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

Facility (EWWTP) for the City ofernley, Nevada. The existing facility is designed for a flow of
3.4 MGD, but by the end of the 3@ar 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-y3€ar 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 facilitiesnaentional 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-y€ar design period in 2045, the mcjed
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 3@ear flow and produce an effluent of high enough qualityar 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 prdatstries 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
cgpacity 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, ariguildll
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.



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 i5.204e
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 abayreund manually cleaned bar screen
and two 830@allon aerated grit chambers.& herated 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 pretreatmfadilities will remove grit and inorganic
solids to improve the function of downstream biological processes.

The Modified Ludzackettinger process (MLE) will be used for biological
degradation of biochemical oxygen demand (BOD), ammonia, and NOx. Faagxe
and aerobic reactors will be housed in one basin. TwdGdasins 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 balshaveva
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 activatd 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 fom the clarifiers. Waste activated sludge (WAS) will be stored HMIG2



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 furtieercrease 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 215 and 2045 are 4 and 4.6 gpfm/ft
respectively.

Disinfection will occur in two 0.88MG 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 backDesign is based onGt 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 dischargeithié 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 thygetduirty
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
Tablel shows projected populations and wastewater flows for Fernley for the

30-year design periodThe population projections were obtained through the ratio



method comparing the population of Fernley with Lyon Couwtyerage daily flows

were determined usingcalculatedvastewater production rate of 60.5 gallons per person
per day based on 202®12 flow data, and a peaking factor of 2 was applied to obtain
maximum daily flows.The peaking factor was determined bgleating 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 accodot possible higher flow variations outside of the
small data seSee Appendix A for graphs and calculagon

Table 1. Projected populations and flows.

Fernley A\_/erage Maximum
Year Population Daily Flow Flow
(MGD) (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 origeedworks

systens while adding additional systenis addressurrentshortcomingsnd to provide
redundancy in the system for when failures occur or maintenance is required. The
current system includes two lift stations whatdilect raw wastewater from various lift
stations throughout the area gndnpit into the treatment plant; éisetwo main lift
stationswill be referred to as the East Lift Station and the Highway 50 Lift Statioh

will be the primary focus of the headwomnkodifications and upgrades.



East Lift Station

Currently the East Lift Station provides approximately8D2 of thetotal inflow
according tahe plant operatar 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 withchain and rake grit remdwsystemthen remove
heavy particles fnm the influent. The watemters a wet welndis thentransported to
the plantvia three constant speed, 16, 3,500gpm, Flygt CT 3231 centrifugal pumps
located in thalry well. The force main from the lift station to the main treatment facility
i s 140 i Therdais alsoreebiypass gravity dipe that allows the bar screand
grit chamber to be bypassddring maintenance or failure.

The capacity of the current system was analyzed to determine which aspects do
notrequire modification The 18.72MGD bar screening assembly will be able to handle
all of the flow through the 3§ear 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 approximatelyn@r§ this is within the typical range
of 2-5 minutesand is therefore adequate for the 30 year design life of this project
addition, the 9.38MGD chain andake grit removal system &lequate 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 efficientonstruct a baek
up wet well for a plant of this size. Therefore, it is recommended that an extahlgor
pump bekept at the plant to temporarily evacuate the wet well to the plant. This would
be costly and inefficient, but would only be used in sroéfailure. The threeexport

pumps each have a capacity of BNM&D. This is more than enough capaatyd



redundancyo handle the influent of the East Lift Station up through 2045. Although
they are constant speedmpps, which are not as adaptahtevariable speed pumps, the
cost of buying new variable speed pumps is not practical at this time. Therefore, the
pumpng system will be left as is.

There area few aspects of the current system that could be improved s,
the bar screening apfadus and grit chamber are located outside; this presents a problem
during freezing events which occur throughout the winter momlso, the bypass
pipelinedoes not have any type of mal bar screen becausés located 15ed below
grade When thanfluent is directed into the bypass channel, the bar screen as wedl as
grit chambemrenot utilized This means that when the bypass is useglinfluent from
the Eat Lift Station does not receiany pretreatmentThis could damage or decrease
the effectiveness of downstream procesdesstly, r om an oper ather 6s st a
system by which the pumpgsn beremoved from the dry well is not adequate; this is
beyond the scope of this project, however, and caixbeé &t a later dateA 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 stasiais 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 andhain and rake grit removal system.

Due to the fact that the bypass channel is locatdéd below grade, it will be

left as it is. Trying tonstall a manual bar screarto the bypaspipelinewould require



the construction of a channel; this woull difficult when considering the elevation of

the bypass In addition, the area would lzeconfined space which greathcreases the
difficulty of performingmaintenance on the systerRedundancy for the bar screen and

grit removal systems will be plageat the plant and will be discussed in greater dietail
latersection 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 arelatively smallamount of time required for maintenanc@onstructing 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 approximately3%6 of the influent to
the plant. Currently it is equipped with a mechanically cleaned bar screen, a wet well,
and two constant speed,-8p, 1,850 gpm, Flygt NP 3301 HT submersible centrifugal
pumpswhi ch pump the water to the plant throu
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 propdsarhe first main problem is that there is no bypasdirect the
water around the bar screen when it failsequiresna i nt enanc e . Il n addi
redundancy with the bar screening apparaflso, unlike the East Lift Station, the
Highway 9 Lift Stationwas notoriginally designedvith a grit removal system.

Currently the operatorsochot see this as a problem thepond system, but when



conventionatreatmenprocesses are added, the water quality between thigttwo
stations should beonsistent 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 lcaeen and cleaning system will
need to be housed to be protected from freezing events. In addition, afoppéss

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

Proposed Headwork Design Improvements
Overview

Theproposed 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 Statiodue to the lack of grit removal at the lift
stationpresently. 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 faihe@ropose

layout is shown in Appendi€.

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. $hould 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.



