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Abstract   
 The following report describes the proposed redesign of the East Wastewater Treatment 

Facility (EWWTP) for the City of Fernley, Nevada. The existing facility is designed for a flow of 

3.4 MGD, but by the end of the 30-year design period in 2045, the projected maximum flow will 

rise to 5.45 MGD.  The goal of this design is to modify and expand upon the existing treatment 

plant to allow the City of Fernley to treat the 30-year flow and produce an effluent of sufficient 

quality to use as irrigation water. Based on the evaluation of existing facilities and typical design 

parameters for small wastewater treatment facilities, a conventional design including grit 

removal, biological treatment, nitrification, secondary clarification, filtration, and disinfection is 

proposed.  Design information for the addition of optional primary clarifiers is also included. 
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Executive Summary  
The following report describes the proposed redesign of the East Wastewater 

Treatment Facility (EWWTP) for the City of Fernley, Nevada. The plant is currently 

designed for 3.4 MGD. By the end of the 30-year design period in 2045, the projected 

maximum flow will rise to 5.45 MGD.  The goal of this design was to evaluate and 

modify existing facilities as well as construct new facilities to allow the City of Fernley 

to treat the 30-year flow and produce an effluent of high enough quality for use as 

irrigation/reuse water. A higher quality effluent will allow the City of Fernley to use the 

treated wastewater that is currently discharged to the Fernley Wildlife Management Area 

for profitable ventures such as sale to golf courses or other private industries and to 

reduce the cost of irrigating city owned recreation facilities. 

The current pretreatment processes are housed at two lift stations which collect 

wastewater from all around the Fernley area. The East Lift Station is currently equipped 

with a screening assembly, an aerated grit chamber, a grit grinder, and an equalizing wet 

well prior to pumping. The Highway 50 Lift Station has a screening assembly and wet 

well with pumps. Existing infrastructure was analyzed and found to have sufficient 

capacity for the design period. At the East Lift Station, it is recommended that a building 

be constructed to house the screening and grit chamber equipment in order to decrease 

the negative effects of freezing events. At the Highway 50 Lift Station, a building will 

also be constructed over the screening assembly, and a bypass channel will be 

constructed around the screening assembly to allow flow diversion for screen 

maintenance.  
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At the main treatment plant site, construction will commence in 2014 in the site of 

the current Pond 1. Pond 1 treatment will be switched to a currently idle Pond, and flow 

will switch to the new treatment facilities after completion of construction in 2015. The 

pond will be drained and filled, followed by a grading of 0.02 ft/ft so that gravity flow 

may be utilized between processes.  

The new headworks will consist of an above-ground manually cleaned bar screen 

and two 8300-gallon aerated grit chambers. The aerated grit chambers will serve as 

backup for the East Lift Station and address the lack of pretreatment at Highway 50. 

Primary clarifiers were evaluated and found to be unnecessary to the production of a 

high-quality effluent. The proposed pretreatment facilities will remove grit and inorganic 

solids to improve the function of downstream biological processes. 

The Modified Ludzack-Ettinger process (MLE) will be used for biological 

degradation of biochemical oxygen demand (BOD), ammonia, and NOx. The pre-anoxic 

and aerobic reactors will be housed in one basin. Two 1.3-MG basins will be constructed, 

with one in operation and one on standby until 2030, when a third basin will be 

constructed to allow two basins to operate at the 2045 design flow. The basins will have a 

detention time of 11.3 hours at the 2045 peak flow. 

Two 2.7-MG circular secondary clarifiers will treat the effluent from the activated 

sludge basin. A third basin will be constructed in 2035 to handle the projected 2045 flow. 

The return activated sludge flow will be 50% of the plant influent, for a total flow into the 

clarifiers of 150% of the influent flow rate. An activated sludge pump house will be 

constructed adjacent to the clarifiers to pump the return activated sludge and wasted 

sludge from the clarifiers. Waste activated sludge (WAS) will be stored in 1.2-MG 
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holding tanks prior to dewatering in a belt filter press and lime stabilization. The resulting 

sludge will be sold as fertilizer.  

Upflow filters purchased from DynaSand will further decrease the suspended 

solids of clarifier effluent.  Four filters and one backup will be installed to treat the 2015 

peak flow, with five more built in 2030 for a total of eight filters in operation for the 2045 

peak flow. The projected loading rates for 2015 and 2045 are 4 and 4.6 gpm/ft
2
, 

respectively. 

Disinfection will occur in two 0.85-MG serpentine contact basins. One basin will 

be in operation for the 2015 flow and two for the 2045 flow. A third basin will be 

constructed in 2035 to provide a backup. Design is based on a Crt value of 450 

mg*min/L, a chlorine residual of 5 mg/L. The 2045 average flow contact time of 90 

minutes. Effluent to be used for reuse purposes will be stored onsite in one of the existing 

ponds. The treated water to be discharged to the Fernley wetlands will be dechlorinated 

via sulfur dioxide addition prior to discharge. 

The total projected capital cost of the project is $25,975,000. Total annualized 

costs, including operation and maintenance, are $3,031,800 per year for the thirty-year 

design period.  The following design recommendations present a practical and 

economical method of producing a high quality effluent and expanding the treatment 

capacity of the Fernley EWWTP.   

Projected Population Growth and Flows  
             Table 1 shows projected populations and wastewater flows for Fernley for the 

30-year design period.  The population projections were obtained through the ratio 
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method comparing the population of Fernley with Lyon County.  Average daily flows 

were determined using a calculated wastewater production rate of 60.5 gallons per person 

per day based on 2008-2012 flow data, and a peaking factor of 2 was applied to obtain 

maximum daily flows.  The peaking factor was determined by evaluating the ratios of 

peak flow to average flow for known flow data (2008 to 2012) and adding a 25% safety 

factor to the highest ratio to account for possible higher flow variations outside of the 

small data set. See Appendix A for graphs and calculations. 

Table 1. Projected populations and flows. 

Year 
Fernley 

Population 

Average 

Daily Flow 

(MGD) 

Maximum 

Flow 

(MGD) 

2015 19,476 1.18 2.36 

2020 19,230 1.16 2.33 

2025 22,590 1.37 2.73 

2030 27,763 1.68 3.36 

2035 32,621 1.97 3.95 

2040 38,330 2.32 4.64 

2045 45,038 2.72 5.45 

Analysis of the Existing  Headworks  
The proposed design will incorporate systems from the original headworks 

systems while adding additional systems to address current shortcomings and to provide 

redundancy in the system for when failures occur or maintenance is required.  The 

current system includes two lift stations which collect raw wastewater from various lift 

stations throughout the area and pump it into the treatment plant; these two main lift 

stations will be referred to as the East Lift Station and the Highway 50 Lift Station and 

will be the primary focus of the headwork modifications and upgrades. 
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East Lift Station 

Currently the East Lift Station provides approximately 70-80% of the total inflow 

according to the plant operators.  It is equipped with a mechanically cleaned bar screen 

and a Muffin Monster grinder and dewatering system which discharges to a waste 

hopper.  An aerated grit chamber with a chain and rake grit removal system then removes 

heavy particles from the influent.  The water enters a wet well and is then transported to 

the plant via three constant speed, 160-hp, 3,500 gpm, Flygt CT 3231 centrifugal pumps 

located in the dry well.  The force main from the lift station to the main treatment facility 

is 14ò in diameter. There is also a bypass gravity pipeline that allows the bar screen and 

grit chamber to be bypassed during maintenance or failure.   

The capacity of the current system was analyzed to determine which aspects do 

not require modification.  The 18.72-MGD bar screening assembly will be able to handle 

all of the flow through the 30-year design life of this project.  Based on the chamber 

volume and maximum peak flow projected for 2045, the detention time for the aerated 

grit chamber was calculated to be approximately 3.5 min; this is within the typical range 

of 2-5 minutes and is therefore adequate for the 30 year design life of this project
9
.  In 

addition, the 9.36-MGD chain and rake grit removal system is adequate for all future 

projected flows.  Although there is no redundancy for the wet well, the likelihood that all 

three pumps will fail is minimal.  Also, it would not be cost efficient to construct a back-

up wet well for a plant of this size.  Therefore, it is recommended that an extra portable 

pump be kept at the plant to temporarily evacuate the wet well to the plant.  This would 

be costly and inefficient, but would only be used in times of failure.  The three export 

pumps each have a capacity of 5.04-MGD.  This is more than enough capacity and 
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redundancy to handle the influent of the East Lift Station up through 2045.  Although 

they are constant speed pumps, which are not as adaptable as variable speed pumps, the 

cost of buying new variable speed pumps is not practical at this time.  Therefore, the 

pumping system will be left as is. 

