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1. Introduction 
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 then used to assess system operations and develop recommendations that 
would improve reliability and operations of the wastewater collection system. Jacobs gathered available 
information from the geographic 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 allowed for the evaluation of proposed improvement alternatives that would meet the 
objectives of the TVPOA Master Plan and the Tellico Village Community. 

The subject project was part of the recommended Master Plan improvements. The purpose of this report is 
to detail the recommended improvements related to the Main Pump Station. This report will serve as the 
Basis of Design for the Main Pump Station and Storage Facility Project and will provide the general design 
concept and the design standards that will be used to complete the design for each of the required design 
disciplines.  

1.1 Project Summary 

The Main Pump Station (PS) receives flow from all the other collection PSs in the Tellico collection system. 
It transfers all sewer flow to the Loudon Utilities Board (LUB) for treatment. The Main PS currently has two 
KSB pumps that convey flow through a 12-inch force main to the Care Inn PS operated by LUB. The force 
main is connected to the Care Inn PS via an 8-inch manifold which combines the flows of both pump 
stations.  

During dry-weather flow conditions, the Main PS operates in a lead/lag mode, but both pumps are 
required to convey flow during wet weather. The station currently does not meet Hydraulic Institute (HI) 
standards for wet well design and does not have firm capacity based on the peak flows experienced during 
wet weather. The Master Plan included observation of influent and effluent.  Table 1-1 summarizes the 
results. 

Table 1-1. Title 

Pump Station Dry Weather In-
Flow (gpm) 

Peak Wet Weather 

In-flow (gpm 

Peak Outflow 
(gpm) 

Dry Weather 
Peaking factor 

Main PS 260 1,250 1,100 4.8 

gpm = gallon(s) per minute 

After a preliminary evaluation of the existing flow conditions and restrictions associated with the manifold 
connection to the Care Inn PS, it was determined that most feasible project would include a PS 
replacement and new equalization (EQ) storage tank to accommodate peak flows that cannot be pumped 
toward the Care Inn PS. Therefore, the following scope of work was established for this project:  
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New Main Wastewater PS: 

 Main PS wetwell 
 Storage tank PS wetwell 
 Variable frequency drive (VFD) submersible pumps for both PSs 
 Valve and flow meter vault(s) 
 Backup generator with concrete pad 
 Electrical control building 
 Paved access drive and security fencing 
 Evaluation of the need for surge and odor control 

New Wastewater EQ tank (at the main PS site): 

 0.75 million gallons (MG) prestressed concrete tank (initial size selection) 
 Valve and flow meter vault 
 Wash system 
 Odor control (if required) 

The purpose of this report is to progress the design of the project to 30% and document the design details 
in a Basis of Design Report. Additionally, the report will provide the preliminary design assumptions and 
decisions and the recommended design components and standards. The report generally provides the 
following: 

 Site Civil 

- Develop preliminary site layouts. 

- Develop building and structure (pump stations, storage tank, vaults, electrical building) layout 
concepts. 

- Set preliminary grades for overall major surfaces and vehicle accesses. 

 Process Mechanical 

- Outline scope and standards for detail design. 

- Perform preliminary hydraulic calculation to size the pumps. 

- Establish preliminary sizing basis of pumps and major equipment. 

- Create preliminary layout of the pump station wetwells. 

- Create preliminary process diagram. 

- Preliminarily select valve types to be used on the project. 

- Preliminarily select key materials to be used for process equipment, including pipe, valves, 
supports, and equipment. 

 Electrical and Instrumentation Control 

- Preliminarily size electrical control equipment. 

- Determine number and location of power feed(s), and voltage requirements for each. 

- Propose overall control philosophy, including local control approach, control system, level of 
automation, supervisory control. 

- Coordinate cellular communication requirements with TVPOA. 
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- Identify equipment preferences with TVPOA. 

 Structural Design 

- Develop structure concepts. 

- Set preliminary floor elevations for new structures and finished grades. 

- Develop design loads. 

 Heating, Ventilation, and Air Conditioning (HVAC) 

- Establish ambient design conditions. 

- Determine requirements and select type of HVAC system(s). 

 Geotechnical 

- Use existing geotechnical data to provide preliminary foundation recommendations for booster 
pump station. 

- Review local geology and develop geotechnical exploration plan for the planned infrastructure. 

- Recommend preliminary design for structure and building foundations. 

 Develop a list of major equipment specifications. 

 Develop a list of permitting and easement requirements. 
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2. Civil Design 

2.1 Civil Site Layout 

The new PS and storage facility will be constructed directly adjacent to the existing Main PS. The existing 
property is part of the common properties owned by the TVPOA and is therefore available and accessible 
for the proposed upgrades and new facilities. The proposed improvements will use the existing driveway 
access from Sequoya Road and will require no new utility or access easements. 

The preliminary site layout is shown in Appendix A. The Main PS and EQ Tank PS will be located east of the 
existing PS building. A new 0.75 MG EQ tank will be located to the north of the existing PS building and a 
new electrical building, generator pad, and space odor control facilities (if determined to be needed) will 
be located to the east of the EQ tank. The layout will be finalized during the detailed design phase.  

The proposed site will allow maintenance vehicle access and provide maneuvering requirements. A 
driveway will provide access to all facilities and to the existing lake access road.  

Do to grading constraints, a retaining wall is recommended around the northern half of the storage tank. 
Design will be finalized during the detailed design phase, but the wall is anticipated to be approximately 
6 feet tall at the highest point. The use of a wall will greatly reduce the overall footprint of the 
construction activities.  

Jacobs Engineering Group Inc. (Jacobs) was provided with survey information for the existing site (dated 
August 2023, SAM, LLC).  

2.2 Stormwater 

The proposed improvements will require some consideration for stormwater runoff. An Aquatic Resource 
Alteration Permit is not anticipated to be needed, given that the site is well outside the buffer zone of any 
water bodies and no alterations of streams is required. The proposed site is anticipated to be 
approximately 1 acre in size and therefore does not meet the threshold for requiring a construction 
stormwater permit. If the disturbed area is greater than 1 acre, a Notice of Intent and a Stormwater 
Pollution Prevention Plan will not be required by the Tennessee Department of Environment and 
Conservation. Temporary erosion control will be required and will be part of the final civil design and 
grading plan.  

No new stormwater infrastructure is anticipated; however, the final grading and drainage plan will include 
provisions to control and route any stormwater flows away from the new facilities and structures.  

2.2.1 Onsite Drainage 

The site drains generally to the southeast to the Little Tennessee River (Tellico Reservoir). Modifications to 
the site will not require any changes to the route of drainage and runoff within the watershed.  

2.2.2 Site Grading 

The site will require grading to accommodate the proposed PSs, EQ tank, and access drive. A retaining wall 
is recommended to minimize grading impacts. The preliminary site grading, proposed structure elevations, 
and retaining wall are shown on the site plan in Appendix A. 
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2.2.3 Flood Considerations 

The current Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map indicates that the 
site is located outside of the 100-year floodplain (1% annual risk of flooding), Map No. 47105C0200D, 
dated May 16, 2007. The 100-year flood elevation adjacent to this site is 815.0 feet. 

2.3 Assessment of Environmental Effects of the Project 

2.3.1 Noise Control 

The proposed improvements include submersible pumps that will be installed in underground concrete 
wetwells; therefore, the primary mechanical equipment that could produce noise will be located 
underground thereby attenuating noise onsite. The project will include a stand-by generator which will 
mostly be driven by a diesel engine. While the generator will be noisy, the exhaust can be attenuated. The 
generator will only be used during power failures.  

2.3.2 Public Accessibility 

There will be no public access to the facility. 

2.3.3 Proximity to Residential Areas 

The site is located in Tellico Village, a residential development. The land around the site is primarily 
undeveloped, but there are adjoining residential properties. 