The bypass pipeline was designed as unpressurzed fl wi t h Manni ngos
Equation. Half of the total peak daily flow was used; although the Highway 50 Lift
Station only currently receives BD% of the total flow, a conservative design of 50%
was considered. Thencretepipewill be placed at a 0.005 ft/#llope. The final design
yielded a 21inch diameter pipeline, which is 2&4 in total length. Table2 provides a
summary of the design parameters for the Highway 50 bypass pip&liplen viewof
the bymss pipeline is illustrated ppendixC.

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 \elocity 4.7 | fps
2015 velocity 3.5| fps

As seen inTable?2, the velocities at both the 2015 and 2045 flows are within the

desired2-7 foot range to prevent depiisn or scouring.

Coarse Screening

With the current pond system, lack of redundafiacythe carse screening
systems is not eritical issue. When a conventional system is usediever|arge rags
and debris canegativelyaffect downstream processes. Therefore, the addition of a
manual bar screen located at the beginning of the plant is recommekgipteviously
mentioned, his bar screen would always be u$edthe water directed from the Highway
50 Lift Stationand wauld 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
thedepthof 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 theiplantabove ground chael for
easy maintenance accesgslso, a manually cleandshr screenvasselectednstead of a
mechanically cleagd bar screen for a few reasonsuelo the fact that the proposed bar
screen woulanly serve as a backup aaseboth of the other bar s@assystems failed
the influent willhave already been screened and will ranalye large debris or rags.

This means that the screen will not need to bangd very ofteranda manual bar

screenwill be morecost effective.The option of having a bgss channel to avoid using

the manual bar scre@ontinuouslywas also considereddowever large amounts of
screenings are not anticipated, therefore one channel with one screen will be appropriate.

The design parameters for the coarse screen are summarizgaes. Design
parameters for all processeshe reporfollowed the procedure artgpical values

presented iWastewater Engineering: Treatment and &y 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 criterfadrawing of the bar screens can be found in

AppendixC.
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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 1.02.0 1.0|in Assumed
Bar Width 0.2-0.6 0.5]in Assumed
Bar Depth 1.01.5 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 barscreen, the channel will transptre water into &plitter structure

where the water can be diregt@to one of two grit chambers

Grit Removal

Two grit removal basins aproposedor constructiomat the beginning of the
treatment plant They will primarily treat the influentém the Highway 50 LifStation
and will serve as a backip casethe pretreatment processes at the East Lift Station fail
or require maintenanceBy adding grit removal as a pretreatment process for the
Highway 50 Lift Station influent, thmfluent water qualityill be consstent between the
two lift stations Adding a grit chamber at the Highway 50 Lift 8iatwould not be cost
effectivg however In addition,the locationat the plantvill allow it to serve as a backup
for the East Lift &tion influent as well as primary grit removal for any future lift

stations.
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The design for grit removal includes twerated grit chamberated at MGD
each This provides sufficient treatmeguhd redundancfor the maximundaily flow
projected in2035 assuming that Highway 50 contributes 50% of the influ@ime system
can accommodate both lift station influent flows without redundancy through 2035. A
third basin could be added to the system in52@3ncrease the capacity tdvBsD. This
will beable 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 plantthe higher area requirements of
aerated grit chambers are not améssSecond, 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.

Table4 summarizes the design criteria aselectedparameters fosizingthe two
aerated grit chamber§.hetotal design volume was based on th&26lighway 50
influentpeak daily flow 2-MGD), with one additional tank for redundan@anda
detention timeof 6 minutes was selected’ he detention time for the 2015 peak daily
flow for the Highway 50 Lift Statioiil.2-MGD) was found to be 1finutes Although
both detention times aebove the typicalange of 25 min, it isacceptabldecausa
longer detentionime will increase the amount of particles settiglich is desirable.

The small design flounade the grit chamber design slightly out of the typical design
criteria. However, a$able4 shows, the ratios between the dimensions are within the
typical ranges. These ratiage more importarthan 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° Calculated
Depth 7-16 7ft Assumed
Length 25-65 23| ft Acceptable
Width 8-23 7| ft Acceptable
Depth + Freeboard| 7-16 9| ft Acceptable
W:D 1:1to 5:1] 1.5:1 1 Assumed
L:W 3:1to5:1| 4:1 3 Acceptable
t4,2015 2-5 3 10.0| min | Acceptable

Source: 9

Table5 summarizes the air supply required for the grit chambers. A typical value
waschosen for air supplger unit length and then converted to a total air requirement for
the system A product specification sheet for the blowers to be purchiasadAir &

Gas Systemis located inAppendix B

Table 5. Air supply requirements for grit chambers.

Parameter Range | Design| Units
Air supply per unitength 3-8 5 | ft3/ft*min
Air requirement per basin 114 | ft*/min
Total air requirement 227 | ft3/min
Source: 9

Table 6 summarizes the estimated grit volumes to be removed pdratayhe
grit chambers A bucket elevatofrom Amwell anda TorqueflowEliminator Macerator
centrifugal pummwill be used to remove the grit from the basifiie product
specification shestae shown inAppendix B A ConWashModel 381 (ip t06.7 L/s)
sand washer will be installed to separate and dewater the grit removed from the basin.
See Appenit B for the product specification sheek. 44-gallon trashcanwill be

purchased from a local hardweadore for grit disposal Based on the peak grit quantities,
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eachtrash receptacle will need to be emptied approximaietgevery4 days during the
2015 peak flow and once everygldysduring the 2045 peak flow

Table 6. Grit quantities for one grit chamber.

Parameter Range | Typical | Design| Units

Grit quantities 0.5-27 2 2 | ftIMG

Grit volume per day per basin in 201 2.4| ft%day

Grit volume per day per basin 2045 4 | ft®/day
Source?9

Althoughthis grit removal systens recommendedt is not critical for treatment
if there are budget constraint§o reduce initial costshe treatment plamhay alsadbuild
oneaerated grit chambén the first phase of construction and wait to btiild second
basin until the flow becomes large enough (estimated to be around 2025). If population
continues to grow as projedtea third will need to be constructed2@35 and a fourth in
2045to continue providingedundancy in the systenAs is shownn the oerall site
layout in Appendix Cadditional space will be left open next to the first phase of basins
to allow future basins to be built.

