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Introduction 

During the ongoing planning activities associated with the Clean Water Nashville Overflow 

Abatement Program’s Mill Creek Trunk Improvements and Equalization Facility project, the 

impact of maximizing flow to and through the Browns Creek Pump Station has been evaluated 

and determined to have a significant impact on the required sizing and operational efficiency of 

the planned equalization improvements. Related to that, the following assessments were 

conducted: 

▪ Evaluation of the design capacity of the Browns Creek Pump Station 

▪ Evaluation of the capacity and surcharging limitations of the existing 84-inch diameter 

sewer along Visco Drive 

▪ Evaluation of the impact of capacity limitations on the required equalization sizing for 

the Mill Creek Trunk Improvements and Equalization Facility project 

▪ Preliminary analyses of options to increase flows to the Browns Creek Pump Station 

▪ Assessment of potential risks associated with further capacity improvements along 

Visco Drive  



Mill Creek Trunk Improvements and Equalization Facility 

  Study on Equalization Facility Draining 

June 22, 2017 

Page 2 of 12 

 

 

 

 

The analyses and results for the first two items are presented in the Browns Creek Pump Station – 

Hydraulic Capacity Analysis technical memorandum, dated December 2016, and are briefly 

summarized below. The remaining three items are discussed in this technical memorandum.   

1.0 Study Area  

The study area is in the Central Wastewater Treatment Plant’s (Central WWTP) service area near 

the Cumberland River, east of downtown Nashville. It begins near the confluence of the Mill Creek 

trunk (78-inch diameter) and Opryland sewer pipe (48-inch diameter). These sewers discharge 

into an 84-inch diameter sewer that generally follows Visco Drive to the Browns Creek Pump 

Station; see Figure 1-1. As the 84-inch diameter sewer crosses the relocated and channelized 

Browns Creek, the 84-inch diameter sewer is replaced by three pipes, one that is 24-inches in 

diameter and two that are 48-inches in diameter. The 24-inch diameter sewer maintains the 

existing invert elevation of the 84-inch diameter sewer, while the two 48-inch diameter sewers 

temporarily drop to a lower elevation to cross below the channel. The three pipes enter the 

downstream junction structure on the opposite side of Browns Creek before flowing back into the 

84-inch diameter sewer. That three-barrel crossing is referred to as the Visco siphon. Following 

the Visco siphon, the 84-inch diameter sewer continues towards the Browns Creek Pump Station. 

Just prior to the pump station, a 42-inch diameter sewer from the south joins the 84-inch 

diameter sewer. The total length of sewer between the confluence of the 48 and 78-inch diameter 

sewers at manhole 094-07-007 to the Browns Creek Pump Station is approximately 6,500 linear 

feet (LF). The depths of the existing sewers range between 20 and 35 feet with depths of 35 feet 

observed at the Visco siphon.  

Under wet weather or high flow conditions, the existing Mill Creek / Opryland Equalization (EQ) 

Facility is utilized to temporarily store wastewater from the 48-inch diameter Opryland sewer 

until system flows have receded. Valves isolate the 48-inch diameter Opryland sewer from the 

system during wet weather flow and convey dry weather flow directly to the 84-inch diameter 

sewer along Visco Drive. Currently, the existing EQ facility consists of two EQ tanks totaling 

34 million gallons (MG) of storage and a wet weather pump station with a capacity of 

approximately 25 million gallons per day (MGD). Flows from the 78-inch diameter sewer are 

isolated from the 48-inch diameter sewer and continue to the 84-inch diameter sewer during dry 

and wet weather conditions.  