2.4 Preliminary Yard Piping 

The preliminary yard piping is shown on the Site Plan in Appendix A. Minimal yard piping is required to 
connect the proposed PSs to the existing system. The existing influent force main will be locally rerouted 
and connected to the new Main PS and EQ tank PS. Influent wastewater can be directed to either the Main 
PS or the EQ PS utilizing manually operated valves with a bypass. The influent force main rerouting will 
consist of approximately 40 linear feet (LF) of 8-inch ductile iron pipe (DIP). The EQ PS discharge piping 
(used to fill the storage tank during operation) will consist of approximately 100 LF of 8-inch DIP. The 
drain line from the EQ tank to the Main PS will be approximately 100 LF of gravity 8-inch DIP. The 
discharge from the new Main PS will tie into the existing force main with approximately 190 LF of 8-inch 
DIP. Both PSs will have an intercept valve vault and meter vault installed. 
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3. Process Mechanical Design 
This section summarizes process mechanical design criteria for the Main and EQ Tank Pump Stations 
(PSs). 

3.1 Applicable Codes and Standards 

The process mechanical design will make use of many applicable industry standards and design guidance 
for piping, valves, and process equipment. The following is a list of the more significant resources for 
design and specification standards: 

 Hydraulic Institute (HI) 
 American Water Works Association (AWWA) 
 American Society of Mechanical Engineers 
 American National Standards Institute (ANSI) 

3.2 Main and EQ Tank Pump Stations 

This section discusses the basis for sizing the new submersible pumps and wetwells that make up the Main 
and EQ Tank PSs as well as how the two will integrate with one another to handle peak flows from the 
existing force main. For the preliminary detailed drawings, refer to Appendix A.  

3.2.1 Pump Station Design Basis 

The Main and EQ Tank PSs will both have three submersible centrifugal pumps operating on VFDs. The 
pumps will be set to run on duty/standby mode to handle variable flow from the existing influent force 
main. Wastewater from the force main will first enter the Main PS. Flows that exceed the pumping capacity 
of the Main PS will overflow through process piping into the EQ Tank PS. An isolation valve will be located 
on the overflow to allow for isolation of either PS as required. A flowmeter will be provided on the Main PS 
discharge header to monitor the supplied wastewater flow to the force main during operation. The pumps’ 
controls will be sheltered in the new electrical building north of both stations, and the pumps’ discharge 
valves will be in a new valve vault adjacent to each wetwell.  

A force main bypass that feeds directly into the EQ Tank PS will be used if the Main PS needs to be taken 
out of service. The EQ Tank PS will pump overflow or bypass flow to the aboveground EQ storage tank 
where it will remain until the flowrate in the force main drops, or the Main PS is brought back into service. 
Both the pressurized flow, pumped from the EQ Tank PS to the storage tank, and the gravity flow from the 
storage tank to the Main PS, will be metered in a new meter vault. The approximate locations of the 
aforementioned structures are shown on the preliminary site plan in Appendix A.  

3.2.1.1 Hydraulic Modeling and Calculations 

A hydraulic model was generated in AFT Fathom 12 for each PS based on record information and the 
preliminary site plan. Each model comprised several scenarios, the first of which was used to size the 
pumps and determine a duty point. Next, the pumps were selected, and their pump curves were entered 
into the model to analyze turndown scenarios. To maintain a reasonable efficiency in low flow 
applications, the best solution was to use a three-pump configuration in each PS. This configuration allows 
for a single duty pump to handle low flow scenarios without deviating far from the best efficiency point 



Main Pump Station and Storage Facility 
Basis of Design Report, 30% Design 
DRAFT 
 

  

231113182606_00312396 3-2 

 

(BEP). Similarly, this configuration allows for two duty pumps to operate near their BEP to handle peak 
flows. The hydraulic model sizing scenario output for each PS can be found in Table 3-1.  

Table 3-1. Hydraulic Modeling Scenarios 

Scenario  Flow (gpm), per 
pump  

Head (ft)  

MMain Pump Station ––  PPreliminary Pump Sizing   500  260 

EEQ Tank Pump Station ––  PPreliminary Pump Sizing  750 51 

The wetwells will be precast polymer concrete type that is highly corrosive resistant and does not require 
coating or lining. The initial capital cost of the polymer concrete wetwells is higher than the common 
precast wetwells but there is no need to recoat or reline the wetwell so the life cycle cost is lower. The wet 
wells will have 10 feet inner diameter and can be shipped readily. The wetwell elevations are listed in 
Table 3-2. 

Table 3-2. Wet Well Elevations 

Elevation, feet Main PS EQ Tank PS 

TTop of wetwell  828.00 828.00 

OOverflow pipe invert    822.62 822.59 

MMax operating wwater surface    821.62 821.37 

MMin operating water surface  819.12 818.37 

FFloor  816.00 815.00 

The overflow pipe between the two wetwells will be a 16-inch ceramic epoxy lined ductile iron (CELDI) 
pipe, sloped at 0.55%. A plug valve will be installed to isolate the two wetwells. A flushing line will be 
provided to flush the overflow pipe after a storm event. 

3.2.1.2 Surge Analysis 

A hydraulic model was developed to analyze the pump and forcemain system related to potential surge 
conditions.  TVPOA has reported that surge conditions have been observed at the existing Main PS and the 
intent of the model was to determine the conditions that could cause surge and recommend any 
mitigation measures.  The surge model was developed using hydraulic information included in the 
previously completed SewerGems model and record drawing information for the forcemain.  The hydraulic 
transient analysis was conducted using the Bentley HAMMER computer program. HAMMER uses the 
method of characteristics as described in Wylie and Streeter (1993). This method consists of deriving the 
basic equations from physical principles (the continuity equation and conservation of energy and 
momentum). The equations are then solved along characteristic lines whose slope is dependent upon the 
acoustic wave speed. 

The existing Main Pump Station 12-inch forcemain was analyzed for potential surge issues following a 
modeled pump failure at a flow of 1200 gpm.  The forcemain was only analyzed to the high point of the 
forcemain at an elevation of 1041 ft.  Because there is an air valve at the highpoint, flow on the downhill 
side is a combination of open channel and full pipe flow sections, so surge is not concern.  The pump 
station was modeled with the proposed Flygt pumps (discussed in Section 3.2.1.3 below) that had an 
operating point of 400 gpm at 232 ft total dynamic head. The forcemain from the pumps to high point 
was 7400 ft long and consisted of 12-inch PVC pipe.  The model was run with no additional surge devices 
or protection to see if surge conditions could be identified. The Tennessee 12-inch forcemain was 
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analyzed for potential surge issues following pump failure at a flow of 1200 gpm.  The forcemain was only 
analyzed up to the high point at elevation 1041 ft where an air valve exists since flow on the downhill side 
is a combination of open channel and full pipe flow sections.  The pump station had three Flygt pumps 
that had an operating point of 345 gpm at 232 ft total dynamic head. The forcemain from pumps to high 
point was 7400 ft long and consisted of 12-inch SDR22 HPDE pipe.  This pipe has an inside diameter of 
10.9-inches and an acoustic wave speed of 730 ft/s. 

Based on the model and the analysis of the results during a simulated pump failure, no surge indicators or 
pressures of concern were observed.  The maximum and minimum predicted pressures are 126 and -1 psi 
and both are within safe operating limits. The combination air-vacuum valve at the forcemain highpoint is 
a critical component to prevent surge conditions.  The valve needs to be fully functional at all times and 
should be installed on a short riser such that an air cushion is maintained below the valve mechanism to 
prevent failure.  This valve is important for surge protection and should be maintained regularly to ensure 
proper function.  Because of the importance of the valve, a tandem valve could be installed and used for 
redundancy to allow for uninterrupted operation.  

3.2.1.3 Pump Selection Basis 

The Main and EQ Tank PSs will each consist of three units each (duty/standby), equipped with check and 
eccentric plug valves on the discharge of each pump. Air release valves (ARVs) will be placed at the top of 
each discharge riser pipe to prevent the buildup of air pockets at high points in the discharge header. The 
pumped fluid will be wastewater with organic and nonorganic solids, so each pump will be non-clog type 
with solid passing capability. Materials of construction will be suitable for corrosive environments. Refer to 
Appendix C for the proposed submersible centrifugal pump cutsheets and catalog information. Tables 3-3 
and 3-4 summarize the submersible pump selection and design criteria.  

