model uses 
estimated rates of capture for residential, commercial, and recreational users to 
calculate how much stormwater could be made available for reuse on a localized 
scale. When stormwater reuse options are activated, the demand on the 
reclaimed wastewater system is reduced by the appropriate amount. Table 4-17 
lists the assumptions that define the amount of available stormwater for reuse. 
The land use sectors are discussed with the stormwater model sector, Section 4.5, 
and correspond to the fraction of the land area included in the representative 
City stormwater drainage basin that could contribute runoff to the respective 
stormwater collection for reuse. These fractions represent the percentage of 
stormwater runoff from each land use that is collected and available for reuse. 
The land fractions change throughout the planning period according to land 
development projections set forth in the City of Franklin’s 2004 Land Use 
Inventory. The modeled captured runoff is equal to the rainfall volume over the 
fractional land area, not exceeding the maximum capture volume. Daily rainfall 
totals for the hydrologic period of record were obtained from the Franklin 
WWTP rain gauge. The maximum capture rate is small in order to represent the 
volume of water that would actually be available for use after potential 
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infiltration, evaporation, storage limitations and other factors that may prevent 
rain water from being reused. 

Table 4-17 
Assumptions Defining Stormwater Available for Reuse 

Sector 
Runoff Fraction 

Available (%) 
Maximum Capture Rate 

(Inches of Rainfall per Day) 
Residential 2 0.1 
Commercial 20 0.1 
Recreational 20 0.1 

 

4.6.2 Reclaimed Wastewater Effluent 
The total volume of wastewater effluent available for distribution is decided in 
the wastewater treatment sector of the integrated model and is ultimately the 
result of total potable water use within the City (Section 4.4). The wastewater 
effluent is pumped into the reclaimed water distribution system. The current 
capacity of the pump is 7.5 mgd, and the modeled future capacity with upgrades 
is 12 mgd. Reclaimed water distribution options in the model represent the 
various projects discussed in the Reclaimed Water System Master Plan (2009) and 
establish how much reclaimed water can be transported to customers. Through 
discussions with the City, the capacities and target sectors for each of the 
reclaimed water infrastructure projects were established and are listed in Table 
4-18. 

Table 4-18 
Reclaimed Water Infrastructure Capacities 

Infrastructure Option Line Capacity 
(mgd) 

Customer Type,  
Res/Com/Rec/Ind 

Current Distribution Lines 
1.0 Residential 
2.0 Commercial 
3.0 Recreational 

12" Long Lane Line 3.5 All 
Horton Lane Force Main 1.6 Residential, Recreational 
12" Columbia Ave/SE Pkwy Line 3.6 All 

Total 14.7  
 
An option to incorporate significant reclaimed water storage to alleviate the 
seasonality of demands is also included in the model. The modeled volume of 
this new storage is 30 million gallons. This would allow alternative plans to 
manage effluent volumes into the river. 

Based on current demands, the recreational sector is the largest user of reclaimed 
water (principally, golf courses). The model logic is set to supply the recreational 
sector with reclaimed water to meet its demands first and then split the 
remaining supply between the commercial and residential sectors. Currently, the 
industrial sector does not provide a large demand for reclaimed water, though 
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the potential for installing lines to provide a less seasonally variable flow of 
reclaimed water to industrial users will be explored in Phase II of the Franklin 
IWRP study. 

The energy required to deliver reclaimed water to customers is related to the 
pumping of wastewater effluent from the treatment plant into the distribution 
system.  The following equation was used to estimate the pumping energy 
required9: 

ܧ ൌ ݁ଵଶା୪୬ ሺଵ.ଶହொሻ           

 Equation 5 

E: energy required  
Q: flow to reclaimed water distribution 

4.6.3 Reclaimed Water Demand Projections 
Demand projections for reclaimed water were calculated based on values in the 
2009 Reclaimed Water System Master Plan. This document lists various potential 
users and potential demands which were aggregated into the water use sectors 
(residential, commercial, and recreational) and projected out over the planning 
period. The escalation of reclaimed water demand is related to the time at which 
the City anticipates infrastructure could be built to supply those customers. 
Table 4-19 lists the projected average reclaimed water demands by projection 
year and water use sector. The seasonal variation in reclaimed water demands is 
large, considering that most reclaimed water usage is for irrigation. The monthly 
variations were developed using records of wastewater effluent sent to reuse and 
discussions with stakeholders and the City. Table 4-20 shows the monthly 
multipliers used for reclaimed water demand for the water use sectors. Figures 4-
17 through 4-19 show the calculated reclaimed water demands used in the 
model. 