As part of the Corrective Action Plan/ Engineering Report for Sanitary Sewer Overflows (CAP/ER), 

MWS plans to incorporate additional storage and associated wet weather pump capacity in 

proximity to the existing EQ facility. These improvements, which will remove the wet weather 

flow isolation between the 48-inch diameter sewer and the 78-inch diameter sewer, are expected 

to address sanitary sewer overflows (SSOs) observed at Browns Creek PS/ Visco Drive, Bismark 

Drive, Barker Road, and along Mill Creek. 
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Figure 1-1 Study Area 

2.0 Browns Creek Pump Station Analysis 

The Browns Creek Pump Station, located at the confluence of the 84-inch and 42-inch diameter 

sewers, currently contains four 1,000 HP pumps, each with a design flow of 40,000 gallons per 

minute (57.6 MGD) at a design head of 74 feet. One of the four pumps remains in standby while 

the other three pumps operate at varying control levels to convey flows to the Central WWTP via 

two 60-inch diameter force mains. Based on the pump design parameters, the Browns Creek 

Pump Station should be capable of pumping 140 MGD; however, recent flow data shows the 

Browns Creek Pump Station conveys a maximum flow around 130 MGD at the peak of storm 

events.  

To confirm the maximum pumping capacity of the Browns Creek Pump Station, a desktop 

analysis of the pump station and force mains was performed, as described in the Browns Creek 

Pump Station – Hydraulic Capacity Analysis technical memorandum.   

In general, that analysis concluded that for the existing system the Brown Creek Pump Station 

should be capable of discharging 140 MGD. However, operation of the station is impacted by the 
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operation of the other pump stations that utilize the same force mains (Shelby Park Pump Station, 

Cowan Street Pump Station, and Central Pump Station). Though the Titans Stadium Pump Station 

also utilizes these same force mains, flows from the pump station are negligible, excluding use 

during special events, and this pump station was not included in the analysis. This analysis 

confirmed a generally-held belief that the Browns Creek Pump Station has available capacity that 

is not able to be utilized because of limitations within the gravity sewer system.  

Improvements for optimization at the Central WWTP, however, are anticipated to change the 

downstream boundary condition for the force mains. The improvements, as conceptually-planned 

in fall 2016, are expected to reduce the discharge of the Browns Creek Pump Station by 

approximately 6 MGD, to an assumed peak capacity of 134 MGD. Since the design of the 

improvements at the Central WWTP continue to develop, the potential impacts on the Browns 

Creek Pump Station may need to be further reviewed.  

This analysis did not consider the condition of the force mains or pump stations but was based on 

the system as designed. 

3.0 Analysis of the 84-inch Diameter Sewer 

The second portion of the analysis described in the Browns Creek Pump Station – Hydraulic 

Capacity Analysis technical memorandum assessed the capacity of the 84-inch diameter sewer 

between the confluence of the 48-inch and 78-inch diameter sewers and the Browns Creek Pump 

Station, including the Visco siphon.  

To determine the hydraulic capacity of the 84-inch diameter sewer, the Visco siphon, and the 

entrance to the Browns Creek Pump Station, additional scenarios were tested to evaluate the 

resulting surcharge levels in the system under various flow rates. The results indicate that the 

84-inch diameter sewer is capable of providing a maximum flow of 90 MGD without surcharging, 

closely matching the results of the calibrated sewer model runs.  

Though a flow of 132 MGD through the 84-inch diameter sewer appears possible, this requires a 

surcharge depth of greater than 5 feet above the crown of the pipe at manhole 094-07-007. In 

order to keep the Barker Road overflows from activating, the 84-inch diameter sewer cannot be 

surcharged more than approximately 1 foot above the pipe crown. This corresponds to a peak 

flow of 92 MGD.  

When that peak flow in the 84-inch diameter sewer is considered in conjunction with the 

anticipated design storm flows from the 42-inch diameter sewer arriving from the south, 

significant, unused capacity at the Browns Creek Pump Station is predicted. As shown in 

Figure 3-1, at its peak, the 42-inch diameter sewer just south of the Browns Creek Pump Station 

produces a peak, 2-year design storm flow of approximately 30 MGD, but only keeps this high 

flow for approximately 20 hours. After that time, flow from the 42-inch diameter sewer recedes, 

and available capacity at the Browns Creek Pump Station remains unused. The available, unused 

capacity ranges from approximately 10 MGD following the peak of the storm to nearly 30 MGD 

several days following the storm, while the future EQ tanks are expected to continue draining.  
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The current capacity of the Browns Creek Pump Station (140 MGD) along with the previously 

anticipated reduction of capacity following improvements at the Central WWTP (134 MGD) are 

provided in Figure 1-2 for reference.  