 

Table 3-3. Main PS Pump Selection and Design Criteria 

Parameter Value Notes 

Pumped Fluid Wastewater Wastewater is received from an existing 
force main 

Number of Pumps Three Duty/Standby operation  

Pump Type Submersible Centrifugal   

Primary Pump Design Point 507 gpm at 263 ft  

Secondary Pump Design Point 400 gpm at 280 ft  

Motor size 72 horsepower Per pump 

Speed Variable  

Pump Manufacturer Flygt Model NP 3202 SH 3~ 273 

 

Table 3-4. EQ Tank PS Pump Selection and Design Criteria 

Parameter Value Notes 

Pumped Fluid Wastewater Wastewater is received from an existing 
force main 
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Number of Pumps Three Duty/Standby operation  

Pump Type Submersible Centrifugal   

Primary Pump Design Point 759 gpm at 51 ft  

Secondary Pump Design Point 400 gpm at 61 ft   

Motor size 17 horsepower Per pump 

Speed Variable  

Pump Manufacturer Flygt Model NP 3153 MT 3~ 435 

3.3 Storage Tank 

The storage tank will have riser pipe for the inlet. The outlet will be centered on the tank floor with a 
vortex suppression plate. The drain will return the sewage from the tank back to the main pump station. A 
motorized plug valve and a flowmeter will be used to control the return flowrate so the main PS will not 
overflow.  

3.4 Overflow 

A ventilator will be provided at the center of the tank dome. Overflow outlets plus the dome ventilator 
shall be capable of providing an open area three times the area of the largest pipe. A flanged connection 
will be provided on the edge of the dome for connection to a future odor control system.  

The tank interior surface, including walls, ceiling, floor, and sump, will be coated with three coats of high 
solids polyamidoamine epoxy that has minimum of 69% volume solids, 250 square feet per gallon per 
coat. Manways and hose bibs will be provided to wash the tank. 

3.5 Layout and Access 

Certain conventions should be followed to make both PSs optimally functional, operable, and 
maintainable. When developing layouts, the guidelines in the following subsections will be followed. 

3.5.1 Equipment 

Typically, one type of equipment will be chosen as the basis of design. This make or model will be referred 
to as the design standard, and layout should be based on this selection. Where other manufacturer 
products also are suitable, the layout will be checked to ensure that the arrangement does not preclude 
using these alternatives. Following are other criteria for project mechanical equipment: 

 Required space for equipment removal, replacement, and/or maintenance will be provided in the 
layout. 

 Equipment and panels will be mounted on equipment pads for protection. 

 Clearance from the front face of panels and equipment will be 4 feet. 

 Clearance from pipes to wall for egress will be 3 feet.  

 For pumps, compressors, and other rotating equipment where parallel units are provided, the 
orientation of the drive and the rotation should be identical. 

 Adequate lifting headroom for equipment removal will be provided. 
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3.5.2 Piping and Valves 

Following are criteria for project mechanical piping and valves: 

 Piping will be located so that it is not a tripping hazard, head banger, or barrier to equipment access. 

 In general, piping will be located close to walls to facilitate support and access where practical. 

 If piping must be run close to a wall but not supported from it, then at least 1 foot of clearance 
between the outermost flange and the wall will be provided. 

 To permit air purging from the pipeline while it is being filled with water, an ARV will be located at all 
high points on the pipeline. 

 All ARV bleed lines will be routed back into the wetwell as to reduce odors and the possibility of 
wastewater leakage if any of the valves are to malfunction.  

 Flexible connections to permit easy assembly and disassembly of piping and connections to 
equipment will be provided. 

 Wall penetrations will be perpendicular to the wall. 

 For any valve located 8 or more feet off the operating floor, a chain wheel will be provided. 

 Ample space and support will be provided for all valves and actuators. 

 Sufficient straight runs will be provided for flowmeters and other instrumentation and controls. 

 The check valves will be heavy duty, dual spring loaded with hydraulic dampeners with closing speed 
control. Swing check valves will not be in vertical piping runs. 

 Thrust restraint will be provided for sleeves and other couplings that cannot perform internal thrust 
restraint. 

 Adequate space will be provided for valves and gate actuators, particularly for rising stem 
valves/gates. 

3.5.3 Piping 

All pipes conveying raw sewage will be CELDI. Drainpipes and ARV bleed lines will be polyvinyl chloride 
(PVC). The pipe design criteria are as follows: 

 Flanges will be provided as necessary to remove valves and equipment. 

 The minimum depth of cover will be 3 feet. Exceptions will be allowed on a case-by-case basis. 

 A 10-foot horizontal separation and an 18-inch positive vertical separation between potable water 
and all other pipelines will be maintained throughout (unless the potable water pipe is concrete 
encased). Water pipelines will be installed at a higher elevation than wastewater pipelines. 

 CELDI pipe above grade will be flanged pipe and below grade will be mechanical joint.  

 Support piping will be connected to equipment with a pipe support and not the equipment. Pipe 
supports will withstand the dead loads imposed by the weight of the pipes filled with water and will 
have a minimum safety factor of 5. 

 In general, test pressures will be 1.5 times the maximum possible operating pressure for the pipe, 
such as pump shutoff head or peak surge pressure. 
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 Pipe will be labeled using Brady snap-on labels or the equivalent. Process pipes will be color-coded 
per federal color-coding standards. 

 Discharge pipe into storage tank will penetrate at the tank floor and must extend up to near the 
high-water level to maintain a control pump discharge pressure. 

3.5.4 Valves 

The following valve standards will be followed: 

 All valves will be constructed of the appropriate materials for raw sewage conveyance.  

 Valve operators will be accessible from the ground or from adequate platforms. 

 Swing check and eccentric plug valves will be provided on all pumped discharge lines.  

 For 1/4-turn valves greater than 8-inch diameter, a handwheel with gear will be provided. 

 Pump discharge check valves to be heavy duty, dual spring loaded with hydraulic dampers with 
closing speed control.  

 New valve vaults will be pre-cast concrete and appropriately sized to house the eccentric plug and 
check valves on each pump’s discharge pipe. Clearance within the vault shall be sufficient as to 
provide ease of operation and maintenance as required.  

 A tee will be provided on the vertical pump discharge lines with a blind flange on the upturned run 
of the tee for the air release assemblies.  

 Table 3-5 provides information on valve types to be used and valve manufacturers. 

Table 3-5. Valve Manufacturers 

Valve Number Valve Type Valve Material Manufacturer 

V405 Eccentric Plug Cast-iron body and plug, seats-
welded nickel, stem bearings-
stainless steel, and seal-multiple 
V-ring type (nitrile O-ring not 
acceptable) 

DeZurik, Style PEF; 

Pratt, Ballcentric 

V608 Swing Check Cast-iron body, interior rubber 
linings, bronze or SST disc, BUNA-
N seals,  

M&H Valve, Style 159; 

Mueller Co, No. A-2600 
Series 

V752 Air Release Reinforced nylon body, EPDM 
seal, BUNA-N O-ring, stainless 
steel float rod and spring 

ARI, S-025 Series 

3.5.5 Pipe Supports 

The unbalanced forces at all pipe bends, tees, and valves will be evaluated for all gravity and pumped 
lines. Unbalanced forces will be evaluated using the concepts presented in the Thrust Restraint Guide for 
Ductile Iron Pipe (DIPRA 2006), and the recommendations of the geotechnical report when it is complete. 
Acceptable types of pipe restraint for buried pipe include the following: 

 Manufacturer’s proprietary restrained joints 
 Manufacturer’s proprietary field kits for field cutting pipe (requires use of gauge pipe) 
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 Tie rods across flexible couplings and valves 

All buried pipes will be restrained. Above grade piping and piping appurtenances that are accessible in 
vaults will be flanged-joint. 

Acceptable types of support include guides, saddles, penetrations, and structural attachments for general 
pipe support. Piping will be vertically supported by anchor brackets, guides, saddles, or hangers. Each run 
at each change of direction will be supported. 

Pipe anchors, where required, will be located and sized. Anchors will resist hydraulic thrust and thermal 
forces and direct and control thermal expansion. 

All pipe supports will be concrete or Type 316 stainless steel. All fasteners will be Type 316 stainless steel. 

3.6 Odor Control 

3.6.1 Initial Sampling Effort 

The existing Main Pump Station has had issues with odor related to the long retention times in the force 
main that discharges to the wet well. It is anticipated that the new pump station and storage facility will 
have similar issues and that an active odor control system will be needed. To ensure the appropriate 
design and odor mitigation technology is chosen, a sampling effort will take place before design efforts.  