Theinfluent from both thdzast Lift Statiorand Highway 50 Lift Station will
have the option of beingrécted 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 vatitively low

flows. Primary clarifieradd therequirement for different solids handling procedures,

additional constretion and maintenance costs, amgt@ater levebf treatment
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complexity foroperators.Based on the analysis of the activated sludgengntication
processewith and without the incqoration ofprimary clarifies, a high quality effluent
can be produced without primary clarification. Desigpommendationfor primary
clarifiers and the biological processes following primary dleaiion are included in
AppendixA in case the City of Fernley decides to include th@mchnical drawings are

provided in Appendix C.

Activated Sludge and Nitrification
The Modified Ludzackettinger process (MLE) was selected for biological

degradation of biochemical oxygen demand (BOD) and ammonia. MLE consists of an
anoxic reactor followed by an aerobic reactortha removal of nitrateandammonia.

MLE is one of themost frequently used biological mi&nt remowal processes due its

high adaptability and very low effluent nitrogen concentratioiise Modified Ludzack
Ettinger process was selected over traditional activated sludge processes and activated
sludge withnitrification because neither prodwsamn effluent with low enough ammonia
and total nitrogen content to meet the design parameters of less than 2.5 mdlLaN#
less than 7.5 mg/L total nitrogemMLE also requires less oxygen in the aerobic reactor
and lower alkalinity addition than solely aerobic processes due to the inclusion of the
anoxic sectionAeration costs in activated sludge treatment can account for a large
portion of wastewater treatment plant operating costs, so the lower requireonaiextati
will lead to significant cost savingsDue to the higher quality effluent and lower oxygen
and alkalinity expenses, the Modified Ludzdgtftinger process waselected over

traditional activated sludge systems.
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The aerobic and anoxic reactors weaesigned based on typical retention times,
dimension ratiosand ratios of substrate to microorganisBasin dimensions are
summarized imable7 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 1525 22| ft Calculated
W:D 1:1-2.2:1 151 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
2015basin length 131 ft Calculated
Length partitioned, 201} 16 | ft Calculated

Table7 shows the dimensions for the sequentiatgmmexic and aerobic activated
sludge reactor$oth reactors will be located in the same condoeten and separated by
a baffle wall The basin wi double back to conserve space,d¢ength of 147 feet per
side To staywithin the desired detention time rangetetlower 2015flows, 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 vollxee.
basins will be constructed, with one in operation and one on stantb2080, when a
third basin will be constructed to allow two basins to operate at the 2045 design flow.
Model 2GGT 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 wa evaluated ahe 205 flow, the2045design flow

andat both flowswith subdivided anoxic reactors. Subdividing the anoxic zapers 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 graduaF/M tapering was selecte@alculations are shown in Appendix A.

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

Table8 andTable9 below.

Table 8. Anoxic biological parameters

Parameter Range Design Units Source
FIM 0.041.0 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 0.040.42 0.20| g NO3N / g biomass * day| Calculated
NO x capacity ratio 2.65 Calculated
Effluent NO3N 6 | mg/L Assumed
RAS % of influent 50-100 50% | % of inf. Assumed
Mixing power 17| hp Calculated
Source: 9

Table8 showsbiological parameters for the anoxic reactor. The estimated effluent

nitrate is6é mg/L.

Table 9. Aerobic biological parameters

Parameter Range Typical Design Units Source
FIM 0.041.00 0.15] g/g*d Calculated
SRT 10-20 13.9| days Calculated
HRT 4-12 11.3| hr Calculated
Yield 0.100.15 0.12 0.12| g VSS/g N& | Assumed
Effluent NH4N <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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Table9 showsaerobic 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] ft3min Calculated
Aerator rate, 2045 0.15| CFM/ft? Calculated
Aerator rate, 2015 1.95| CFM/ft? Calculated
Transfer rate, 2045, 0.5-3.0 2.25/| ft3Imin*diffuser | Assumed
# diffusersneeded 538 Calculated
Source: 9

Table10shows air requirements for the aerobic reactortaechumber of dome
diffusers required-lexDome membrane fine bubble diffusers will be purchased from
Siemens. This type of diffuser hasighoxygen 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 pHodum bicarbonate W be added as the water exits the
biological procesbasin.The mixing occurring as the water overflows the effluent weir
will thoroughly incorporate the chemic&alculated sodium bicarbonate requirements
are 2,240 Ib/dayin 2015 and 568 Ib/day in 2045Actual alkalinity requirements will be

determined through operator testing.

Secondary Clarifiers
After the MLSSexits the aerobic/anoxic basin, it is directedhe MLSSsplitter

structure ér the secondary clarifisr The primary purpose of the secondary clarifiers is

to settle out the large flocdn the primary phase of construction, temcularbasing
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each witha capacity of 2.781GD will be built; one will be able to treat the entire flow
while the second will mvide 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
projed ends in 2045.

The dimensions of the secondary clarifiers were calculated using typical and
assumed values as shownTiable11. All overflow and solids loading rates fell within
the desired ranges for the whole design peAadwas stated for the biological processes,
the RAS flow wil be 50% of the influent flowPlease see Appendix A for calculations.

Table 11. Secondary tarifier parameters.

Parameter Range Typical Design | Units Notes
Diameter D 10-200 <150 61 | ft Acceptable
Depth 10-18 14 | ft Assumed
Radius:Depth <51 2.2 Acceptable
Volume 40,875/ ft? Calculated
Bottom slope 1 1| in/ft Assumed
Flight speed 0.020.05 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%o0f 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/f€ | Assumed
OR @ 2045 Peak 1,000-1,600 1230 1,400 | gpd/fé | Acceptable
Xin 3.5| g/L Assumed
SLR @ 2045 ADF 0.81.2 0.85| Ib/h*ft? | Acceptable
SLR @ 2045 PDF 1.6 1.70| Ib/h*ft?> | Acceptable

Source: 9

Table12 shows the secondary clarifier effluent pipe diameters. Pipes were sized

by selecting velocities in the acceptable range 6ffi@s for the 2045 average daily flow.
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For flows containing solisl the minimum acceptable pipe diameter is 6 inches to prevent
clogging. The calculated WAS pipe diameter was leas 6 inches, so the selected 6

inch pipe will result in low velocities. Deposition in the WAS pipe willdoeinteracted
through periodic panping, as shown ifiable14. 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 81in Calculated
2045 ADF velocity 2-7 5.9]| fps Acceptable
Effluent RAS Pipe Diameter >6 81in 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 willflow over wnotch weirs to enter the effluent channel. Weir
loading rates must be considered to ensure effective perform@abk13 summarizes
the design of the-motch 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
Qaliowed Per Notch 0.03 cfs Calculated
Number vnotch 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 witekiaimmer system from Walker

Process Equipment. See Appendixor the specification sheet.