  
Figure 3-1 Flows Entering Browns Creek PS, 2015 Existing System 

4.0 Maximizing Flows to Browns Creek Pump Station  

The unused capacity at the Browns Creek Pump Station has a significant impact on the required 

sizing of the future EQ tanks at the Mill Creek / Opryland facility. Since during the 2-year design 

storm the future EQ tanks are being filled for several days, any additional flows that could reach 

the Browns Creek Pump Station would result in a decreased size requirement of the facility. 

Additionally, maximizing flows during dewatering of the tanks allows for shorter drain times and 

better protects against overflows occurring from back-to-back storms.  

The Clean Water Nashville Overflow Abatement Program has evaluated the impact of four options 

that would provide additional capacity from the confluence of the 48-inch and 78-inch diameter 

sewers to the Browns Creek Pump Station and alleviate surcharge of the existing 84-inch 

diameter pipe along Visco Drive. These are briefly described as follows: 

1. Installing a parallel gravity sewer. Although this passive system results in the simplest 

hydraulics, the constructability challenges and costs associated with installing the required 

pipe diameter (approximately 48 inches) along Visco Drive or an alternative corridor are 

prohibitive. See Section 5 for additional discussion on challenges of the Visco Drive 

corridor.   

2. Isolating the existing 48-inch diameter sewer (Opryland) and pumping flows to the Browns 

Creek Pump Station. This option considers improving the existing wet weather pump 

134 MGD 

140 MGD 
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station and installing a new force main to pump both dry weather and wet weather flows to 

the Browns Creek Pump Station. Because of the limited timeframe of peak flows from the 

48-inch diameter Opryland sewer, the maximum pumping capacity at the Browns Creek 

Pump Station can only be met for a short period of time during the peak flow period. Its 

impact following the peak flow period, such as during the drain period for the tanks, is 

more limited.  

3. Installing a secondary tank drain from the EQ facility to the Browns Creek Pump Station. The 

existing and future EQ tanks would continue to drain a portion of the flow to the 84-inch 

diameter sewer near the EQ facility, but an additional drain line would be installed to 

maximize flows to the Browns Creek Pump Station during tank dewatering periods. 

Although the required drain line’s diameter is estimated to be 36 inches, the low head 

pressurized flow allows additional flexibility in routing the pipe both horizontally and 

vertically, although constructability challenges remain significant.  

4. Installing a secondary tank drain from the EQ facility to the Browns Creek Pump Station and 

also utilizing the drain during tank filling. This option is similar to Option 3. The existing and 

future EQ tanks would continue to drain a portion of the flow to the 84-inch diameter 

sewer near the EQ facility, but an additional drain line would be installed to maximize flows 

to the Browns Creek Pump Station during tank dewatering periods. In this option however, 

the secondary drain is left partially open, allowing the additional capacity of the Browns 

Creek Pump Station to be utilized while the tank is filling as well as draining. This scenario 

has the greatest benefit for the required EQ volume.  

Although the Designer of the Mill Creek Trunk Improvements and Equalization Facility project 

may develop additional concepts to maximize flows to and through the Browns Creek Pump 

Station during design, MWS currently prefers to implement improvements similar to Option 4. 

Any improvements within the Visco Drive corridor are anticipated to have significant 

constructability challenges (see Section 5). However, the secondary drain line, when used during 

both filling and draining the tanks, is estimated to reduce the required EQ storage volume by up 

to 40 percent.  