The sampling effort will include the monitoring of odorous gases (primarily hydrogen sulfide) in the 
existing wetwell and liquid sampling of the influent wastewater to determine the amount of hydrogen 
sulfide that is dissolved in the waste stream. If it is determined that the hydrogen sulfide concentration is 
high enough to create nuisance odors, a second sampling effort that focuses on the actual odor 
concentrations may be recommended and would occur during the future design efforts. It is also 
recommended that the odor concentration sampling be completed during warmer months when odors are 
more prolific. Once the initial sampling effort is completed, a recommendation will be made, and the 
design approach will be determined.  

3.6.2 Applicable Codes and Standards 

The following codes and standards will apply: 

 American National Standards Institute (ANSI) 
 Occupational Safety and Health Administration (OSHA) Standards for General Industry 
 National Fire Protection Association (NFPA) 
 National Electrical Manufacturers Association (NEMA) 
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4. Electrical Design 
This section describes the electrical design criteria for the Main Pump Station and Storage Facility. The 
basic goals of the design criteria are as follows: 

1. Develop safe, reliable, and maintainable electrical systems. 

2. Promote a consistent and uniform design approach and standardize the types and quality level of 
equipment specified. 

3. Establish a uniform basis for specifications and drawings. 

4. Provide a means of incorporating client input on items of preference and experience. 

The electrical work on this project includes extending an existing overhead line that is owned and 
operated by the local utility to provide a new 600-A, 480-V, three-phase service to a new electrical 
building. The pump area will contain three new 75-horsepower (HP) pumps with one being standby. The 
tank area will contain three new 20-HP pumps with one being standby. The Electrical Room will contain 
the following electrical and instrumentation and control (I&C) equipment: 

 One service entrance-rated 600 A, 480 V, three-phase main circuit breaker 
 One 600A, 480V, three-phase Automatic Transfer Switch (ATS) 
 One 600A, 480V, three-phase, four-wire Motor Control Center (MCC) 
 Three 75 HP VFDs 
 Three 20 HP VFDs 
 480V, three phase panelboard 
 30 kilovolt-ampere (kVA), 480 V, 208/120 V step down transformer 
 100 A, 208/120 V lighting panel 
 I&C control panel 
 Preliminary Loads 

Preliminary equipment horsepower for the new loads is outlined in this section. The detailed load 
tabulation for the new pump station will be developed and finalized in the detailed design phase of the 
project. Table 4-1 summarizes the preliminary load calculations. 

Table 4-1. Electrical Load Summary 

Parameter Value Notes 

Main Pump 1 (Duty) 75 HP 96 A 

Main Pump 2 (Duty) 75 HP 96 A 

Main Pump 3 (Standby) 75 HP 96 A (0A Running) 

Tank Pump 1 (Duty) 20 HP 27 A 

Tank Pump 2 (Duty) 20 HP 27 A 

Tank Pump 3 (Standby) 20 HP 27 A (0A Running) 

Future Odor Control Pump 10 HP 14 A 

Misc. Facility loads 65 kVA 78 A 



Main Pump Station and Storage Facility 
Basis of Design Report, 30% Design 
DRAFT 
 

  

231113182606_00312396 4-2 

 

Table 4-1. Electrical Load Summary 

Parameter Value Notes 

Connected Load  461 A 

Minimum Design Load  362 A 

Notes: 

1 HP = 0.746 kilowatts 

Motor Full Load Amperes based on National Electrical Code. 

Design load is 125% largest motor plus 100% remaining loads. 

A = ampere 

kVA= kilovolt Amperes  

4.1 Standby Power 

Preliminary sizing with the Caterpillar generator sizing program indicates a 250-kilowatt diesel generator 
will provide sufficient power for the loads associated with the new pump station and storage facility, All 
the loads will be fed from the main MCC (MCC-1). The MCC will automatically transfer power between the 
electrical utility and standby generator in the event of an electrical utility power outage via an ATS. 

4.2 Applicable Codes and Standards 

The design will be based on the following codes and standards: 

 Codes 

- 2020 National Electrical Code (NEC) 
- Life Safety Code (NFPA 101) 
- 2016 Standard for Fire Protection in Wastewater Treatment and Collection Facilities (NFPA 820) 

 Standards 

- American National Standards Institute (ANSI) 
- NEMA 
- Institute of Electrical and Electronic Engineers 
- Instrument Society of America 
- Insulated Cable Engineers Association 
- OSHA 
- ASTM International (formerly American Society for Testing and Materials) 
- Underwriters Laboratories (UL) 
- Illuminating Engineering Society (IES) 
- NFPA 

4.3 Equipment Preferences 

The following is a list of equipment manufacturers for approval: 

 MCCs: Square D and Eaton 
 VFDs: Square D and Eaton 
 ATS: SCO and Eaton 
 Main Circuit Breaker: Square D and Eaton 
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 Diesel Generator: CAT, Cummins, Kohler 
 Lighting and power panels: Square D, Eaton, or GE 
 Dry-type transformers: Square D, Eaton, or GE 

4.4 Basic Materials 

The following is a list of the proposed conduit materials on the project based on the area in which it will be 
installed: 

 Inside Dry Exposed: rigid galvanized steel (RGS) 
 Outside Exposed: RGS or PVC-coated RGS 
 Hazardous Areas: RGS or PVC-coated RGS 
 Concrete Encased: PVC or RGS 
 Direct Burial: PVC-coated RGS 

All outdoor area control panels not in a classified area will be NEMA 250, Type 4X, 304 stainless steel. 

An unclassified indoor process area will be a NEMA 4X enclosure. NEMA 12 and NEMA 1 enclosures are 
allowed in electrical rooms. 

A hazardous classified inside process area will be a NEMA 7 enclosure. 

4.5 Distribution Voltage Selection 

Standard distribution systems to be used are: 

 480-V, three-phase for low voltage MCCs, and panelboards 
 480 V, three-phase for motors larger than 1/2 HP 
 208 Y/120 V solidly grounded, three-phase, four-wire for building lights and receptacles 

4.5.1 Variable-Frequency Drives 

VFDs will be provided as required to vary the speed of a motor within a particular process. Two new VFDs 
will be contained within a vendor control panel located within the Pump Room that is used to operate the 
three new 75-HP main pumps and new 20-HP tank pumps. The VFDs will be 6-pulse pulse width 
modulation type with an input line reactor of 5% or passive harmonic filters. 

Drives also are a major contributor to harmonics within an electrical distribution system. These harmonics 
can have adverse effects on sensitive electrical equipment such as computers and programmable logic 
controllers (PLCs). Therefore, the drives will be designed to meet the following requirements: 

 Drive rating based on motor full load current, not on motor horsepower. 

 Input power factor greater than 0.95 at all speeds. 

 If required, drives provided with output filters to minimize over-voltages at motor terminal. 

 Minimum 5% input line reactors for smaller drives mounted in original equipment manufacturer 
panels. 
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4.5.2 Motor Protection and Control 

Generally, all motors 25 HP and larger will be provided with space heaters to prevent condensation from 
accumulating in the motor. Additionally, temperature protection systems to prevent motors from 
operating outside the normal operational temperature limits will be provided. 

AC induction motors will be the premium efficiency type. Motors will have a 1.15 service factor, when 
supplied by sinusoidal power supply and 1.0 service factor when supplied by VFDs. NEMA design letter to 
fit the application (usually NEMA design B) and locked rotor kVA Code G or lower will be used. Motor-
supplied power by adjustable frequency drive will be inverter duty rated. 

Motors also will be provided with an enclosure that is suitable for operating in the environment in which 
each is installed. The following is a list of the enclosures proposed and the areas in which they will be 
installed: 

 Explosion-Proof – Suitable for installation in Class I, Division I or Class I, Division II hazardous areas. 

 Dust Ignition-Proof – Suitable for installation in a Class II, Division I hazardous area. 

 Totally Enclosed Fan-Cooled (TEFC) – Suitable for most indoor and outdoor applications in which 
the environment is not corrosive or hazardous. 