Solids Handling
Solids handling for the secondartarifier sludge will consist of paping for

WAS and RAS and dewatering and stabilizafioocesses tprepare sludge faale as
fertilizer. The sludge pumpouse will be located adjacent to the secondary clarifiers and
will containtwo pumps each for WA8nd RAS one in operation and one as a backup
Solids handling wastewater pumps will be purchdsmd Chicago Pumps. For RAS, a
2110 OS6 Frame pump was selected, and a 2110 OCL12 pump was selected for WAS
Pump selection information is displalys Table14, and poduct sheetsra available in

Appendix B.
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Table 14. RAS and WAS pump sizing

Total head, Flow, Pump flow,
ft gpm gpm Notes
RAS 8.4 917 917 Operated continuously
WAS -5 47 2,839 Operated once per ho

As shown inTable14, the RAS pump operates continuously, and the WAS pump
operates once per hour. The WAS flows down gradleatliing to a negative head for the
pump to work againsfyom the clarifiers to theludge handling facilities, but the low
WAS velocity necessitates periodic pumping to limit depositionpaiadentpossible
clogging. Sedablel2for pipe diameters and flow velocities.high-pressure water
flushing system will also be connected to all solids pipes in case of blockages. Pipes
inside the pumgpouse will be equipped withose gates, and the flushing system will be
capable of supplying a flow of 1%fpm at a pressure of T8-in?.

Sludge dewatering will be achieved in a gravity belt press, followed by
stabilization with limeThe gravity belt press was selected over anaerobic and aerobic
digesterdor several reasons. Anaeroldigestersare typically economical foplants that
treat more than-MGD. The EWWTP is expected to treat about 5.5 MGD in 2045, but
population dynamicafter that point are unknown, éitower than projected flows may
occur. Anaerobidigestersare economical for large plariscaus¢he methane produced
can be usetbr energy production. Howevehe rural location of the Fernley plant might
makeenergy onversion difficult. Alsoanaerobiadigestergequire intensive operator
upkeep’. Aerobicdigestersare common for smaller plants and have lower complexity,
but they are energy intensive due to mixing energy and oxygenation requireftsmts.

both aerobic and anaeroldigesterdiave limited operational data for WAS on its own.



23

Gravity belt presses are used frequefdhWAS and typically have the highest
dewatering efficiency of the three proceSs€oupled with alkaline stabilization,low-
water, high quality sludge that can be sold as fertilizer will be produtied.
combination of a gravity belt press and alkaline stabilization exhibits the best
combination of dewateringnd stabilizatiorefficiency, available operational informar,
andeconomy

WAS will be pumped to a holding tank with a vole of 1.2MG capable of
holding twoto threedays of sludgeas shown ifTable15. The ypical retention time will
be two to threelays. From there, it wilbe pumped to the solids management building
which will house further sludge processes to prevent freezing. The sludde will
conditioned with patmer and dewatered inZbelt, KompressModel GGRSL beltfilter
presspurchased fronKomline-SandersonSee Appendix C for product informatioA.
polymermix andfeed system, discharge cake conveywaash watebooster pump,
sludge feed pump, and control pamél come with the belt filter pres$he beltfilter
press filtratewill be piped to disinfection and dischacheith the remainder of the
secondary clarifier effluentDesign speificationsfor the belt presare shown ifmable
16.

Table 15. Sludge storage tanks.

HRT, Volume in use, Tanks in

days MG 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 inTablel5, the sludge holding time will be between two and three
days so that weekend operation of the belt press is not negdssate retention time is
still belowthe advised maximum to prevestor formation. Two tanks of 114G each
will be constructed for the 2015 flow, and in 2035, flows will be reevaluated to determine
whether constructing five more 4G tanks or two larger tanks would be preferable.
Future tanks may be decreased in vadum decreasing the hydraulic retention time.

Table 16. Belt filter press design and operation.

Parameter Range | Design| Units Notes
Belt width 0.53.5 35| 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 Grader® sludge that can be sold as fertiliZEne mass ©
lime required is shown ifablel17, and the mass of dry soligsoduced is shown in
Table18. Complete calculations and prax information are shown in Appendix A and

B, respectively
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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
CaOllb solid 0.45 0.45] Ib/lb solid | Calculated
CaO required 2015 ADF 424 | Ib/day *5 days/week
CaO required 2015 PDF 848 | Ib/day *5 days/week
CaO required 2045 ADF 979 | Ib/day *5 days/week
CaO required 2045 PDF 1958| Ib/day *5 days/week

Source: 9

Table17 shows calculated quitikne addition necessary to bring the sludge to the

temperature needed to deactivate weggs 50°C.The actual temperature increase

typically exceeds the theoreticah he 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

consideranaerobic stabilizatioma use the belt filter press to further dewater the

products.Table18 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, % WAS dry solids, Dry+lime, Solids

inflow Ib/wk Ib/week capture

2045 ADF 1.3% 10,879 15775 91.1%
2045 PDF 1.3% 21,758 31,549 91.1%
2015 ADF 1.3% 4711 6,831 88.3%
2015 PDF 1.3% 9,422 13,662 90.7%

As shown inTable18, the total solids cdpre efficiency is greater th&8% for

all flows. This indicates that very few solids welhterthe disinfectionbasin
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Filtration