There are a few aspects of the current system that could be improved upon.  First, 

the bar screening apparatus and grit chamber are located outside; this presents a problem 

during freezing events which occur throughout the winter months.  Also, the bypass 

pipeline does not have any type of manual bar screen because it is located 15 feet below 

grade. When the influent is directed into the bypass channel, the bar screen as well as the 

grit chamber are not utilized. This means that when the bypass is used, the influent from 

the East Lift Station does not receive any pretreatment.  This could damage or decrease 

the effectiveness of downstream processes.  Lastly, from an operatorôs standpoint, the 

system by which the pumps can be removed from the dry well is not adequate; this is 

beyond the scope of this project, however, and can be fixed at a later date.  A basic 

suggestion to fix this problem would be to widen the dry well and build a structure above 

it which is capable of removing the pumps.  Also, providing openings directly above the 

pumps would allow them to be lifted directly up and out of the dry well. 

The main modification that is proposed for the East Lift station site is the 

construction of a building to house the bar screen, aerated grit chamber, and cleaning 

equipment.  This will prevent freezing events from affecting the performance of the 

screens and chain and rake grit removal system.   

Due to the fact that the bypass channel is located 15 feet below grade, it will be 

left as it is.  Trying to install a manual bar screen into the bypass pipeline would require 
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the construction of a channel; this would be difficult when considering the elevation of 

the bypass.  In addition, the area would be a confined space which greatly increases the 

difficulty of performing maintenance on the system.  Redundancy for the bar screen and 

grit removal systems will be placed at the plant and will be discussed in greater detail in a 

later section.  Although it is never desirable to pump wastewater without any type of 

large debris and grit removal, the system would be able to accommodate the wastewater 

with a relatively small amount of time required for maintenance.  Constructing a backup 

pretreatment system at the main site to serve both lift stations will be more economical 

than constructing two smaller backup systems at the lift stations. 

Highway 50 Lift Station 

The Highway 50 Lift Station transports approximately 20-30% of the influent to 

the plant.  Currently it is equipped with a mechanically cleaned bar screen, a wet well, 

and two constant speed, 85-hp, 1,850 gpm, Flygt NP 3301 HT submersible centrifugal 

pumps which pump the water to the plant through a 14ò force main.  This lift station was 

also constructed with a pig launcher to clean the force main as needed. 

There are several problems with the Highway 50 Lift Station which will be 

redesigned in this proposal.  The first main problem is that there is no bypass to direct the 

water around the bar screen when it fails or requires maintenance.  In addition, there isnôt 

redundancy with the bar screening apparatus.  Also, unlike the East Lift Station, the 

Highway 50 Lift Station was not originally designed with a grit removal system.  

Currently the operators do not see this as a problem for the pond system, but when 
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conventional treatment processes are added, the water quality between the two lift 

stations should be consistent to ensure efficient treatment. 

A few modifications will be made at the lift station, but most of the proposed 

systems will be placed at the treatment plant for economic and future growth 

considerations.  As with the East Lift Station, the bar screen and cleaning system will 

need to be housed to be protected from freezing events.  In addition, a bypass pipeline 

will be built in case the mechanical bar screen fails or requires maintenance.   

Proposed Headwork Design Improvements  

Overview 

The proposed headworks improvements include a manual bar screen and grit 

removal located at the plant.  These systems will always be utilized by the flow coming 

to the plant from the Highway 50 Lift Station, due to the lack of grit removal at the lift 

station presently.  If the bar screen and grit removal system at the East Lift Station must 

be bypassed, the proposed systems will be able to handle the flow from the East Lift 

Station as well, thus adding redundancy in case of maintenance or failure.  The proposed 

layout is shown in Appendix C. 

Highway 50 Lift Station Bypass 

When looking at the redundancy presently provided at the lift stations, the largest 

problem is that the Highway 50 Lift Station does not have any way to bypass the 

mechanical bar screens.  This could cause backup in the system if the screen requires 

maintenance or if it ever needs to be replaced.  This is not required at the East Lift Station 

because it is already equipped with a bypass pipe. 
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The bypass pipeline was designed as unpressurized flow with Manningôs 

Equation.  Half of the total peak daily flow was used; although the Highway 50 Lift 

Station only currently receives 20-30% of the total flow, a conservative design of 50% 

was considered.  The concrete pipe will be placed at a 0.005 ft/ft slope.  The final design 

yielded a 21-inch diameter pipeline, which is 21 feet in total length.  Table 2 provides a 

summary of the design parameters for the Highway 50 bypass pipeline.  A plan view of 

the bypass pipeline is illustrated in Appendix C. 

Table 2. Design parameters for Highway 50 bypass pipeline. 

Parameter Design Units 

Qdesign 2.73 MGD 

Length 21 ft 

Slope 0.005 ft/ft  

Diameter 1.75 ft 

2045 velocity 4.7 fps 

2015 velocity 3.5 fps 

 

As seen in Table 2, the velocities at both the 2015 and 2045 flows are within the 

desired 2-7 foot range to prevent deposition or scouring
9
. 

Coarse Screening 

With the current pond system, lack of redundancy for the coarse screening 

systems is not a critical issue.  When a conventional system is used, however, large rags 

and debris can negatively affect downstream processes.  Therefore, the addition of a 

manual bar screen located at the beginning of the plant is recommended.  As previously 

mentioned, this bar screen would always be used for the water directed from the Highway 

50 Lift Station and would only be used by the East Lift Station if the headworks system 

was bypassed. 
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A few alternatives were considered for the bar screen system.  First, adding a bar 

screen in each of the bypass channels at the lift stations was decided against because of 

the depth of the bypass pipes.  Adding a channel with a bar screen to these systems would 

present multiple maintenance and construction issues.  Therefore, it was decided that the 

bar screen would be placed at the entrance to the plant in an above ground channel for 

easy maintenance access.  Also, a manually cleaned bar screen was selected instead of a 

mechanically cleaned bar screen for a few reasons.  Due to the fact that the proposed bar 

screen would only serve as a backup in case both of the other bar screens systems failed, 

the influent will have already been screened and will rarely have large debris or rags.  

This means that the screen will not need to be cleaned very often, and a manual bar 

screen will be more cost effective.  The option of having a bypass channel to avoid using 

the manual bar screen continuously was also considered.  However, large amounts of 

screenings are not anticipated, therefore one channel with one screen will be appropriate. 

The design parameters for the coarse screen are summarized in Table 3.  Design 

parameters for all processes in the report followed the procedure and typical values 

presented in Wastewater Engineering: Treatment and Reuse by Tchobanoglous et al. 

(2003). As velocity is the critical factor for screening systems to prevent breakthrough or 

deposition, the design was checked for the highest flow in 2045 and the lowest flow in 

2015.  The proposed design fits all criteria.  A drawing of the bar screens can be found in 

Appendix C. 
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Table 3. Design parameters for the manually cleaned bar screen. 

Parameter Range Design Units Notes 

Design Velocity 0-2 2 fps Assumed 

Bar Spacing 1.0-2.0 1.0 in Assumed 

Bar Width 0.2-0.6 0.5 in Assumed 

Bar Depth 1.0-1.5 1.0 in Assumed 

Slope From Vertical 30-45 45  Assumed 

Total Width  3.0 ft Assumed 

Number of Bars  24  Calculated 

Height of Screen  3.5 ft Calculated 

Channel Freeboard  2.0 ft Assumed 

Total Channel Height  4.5 ft Calculated 

Channel Slope  0.001 ft/ft  Assumed 

Maximum Velocity 2-7 2.93 fps Acceptable 

Minimum Velocity 2-7 2.16 fps Acceptable 

Maximum Headloss <6 0.14 In Acceptable 

Source: 9 

After the bar screen, the channel will transport the water into a splitter structure 

where the water can be directed into one of two grit chambers. 