 Chemical Industry, Severe Duty (CISD-TEFC) – Suitable for installation indoors and outdoors in high 
humidity, corrosive, dirty, or salty atmosphere. 

 Submersible – Suitable in installations where the entire motor assembly is submerged during normal 
operation. 

4.5.3 Grounding 

A separate ground conductor sized in accordance with NEC requirements will be installed in raceways for 
power feeders and branch circuit raceways for motor control, lighting, and receptacle loads. 

Shields of shielded instrumentation cables will be grounded to the ground bus at the power supply for the 
analog or low-voltage discrete-signal circuit. Shielded instrumentation cables will not be grounded at 
more than one point. 

The electrical building ground system will be tied into the existing ground grid at generators and 
transformers. 

4.6 Lightning Protection 

A lightning protection system will be provided to comply with all applicable provisions of Lightning 
Protection Institute 175, Underwriters Laboratories (UL) 96, UL 96A, and NFPA 780. Lightning protection 
will be provided on all above ground structures, and the system shall bear the UL 96 Master Label C. 

4.6.1 Lighting 

New lights will be provided within the Pump Room and the Electrical Room of the new building. Lights 
installed will be light-emitting diode type. Per life safety code, emergency lighting will be provided at 
doors and means of egress inside the building. Standard area light poles and luminaires will be used to 
provide exterior area lighting. In general, the following minimum foot-candles will be provided: 

 Electrical Rooms: 40 
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 Process Area, inside: 20 
 Process Area, outside: 5 
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5. Building Mechanical  

5.1 Heating, Ventilation, and Air Conditioning 

This section summarizes the general design criteria and requirements for building HVAC systems for 
the project. 

5.1.1 Codes, Standards, and Regulations 

HVAC design will incorporate, at a minimum, the requirements of the codes, standards, and regulations 
listed in the following sections. 

5.1.1.1 Building Codes 

 2018 International Building Code (IBC) 
 2018 International Mechanical Code 
 2018 International Energy Conservation Code 
 International Fire Code (IFC), 2018 Edition  

5.1.1.2 Standards and Regulations 

 Air Moving and Control Association 
 American Conference of Governmental Industrial Hygienists – Industrial Ventilation 
 ASHRAE 
 ANSI 
 Associated Air Balance Council 
 OSHA Standards for General Industry 
 Sheet Metal and Air Conditioning Contractors National Association 
 NFPA 

5.1.2 Energy Code Compliance 

In general, the building envelope insulation and system’s efficiency for areas requiring energy compliance 
will be in accordance with the Energy Conservation Code 

5.1.3 Environmental Design Criteria 

5.1.3.1 Outdoor Design Conditions 

Climatic design data for sizing HVAC systems are as follows: 

Table 5-1. Climatic Design Data for Sizing HVAC Systems  

AASHRAEaa Annual Percentile Temperatures:   

Cooling: ASHRAEa 0.4% Design  

92.7ºF (Dry Bulb) 

73.9ºF (Mean Wet Bulb) 

Heating: ASHRAE1 99.6% Design 

17.1ºF (Dry Bulb) 
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Table 5-1. Climatic Design Data for Sizing HVAC Systems  

AASHRAEaa Annual Percentile Temperatures:   

Dehumidification: ASHRAEa 0.4% Design  

74ºF (Dew-point) 

81.4ºF (Mean Coincident Dry Bulb) 

Extreme Annual Daily Temperatures Maximum Mean Dry Bulb: 95.2ºF 

Minimum Mean Dry Bulb: 10.1ºF 

a ASHRAE 2021 Fundamentals Manual, weather data for the weather station nearest Knoxville, TN. 

ºF = degree(s) Fahrenheit 

5.1.3.2 Indoor Design Conditions 

In general, the following indoor design conditions will be used for this project. 

Occupancy Heating Design Temperature 
(°F) 

Cooling Design Temperature 
(°F) 

Electrical building (Air-conditioned 
and Heated) 

55 77 

5.1.4 General Equipment Selection Criteria 

5.1.4.1 Quality 

Systems that exhibit high reliability and have a long service life will be selected. Process areas will be 
served by industrial-grade, heavy-duty equipment. 

5.1.4.2 Humidity Control 

In general, relative humidity will not be specifically controlled in the buildings. The HVAC systems will be 
sized to provide uncontrolled dehumidification to maintain the humidity within the recommended 
range in the electrical buildings to prevent the following most common harmful effects of high levels 
of humidity: 

 Creation and propagation of mold and fungus 
 Electronic equipment malfunctions 
 Corrosion 

5.1.4.3 Building Pressurization 

For air-conditioned spaces, adequate ventilation air quantities will be provided accordingly so the building 
will have a slight positive air pressure. This will minimize unwanted infiltration of humid air during summer 
and help control the indoor relative humidity within acceptable limits. System specifications define 
balancing procedures for both airflow and pressure control. The HVAC systems will be tested, adjusted, 
and balanced after construction to ensure the required pressure differential is maintained between the 
indoors and outdoors. 
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5.1.4.4 Noise Control 

HVAC systems will be designed to meet the average noise criteria levels recommended by ASHRAE. 

5.1.4.5 Backup Systems 

The electrical spaces will be served with two HVAC systems sized at 75% of total sensible heat capacity so 
that failure of one HVAC system will not result in the loss of room air conditioning. 

5.1.4.6 Wind Load 

HVAC equipment located outside buildings will be designed and installed to withstand wind loads as 
determined by the local code. 

5.1.5 Specific Equipment Selection Criteria 

The following criteria are general in nature. Building-specific information regarding HVAC system 
concepts are outlined in later sections. 

5.1.5.1 Heating Systems 

Air-to-air heat pumps will be used to provide space heating. 

5.1.5.2 Cooling Systems 

Split, direct-expansion, air-conditioning systems will be used to provide cooling in the electrical building. 

5.1.5.3 Starters and Disconnects 

Motor starters or contactors for HVAC equipment will be factory-installed by the equipment manufacturer, 
when available. If the option is not available, starters or contactors will be installed in an MCC or will be 
wall mounted, as required, by an electrical engineer. 

5.1.5.4 Control Systems 

All HVAC systems will be controlled via wall-mounted thermostats. 

5.1.6 Specific Zone Design Criteria 

5.1.6.1 Electrical Building 

The electrical building will be air conditioned via two split, direct-expansion, air-conditioning units. The 
units will be sized at 75% of the total sensible cooling capacity to provide redundancy. The system will be 
controlled via 7-day programmable thermostats (one per unit) and will operate as lead/lag, alternating 
weekly to equalize equipment run time. 
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6. Instrumentation and Controls Design 

6.1 Architecture and Communications 

The Main Pump Station will consist of two sets of pumps. One set will be designed for handling normal 
flow passing through the main wetwell, and the other set will be designed for sending excess flow to the 
wastewater storage tank. There will be a PLC-based control panel to start and stop pumps to control the 
level in the main wetwell and to fill the storage tank when necessary. The PLC will also collect site flows, 
pressures, and levels. There will be an operator interface terminal (OIT) touchscreen on the door of the 
PLC panel to allow local monitoring of key process signals, pump status, alarms, and to allow setpoint 
adjustments. The OIT will be protected by a passcode. 

The PLC will be either Allen-Bradley CompactLogix series or Schneider Electric Modicon M340 series. The 
OIT will be either the Allen-Bradley Panelview series or the Schneider Electric Magelis series. 

Key signals of interest will be wired into a Missions Communications remote terminal unit (RTU) that will 
communicate those key signals (status, alarms, flow, pressures) to the existing supervisory control and 
data acquisition (SCADA) system for remote monitoring. Communications will be via cellular network. The 
RTU will be Missions model MyDro M850.  

Programming of the pump control panel PLC and the OIT will be provided by an approved control systems 
integrator. Programming of the Missions RTU and SCADA will be provided by Missions Communications. 

6.2 Instrumentation 

Field instrumentation will be provided as shown on the piping and instrumentation diagram(s). The 
system integrator will provide all instrumentation except for that related to the odor control system. All 
analog instrumentation will utilize 4 to 20 mA signals. Surge suppression will be required for any analog 
instrument that is located outside of the protective building. 