Upflow filters and traditional grawtflow dual media filters werbothconsidered
for filtration following secondary clarificatiorComplete 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
andmaintenanceequirements.There are numerous academic and case studies that prove
upflow filters produce a filtrate of quality comparable to coniaerdl deep bed filters
and upflow filters are utilized at nearby South Truckee Meadows and Stead Wastewater
Treatment Facilities™. Upflow filters are desirable because filter bed is contimously
backwashegdeliminatingthe headlossgosts and maintenance associated vateeparate
backwash cycle and backwash pumpke continuous backwash decreases the filter
frictional headloss to almost zero, whereas a traditional dimwnfilter must be
backwashedrequentlyto prewent the formatiorf a negative pressure head in the filter
effluent pipe. The constant, low pressure drop will allow a single header pipe to feed all
filters. Table19 shows estimated design parameters based on the manufacturer provided
loading rateCalculations 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? Assumed
2015 MDF flow rate 35 4 | gpm/ft Assumed
2045 MDF flow rate 3-6 4.6 | gpm/ft Acceptable
# filters, 2015 4 5 including backup
# filters, 2045 8 10including2 backups
Bed depth 40 or 80 40| in Brochure
Effluent TSS 5-10 5| mg/L Assumed
Air scour 100-150 125 | ft3/(min*ft?) | Brochure
RejectQ, 2015 ADF 1.7 | gpm Calculated
RejectQ, 2045 ADF 3.8 gpm Calculated
RejectQ, 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 informatfidre filter number and surface
area are estimatédsive units wil be installed for 2015, with Bore added in 2030 to
meet 2045 flowsOne filter will be on standby for 2015 peak flows and two filters will be
on standby for 2045 flowsilters will behoused irtwo concrete basins, with fividters
per basin, as shown in Appendix B. This layout facilitates the use of common filter
influentandeffluentpipes as well as saving spacdebed depth of 40 inches was
selected due to its similarity to thepdle of conventional duahedia filters A filter
control panel will also be includeddth the filters The effluent TSS range ofE mg/L
is typical for an influent TSS of 280 mg/L and is well below the design limit of 15 mg
TSS/L. No coagulant additigrior 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 fili@ble 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 filtakde20
showsupflow filter pipe diametersand velocitiesor 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 Low -
ADF 0.8] fps 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 witimately size the unit based on provided flow
information Reject water will be pumped with TorqueflowEliminator 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 firstgge of construction, two 85,2@@llon basinswill
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be built. One will be in use while the other vtovide redundancy for the system as
well as provide storager the clean effluent water before it is distributédthird basin
will need to be constructed around 2035 to continue to provide redundancy in the system.
Additional space will also be lefor a fourth basin to be built.

A conventional chlorine disinfection process was chosen dkier disinfection
processes such 88/ or ozone for several reasons. A conventional plug flow type
system is low maintenance, cheaper, and easier to operate than the alterhatises.
provides a residual required for reuse purposes that UV and ozone do not. Finally,
because the watés not going to be reused for potable purposes, chlorine is able to
achieve the level of deactivation need&dr a smaller system like this one, a chlorine
contact basin is the best alternative. In addition, sodium hypochlorite will be used as the
disinfectantfor the water being directed into the wildlife presefiais was chosen over
chlorine gas because it is safer to transport, store, and handle.
To determine the volume of the basin required, thev&élue 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. Théacbtime for the other flows was
checked to ensure that they fell within the acceptable ranges.

Table21 summarizes the dimensions for each basin and technical drawings can be
found in Appendix C.

Table 21. Disinfection design

Parameter Range | Design| Units Notes
Ctvalue 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, 1590 45 | min Acceptable
Contact time @ ADF 2015| 30-120 104 | min Acceptable
Contact time @ PDF 2015| 1590 52 | min Acceptable
Depth 7ft Assumed

SA 1,626] ft° 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 tligsinfectanin 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 an@hsafety basin to prevent leaks from causing any
damage or raising safety concerrsl of this will be housed in a building.

Thedisinfectantwill 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 then be mixed for approximately foseconds by a Siemens Water Champ Chemical
Induction Unit. Catulations 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 deact iodelmas uesed. Aocbnsepvativeh o ge n s
typical value of coliform concentration leaving filtration was assumed@0mL). 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. &fae, 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 achievgher 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 percegtaof flow to be directed back to the wildlife preseni be
discharged into the prexisting step aeration channehpable of handling a flow of 3.4
MGD. The remainingffluent will be directed into one of the ponds to be stored until it
is redistrituted. 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
residudas 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 ndesls to
dechlorinated to safe levels to prevent harming the wildlife. The existing chlorine contact
basin located at the edge of the plant will be retatdiio dedlorinate the water. The
chlorination system will be replaced with sulfur dioxide feeders and solution injectors. It
was determined that approximatelyng/L of SQ will be required to completely

dechlorinate the effluent leaving Wit chlorine residualf 5 mg/L.
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Conclusion

The proposed design for the update of the Fernley EWWTP consisted of
evaluatirg the existing structure anmdakingrecommendations ahedesign to produce a
high quality effluent for projected 2045 flowBhe existing facilities werexaminedand
pumps weraeterminedo provide sufficient flow capacity for the 3@ar design period
and beyond. Redundancy will be reinforced by constructing a bypass channel at the
Highway 50 Lift Station. The pretreatment facilities will be improtgaonstructing
two aerated grit chambers at the plant witproduce a more uniforinfluent and guard
downstream processd&imary clarifiers were determined to be unnecessary in
producing a highguality effluent, but calculations are provided in cageGlity of
Fernley decides to include theiWaterwill then entetwo Modified LudzackEttinger
activated sludge basiwonsisting of a pranoxic zone followed by an aerobic nitrifying
zone. The anoxic and aerobic zones will effectiviidlgrade ammonia amitrates/nitrites
to environmentally friendly nitrogen ga$hree 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 recycledck to theanoxic portion of
the basinWasted solids from the clarifiers will be dewatered in belt filter presses and
treated with quicklime to be sold as fertiliz€he treated effluent from the clarifiers will
undergo further turbidity reduction bygsng through upflow filterd_astly, 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 proposednprovements to the Fernley EWWTP are designed to produce a
high quality effluent suitable for reuse as irrigation water while maintaining a cost
effective treatment proces$lultiple design alternatives were evaluated based on
feasibility, economy, effeiveness, 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 plarkel
pace due to planning for future expansion, allowing the Fernley EWWTP to

economically produce a higluality effluent for many years to come.