5.0 Evaluation of Potential Risks 

Although the existing 84-inch diameter sewer is easy to access, construction and permitting of 

additional linear improvements in the Visco Drive corridor will be difficult due to the extensive 

presence of railroads, major utilities, stream crossings, and other potential conflicts. To support 

the assessment of potential risks associated with the Visco Drive corridor, the following 

information was collected and reviewed: 

▪ Aerial photography, parcels, roads, council districts, contours, pavement, and building 

footprints obtained from the Metropolitan Nashville Planning Department 

▪ Record drawings for sewer project 63-S-45; for the Barker Road/ Omohundro EQ Basin, 

03-SC-136A; and for the Mill Creek/ Opryland EQ Facility – Phase II, 11-SC-102 

▪ Floodways and floodplains from the Federal Emergency Management Agency (FEMA) 
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▪ Habitat locations for rare species of flora and fauna obtained from the Tennessee 

Department of Environment and Conservation’s Division of Natural Areas, which 

includes threatened and endangered species and endangered bat ranges from United 

States Fish and Wildlife Service (USFWS) 

▪ Historic sites from the National Register of Historic Places 

▪ Sanitary sewer, stormwater, and water distribution infrastructure from Metro Water 

Services 

▪ Streams from the USGS National Hydrography Dataset, including Perennial and 

Intermittent Streams 

▪ Wetlands data obtained from the Tennessee Spatial Data Server developed by the 

Tennessee Water Resources Agency using information from the USFWS 

In addition, Piedmont Natural Gas, Colonial Pipeline Company (petroleum), and Nashville Electric 

Service utilities were advised of the route. Piedmont Natural Gas supplied drawings showing the 

locations of existing and proposed gas lines (not reproducible for this technical memorandum 

due to Piedmont’s data use restrictions), and this information was incorporated into the following 

discussion. The location of the Colonial Pipeline Company’s petroleum pipeline, starting at the 

intersection of Visco Drive and Pumping Station Road, is clearly marked by signs along Visco 

Drive and generally follows the same route as the existing Piedmont Natural Gas transmission 

pipeline. Conflicts with telecommunication and data utilities are not included in this study but are 

anticipated to occur throughout the project area along with other minor / local utilities. 

The constructability concerns and potential risks associated with the Visco Drive corridor are 

discussed below. The Designer, in conjunction with MWS, is responsible for identifying the final 

route of the improvements and mitigating risks to the extent practical.   

5.1 Observations of Existing Area 

The project area is primarily industrial, and Visco Drive serves as a major roadway with heavy, 

large truck traffic related to the adjacent warehouses, trucking terminals, and industries. 

Operations at the industries and truck facilities along Visco Drive occur 24 hours a day, and 

maintaining access to Visco Drive and the industrial facilities is expected to be a priority during 

construction.  

The project area contains several large utility transmission lines following Visco Drive and 

paralleling the existing 84-inch diameter sewer. A transmission line for the Colonial Pipeline 

Company lies between the existing 84-inch diameter sewer and Visco Drive, just north of the 

roadway, intermittently marked by warning signs (Figure 5-1).  Another petroleum transmission 

line follows the Nashville & Eastern Railroad corridor south of Pumping Station Road before it is 

believed to follow Omohundro Road to merge with the petroleum line along Visco Drive. Though 

not reproducible for this technical memorandum, drawings provided by Piedmont Natural Gas 

indicate that an existing natural gas pipeline follows Visco Drive parallel to a 12-inch diameter 

water transmission line along the south side of the roadway. A natural gas transmission pipeline 

running perpendicular to the existing 84-inch diameter sewer, just upstream of the Visco siphon, 
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is under construction, and the directional drilled line presents potential vertical constraints. To 

avoid interference with the existing utility lines, the existing 84-inch diameter sewer, and 

associated activity at the adjacent properties, for the purposes of this study, it is assumed that the 

new corridor would lie south of the existing 84-inch diameter sewer and Visco Drive, as 

presented in Figure 5-2. The Designer, in conjunction with MWS, is responsible for determining 

the final route.  