Grit Removal 

Two grit removal basins are proposed for construction at the beginning of the 

treatment plant.  They will primarily treat the influent from the Highway 50 Lift Station 

and will serve as a backup in case the pretreatment processes at the East Lift Station fail 

or require maintenance.  By adding grit removal as a pretreatment process for the 

Highway 50 Lift Station influent, the influent water quality will be consistent between the 

two lift stations.  Adding a grit chamber at the Highway 50 Lift Station would not be cost 

effective, however.  In addition, the location at the plant will  allow it to serve as a backup 

for the East Lift Station influent as well as primary grit removal for any future lift 

stations.   
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The design for grit removal includes two aerated grit chambers rated at 2 MGD 

each.  This provides sufficient treatment and redundancy for the maximum daily flow 

projected in 2035 assuming that Highway 50 contributes 50% of the influent.  The system 

can accommodate both lift station influent flows without redundancy through 2035.  A 

third basin could be added to the system in 2035 to increase the capacity to 6 MGD.  This 

will  be able to treat the entire influent beyond 2045.   

Aerated grit chambers were chosen over vortex grit chambers for a few reasons.  

First, there is plenty of land available at the plant, so the higher area requirements of 

aerated grit chambers are not an issue.  Second, because vortex grit chambers are 

proprietary, they are more expensive and there is less engineering control over the design.  

Therefore, the aerated grit chamber was chosen for the design. 

Table 4 summarizes the design criteria and selected parameters for sizing the two 

aerated grit chambers.  The total design volume was based on the 2035 Highway 50 

influent peak daily flow (2-MGD), with one additional tank for redundancy, and a 

detention time of 6 minutes was selected.  The detention time for the 2015 peak daily 

flow for the Highway 50 Lift Station (1.2-MGD) was found to be 10 minutes. Although 

both detention times are above the typical range of 2-5 min, it is acceptable because a 

longer detention time will increase the amount of particles settled, which is desirable.  

The small design flow made the grit chamber design slightly out of the typical design 

criteria.  However, as Table 4 shows, the ratios between the dimensions are within the 

typical ranges.  These ratios are more important than the dimensions to ensure adequate 

settling.  Technical drawings of the grit chamber can be found in Appendix C. 
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Table 4. Grit chamber dimensions for one basin. 

Parameter Range Typical Design Units Notes 

td,2045 2-5 3 6.0 min Assumed 

Volume 

  

1114 ft
3
 Calculated 

Depth 7-16 

 

7 ft Assumed 

Length 25-65 

 

23 ft Acceptable 

Width 8-23 

 

7 ft Acceptable 

Depth + Freeboard 7-16  9 ft Acceptable 

W:D 1:1 to 5:1 1.5:1 1 

 

Assumed 

L:W 3:1 to 5:1 4:1 3 

 

Acceptable 

td,2015 2-5 3 10.0 min Acceptable 

Source: 9 

Table 5 summarizes the air supply required for the grit chambers.  A typical value 

was chosen for air supply per unit length and then converted to a total air requirement for 

the system.  A product specification sheet for the blowers to be purchased from Air & 

Gas Systems is located in Appendix B. 

Table 5. Air supply  requirements for grit chambers. 

Parameter Range Design Units 

Air supply per unit length 3-8 5 ft
3
/ft*min 

Air requirement per basin   114 ft
3
/min 

Total air requirement   227 ft
3
/min 

Source: 9 

Table 6 summarizes the estimated grit volumes to be removed per day from the 

grit chambers.  A bucket elevator from Amwell and a Torqueflow-Eliminator Macerator 

centrifugal pump will be used to remove the grit from the basins.  The product 

specification sheets are shown in Appendix B.  A ConWash Model 381 (up to 6.7 L/s) 

sand washer will be installed to separate and dewater the grit removed from the basin.  

See Appendix B for the product specification sheet.  A 44-gallon trash can will  be 

purchased from a local hardware store for grit disposal.  Based on the peak grit quantities, 
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each trash receptacle will need to be emptied approximately once every 4 days during the 

2015 peak flow and once every 2 days during the 2045 peak flow.   

Table 6. Grit quantities for one grit chamber. 

Parameter Range Typical Design Units 

Grit quantities 0.5-27 2 2 ft
3
/MG 

Grit volume per day per basin in 2015     2.4 ft
3
/day 

Grit volume per day per basin in 2045     4 ft
3
/day 

Source: 9 

Although this grit removal system is recommended, it is not critical for treatment 

if there are budget constraints.  To reduce initial costs, the treatment plant may also build 

one aerated grit chamber in the first phase of construction and wait to build the second 

basin until the flow becomes large enough (estimated to be around 2025). If population 

continues to grow as projected, a third will need to be constructed in 2035 and a fourth in 

2045 to continue providing redundancy in the system.  As is shown in the overall site 

layout in Appendix C, additional space will be left open next to the first phase of basins 

to allow future basins to be built. 

The influent from both the East Lift Station and Highway 50 Lift Station will 

have the option of being directed into the grit chambers or directly into the primary 

clarifiers. This will allow the grit chambers to be bypassed in case they need to be taken 

offline.  

Primary Clarification  
Primary clarification is usually considered optional for plants with relatively low 

flows.  Primary clarifiers add the requirement for different solids handling procedures, 

additional construction and maintenance costs, and a greater level of treatment 
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complexity for operators.  Based on the analysis of the activated sludge and nitrification 

processes with and without the incorporation of primary clarifiers, a high quality effluent 

can be produced without primary clarification. Design recommendations for primary 

clarifiers and the biological processes following primary clarification are included in 

Appendix A in case the City of Fernley decides to include them.  Technical drawings are 

provided in Appendix C. 

Acti vated Sludge and Nitrification  
The Modified Ludzack-Ettinger process (MLE) was selected for biological 

degradation of biochemical oxygen demand (BOD) and ammonia. MLE consists of an 

anoxic reactor followed by an aerobic reactor for the removal of nitrates and ammonia. 

MLE is one of the most frequently used biological nutrient removal processes due to its 

high adaptability and very low effluent nitrogen concentrations
9
. The Modified Ludzack-

Ettinger process was selected over traditional activated sludge processes and activated 

sludge with nitrification because neither produces an effluent with low enough ammonia 

and total nitrogen content to meet the design parameters of less than 2.5 mg/L NH4-N and 

less than 7.5 mg/L total nitrogen
9
. MLE also requires less oxygen in the aerobic reactor 

and lower alkalinity addition than solely aerobic processes due to the inclusion of the 

anoxic section. Aeration costs in activated sludge treatment can account for a large 

portion of wastewater treatment plant operating costs, so the lower required aeration rate 

will lead to significant cost savings
9
. Due to the higher quality effluent and lower oxygen 

and alkalinity expenses, the Modified Ludzack-Ettinger process was selected over 

traditional activated sludge systems.  
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The aerobic and anoxic reactors were designed based on typical retention times, 

dimension ratios, and ratios of substrate to microorganisms. Basin dimensions are 

summarized in Table 7 below.  

Table 7. Biological process dimensions 

Parameter Range Typical Design Units Source 

Width per flow path     33 ft Calculated 

Total width     66 ft Calculated 

Depth 15-25    22 ft Calculated 

W:D 1:1-2.2:1 1.5:1 1.5   Acceptable 

Total length      295 ft Calculated 

L:W > 5:1   7.2   Acceptable 

Length/side     147 ft Calculated 

Anoxic length     57 ft Calculated 

Aerobic length     237 ft Calculated 

2015 basin length     131 ft Calculated 

Length partitioned, 2015     16 ft Calculated 

 

Table 7 shows the dimensions for the sequential pre-anoxic and aerobic activated 

sludge reactors. Both reactors will be located in the same concrete basin and separated by 

a baffle wall. The basin will double back to conserve space, for a length of 147 feet per 

side.  To stay within the desired detention time range at the lower 2015 flows, a concrete 

wall equipped with weir gates will exclude flow from the last 16 feet of the aerobic 

reactor until 2030, when the weir gates will be opened to utilize the full volume. Two 

basins will be constructed, with one in operation and one on standby until 2030, when a 

third basin will be constructed to allow two basins to operate at the 2045 design flow.  

Model 20GT mixers and motors will be purchased from Chemineer for anoxic zone 

mixing. See Appendix B for product information. 
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The MLE configuration was evaluated at the 2015 flow, the 2045 design flow, 

and at both flows with subdivided anoxic reactors. Subdividing the anoxic zone tapers the 

F/M ratio, sometimes increasing process efficiency. However, the F/M ratios for 

subdivided reactors greatly exceeded design recommendations, so a single anoxic reactor 

with more gradual F/M tapering was selected. Calculations are shown in Appendix A. 

Biological and hydraulic parameters for the aerobic and anoxic reactors are shown in 

Table 8 and Table 9 below. 