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

included in the main projedescription. These include:
1 Hydraulic Profile
1 Project ImplementatioBchedule
1 Sustainability

9 Cost Analysis
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Table22 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 projéaure 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
Population Ratio
% change % change | Lyon County:

Year | Population| peryear Population | per year 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 shokigurel. 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 they@@r design period are shown in
Table23.

Table 23. Fernley and Lyon County pgulation projections.

Lyon County Fernley
Year | Ratio population | 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

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

available population data.



person water production for that time period, 60.5 gallons per person per day, was used to
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Lyon County: Fernley population

y =-0.15x + 293.99

R2=0.87

2000 2002

2004 2006
Year

2008 2010

2012

Figure 1. Population ratio of Lyon County to Fernley.

Table24 shows Fernley wastewater flows for 2008 to 2012. The average per

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

maximum daily fow 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 snall data set.

Table 24. Fernley current per capita wastewater flows.

Fernley Average Influent | Gal. per capita | Maximum Daily | Gal. per capita
Year | Population** Flow (MGD)* per day Influent (MGD)* 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




Table 25. Manually cleaned coarse bar screen.

Parameter Range | Typical | Design Units
Design Velocity 0-2 2 | fps
CS Area Peak 46| ft2
Bar Spacing 1.02.0 1|in
Bar Width 0.20.6 0.5]in
Bar Depth 1.01.5 1/in
Slope From Vertical 30-45 451 °
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 25| ft
Channel freeboard 2| ft
Total Channel height 45| 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

40
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Table25 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 channedesign.

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/gh.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

Table26 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 frevent deposition or scouring.



Table 27. Grit chamber contrast.
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Aerated Horizontal

Parameter Range | Typical | Design Units Parameter Range | Typical Design Units
Qpeak2015 1.2|MGD Opeak2015 1.2{MGD
Opeak2015 B33 |gpm Opeak2015 833 |gpm
Opeak2045 2|MGD Opeak2045 3|MED
Opeak2045 138%|gpm Opeak2045 2083 |gpm
td 2-5 3 6.0{min td 0.75-15 1 1.0|min
i B333|gal i 2083|gal
i 1114 |fe3 i 279|ft3
] 7-16 Tl tdpresent 2.5|min
L 25-65 23|ft Length 9.8-82 60.00 ft
W B-23 7\t Axc 4.64 ft2
WD 11te51| 151 1 Width 155 T
LW 3:1to5:1 4:1 3 Depth 2-5 3.00 ft
tdpresent 2-5 3 10.0|\min Horizontal velocity 0.8-13 1.00 1.00 ft/s
Ajr supply per unit of
length 3B 5| ft3/ftmin Settle velocity (0.21 mm) | 3.2-42 5.80 3.80 ft/min
Air requirement per
basin 114 |ft3/min Headloss (% of depth) 30-40 36.00 %

Extra length for
Total air requirement 227 |fe3/min turbulence 25-50 30.00 30.00 X
Grit Quantities 05-27 2 2|ft3/MG
Grit Volume per day per basin 4|fe3/day
0.021|gpm
2B|ft3/week

*add 2 ft freeboard
Vaortex Influent and Effluent Pipes

Parameter Range | Typical | Design Units Parameter Range | Typical Design Units
Qpeak2015 1.2|MaD Opeak 2045 2|MGD
Qpeak2015 B33|gpm 3.09|cfs
Opeak245 3| MaED Qavg2015 1.12|MGD
Qpeak2045 2083 |gpm 183|cfs
td 0.33-0.5 0.5 0.5|min Velocity 22 5|fps
v 1042 | gal Diameter B6|in
i 135|ft3 Selected diameter B
tdpresent 1.3 |min 2045 PDF velocity =2 B.5|fps
Total height 9-16 =l 2045 ADF velocity =2 4.4]fps
Upper height 5] 2015 ADF velocity 22 3.4|fps
Upper diameter 4-24 5(ft
Upper volume 117 B|ft3
Lower diameter 3-6 3.0
Lower height 3
Lower volume 21|ft3
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Table 28. Design summary for primary clarifier

Parameter Range | Typical | Design| Units Notes
HRT @ ADF 1.52.5 2 1.8 hr Assumed
Volume 13,661] ft°
OR @ 2045 ADF 800-1,200 1,197| gpd/fé | Acceptable
OR @ 2045 Peak 2,0003,000| 2500 2,394| gpd/fe | Acceptable
OR @ 2015 ADF 800-1,200 1,036| gpd/fé | Acceptable
OR @ 2015 Peak 2,0003,000| 2500 2,073| gpd/fe | 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 0.752 1| in/ft
Influent Well Depth 5-7 5| ft Assumed

15%
Influent Well Diameter | 15-20% 5.75| ft Assumed
Sump Depth 2| ft Assumed
Source: 9

Table28 displays the design information for primary clarifiers in case the City of
Fernley decides to include them in the treatment plant. Two prioharfiers 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 clarificah 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 gle 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 cldier 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 basedalf of the maximum daily
flow in 2045 (2.73 MGD).Table28 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-notch weirs to enter the effluent channel. Weir
loading rates must be considered to ensure effective performa@abe29 summarizes
the design of the-motch weirs and the weir loading rates for the design. All weiingad
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 21|in Assumed
V-notch Weir Width 6|in Assumed
Qallowed per notch 0.03| cfs
Number of vnotch weirs per
foot 2| 1/ft
Flow per foot of weir 5-10 25.9| gpm/ft

Greater than
Qallowed 3,092| gpm design
Effluent circle width 2| ft Assumed
WLR @ 2045 ADF 10,00040,000| 11,391| gpd/ft | Acceptable
WLR @ 2045 MDF 10,00040,000| 22,783| gpd/ft | Acceptable
WLR @ 2015 ADF 10,00040,000| 9,866/ gpd/ft | Slightly low
WLR @ 2015 MDF 10,00040,000| 19,731| gpd/ft | Acceptable
Source: 9

Table30displays 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 solidludge 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 accorthg to the sludge depth in the tank as monitored by a float valve.
Two NP 3085 Xylem sel€leaning, clogging resistant pumps would transport the sludge
to a Gravabelt gravity belt thickener purchased from Korfiaederson. Product sheets
are shown in Appadix B.