 
Figure 5-1 Petroleum pipeline warning sign just past the third railroad crossing 
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As discussed in Section 4, the corridor for the flow diversion would begin closer to the 78-inch 

diameter gravity sewer of the Mill Creek trunk at the future EQ facility and end at the Browns 

Creek Pump Station. Although the new corridor would follow the opposite side of Visco Drive and 

avoid the Colonial Pipeline Company’s petroleum line for a majority of the route, multiple utility 

crossings would occur along the route to the Browns Creek Pump Station, including at least two 

crossings of the Colonial Pipeline Company’s petroleum line, several natural gas line crossings, 

and several water main crossings (including a 60-inch diameter water transmission main and two 

abandoned 36-inch diameter mains along Pumping Station Road). The anticipated route of the 

new corridor, as presented in Figure 5-2, will also require crossing the original and current 

channels of Browns Creek (Figures 5-3 and 5-4, respectively), which are anticipated to present 

significant permitting and constructability issues. Four crossings of the Nashville & Eastern 

Railroad and rail spurs would also be required. Several TVA aerial high voltage electrical 

transmission mains on the south side of Pumping Station Road, following the Nashville & Eastern 

Railroad corridor, will also need to be considered. Additionally, the majority of the new corridor 

lies within the 100-year floodplain, according to the FEMA. The proximity to the Cumberland 

River and its associated alluvial soils in the floodplain presents potential geotechnical and 

constructability issues. No endangered species or historic sites were identified for the project 

area.  

 
Figure 5-3 Creek on Either Side of Visco Drive 

Prior to the Existing EQ Tanks 

 
Figure 5-4 Petroleum pipeline crossing at Browns 

Creek 
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A representative ground elevation profile for the existing gravity sewer, starting at manhole 

094-07-010 and following the 84-inch diameter sewer to the confluence of the 84-inch and 

42-inch diameter sewers at manhole 094-09-001, is shown as Figure 5-5 for reference. Though 

the new corridor is assumed to be south of Visco Drive and the existing 84-inch diameter sewer 

(for the purposes of this study), the topography in the project area is relatively flat and is 

anticipated to be similar to that observed for the 84-inch diameter sewer. The invert elevation of 

the deepest EQ tank currently installed is also included as a point of reference.  

 
Figure 5-5 Existing Sewer Ground Elevation Profile 

An overall summary of the potential risks associated with the proposed corridor for the flow 

diversion is presented in Table 5-1, although this table does not capture the relative significance 

of the items tallied. Table 5-1 serves to aid the general understanding of the challenges posed by 

the flow diversion corridor by providing statistics and a summary of the collected data, and it 

needs to be considered with an understanding of its limitations.  
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Table 5-1 Summary of Potential Risks  

Criteria Sub-category Count 

Property Impacts New Easements (#) 20 

Traffic Impacts 
Roadways affected (LF) 5,700 

Roads affected (crossing count, #) 5 

Environmental or Archaeological 
Length in 100-year floodplain (LF) 5,800 

Length in regulatory floodways (LF) 100 

Permitability 
Stream crossings (#) 2 

Railroad crossings (#) 4* 

Utility Conflicts 

Water system crossings (#) 7* 

Adjacent water lines (LF) 5,700* 

Natural Gas / Petroleum line crossings (#) 4 / 2* 

Adjacent gas lines (LF) 5,700* 

Storm water crossings (#) 3 

Sanitary Sewer Crossings (#) 6 

Total Length Length of new route (LF) 6,200 

*Note: The values presented in the table for impacts related to railroad crossings, water mains, gas lines, and petroleum lines 
are tallied assuming that the future EQ facility is south of the Nashville & Eastern Railroad, as presented in this technical 
memorandum. If the location of the future EQ facility changes, the numbers presented in the table may increase. Tallies for 
natural gas and petroleum lines do not account for proposed mains.  

5.2 Conclusion 

As summarized in Section 4, MWS has expressed a preference to divert flow by means of the 

installation of a secondary drain from the future EQ facility to the Browns Creek Pump Station 

with the ability to drain when the tanks are filling (Option 4). The proposed corridor for this flow 

diversion, presented in Section 5.1, has multiple risks, such as stream, geotechnical, utility, 

permitting, and railroad crossings risks, which would need to be addressed during design. Any 

improvements within the Visco Drive corridor are anticipated to have many constructability 

challenges similar to those previously discussed. Considering the preferences outlined herein, the 

Designer will continue a more detailed analysis of potential routes and pipe elevations for this 

project using the information presented in this technical memorandum and additional 

information collected during preliminary design.  