Flowmeters will be installed on the main station discharge line, the storage tank fill line, and the storage 
tank discharge line. The flowmeters will be installed inline and will use electromagnetic technology (also 
known as magmeters).  

The wetwells may utilize submersible level transducers which convert pressure to level signals. Using 
radar-based level detection may also be a consideration. The wetwells will also be equipped with float 
switches which will serve as additional level monitoring devices. Gas detection instruments will be installed 
in the wetwells and storage tank where required.  

The storage tank level will be monitored with a level transmitter based on radar technology to measure 
the level in the tank. Float switches will also be installed in the storage tank. 

Pressure transmitters will be attached to each pump discharge line to provide information to the PLC and 
to stop the pump in the event of a high pressure situation. 
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Table 6-1. Instrumentation Requirements 

Qty Description Area/Location Brand Technology 

3 Flow Sensor 
and 
Transmitter 

Discharge Line 

Tank Discharge 
Line 

Tank Fill Line 

Endress + Hauser (E+H) 

Krohne 

ABB 

Electromagnetic (Magmeter) 

2 Level Sensor 
and 
Transmitter 

Main Wetwell 

Storage Tank 
Wetwell 

Blue Ribbon 

KPSI 

OR 

Vega 

Endress + Hauser (E+H) 

Submersible pressure sensor 

 

OR 

Radar 

1 Level Sensor 
and 
Transmitter 

Storage Tank Vega 

Endress + Hauser (E+H) 

Radar 

6 Float Switch 

 

Main Wetwell (2) 

Storage Tank 
Wetwell (2) 

Storage Tank (2) 

US Filter 

Anchor Scientific 

Mercury switch 

6 Pressure 
Transmitter 

Main Pumps 
Discharge Line (3) 

Storage Pumps 
Discharge Line (3) 

Rosemount 

Endress + Hauser (E+H) 

Pressure sensor 

1 Gas 
Detection 
System 

Wetwells 

Storage Tank 

(number of 
sensors TBD) 

MSA 

Sensidyne 

Gas sensors 

OA =  

TBD = to be determined 

6.3 Control Strategy 

The pump station will operate to keep the main wetwell pumped down during normal flow conditions. If 
the main wetwell level cannot be controlled by the main pumps due to high incoming flow, the main 
wetwell will overflow into the storage tank wetwell. The storage tank pumps would then be operated to fill 
the storage tank. Both wetwells will use level setpoints to start and stop a lead pump and then a lag pump 
if required. The third pump in each set will be a standby. All pumps will be controlled by VFDs. The pump 
speeds will be modulated to meet flow and level requirements. Each pump will include a pressure 
transmitter which will be used to monitor discharge pressure and stop the pump if necessary. Float 
switches will be installed in each wetwell for additional monitoring of the site level conditions. 

Once the system flow returns to normal, a modulating control valve in the tank discharge line will be 
adjusted to release wastewater from the storage tank back into the system. The released flow will be 
controlled such that flow limitations are maintained. Flowmeters will be installed on the station discharge 
line, the storage tank discharge line, and the storage tank fill line. 
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The onsite odor control system and gas monitoring system will also be connected to the PLC. 

The standard Missions MyDro M850 can monitor 16 discrete input signals and 9 analog input signals. The 
following points will be wired into the Missions RTU for remote monitoring: 

1. Main Pump #1 Common Alarm (discrete input) 
2. Main Pump #2 Common Alarm (discrete input) 
3. Main Pump #3 Common Alarm (discrete input) 
4. Storage Tank Pump #1 Common Alarm (discrete input) 
5. Storage Tank Pump #2 Common Alarm (discrete input) 
6. Storage Tank Pump #3 Common Alarm (discrete input) 
7. Storage Tank Control Valve Common Alarm (discrete input) 
8. Main Wetwell High Level Alarm (discrete input) 
9. Storage Tank Wetwell High Level Alarm (discrete input) 
10. Storage Tank High Level Alarm (discrete input) 
11. Odor Control System Alarm (discrete input) 
12. Gas Detection Alarm (discrete input) 
13. Power Failure Alarm (discrete input) 
14. General System Alarm (discrete input) 
15. Main Pump Station Discharge Flow (analog input) 
16. Storage Tank Fill Flow (analog input) 
17. Storage Tank Discharge Flow (analog input) 
18. Storage Tank Discharge Valve Position (analog input) 
19. Main Wetwell Level (analog input) 
20. Storage Tank Wetwell Level (analog input) 
21. Storage Tank Level (analog input) 
22. Chemical Tank Level (analog input) 

The Missions RTU panel is capable of sending discrete (control) signals to the PLC if that functionality is 
desirable. This may be considered if there is a requirement to remotely inhibit certain functionality at the 
user’s discretion. 

6.4 Procurement 

The I&C equipment will be procured through an approved control systems integrator. The RTU and SCADA 
programming and integration will be provided by Missions Communications. 
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7. Structural Design 
This section includes information related to the structural elements of the new pump stations and storage 
facility. 

7.1 Description of Pump Station Improvements 

Facilities Structural Design components will include the following: 

 Main Pump Station and Valve Vault – The pump station wetwell and valve vault will be precast 
concrete liquid containment structures. The anticipated diameter of the wetwell is 10 feet with a 
total depth of 12 feet. The valve vault is anticipated to be an 8- by 8-foot precast concrete structure 
precast with a depth of approximately 6 feet. The structures will be specified to have a dead weight 
to mitigate buoyancy due to high groundwater. Aluminum hatches with safety grates will be 
provided in the top slab of the wet well, and valve vault for equipment removal and personnel 
access.  

 The pump station and valve vault foundations are not required to be founded on deep foundation – 
these structures will be placed on a minimum of 6 inches compacted sub-base. 

 Storage Tank Pump Station and Valve Vault – The pump station wetwell and valve vault will be 
precast concrete liquid containment structures. The anticipated diameter of the wetwell is 10 feet 
with a total depth of 13 feet. The valve vault is anticipated to be an 8- by 8-foot precast concrete 
structure precast with a depth of approximately 6 feet. The structures will be specified to have a 
dead weight to mitigate buoyancy due to high groundwater. Aluminum hatches with safety grates 
will be provided in the top slab of the wet well, and valve vault for equipment removal and 
personnel access. The pump station and valve vault foundations are not required to be founded on 
deep foundation – these structures will be placed on a minimum of 6-inch compacted sub-base. 

 Storage Tank – This storage tank will be an approximately 75-foot-diameter prestressed concrete 
tank designed in accordance with AWWA D110 and ACI 372 standards. The tank will have a 
concrete dome roof with a minimum of four access hatches to be used for cleaning of tank interior. 
Each hatch will have an aluminum ladder for access. The tank will be designed for approximately 
22-foot water depth inside the tank. Adjacent to the tank will be an in-grade cast-in-place vault for 
effluent valves and flow meters. An aluminum hatch with safety grate will be provided in the top slab 
for equipment maintenance and personnel access. Structural design for the storage tank will be a 
delegated design to be completed by the storage tank manufacture/builder.  

 The storage tank foundation is required to be placed on deep foundations based on the 
geotechnical analysis. Per the Geotech, micropiles are anticipated, and approximately 100 piles are 
anticipated for support of the foundation. The micropiles are anticipated to be cased and embedded 
in the concrete foundation with uplift rods. The foundation, or pile cap, is anticipated to be 
approximately 24 inches thick. 

 Electrical Building – The Electrical Building will be a cavity wall masonry building with a concrete 
reinforced floor slab with thickened perimeter – based on the unfavorable soils, this construction 
type provides for better settlement performance. The dimensions of the building are as shown in the 
Preliminary Electrical Building layout in Appendix A. Adjacent to the building will be a concrete 
foundation for an emergency generator. 

 Odor Control Chemical Tanks – A concrete equipment pad will be provided for support of the odor 
control facilities. Details of the size of the pad will be determine in the 60% Design.  
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 Site Retaining Walls – Due to the location of the site, retaining walls are required as shown on the 
site plan in Appendix A. A portion of these walls are considered civil site walls and are expected to 
be MSE (mechanically stabilized earth) type walls – refer to the Civil section for further information. 
At the storage tank, the retaining walls provide structural lateral resistance to the soils layers that are 
cut for the placement of the tank. As such, the portion of the wall retaining the soil from applying 
lateral load to the tank will be designed as a structural retaining wall. Based on the relative depth of 
rock anticipated at the site (> 80 feet), a cantilever wall is anticipated to be sufficient (refer to the 
site plan in Appendix A). A soldier pile type wall with wood slats for the exposed face is anticipated 
to be the most economical option for construction of the wall. 