Table 30. Primary clarifier solids production.

Parameter Range | Design Units Notes

% Dry Solids 2-6 2| % Assumed
Mass dry solids 0914 1.25| 1b/1000 gal | Assumed
2015 dry mass per da| 2,950| Ib/day

Vol. Wasted 2015 17,313| gal/day

2045 dry mass per da| 3,406| Ib/day

Vol. Wasted 2045 19,991| gal/day

% Dry Solids 2-6 6| % Assumed
Mass dry solids 0914 1.25]| Ib/1000 gal | Assumed
2015 dry mass per da| 2,950| Ib/day

Vol. Wasted 2015 5,771| gal/day

2045 dry mass per da| 3,406| Ib/day

Vol. Wasted 2045 6,664 | gal/day

Effluent pipe diameter 6|in Assumed

Source: 9



Table 31. Primary clarifier calculations.
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ed in total volume

*from EWWTP Salinity Report

Parameter Range Typical | Design Units MNotes
Influent velocity 2-7 5 5 cfs Assumed
Influent pipe diameter 1.06 ft Calculated
Influent pipe diameter 1 ft Calculated
Influent velocity, 2045 MDF 5.4 cfs Calculated
Influent velocity, 2015 ADF 2.3 cfs Calculated
t @ADF 1.5-2.5 2 1.8 hr Assumed
W 13661 |[ft3 Calculated
OR @ 2045 ADF 800-1200 1197 |gpd/ft2 oK
OR (@ 2045 Peak 2000-3000 2500 2394 |gpd/ft2 (0]4
OR @ 2015 ADF 800-1200 1036 |gpd/ft2 ()4
OR @ 2015 Peak 2000-3000 2500 2073 |gpd/fi2 oK
Depth 10-16 14 12.0 ft
Diameter 10-200 40-150 38.1  |[ft Calculated
Surface Area 1138.5 |ft2 Calculated
Bottom slope 0.75-2 1 in/ft Calculated
Sump depth 2 ft Calculated
Vnotch Weir Height 2 in Assumed
Vnotch Weir Width 6 in Assumed
Qallowed per notch 0.029 |cfs Calculated
Mumber vnotch per foot 2 Assumed
Flow per foot weir 3-10 259 |gpm/ft Calculated
Qallowed 3092 |gpm Ok
Effluent circle width 2 2 ft Assumed
WLR at 2045 ADF 10000-40000 11391 |gpd/ft oK
WLR at 2045 MDF 10000-40000 22733 |gpd/ft (0]4
WLR at 2015 ADF 10000-40000 9866  |gpd/ft ()4
WLR at 2015 MDF 10000-40000 19731 |gpd/ft 0] 4
Influent Well Depth 5-7 5|t Assumed
Influent Well Diameter |15-20% 5.7|ft *sump includ
Solids wasting
Influent TSS 199|mg/L
% TSS removal 60-70% 65| % Calculated
Wasted T55 129.4|mg/L Calculated
Effluent 69.7|mg/L Calculated
BOD % removal 25-40% 30%|% Calculated
Effluent BOD 152.4|mg/L Calculated

Source: 9



Table 32. Primary clarifier solids calculations.

Solids

Parameter Range Typical | Design Units Notes

% Dry Solids 2-6 4 0.02 Assumed
Mass dry solids 0.9-1.4 1.25 1.25 Ib/1000 gal |Calculated
2015 Mass dry per day 2950 Ib/day |Calculated
1338 kg/day |Calculated

Sludge specific gravity 1.02 - Assumed
Vol. Wasted 2015 65.6 m3/day |Calculated
17313 gal/day [Calculated
12 gpm Calculated
2045 Mass dry per day 3406 Ib/day |Calculated
1545 kg/day |Calculated

Sludge specific gravity 1.02 - Assumed
Vol. Wasted 2045 75.7 m3/day |Calculated
19991 gal/day [Calculated
14 gpm Calculated
0.030933 [cfs Calculated

Pipe diameter 6 in Assumed
% Dry Solids 2-6 4 0.06 Assumed
Mass dry solids 0.9-1.4 1.25 1.25 |(lb/1000 gal |Calculated
2015 Mass dry per day 2950 |lb/day Calculated
1338  |kg/day Calculated

Sludge specific gravity 1.02 - Assumed
Vol. Wasted 2015 21.9  |m3/day Calculated
5771 |gal/day Calculated
4 gpm Calculated
2045 Mass dry per day 3406 |lb/day Calculated
1545  |kg/day Calculated

Sludge specific gravity 1.02 - Assumed
Vol. Wasted 2045 25.2  |m3/day Calculated
6664 |gal/day Calculated
5 gpm Calculated
0.010311|cfs Calculated