Table 8. Anoxic biological parameters 

Parameter Range Design Units Source 

F/M 0.04-1.0 0.86 g BOD/ g biomass*day Calculated 

SRT 7-20 13.90 days Calculated 

HRT 1-3 2.75 hrs Assumed 

Internal recycle ratio 3-4 3.43 

 

Calculated 

SDNR 0.04-0.42 0.20 g NO3-N / g biomass * day Calculated 

NO x capacity ratio 

 

2.65 

 

Calculated 

Effluent NO3-N  

 

6 mg/L Assumed 

RAS % of influent 50-100 50% % of inf. Assumed 

Mixing power 

 

17 hp Calculated 

Source: 9 

Table 8 shows biological parameters for the anoxic reactor. The estimated effluent 

nitrate is 6 mg/L. 

Table 9. Aerobic biological parameters 

Parameter Range Typical Design Units Source 

F/M 0.04-1.00  0.15 g/g*d Calculated 

SRT 10-20  13.9 days Calculated 

HRT 4-12  11.3 hr Calculated 

Yield 0.10-0.15 0.12 0.12 g VSS/g NOx Assumed 

Effluent NH4-N <2.5  0.5 mg/L Assumed 

Effluent TSS <15  10 mg/L Assumed 

Effluent BOD <15  9.0 mg/L Calculated 

Source: 9 
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Table 9 shows aerobic biological design parameters. The estimated effluent 

ammonia, TSS, and BOD concentrations are less than the design requirements. 

Table 10. Fine bubble diffusers 

Parameter Range Design Units Source 

Air flow rate, 2045  1,211 ft
3
/min Calculated 

Aerator rate, 2045  0.15 CFM/ft
2
 Calculated 

Aerator rate, 2015  1.95 CFM/ft
2
 Calculated 

Transfer rate, 2045 0.5-3.0 2.25 ft
3
/min*diffuser Assumed 

# diffusers needed 

 

538 

 

Calculated 

Source: 9 

Table 10 shows air requirements for the aerobic reactor and the number of dome 

diffusers required. FlexDome membrane fine bubble diffusers will be purchased from 

Siemens. This type of diffuser has a high oxygen transfer efficiency compared with 

traditional diffusers, does not require cleaning due to the constant flexing of the 

membrane, and can be replaced in less than 2 minutes. Product information is shown in 

Appendix B. 

To maintain a neutral pH, sodium bicarbonate will be added as the water exits the 

biological process basin. The mixing occurring as the water overflows the effluent weir 

will thoroughly incorporate the chemical. Calculated sodium bicarbonate requirements 

are 2,240 lb/day in 2015 and 2,568 lb/day in 2045. Actual alkalinity requirements will be 

determined through operator testing.   

Secondary Clarifiers  
After the MLSS exits the aerobic/anoxic basin, it is directed to the MLSS splitter 

structure for the secondary clarifiers.  The primary purpose of the secondary clarifiers is 

to settle out the large flocs.  In the primary phase of construction, two circular basins, 



19 
 

 
 

each with a capacity of 2.73 MGD will be built; one will be able to treat the entire flow 

while the second will provide redundancy in the system.  If population continues to 

increase as projected, a third will need to be built in 2035.  Space and connections in the 

splitter structure will be left for a fourth basin to be constructed after the design life of the 

project ends in 2045. 

The dimensions of the secondary clarifiers were calculated using typical and 

assumed values as shown in Table 11.  All overflow and solids loading rates fell within 

the desired ranges for the whole design period. As was stated for the biological processes, 

the RAS flow will be 50% of the influent flow. Please see Appendix A for calculations. 

Table 11. Secondary clarifier parameters. 

Parameter Range Typical Design Units Notes 

Diameter, D 10-200 < 150 61 ft Acceptable 

Depth 10-18 

 

14 ft Assumed 

Radius:Depth 

 

< 5:1 2.2   Acceptable 

Volume   40,875 ft
2
 Calculated 

Bottom slope 

 

1 1 in/ft Assumed  

Flight speed 0.02-0.05 0.03 0.03 rpm Assumed 

Floc Center Well 25-35% of D 30-35% of D 18 ft Assumed 

Flow Center Well Depth 

  

10 ft Assumed 

Influent Well Depth 5-7 

 

5 ft Assumed 

Influent Well Diameter 15-20% of D 0.15 9.1 ft Acceptable 

HRT @ 2045 ADF 

  

3.6 hours Reasonable 

HRT @ 2015 ADF 

  

4.2 hours Reasonable 

OR @ 2045 ADF 400-800 560 700 gpd/ft
2
 Assumed 

OR @ 2045 Peak 1,000-1,600 1230 1,400 gpd/ft
2
 Acceptable 

Xin   3.5 g/L Assumed 

SLR @ 2045 ADF 0.8-1.2  0.85 lb/h*ft
2
 Acceptable 

SLR @ 2045 PDF  1.6 1.70 lb/h*ft
2
 Acceptable 

Source: 9 

Table 12 shows the secondary clarifier effluent pipe diameters.  Pipes were sized 

by selecting velocities in the acceptable range of 2-7 fps for the 2045 average daily flow. 
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For flows containing solids, the minimum acceptable pipe diameter is 6 inches to prevent 

clogging. The calculated WAS pipe diameter was less than 6 inches, so the selected 6-

inch pipe will result in low velocities. Deposition in the WAS pipe will be counteracted 

through periodic pumping, as shown in Table 14. See Appendix A for calculations.  A 

plan and profile view of the secondary clarifiers is located in Appendix C. 

Table 12. Secondary clarifier pipes. 

Parameter Range Typical Design Units Notes 

Influent Pipe Diameter 
 

>6 1 ft Calculated 

2045 ADF velocity 2-7 

 

3 fps Acceptable 

Effluent Pipe Diameter 
 

>6 8 in Calculated 

2045 ADF velocity 2-7 

 

5.9 fps Acceptable 

Effluent RAS Pipe Diameter 
 

>6 8 in Calculated 

2045 ADF velocity 2-7 

 

3.0 fps Acceptable 

Effluent WAS Pipe Diameter 
 

>6 6 in Calculated 

2045 ADF velocity 2-7 

 

0.3 fps Low 

Effluent TSS 
  

7 mg/L Assumed 

Source: 9 

The water will flow over v-notch weirs to enter the effluent channel.  Weir 

loading rates must be considered to ensure effective performance.  Table 13 summarizes 

the design of the v-notch weirs and the weir loading rates for the design.  All weir loading 

rates are below the maximum values. 
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Table 13. Effluent weir design. 

Parameter Range Typical Design Units Notes 

V-notch Weir Height     2.0 in Assumed 

V-notch Weir Width     6.0 in Assumed 

Qallowed per notch     0.03 cfs Calculated 

Number v-notch per foot     2.0   Assumed 

Flow per foot weir 5-10   25.9 gpm/ft Calculated 

Qallowed      4,952 gpm Acceptable 

Effluent circle width   2 2 ft Assumed 

WLR at 2045 ADF 10,000 max   7,422 gpd/ft Acceptable 

WLR at 2045 PDF 20,000 max   14,845 gpd/ft Acceptable 

WLR at 2015 ADF 10,000 max   6,428 gpd/ft Acceptable 

WLR at 2015 PDF 20,000 max   12,856 gpd/ft Acceptable 

Source: 9 

The secondary clarifiers will be equipped with a skimmer system from Walker 

Process Equipment.  See Appendix A for the specification sheet.   

Solids Handling  
Solids handling for the secondary clarifier sludge will consist of pumping for 

WAS and RAS and dewatering and stabilization processes to prepare sludge for sale as 

fertilizer. The sludge pump house will be located adjacent to the secondary clarifiers and 

will contain two pumps each for WAS and RAS, one in operation and one as a backup. 

Solids handling wastewater pumps will be purchased from Chicago Pumps. For RAS, a 

2110 OS6 Frame pump was selected, and a 2110 OCL12 pump was selected for WAS. 

Pump selection information is displayed in Table 14, and product sheets are available in 

Appendix B. 
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Table 14. RAS and WAS pump sizing 

  
Total head, 

ft  

Flow, 

gpm 

Pump flow, 

gpm Notes 

RAS 8.4 917 917 Operated continuously 

WAS -5 47 2,839 Operated once per hour 

 

As shown in Table 14, the RAS pump operates continuously, and the WAS pump 

operates once per hour. The WAS flows down gradient (leading to a negative head for the 

pump to work against) from the clarifiers to the sludge handling facilities, but the low 

WAS velocity necessitates periodic pumping to limit deposition and prevent possible 

clogging. See Table 12 for pipe diameters and flow velocities. A high-pressure water 

flushing system will also be connected to all solids pipes in case of blockages. Pipes 

inside the pump house will be equipped with hose gates, and the flushing system will be 

capable of supplying a flow of 170 gpm at a pressure of 70 lbF/in
2
. 