Table 4-19 
Projected Average Reclaimed Water Demands 

Projection 
Year 

Residential 
(mgd) 

Commercial 
(mgd) 

Recreational 
(mgd) 

Total 
(mgd) 

2015 0.49 0.72 1.89 3.10 

2020 0.77 0.89 2.00 3.65 

2025 1.15 1.18 2.08 4.40 

2030 1.93 1.96 2.08 5.97 

2035 2.71 2.74 2.08 7.53 

2040 3.49 3.52 2.08 9.09 

  

                                                           
9 Carlson, Steven W. and Adam Walburger, 2007. Energy Index Development for Benchmarking 
Water and Wastewater Utilities. AwwaRF 
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Table 4-20 
Projected Monthly Multipliers for Reclaimed Water Demands 

Month Residential and 
Commercial Recreational 

January 0.22 0.03 

February 0.19 0.01 

March 0.39 0.01 

April 0.70 0.10 

May 0.85 0.15 

June 2.07 1.03 

July 1.69 2.23 

August 2.00 3.32 

September 1.73 2.18 

October 1.24 1.38 

November 0.71 1.11 

December 0.22 0.46 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-17 
Modeled Residential Reclaimed Water Demands 2015 to 2040 
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Figure 4-18 
Modeled Commercial Reclaimed Water Demands 2015 to 2040 

 

 

 

 

 

 

 

 

 

Figure 4-19 
Modeled Recreational Reclaimed Water Demands 2015 to 2040 
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4.6.4 Streamflow Augmentation 
In addition to localized stormwater collection and reclaimed wastewater effluent 
reuse for irrigation, the IWRP includes an option to use Robinson Lake to 
augment low flows in the Harpeth River. Robinson Lake is located upstream of 
the Franklin WTP and currently has an unmanaged rock weir structure 
controlling flow discharge to the river. The project option involves constructing 
an outlet structure to release flow from the lake when the river flow is extremely 
low. The specifications of the model representation of this scenario are listed in 
Table 4-21. 

Table 4-21 
Robinson Lake Streamflow Augmentation 

Specifications and Assumptions 
Parameter Model Specification

Lake Area 11 acres 
Lake Drainage Area 100 acres 

Usable  Storage Volume 1 foot over lake area, 
total 11 ac-ft 

River Low Flow Trigger for 
Robinson Lake Release 

Median September flow: 
3.78 mgd (5.85 cfs) 

Release Rate Variable with volume, up 
to 1  mgd 

 
If the drainage area to Robinson Lake was entirely impervious—1.3 inches of rain 
would fill the 11 acre-feet of usable storage. Considering pervious surfaces, it is 
assumed that 3.0 inches of rain would be needed to fill the usable storage. Under 
this assumption, a constant multiplier was calculated to estimate the volume of 
storage replenishment from rainfall in the 100-acre drainage area and used, along 
with the historical rainfall time series, to calculate the inflow to the lake from 
runoff. The release of water from Robinson Lake is triggered when the 
streamflow in the river falls below the historical September median flow and is 
released at a rate that varies with lake volume.  

4.7 Modeled Option Costs 
Preliminary life-cycle costs for each option included in the Franklin IWRP Phase 
1 analysis were developed through engineering estimates, using available 
existing plans, and discussions with the City. The costs are appropriate as 
planning-level estimates that can be used to compare options and alternatives to 
help the City see the general tradeoffs between performance and cost. Table 4-22 
lists each option, the estimated capital and annual operating costs, and the source 
of the estimate. Many costs depend on variables such as volume pumped or flow 
through a treatment plant, so it is not possible to report a single value for annual 
operating cost as the value changes with different alternatives. 

 



Category Options Capital Cost Annual or 
Operating Cost Source

Upgrade existing 2 1 MGD WTP and purchase remaining water 
$2.55 per 1000 
gallons purchase  Upgrade existing 2.1 MGD WTP and purchase remaining water 

from HVUD  $4,841,500 
gallons purchase, 
$1.72 per 1000 
gallons produced

Expand existing WTP to 4.0 MGD, upgrade WTP intake structure 
and purchase remaining water from HVUD  

$6,739,000 $2.55 per 1000 
gallon

Shut down existing WTP and purchase all water from HVUD $1,293,350 

AECOM - Design Report for Franklin WWTP

Water Supply

Construct raw water transmission line from the Cumberland River 
and upgrade water treatment plant to supply all City demand