7.2 Applicable Codes and Standards 

The governing building code for the structural design of the project facilities is the 2018 IBC by the 
International Code Council (ICC) with any local amendments. The following codes, standards, and 
references will apply: 

 Building Code 

- 2018 IBC 

 American Concrete Institute (ACI) 

- ACI 301-10 Specifications for Structural Concrete 

- ACI 318-14 Building Code Requirements for Structural Concrete 

- ACI 350.1 Specification for Tightness Testing of Environmental Engineering Concrete 
Containment Structures 

- ACI 350.4R-04 Design Considerations for Environmental Engineering Concrete Structures 

- ACI 350.5 Specifications for Environmental Concrete Structures 

- ACI 350-06 Code Requirements for Environmental Engineering Concrete Structures 

- ACI 350.3-06 Seismic Design of Liquid-Containing Concrete Structures 

 American Institute of Steel Construction (AISC) 

- Specification for Structural Steel Buildings, AISC 360-10 

 Aluminum Association 

- Aluminum Design Manual 2015  

 American National Standards Institute (ANSI) 

- ANSI/National Association of Architectural Metal Manufacturers (NAAMM) Hollow Metal 
Manufacturers Association (HMMA) MBG-531 Metal Bar Grating Manual 

- ANSI/NAAMM HMMA MBG-532 Heavy Duty Metal Bar Grating Manual 

- ANSI/NAAMM HMMA MBG-533 Welding Standards for Fabrication of Steel, Stainless Steel, and 
Aluminum Bar Grating 

 American Society of Civil Engineers (ASCE) 

- ASCE 7-10 Minimum Design Loads for Buildings and Other Structures 
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 American Welding Standards (AWS) 

- AWS D1.1 Structural Welding Code – Steel 
- AWS D1.2 Structural Welding Code – Aluminum 
- AWS D1.3 Structural Welding Code – Sheet Steel 
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8. Architectural Design  

8.1 Applicable Codes and Standards  

Currently adopted building codes by County ordinance are:  

 2018 International Energy Conservation Code  
 2018 IBC  
 2017 NFPA 70 NEC  
 2018 International Mechanical Code  
 2018 International Plumbing Code  
 2018 IFC  
 2018 NFPA 101 Life Safety Code  

8.2 Building Code Contacts  

Building code contact information is listed below:  

Building Official  
James Jenkins 
Loudon County Planning and Codes Enforcement 
101 Mulberry Street, Suite 101 
Loudon, TN 37774 
Phone: 865-458-4095 
Website:  
https://planningandcodes.loudoncounty-
tn.gov/buildingCodes.php 

Fire Official  
Loudon County Fire & Rescue 
9000 Highway 11 W 
Lenoir City, Tennessee 
37771 
Phone: (865) 986-2882 
Website: http://loudoncountyfire.com/ 

8.3 Facility Description 

As part of the TVPOA Main Pump Station and Storage Facility project, a new building is necessary to house 
electrical equipment required for operation and control of new process mechanical water pumping 
equipment. The building will be configured as a single electrical room electrical with HVAC equipment 
space with entrance and exit doors on opposite sides of the room. The building size will be approximately 
15 feet by 24 feet.  

The exterior walls will be load bearing reinforced concrete masonry unit (CMU) with brick veneer, forming 
an insulated air cavity. The roofing system will be asphalt shingles over plywood and rigid insulation 
supported by a structural metal deck over light gauge steel trusses in a gable configuration.  

Insulated hinged steel door assemblies resisting positive and negative developed wind pressures as 
components of the building envelope will be used for the exterior doors. Hardware shall be corrosion 
resistant commercial grade quality with panic exit devices at each door for electrical code compliance. 
Door locks will be keyed to the TVPOA master key system. Doors and frames will be factory galvanized and 
prime coated with field applied paint in a color complementary to the brick and roofing colors. The doors 
will be sized to allow installation or removal of the electrical equipment when necessary.  
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Interior finishes will include:  

Floor: epoxy non-skid paint  
CMU Walls: semi-gloss latex paint  
Ceiling: exposed to structure above 

8.4 Code Evaluations  

8.4.1 General  

The new TVPOA building must meet the requirements of the current applicable building codes, life safety 
code, and fire code, as listed in Table 8-1.  

Table 8-1. Electrical Building Code Information  

Code Requirement  Specific Building Requirement  

Construction Classification  Type VB (IBC 602.5)  

Occupancy Classification  Moderate-Hazard Factory Industrial, Group F-1 (IBC 306.2)  

Fire Suppression System  Not required (IBC 903.2.4)  

Fire Alarm and Detection Systems  Not required (IBC 907.2.4)  

Emergency Alarm Systems  Not required (IBC 908)  

Portable Fire Extinguishers  Provide for Class A and C fires (IBC 906.3 and NFPA 10, 5.2)  

Classification of Hazard: Light Hazard (NFPA 10, 5.4.1.1)  

Maximum Floor Area per Unit of A: 3,000 square feet (IBC 
Table 906.3(1))  

Maximum Travel Distance to Extinguisher: 75 feet (IBC 
Table 906.3(1))  

Structural Fire Protection  None (0 hours) for Type AB Construction (IBC Table 601)  

Exterior Wall Fire-Resistance Rating  Type VB Construction for Group F-1 Occupancy (IBC Table 602): 
0-hour rating for fire separation distance greater than 30 feet for all 
walls.  

Maximum Stories Allowed  1 story above grade plane for building without sprinkler system 
(IBC Table 504.4) 

Actual Stories  1 story  

Maximum Building Height Allowed  40 feet for building without sprinkler system. (IBC Table 504.3)  

Actual Building Height  Within maximum  

Maximum Building Area Allowed per 
Floor 

8,500 square feet (IBC Table 506.2)  

Actual Building Area  360 square feet  

Occupant Load  Group F-1: 360/300 SF/Occupant = 2 (IBC Table 1004.5)  

Minimum Calculated Egress 
Component Width  

0.2 x 2 = 0.4 inch (IBC 1005.3.2)  
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Table 8-1. Electrical Building Code Information  

Code Requirement  Specific Building Requirement  

Minimum Egress Door Width  32 inches (IBC 1010.1.1)  

Actual Minimum Egress Width  36-inch exit doors  

Maximum Travel Distance Allowed  200 feet (building without sprinkler system) (IBC Table 1017.2)  

Actual Maximum Travel Distance  12 feet  

Maximum Common Path of Egress 
Travel Distance  

F-1: 75 feet (IBC Table 1006.2.1)  

Actual Maximum Common Path of 
Egress Travel Distance  

None. Two exit doors are provided.  

Maximum Dead End Corridor  20 feet (IBC 1020.4)  

Actual Maximum Dead-End Corridor  None  

Accessibility Requirements  Equipment spaces frequented only by service personnel for 
maintenance, repair or occasional monitoring of equipment are not 
required to comply with accessibility requirements. (IBC 1103.2.9)  

Plumbing Fixtures  Plumbing fixtures are required for factory and industrial occupancies 
only where occupants are engaged in work fabricating, assembly, or 
processing of products or materials. The electrical building will only 
be used for housing electrical equipment with very limited personnel 
visits. No restroom facilities or other plumbing fixtures are planned for 
this building. (IBC Table 2902.1)  
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9. Geotechnical 
A geotechnical subsurface investigation program was recently completed at the site of the Main Pump 
Station and Storage Facility. The investigation consisted of soil borings, rock coring, and installation of a 
piezometer; the findings are presented in the report titled Geotechnical Data Report  Tellico Village Main 
Lift Station, Loudon, Tennessee, dated September 14, 2023, and prepared by GEI Consultants, Inc.  