Sludge dewatering will be achieved in a gravity belt press, followed by 

stabilization with lime. The gravity belt press was selected over anaerobic and aerobic 

digesters for several reasons. Anaerobic digesters are typically economical for plants that 

treat more than 5-MGD. The EWWTP is expected to treat about 5.5 MGD in 2045, but 

population dynamics after that point are unknown, and lower than projected flows may 

occur. Anaerobic digesters are economical for large plants because the methane produced 

can be used for energy production. However, the rural location of the Fernley plant might 

make energy conversion difficult. Also, anaerobic digesters require intensive operator 

upkeep 
9
. Aerobic digesters are common for smaller plants and have lower complexity, 

but they are energy intensive due to mixing energy and oxygenation requirements. Also, 

both aerobic and anaerobic digesters have limited operational data for WAS on its own. 
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Gravity belt presses are used frequently for WAS and typically have the highest 

dewatering efficiency of the three processes
9
. Coupled with alkaline stabilization, a low-

water, high quality sludge that can be sold as fertilizer will be produced.  The 

combination of a gravity belt press and alkaline stabilization exhibits the best 

combination of dewatering and stabilization efficiency, available operational information, 

and economy.   

WAS will be pumped to a holding tank with a volume of 1.2 MG capable of 

holding two to three days of sludge, as shown in Table 15. The typical retention time will 

be two to three days.  From there, it will be pumped to the solids management building, 

which will house further sludge processes to prevent freezing. The sludge will be 

conditioned with polymer and dewatered in a 3-belt, Kompress Model G-GRSL belt filter 

press purchased from Komline-Sanderson. See Appendix C for product information. A 

polymer mix and feed system, discharge cake conveyors, wash water booster pump, 

sludge feed pump, and control panel will come with the belt filter press. The belt filter 

press filtrate will be piped to disinfection and discharged with the remainder of the 

secondary clarifier effluent.  Design specifications for the belt press are shown in Table 

16.  

Table 15. Sludge storage tanks. 

  
HRT, 

days 

Volume in use, 

MG 

Tanks in 

use 

2015 ADF 2.9 1.2 1 

2015 PDF 1.4 1.2 1 

2045 ADF 2.5 2.4 2 

2045 PDF 2.5 4.9 4 
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As shown in Table 15, the sludge holding time will be between two and three 

days so that weekend operation of the belt press is not necessary, but the retention time is 

still below the advised maximum to prevent odor formation. Two tanks of 1.2 MG each 

will be constructed for the 2015 flow, and in 2035, flows will be reevaluated to determine 

whether constructing five more 1.2-MG tanks or two larger tanks would be preferable.  

Future tanks may be decreased in volume by decreasing the hydraulic retention time. 

Table 16. Belt filter press design and operation. 

Parameter Range Design Units Notes 

Belt width 0.5-3.5 3.5 m Calculated 

Wash flow   65 L/min*m Assumed 

3-day peak operating time   11.4 Hr Calculated 

Polymer addition 3-10 5 g/kg dry  Assumed 

Effluent % dry solids 12-20 16 % Assumed 

 2015 ADF loading rate 45-180 74 kg/hr*m Acceptable 

 2015 PDF loading rate 45-180 147 kg/hr*m Acceptable 

 2045 ADF loading rate 45-180 170 kg/hr*m Acceptable 

 2045 PDF loading rate 45-180 170 kg/hr*m Acceptable 

Source: 9 

After dewatering, the sludge will be stabilized via lime addition to deactivate 

pathogens and produce a Grade A or B sludge that can be sold as fertilizer. The mass of 

lime required is shown in Table 17, and the mass of dry solids produced is shown in 

Table 18. Complete calculations and product information are shown in Appendix A and 

B, respectively. 
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Table 17. Quicklime addition. 

Parameter Typical Design Units Notes 

Deactivation Temp 50 50 °C Assumed 

Sludge Temp. 

 

20 °C  Assumed 

Heat needed 

 

30 °C  Calculated 

% dry solids 

 

15  % Assumed 

CaO/lb solid 0.45 0.45 lb/lb solid Calculated 

CaO required 2015 ADF 

 

424 lb/day *5 days/week 

CaO required 2015 PDF 

 

848 lb/day *5 days/week 

CaO required 2045 ADF 

 

979 lb/day *5 days/week 

CaO required 2045 PDF 

 

1958 lb/day *5 days/week 

Source: 9 

Table 17 shows calculated quicklime addition necessary to bring the sludge to the 

temperature needed to deactivate worm eggs, 50°C. The actual temperature increase 

typically exceeds the theoretical, so the masses in the table represent the maximum 

dosage that will be required.  Quick lime (CaO) is relatively cheap, but if the population 

of Fernley experiences large and sustained growth, the treatment plant may want to 

consider anaerobic stabilization and use the belt filter press to further dewater the 

products. Table 18 shows the total mass of dried solids that will be sold as fertilizer each 

week. Stabilized solids will be stored on liner in one of the old ponds. 

Table 18. Total dry solids. 

 

Dry Solids, % 

inflow 

WAS dry solids, 

lb/wk 

Dry+lime, 

lb/week 

Solids 

capture 

2045 ADF 1.3% 10,879 15,775 91.1% 

2045 PDF 1.3% 21,758 31,549 91.1% 

2015 ADF 1.3% 4,711 6,831 88.3% 

2015 PDF 1.3% 9,422 13,662 90.7% 

 

As shown in Table 18, the total solids capture efficiency is greater than 88% for 

all flows. This indicates that very few solids will enter the disinfection basin. 
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Filtration  
Upflow filters and traditional gravity-flow dual media filters were both considered 

for filtration following secondary clarification. Complete calculations are shown in 

Appendix A. While the change in required filter surface area was not significant between 

the two options, upflow filters supplied by DynaSand were selected due to lower power 

and maintenance requirements.  There are numerous academic and case studies that prove 

upflow filters produce a filtrate of quality comparable to conventional deep bed filters, 

and upflow filters are utilized at nearby South Truckee Meadows and Stead Wastewater 

Treatment Facilities
9,10

. Upflow filters are desirable because the filter bed is continuously 

backwashed, eliminating the headloss, costs, and maintenance associated with a separate 

backwash cycle and backwash pumps.  The continuous backwash decreases the filter 

frictional headloss to almost zero, whereas a traditional down flow filter must be 

backwashed frequently to prevent the formation of a negative pressure head in the filter 

effluent pipe. The constant, low pressure drop will allow a single header pipe to feed all 

filters. Table 19 shows estimated design parameters based on the manufacturer provided 

loading rate. Calculations for both conventional and upflow filters are shown in 

Appendix B. 
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Table 19. Upflow filter parameters. 

Parameter Range Design Units Notes 

Filter surface area   100 ft
2
 Assumed 

2015 MDF flow rate 3-5 4 gpm/ft
2
 Assumed 

2045 MDF flow rate 3-6 4.6 gpm/ft
2
 Acceptable 

# filters, 2015   4   5 including back-up 

# filters, 2045   8   10 including 2 back-ups 

Bed depth 40 or 80 40 in Brochure 

Effluent TSS 5-10 5 mg/L Assumed 

Air scour 100-150 125 ft
3
/(min*ft

2
) Brochure 

Reject Q, 2015 ADF   1.7 gpm Calculated 

Reject Q, 2045 ADF   3.8 gpm Calculated 

Reject Q, 2045 PDF   7.7 gpm Calculated 

Conventional Q, 2045 PDF   106.8 gpm  Normalized for 24 hours 

% flow reduction   87.6%   Calculated 

Source: 9 

DynaSand upflow filters are proprietary, so the company will design and 

construct the units based on provided flow information. The filter number and surface 

area are estimates. Five units will be installed for 2015, with 5 more added in 2030 to 

meet 2045 flows. One filter will be on standby for 2015 peak flows and two filters will be 

on standby for 2045 flows. Filters will be housed in two concrete basins, with five filters 

per basin, as shown in Appendix B. This layout facilitates the use of common filter 

influent and effluent pipes as well as saving space.  A bed depth of 40 inches was 

selected due to its similarity to the depth of conventional dual-media filters. A filter 

control panel will also be included with the filters. The effluent TSS range of 5-10 mg/L 

is typical for an influent TSS of 20-50 mg/L and is well below the design limit of 15 mg 

TSS/L. No coagulant addition prior to filtration will be required, as further reduction of 

TSS is unnecessary.   
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While upflow filters do not have a traditional backwash cycle, there is a small 

amount of reject water carrying particulate matter from the filter. Table 19 shows the 

total projected reject water production by the upflow filters and the calculated backwash 

flow for the conventional filter option spread over 24 hours.  The upflow filters represent 

an 87.6% reduction in reject water compared to conventional filters. The resulting cost in 

pump savings should offset the slightly higher cost in buying the upflow filters. Table 20 

shows upflow filter pipe diameters and velocities for the influent and effluent pipes 

common to all filters and reject water pipes unique to each filter. 