$67,500,000 Consoer, Townsend & Associates - Franklin Water 
Facilities and Supply Report

Indoor and outdoor conservation (public education, etc) $20,000 per year

Low flow incentives $50,000 per year, 
for 6 years

Five Mile Creek Watershed Management PlanConservation

Remove outdated tanks $2 per gallon 
capacity

Engineering estimate

Address water loss $350,000 $1.0 to 1.2 million 
per year

Install advanced metering $3,000,000 

Construct new WWTP at Goose Creek $150 000 000 $0.86 per 1000 Engineering estimate and City of Franklin

City of Franklin
Water Distribution

Construct new WWTP at Goose Creek $150,000,000 p
gallon

Engineering estimate and City of Franklin

Collect and treat wastewater from adjacent communities or other 
small systems (e.g., Lynwood, Cartwright Creek) 

$0.86 per 1000 
gallon

City of Franklin

Upgrade and rerate existing WWTP $2.50 per gallon 
capacity

CDM - Prelim Design Report for Kingsport WWTP 
Improvements

Address inflow and infiltration $1,350,000 City of Franklin

Wastewater Treatment

Address inflow and infiltration $1,350,000 City of Franklin

Hook up septic users to sewer  $5040 per hook-up Five Mile Creek Watershed Management Plan

Upgrade biosolids facilities for biogas to energy $23,950,000 $563,000 per year
Upgrade solids handling facilities to produce Class A solids $21,430,000 $739,000 per year

Upgrade solids handling facilities to drying/ERS (ash disposal) $20,190,000 $845,000 per year
CDM - Hallsdale-Powell Prelim Engineering Report

Collection System

pg g y g ( p ) p y

Upgrade solids handling facilities to produce higher TS content 
sludge

$18,760,000 $824,000 per year

Class A biosolids to Franklin’s composting facility $21,430,000 $739,000 per year
Solids trucked to Metro Nashville for disposal/processing $37.20 per ton
Solids disposal at BFI (108 miles/trip) $39.00 per ton
L d li ti  (S it h  d ti ) $55 000 J h  B h  (UT)  Di l S t  St d

CDM - Hallsdale-Powell Prelim Engineering Report

 City of Franklin 

Biosolids

Land application (Switch grass production) $55,000 John Buchanan (UT) - Dispersal System Study

Complete the 12" Long Lane line and retrofit the existing 500,000 
gallon Long Lane water reservoir for reclaimed water service $410,000

Complete the distribution loop around the city by constructing the 
12" Columbia Avenue/Southeast Parkway reclaimed line and 

$2,320,000construct a 500,000 gallon storage tank in the vicinity of Winstead 
Hill

$2,320,000

Identify and establish dedicated reclaimed water sites $2,500,000
Increased storage $14,800,000
Convert the Franklin Green/Horton Lane sanitary force main for 
reclaimed water distribution

$85,000

Smith Seckman Reid - Reclaimed Water System Master 
PlanReclaimed Water

Install additional pumps to increase the station capacity to 
approximately 12 million gallons per day

$1000 per million 
gallons capacity

Establish additional reclaimed water storage facilities/ convert 
existing water storage tanks to reclaimed storage tanks

$2 per gallon 
capacity

Rain gardens $25,000/ unit $25,000 per year Five Mile Creek Watershed Management PlanRain gardens $25,000/ unit $25,000 per year Five Mile Creek Watershed Management Plan
Constructed wetlands $625,000 per acre CDM - Dry Branch Bid Tabulation
Conveyance upgrades $4,480,000 CDM - Stormwater Master Plan

Residential rain barrels
$25 (rain barrel) per 
cubic foot water 
savings Center for Watershed Protection - Urban Stormwater 

Retrofit Practices
Stormwater

Pervious pavement $24,500 per acre

Use of Robinson Lake to provide enhanced base flow in the 
Harpeth River during dry periods

$1,000,000 Engineering estimate

Treat discharged effluent to higher standard during summer 
months 

$26,250,000 $1,305 per million 
gallons

UNEP Sourcebook

R l f l  h d d  t th  t  t t t l t i t k f d d U S  Fi h d Wildlif  
Water Quality & 
Ecological Health Removal of low head dam at the water treatment plant intake funded U.S. Fish and Wildlife 

Widespread stream and bank restoration $66 per linear foot Five Mile Creek Watershed Management Plan

Table 4-22
Estimated Costs for Project Options

Ecological Health