The investigation consisted of advancing nine borings (B-1 through B-9) in the vicinity of the proposed 
storage tank, electrical building, pump station, equipment pads, and other ancillary facilities. The borings 
were extended to depths between 25 and 70 feet below ground surface and generally encountered a thin 
layer of cohesive fill over alluvial (fat clay) and residual (lean clay and fat clay) deposits. These native soils 
were typically firm to stiff, with localized pockets of soft material. Rock coring was performed below the 
native soils in borings B-1, B-2, and B-3 where auger refusal was initially encountered; rock core samples 
extracted from these borings consisted predominately of dolomite, although a thin layer of sandstone was 
also noted in boring B-2. The rock coring encountered voids and soil seams at various elevations and 
thicknesses. These formations are common to the Ridge and Valley Physiographic Province and can result 
in the formation of caves, caverns, and sinkholes. Where encountered, the top of initial bedrock was noted 
at 20.3 feet in B-1, 10.5 feet in boring B-2, and at 38.5 feet in B-3. No bedrock was encountered in the 
remaining borings. 

A piezometer was installed in one of the borings (B-8) and was monitored over several weeks. The 
recordings revealed a longer-term groundwater level near elevation 820 feet (within the normal 
fluctuations of the adjacent Little Tennessee River). 

Based on review of the subsurface conditions, available preliminary structural and civil information, and 
the expected performance requirements (e.g., settlement tolerance) of the proposed structures, support 
of the storage tank at-grade on a typical 4- or 6-inch mat is likely not feasible due to the significant 
variation in rock elevation and the thick deposits of fat clay present in the area. Rather, the storage tank 
should be supported on a deep foundation system (connected to a structural concrete slab) extending 
through the upper fill and residual soil and founded in competent bedrock. Due to the presence of 
dissolution features within the rock, a system such as micropiles which consist of elements that can be 
cased through any significant voids or soil-filled seams are recommended. Given the bedrock encountered 
in the rock cores, a preliminary ultimate bond strength of 150 pounds per square inch should be assumed 
within the grout-bedrock zone.  

The remaining lightly loaded facilities (electrical building, pump station, equipment slabs, etc.) could be 
founded on shallow foundations or slabs with allowable bearing pressures in the 1,500 to 2,000 pound 
per square foot range. A thin layer (6- to 12-inches) of compacted granular soil should be placed under 
the foundations and slabs to protect the subgrade soils from disturbance and to provide a uniform bearing 
surface.  

Due to the thick clay deposits and lack of bedrock information encountered in most of the storage tank 
borings performed during the initial subsurface investigation phase, additional rock probes should be 
advanced during the next phase of design. The benefit of these additional probes is to refine both the top 
of rock and clay thickness profiles within the tank footprint to more accurately estimate the depths of the 
deep foundation elements, and/or for prediction of settlement if an alternative foundation system is 
considered.  
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Note that these preliminary recommendations are based on the information available and reviewed at this 
time; they should be revisited, and additional analyses performed as the design of these facilities 
progresses and additional structural and civil details evolve.  
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10. Project Implementation 

10.1 Opinion of Probable Cost 

The Opinion of Probable Construction Cost (OPCC) is for this 30% BODR is considered to be a Class 3 
estimated in accordance with the Association for the Advancement of Cost Engineering standars. The 
quantities used are approximate but sufficient for this level of estimate. More detailed costs will be 
provided during the subsequent design phases as the site layout, electrical building design, storage tank 
and pump stations designs and unforeseen conditions are better quantified. The OPCC is based the 
following major components:  

 Equipment quotes from equipment manufacturer  
 Estimated costs of construction and construction materials  
 Escalation factor to the mid-point of construction (2.25%)  
 A Construction contingency of 20% is added 
 A market adjustment factor of 15% is added 

 
The total OPCC for the project presented herein is $8.9 Million.  The OPCC is presented in Appendix D. 

10.2 Schedule  

The proposed key milestones for the Main Pump Station and Storage Facility are presented below: 

Milestone Proposed Dates 

Draft Basis of Design Report to TVPOA 11/10/23 

Review Meeting 11/24/23 

Final 30% Documents 12/15/23 

Notice to Proceed on Final Design 12/15/23 

60% Design March 2024 

90% Design May 2024 

100% Design / Bidding Documents July 2024 

Bidding Process August – September 2024 

Construction Begins October 2024 

Other Workshops and Status Meetings: TBD as required 

The schedule will be refined and revised based on the Notice to Proceed for the final design phases.  

10.3 Maintenance of Operations 

The design intent is that the existing Main Pump Station will remain in service for the duration of 
construction with only minor interruptions to service to include the following: 

 Short electrical power shutdowns associated with new equipment installation 
 Tie-ins of yard piping  

Any anticipated shutdown will be planned and coordinated with Tellico Village staff. 
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10.4 Next Steps 

The Main Pump Station and Storage Facility project is the largest and most critical improvement 
recommended in the 2022 Master Plan. The project seeks to increase the firm capacity of the Main Pump 
Station and provide wet weather storage when the influent flow is greater than the capacity of the pumps. 
This will allow the TVPOA to manage, mitigate, and store wet weather flows until they can be blended back 
into the normal influent flow. 

The next phases of the project will progress the design through the 60%, 90%, and the final design 
milestones in preparation for the bidding process. The construction contract is expected to be a single 
contract for a general contractor who would subcontract the structural design and construction of the 
storage tank. Following is a preliminary listing of the anticipated Plan Sheets for the final design. 

Table 10-1. Preliminary Plan Sheet Listing 

GGeneral    

1. Index, Location Map, Legend 39. D – Storage Tank Lower Plan 

2. Abbreviations 40. D – Storage Tank Upper Plan 

3. Civil Notes 41. D – Storage Tank Section 

4. Arch Notes 42. S – Electrical Bldg Foundation 

5. Structural Notes 43. S – Electrical Bldg Upper Plan 

6. HVAC, Plumbing Notes 44. A – Electrical Bldg Floor Plan 

7. Process / Mech Notes 45. A – Architectural Bldg Roof Plan 

8. Piping Schedule Notes 46. A – Architectural Bldg Elevations and 
Sections 

9. Electrical Legend 47. M – Electrical Bldg – HVAC, Plumbing 

10. Electrical Notes 48. E – Electrical Bldg Power Plan 

11. I&C notes 49. E – Electrical Bldg One-Lines 

12. Process Flow Diagram 50. E – Electrical Bldg MCC diagrams 

13. Overall Key Plan 51. E – Electrical Bldg MCC Panel Sections 

 52. E – Electrical Lighting / Grounding 

CCivil Site, Yard Piping, Site Elec.  53. E – Generator Plan Section 

14. Site Grading Plan 54. S – Generator, Surge Control Pads – Plan, 
Sections 

15. Erosion and Sediment plan 55. S – Retaining Wall Plan 

16. Staking Plan 56. S – Retaining Wall Sections, Details 

17. Yard Piping  

18. Gravity Sewer Profiles SStandard Details  

19. Electrical Site Plan 57. Structural 1 

20. Electrical Duct Bank Schedule 58. Structural 2 

21. Existing Pump Station Demo 59. Structural 3 

 60. Structural 4 
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Table 10-1. Preliminary Plan Sheet Listing 

IInstrumentation and Controls  61. Structural 5 

22. P&ID 62. Structural 6 

23. Details 63. Architectural 1 

 64. Architectural 2 

MMain Pump Station and Storage Tank   65. Mechanical – HVAC, Plumbing 

24. D – Main PS / Valve Vault Plan 66. Electrical 1 

25. D – Main PS / Valve Vault Section 67. Electrical 2 

26. D – EQ Tank PS / Valve Vault Plan 68. Civil 

27. D – EQ Tank PS / Valve Vault Section 69. Civil 

28. D – Surge Control Plan, sections 70. E &SC 

29. D – Odor Control Plan, Sections 71. E&SC 

30. E – Lighting/Grounding Plan 72. Process 

31. E – Block Diagrams 73. Process 

32. E – Pump Station Riser Diagram 74. I&C 

33. E – Tank Power Plan 75. I&C 

34. E – Tank Lighting / Grounding Plan  

35. S – Storage Tank Pile Plan  
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30% Design Drawings 
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Appendix B 
TVPOA Main Pump Station Electrical 
Building Layout 











 

 

Appendix C 
Preliminary Equipment Selections 
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