Table 20. Upflow filter pipes. 

Parameter Typical Design Units Notes 

Reject water diameter   4 in Calculated 

Reject velocity, 2045 and 2015 

ADF   0.8 fps 

Low - 

acceptable 

In/Effluent Velocity, 2045ADF 3 5.0 fps Calculated 

In/Effluent Diameter   12.3 in Calculated 

In/Effluent Selected diameter   12 in Calculated 

In/Effluent Velocity, 2045 ADF   5.2 fps Calculated 

In/Effluent Velocity, 2015 ADF 2-7 2.3 fps Acceptable 

In/Effluent Velocity, 2045 PDF 2-7 5.2 fps Acceptable 

 

The estimated reject water velocity is lower than desired, but the filter is 

proprietary and DynaSand engineers will ultimately size the unit based on provided flow 

information. Reject water will be pumped with a Torqueflow-Eliminator Macerator Pump 

from Torqueflow.  

Disinfection  
After filtration, the water will enter a channel where it will be directed into a 

chlorine contact basin.  For the first phase of construction, two 85,200-gallon basins will 
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be built.  One will be in use while the other will provide redundancy for the system as 

well as provide storage for the clean effluent water before it is distributed.  A third basin 

will need to be constructed around 2035 to continue to provide redundancy in the system.  

Additional space will also be left for a fourth basin to be built. 

A conventional chlorine disinfection process was chosen over other disinfection 

processes such as UV or ozone for several reasons.  A conventional plug flow type 

system is low maintenance, cheaper, and easier to operate than the alternatives.  It also 

provides a residual required for reuse purposes that UV and ozone do not.  Finally, 

because the water is not going to be reused for potable purposes, chlorine is able to 

achieve the level of deactivation needed.  For a smaller system like this one, a chlorine 

contact basin is the best alternative.  In addition, sodium hypochlorite will be used as the 

disinfectant for the water being directed into the wildlife preserve. This was chosen over 

chlorine gas because it is safer to transport, store, and handle.   

To determine the volume of the basin required, the Crt value of 450 mg*min/L mandated 

by California for reuse purposes was assumed.  In addition, a desired residual of 5 mg/L 

was assumed.  The contact time derived from the average daily flow for 2045 was then 

used to determine the volume of the basins.  The contact time for the other flows was 

checked to ensure that they fell within the acceptable ranges.   

Table 21 summarizes the dimensions for each basin and technical drawings can be 

found in Appendix C.  

Table 21. Disinfection design 

Parameter Range Design Units Notes 

Ct value 

 

450 mg*min/L Assumed 

Chlorine Residual 

 

5 mg/L Assumed 
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Contact time @ ADF 2045 30-120 90 min Acceptable 

Volume of Basin 

 

85,156 gal Calculated 

Contact time @ PDF 2045 15-90 45 min Acceptable 

Contact time @ ADF 2015 30-120 104 min Acceptable 

Contact time @ PDF 2015 15-90 52 min Acceptable 

Depth 

 

7 ft Assumed 

SA 

 

1,626 ft
2
 Calculated 

# of Flow Paths 3-5 3 

 

Assumed 

Total Length 

 

155 ft Assumed 

Length of One Flow Path 

 

52 ft Calculated 

Total Width 

 

10.5 ft Calculated 

Width of One Flow Path 

 

3.5 ft Calculated 

D:W 1:1-3:1 2 

 

Acceptable 

L:W > 40:1 44 

 

Acceptable 

 

Currently, the plant stores the disinfectant in a drum which is not enclosed in a 

building.  This is a safety concern and is not ideal.  The liquid sodium hypochlorite will 

be stored in large plastic drums on site with easy access for delivery trucks to refill them.  

They will also be placed in another safety basin to prevent leaks from causing any 

damage or raising safety concerns.  All of this will be housed in a building. 

The disinfectant will be distributed to the mixing zone of the chlorine contact 

basin by a peristaltic pump (see product specification sheet in Appendix B).  The water 

will t hen be mixed for approximately four seconds by a Siemens Water Champ Chemical 

Induction Unit.  Calculations for sizing the mixer are provided in Appendix A and the 

product specification sheet can be found in Appendix B. 

To ensure that the determined volume, contact times, and chlorine residual will 

achieve adequate deactivation of pathogens, Collinôs Model was used.  A conservative 

typical value of coliform concentration leaving filtration was assumed (10
5
/100mL).  The 

final coliform concentrations for present and future average and peak flows were all 
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below the desired concentration of 2.2/100mL.  Therefore, the system designed will 

provide adequate disinfection.  See Appendix B for a complete set of calculations. 

Discharge and Reuse 
The purpose of this project was to upgrade the City of Fernley EWWTP to a more 

conventional design in order to achieve higher quality effluent for reuse applications.  

Therefore, as the city is able to determine the demand for the reclaimed water, the flows 

which will be directed into the wildlife preserve and those which will be redistributed can 

be allocated.  The percentage of flow to be directed back to the wildlife preserve will be 

discharged into the pre-existing step aeration channel, capable of handling a flow of 3.4 

MGD.  The remaining effluent will be directed into one of the ponds to be stored until it 

is redistributed.  The treatment plant will be able to use one of the ponds as a storage 

basin to ensure that they will be able to meet the demand for reclaimed water seasonally.  

The water that is distributed throughout the city is required to have a chlorine 

residual as required by law for safety reasons.  Therefore, if the water is stored in the 

pond before being redistributed, it will need to first go back through the chlorine contact 

basin.  However, the water that is discharged into the wildlife preserve needs to be 

dechlorinated to safe levels to prevent harming the wildlife.  The existing chlorine contact 

basin located at the edge of the plant will be retrofitted to dechlorinate the water.  The 

chlorination system will be replaced with sulfur dioxide feeders and solution injectors.  It 

was determined that approximately 5 mg/L of SO2 will be required to completely 

dechlorinate the effluent leaving with a chlorine residual of 5 mg/L. 
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Conclusion 
The proposed design for the update of the Fernley EWWTP consisted of 

evaluating the existing structure and making recommendations on the design to produce a 

high quality effluent for projected 2045 flows. The existing facilities were examined, and 

pumps were determined to provide sufficient flow capacity for the 30-year design period 

and beyond. Redundancy will be reinforced by constructing a bypass channel at the 

Highway 50 Lift Station. The pretreatment facilities will be improved by constructing 

two aerated grit chambers at the plant site to produce a more uniform influent and guard 

downstream processes. Primary clarifiers were determined to be unnecessary in 

producing a high-quality effluent, but calculations are provided in case the City of 

Fernley decides to include them. Water will then enter two Modified Ludzack-Ettinger 

activated sludge basins consisting of a pre-anoxic zone followed by an aerobic nitrifying 

zone. The anoxic and aerobic zones will effectively degrade ammonia and nitrates/nitrites 

to environmentally friendly nitrogen gas.  Three secondary clarifiers will settle out 

suspended solids produced in the biological processes, and a return activated sludge flow 

equal to fifty percent of the influent flow will be recycled back to the anoxic portion of 

the basin. Wasted solids from the clarifiers will be dewatered in belt filter presses and 

treated with quicklime to be sold as fertilizer. The treated effluent from the clarifiers will 

undergo further turbidity reduction by passing through upflow filters. Lastly, disinfection 

will take place in two serpentine contact basins. The water will be stored in one of the 

existing ponds to provide storage and equalize discharge flows to the wildlife preserve 

and irrigation. 
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The proposed improvements to the Fernley EWWTP are designed to produce a 

high quality effluent suitable for reuse as irrigation water while maintaining a cost 

effective treatment process.  Multiple design alternatives were evaluated based on 

feasibility, economy, effectiveness, and environmental safety. The proposed treatment 

plant design will allow the City of Fernley to meet all regulations for effluent quality and 

offset treatment costs by selling water that is currently being discharged into the Fernley 

Wildlife Management Area. As the city continues to grow, the treatment plant will keep 

pace due to planning for future expansion, allowing the Fernley EWWTP to 

economically produce a high-quality effluent for many years to come. 

Supporting Documents  
Appendix D contains the supporting documents for this design which were not 

included in the main project description.  These include:  

¶ Hydraulic Profile 

¶ Project Implementation Schedule 

¶ Sustainability 

¶ Cost Analysis 

 

  



34 
 

 
 

References 
1) 2012 Salinity Report for EWWTP. City of Fernley. 2012. 

2) Arceivala, S., Asolekar, S. Wastewater Treatment for Pollution Control and Reuse. 

McGraw-Hill. Ed. 3. 2007.  

3) England, S., Darby, J., Tchobanoglous, G. Water Enviro. Research. 66 (2) 1994. P 

145-152. 

4) Fernley, Nevada. City of Opportunity. Accessed at: <http://soldonfernley.com/wp-

content/uploads/2010/02/Fernley-Economic-Development-Brochure-March-2010.pdf> 

5) Indexmundi. Lyon County Population - Nevada. Accessed at: 

<http://www.indexmundi.com/facts/united-states/quick-

facts/nevada/county/lyon/population#table> 

6) McGivney, W., Kawamura, S. Wiley. Cost Estimating Manual for Water Treatment 

Facilities. Ed. 1. 2008. 

7) Nevada County Population Projections 2010 to 2030. Nevada State Demographer's 

Office. Accessed at: <http://nvdemography.org/wp-content/uploads/2010/10/2010-to-

2030-Population-Projections-Report-REVISED-102610.pdf> 

8) Nevada State Demographer's Office. Nevada County Population Projections 2010 to 

2030. Accessed at: <http://nvdemography.org/wp-content/uploads/2010/10/2010-to-

2030-Population-Projections-Report-REVISED-102610.pdf> 

9) Tchobanoglous, G., Burton, F.L., Stensel, H.D. Wastewater Engineering: Treatment 

and Reuse. Ed. 4. Metcalf & Eddy, Inc., McGraw-Hill, Boston, 2003. 

10) US Air Force. Domestic Wastewater Treatment. 5-814-3/AFM 88-11 (3). 1988. 

Accessed at: < http://armypubs.army.mil/eng/DR_pubs/dr_a/pdf/tm5_814_3.pdf> 



35 
 

 
 

11) US Army Corps of Engineers. DOD Area Cost Factors (ACF). UFC 3-701-XX.  

2013. Accessed at: 

<http://www.usace.army.mil/Portals/2/docs/2013PAX3.2.1_15Feb2013_final.pdf> 

12) US Census Bureau. Historical Population Counts. Accessed at: 

<http://www.census.gov/population/cencounts/nv190090.txt> 

13) US EPA. Innovative and Alternative Technology Assessment. 430/9-78-009. 1980. 

14) US EPA. EPA Operation and Maintenance Costs for Municipal Wastewater 

Treatment Plants. 430/9-81-004. 1981. 

15) Washoe County. Washoe County 208 Water Quality Management Plan. 2007.  

16) Western Regional Climate Center. FERNLEY, NEVADA. Accessed at: 

<http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl?nv2840>   



36 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Appendix A: Calculations  



37 
 

 
 

Table 22 shows the historic populations for Fernley and Lyon County for 1960 to 

2010. The average growth rate for Lyon County from 1960 to 2000 was 3.5% per year. 

This growth rate was used to project future Lyon County growth. Data from 2000 to 

present were not used due to the large flux in response to the housing boom and current 

recession. 

Table 22. Historic Fernley and Lyon County populations. 

  Lyon County   Fernley   

Year Population 

% change 

per year   Population 

% change 

per year 

Population Ratio 

Lyon County: 

Fernley 

1960 6,143.00 -      

1970 8,221.00 2.5      

1980 13,594.00 4.0      

1990 20,001.00 3.2      

2000 34,501.00 4.2   8,830.00 9.7 3.91 

2001 36,129.00 4.5   9,529.00 7.3 3.79 

2002 37,764.00 4.3   10,440.00 8.7 3.62 

2003 39,890.00 5.3   11,718.00 10.9 3.40 

2004 42,846.00 6.9   13,775.00 14.9 3.11 

2005 46,607.00 8.1   16,357.00 15.8 2.85 

2006 50,289.00 7.3   18,850.00 13.2 2.67 

2007 52,305.00 3.9   19,585.00 3.8 2.67 

2008 52,813.00 1.0   19,609.00 0.1 2.69 

2009 52,641.00 -0.3      

2010 51,980.00 3.4   19,368.00 

 

2.68 

Sources: 1, 4, 5, 7, 8, 12 

The projected growth of Lyon County can correlated to the growth of Fernley, so 

the ratio of the population of Lyon County to the population of the City of Fernley over 

time was modeled and fitted with a linear regression, as shown in Figure 1. The resulting 

equation yielded an unreasonably high population estimate considering the effect of the 

recession on Lyon County, so the population ratio was assumed to maintain the ratio of 
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2006 to 2010 by staying constant at 2.67 from 2010 to 2015. Assuming economic 

recovery, the ratio will then decrease at half of the linear regression slope, 7% per year, 

until it levels off at 2:1 Lyon County population: Fernley population. Population 

estimates for both Lyon County and Fernley for the 30-year design period are shown in 

Table 23. 

Table 23. Fernley and Lyon County population projections. 

Year Ratio 

Lyon County 

population 

Fernley 

Population 

2015 2.68 52,269 19,476 

2020 2.68 51,610 19,230 

2025 2.33 52,720 22,590 

2030 1.98 55,076 27,763 

2035 1.98 64,714 32,621 

2040 1.98 76,039 38,330 

2045 1.98 89,346 45,038 

 

Figure 1 shows the change in the ratio of Lyon County to Fernley population from 

available population data. 
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Figure 1. Population ratio of Lyon County to Fernley. 

Table 24 shows Fernley wastewater flows for 2008 to 2012. The average per 

person water production for that time period, 60.5 gallons per person per day, was used to 

project future flows. A peaking factor of 2 was used as a conservative estimate of 

maximum daily flow for projections.  The peaking factor was determined by evaluating 

the ratios of peak flow to average flow for known flow data (2008 to 2012) and adding a 

25% safety factor to the highest ratio to account possible higher flow variations outside of 

the small data set. 

Table 24. Fernley current per capita wastewater flows. 

Year 

Fernley 

Population**  

Average Influent 

Flow (MGD)*  

Gal. per capita 

per day 

Maximum Daily 

Influent (MGD)*  

Gal. per capita 

per day 

2008 19,609 1.20 61.40 2.11 107.60 

2009   1.19   1.49   

2010 19,368 1.15 59.59 1.67 86.22 

2011   1.03   1.44   

2012   1.15   1.47   

  Average: 1.14 60.50 1.64 96.91 

Sources: 1, 4, 12 

y = -0.15x + 293.99 
R² = 0.87 
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Table 25. Manually cleaned coarse bar screen. 

Parameter Range Typical Design Units 

Design Velocity 0-2   2 fps 

CS Area Peak     4.6 ft2 

Bar Spacing 1.0-2.0   1 in 

Bar Width 0.2-0.6   0.5 in 

Bar Depth 1.0-1.5   1 in 

Slope From Vertical 30-45   45 ° 

Total Area     6.2   

Total Width     3.0 ft 

Number of Bars     24   

Height of Screen     3.1 ft 

Height of Screen Choose:   3.5 ft 

Height perpendicular to 

ground     2.5 ft 

Channel freeboard     2 ft 

Total Channel height     4.5 ft 

          

Water Height     2.2 ft 

Channel Slope     0.001 ft/ft  

Manning's n     0.013   

R^2/3     0.81   

     Maximum Velocity 2-7   2.93 ft/s 

Channel depth (Mannings)     0.38 ft 

Minimum Velocity 2-7   2.16 ft/s 

Channel R^2/3     0.83   

Channel velocity, 2045     3.02 ft/s 

Headloss coeff, clean 

screen   0.7 0.7 - 

Headloss   <0.15 0.038919 m 

    <6 0.14 in 

Screenings 

    Bar openings     25.4 mm 

Screening volume 2-5 3 3 ft3/MGD 

Total screening volume, 

2015     7.1 ft3/day 

Total screening volume, 

2045     18 ft3/day 

Source: 9 
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Table 25 shows calculations for the manually cleaned coarse bar screen 

positioned in the influent channel at the beginning of the plant. 

Table 26. Highway 50 bypass channel design. 

Parameter Range Design Units 

Qdesign   2.73 MGD 

Qdesign   4.22 cfs 

Length of Bypass Pipe   21 ft 

n   0.013   

s   0.005 ft/ft  

d   1.75 ft 

R^2/3   0.58   

Check Velocity 2-7 4.67 fps 

        

Q 2015   1.18 MGD 

    1.83 cfs 

z = Q/g^.5   0.32   

z/d^2.5   0.08   

y/do (chart)   0.28 ft/ft  

Water depth, y   0.49 ft 

theta   127.79 degrees 

    2.23 radians 

R^2/3   0.431   

2015 velocity 2-7 3.49 fps 

Source: 9 

Table 26 shows the calculations for the design of a concrete channel to bypass the 

bar screen at the Highway 50 Lift Station. The flow velocities for 2015 and 2045 are both 

within the desired range to prevent deposition or scouring. 
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Table 27. Grit chamber contrast. 
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Table 28. Design summary for primary clarifier  

Parameter Range Typical Design Units Notes 

HRT @ ADF 1.5-2.5 2 1.8 hr Assumed 

Volume     13,661 ft
3
   

OR @ 2045 ADF 800-1,200 

 

1,197 gpd/ft
2
 Acceptable 

OR @ 2045 Peak 2,000-3,000 2500 2,394 gpd/ft
2
 Acceptable 

OR @ 2015 ADF 800-1,200 

 

1,036 gpd/ft
2
 Acceptable 

OR @ 2015 Peak 2,000-3,000 2500 2,073 gpd/ft
2
 Acceptable 

Depth 10-16 14 12.0 ft Assumed 

Depth + Freeboard   15.0 ft  

Diameter 10-200 40-150 38.1 ft Acceptable  

Bottom slope 0.75-2   1 in/ft   

Influent Well Depth 5-7  5 ft Assumed 

Influent Well Diameter 15-20%  5.75 ft 

15% 

Assumed 

Sump Depth   2 ft Assumed 

Source: 9 

Table 28 displays the design information for primary clarifiers in case the City of 

Fernley decides to include them in the treatment plant. Two primary clarifiers would treat 

all of the influent flow to the plant.  Typically, the flow from the East Lift Station would 

enter the primary clarification splitter structure directly.  The flow from the Highway 50 

Lift Station would enter the primary clarification splitter structure from the grit chambers 

unless the operators chose to bypass them.  Once the flows enter the splitter structure, the 

water would be directed into one of two primary clarifiers.  Each clarifier is designed to 

accommodate half of the peak flow in 2045 (approximately 2.7 MGD).  In the first 

construction phase, two clarifiers would be constructed.  This provides redundancy for 

the system until 2035 when a third clarifier would be constructed.  Space would be 

provided for an additional clarifier to be built after 2045.  Additional pipelines from the 
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splitter structure would be included in the first phase of construction so that two future 

clarifiers can be easily incorporated into the system. 

The design for each primary clarifier was based on half of the maximum daily 

flow in 2045 (2.73 MGD).  Table 28 summarizes the basic dimensions for the primary 

clarifiers and shows that the overflow rates for the given design are acceptable for all 

flows.  A plan and profile view of the primary clarifier is located in Appendix C. 

The water would flow over v-notch weirs to enter the effluent channel.  Weir 

loading rates must be considered to ensure effective performance.  Table 29 summarizes 

the design of the v-notch weirs and the weir loading rates for the design.  All weir loading 

rates are within the typical design range, with the exception of the 2015 average daily 

flow; it is slightly lower than desired, but this would not inhibit performance. 

Table 29. Design parameters for primary clarifier v-notch weirs 

Parameter Range Design Units Notes 

V-notch Weir Height   2 in Assumed 

V-notch Weir Width   6 in Assumed 

Qallowed per notch   0.03 cfs   

Number of v-notch weirs per 

foot   2  1/ft   

Flow per foot of weir 5-10 25.9 gpm/ft   

Qallowed    3,092 gpm 

Greater than 

design 

Effluent circle width   2 ft Assumed 

WLR @ 2045 ADF 10,000-40,000 11,391 gpd/ft Acceptable 

WLR @ 2045 MDF 10,000-40,000 22,783 gpd/ft Acceptable 

WLR @ 2015 ADF 10,000-40,000 9,866 gpd/ft Slightly low 

WLR @ 2015 MDF 10,000-40,000 19,731 gpd/ft Acceptable 

Source: 9 

Table 30 displays the projected waste solids produced by the primary clarifiers at 

2015 and 2045 peak flow conditions. Solids production was calculated for a 2 and 6 
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percent solid sludge to represent low and high dewatering conditions. The sludge would 

flow via gravity to a storage tank which would be sized once the rate of WAS production 

from the activated sludge processes is determined. Sludge would be pumped 

intermittently according to the sludge depth in the tank as monitored by a float valve. 

Two NP 3085 Xylem self-cleaning, clogging resistant pumps would transport the sludge 

to a Gravabelt gravity belt thickener purchased from Komline-Sanderson. Product sheets 

are shown in Appendix B. 

Table 30. Primary clarifier solids production.  

Parameter Range Design Units Notes 

% Dry Solids 2-6 2 % Assumed 

Mass dry solids 0.9-1.4 1.25 lb/1000 gal Assumed 

2015 dry mass per day   2,950 lb/day   

Vol. Wasted 2015   17,313 gal/day   

2045 dry mass per day   3,406 lb/day   

Vol. Wasted 2045   19,991 gal/day   

          

% Dry Solids 2-6 6 % Assumed 

Mass dry solids 0.9-1.4 1.25 lb/1000 gal Assumed 

2015 dry mass per day   2,950 lb/day   

Vol. Wasted 2015   5,771 gal/day   

2045 dry mass per day   3,406 lb/day   

Vol. Wasted 2045   6,664 gal/day   

          

Effluent pipe diameter   6 in  Assumed 

Source: 9 
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Table 31. Primary clarifier calculations. 

 

Source: 9 
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Table 32. Primary clarifier solids calculations. 

 

Source: 9 
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Table 33. MLE aerobic zone, no primary clarifier, 2045. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: 9, 16 
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Table 34. MLE anoxic zone, no primary clarifier, 2045. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: 9, 16 
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Table 35. MLE aerobic zone, no primary clarifier, 2015. 

 

Source: 9, 16 
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Table 36. MLE anoxic zone, no primary clarifier, 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: 9 
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Table 37. MLE aerobic zone, with primary clarifier, 2045. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: 9 
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Table 38. MLE anoxic zone, with primary clarifier, 2045. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: 9 
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Table 39. Secondary clarifiers and pipes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: 9 
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As the overflow rate is a critical parameter for the operation of the secondary 

clarifiers, one was assumed within the correct range for the 2045 average daily flow.  

Once this was determined, the surface area and diameter could be calculated.  A depth 

was then assumed and the volume and hydraulic retention time were found.  The 

overflow rates for the remaining flows were checked and they all fell within the correct 

range.  In addition to the overflow rates, the solids loading rate is an important parameter 

for the secondary clarifier design.  The loading rates for all flows were calculated and fell 

within the acceptable range.  Dimensions of the influent well and center flocculation well 

were also assumed based on typical ranges.  These wells provide an area for the water to 

enter and form larger flocs before entering the basin. 
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Table 40. Waste activated sludge handling. 

 

Source: 9 
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Table 41. Upflow and conventional filter contra. 

 

Source: 9 
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The upflow filter units will be purchased from DynaSand. Design is proprietary, 

and DynaSand will construct the filters using the provided design flow rates. Filters can 

be constructed for any flow rate.   

 

Table 42. Disinfection. 

 

Source: 9 
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Table 43. Cost estimate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: 6, 11, 13, 14, 15 
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Appendix B: Product Specification Sheets  
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Figure 2. Air Blowers from Air & Gas Systems. 


























































