Sludge pipe diameter 6 B|in Assumed

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

Aerobic zone - no primary clarifier

Parameter Bange | Typical| Design Units Source
Tmin - - 20{C Given
W' Temp - A0 F Azzumed
W' Temp - n.afc Calculated
Hn Mk 0.2-09 075 075 Azsumed
un may temp oo 0.2-0.9 0.75 0.331 Calculated
Kn 0.5-1.0 074 0.74 Azzumed
Kntemp corr 0.5-1.0 .74 0442 - Calculated
dn 0.05-0.15 0.0g 0,02 g VS5 WS5 day | A=ssumed
Kdn temp corr 0.054]| g ¥55ig ¥55 day | Caloulated
Ko 0.4-0.6 0.5 0.5 | migfL Azzumed
Influsnt M 37-E3 - 37| mafl Given, permit
Effluent MH4-M 0.5-1.0 05| magfdl Desired
oo 2| migdl Aszsumed
un 0108 afgd Calculated
SRT 2.3 day Calculated
TEMN Peaking 1.5 Azzumed
Dezign SAT 10-20 12.90] day= Calculated
Step T
s 0.3-05 0.4 0.4[gVE5ig bCOD Assumed
bCOO = S0 34462 mafl Calculated
kd 0.08-0.20 012 0.12] g W55l w55 d Azsumed
kd temp corr. 0.08) g W55 w55°d Azzumed
um 3.0-13.2 E.0 E.0] g W55 ¥55°d Aszsumed
um kemp corr. 3.0-13.2 E.0 3.05] g w558 W55 d Calculated
K= 5-40 200 20.0) mg bCODML Assumed
fd 0.08-0.20 0.z 0.2] unitless Assumed
S 1.0E| mg bEODIL Calculated
So 343.56) mall Calculated
'n 0.10-0.15 012 012 g w55 Mo Azzumed
nf] 28.6| mall Calculated
P, bio 8384 kg V55iday Calculated
Step 12 - N ozidized to NO3Z [M balance]

Mo 2676 maiL [Calculated |
Step 13 - ¥55 and TS5 in the aeration basin
MMass
nbws5 20.0| mall Calculated
Pu W55 1044.9] kaotd Calculated
Fu TSS 1229.0] katd Calculated
[azs MLYWSS 14521 kg Calculated
[Maz= MLES 17079] kg Calculated
Step 14 - design MLSS and aeration tank vol
[MLES |3n00-4000] mgfL [Assumed |
Total ¥olume 4380 m*3 Calculated
172198 | Fed Caloulated

Depth 15-25 22| Azzumed
w0 11-2.21 151 15 Assumed
Width 33| fr Calculated
Length 237 Calculated
L:wW b T Acceptable
Air diffuser depth 05| m Azzumed
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| Parameter| Hange | Typical | Design | Units |Suurce |
Step 15- td and ML¥SS, FiM
td 0.47|d Calculated
td | 412 1.3 br Calculated
MLYSSIMLSS 036|gW55 g 785 | Caloulated
MLYES | Z97E | mafl Calculated
Fiti | 00410 0153 gfg"d Calculated
walumetric BOD load, Lo 0456 | kgim3'd Caleulated
Step 16 - observed yield
bCO0 remowved 35469 | kald Calculated
‘' obs, TSS 0346 | g TS5g bCOD | Calculated
‘' obs, TSS 0554 | TS5 BOO [ Calculated
‘' obs, WSS 0.29| g W55 qbCOD0 | Calculated
‘' obs, W55 047 g S5 g BOD [ Calculated
air at 26 ¢
Step 17 - 02 demand 34 molim3
Fure 02 rate | FE62.4 | katd Calculated
Pure 02 rate, Bo 142.0| kathr Caleulated
Czygen credit | EA7 | kgid Calculated
28] kathr Calculated
Total 02 required 13.0{ kathr Calculated
| Z0|R3tmin Calculated
|
Transfer efficiency A6 E4 Azzumed
Air [23.2% 02 by mass] 05| m3dhr Calculated
“Elew. = 1268m = 4160 ft
"aszuming salinity = 0 mall
“Azsume 195 leaves
Step 1% - Fine bubble aeration design
Aeration @ Factor 0BG | unitless Azzumed
Aeration B Factor 0.95 | unitless Azsumed
Fouling Factor, F 0.9 unitle=sz Bzzumed
Preszure corr, PbBIFa 0438
Cone. AL0C | 1.1] il Calculated
Dlensity of air at 102 282 | khim3 Azsumed
Fatm, H | 0.2[m Calculated
02 cone | 722 [ mail Calculated
Standard O2 transfer rate 274 | kathr Calculated
E04 | Ibfhr
02 conc | 0.28kaim3 Caleulated
Air Flow rate, 2045 2433 m3min Caloulated
1211] FE3imin Calculated
Berakor rate, 2045 015 | CEM2 Calculated
Efficiency per [ 1.85-2.28 22 Azzumed
Total efficiency 6B Azzumed
Transfer rate,10.5-3.0 226| r3minddiffuser | Assumed
# diffusers needed 8] Caloulated
 diffusers per First 75 Ft 300 Calculated
Baratar rate, 2045 027 | CFMWe2 Caleulated
# diffusers, rest of basin 238 Caloulated
Step 20 - Effluent EOD |
Effluent sEQD 3| mail Assumed
Effluent TSS | 0] marfl Aszsumed
Effluent BDD| 2.0 mgil Calculated

Source: 9, 16



Anoxic zone - no primary clarifier

Table 34. MLE anoxic zone, no primary clarifier, 2045.
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Parameter [ Range [Typical]l Design | Units [Source | Parameter | Range Typical [Design| Units Source
Mitrate in RAS | - | I 6.0] mafL | Assumed Anozic mizing] 0305 - 0.4 [ hpt1000 13 Azzumed
I Anowic ng energy 17| hp Calculated
Find the active biomass conc. Total ¥olume [ 183 m™2 Caleulated
[ HT43| 3 Caleulated
SRT v-20 - 13.9] days Calculated Depth Same as Aerohic 22k Azzumed
#h - - 1899.9) mag/L Caloulated Width Same az Aerohic 33| Bzzumed
Total length L 113 Caleulated
Find internal recycle ratio # reactors 3 Calculated
Length of reactor 19.2[ ke Calculated
Effluent MIO3-M - - E.0] mall Assumed ¥olume per reactor 13914 | b3 Calculated
Internal recycle ratio, IR 3-4 - 34 - Caleulated 94 m3 Caleulated
RAS = of influent 50-100 S0 = of inf. Azzumed
Total basin length 295| Calculated
Lengthizide [ 147 Frizide Caleulated
ND3-N fed to the anozic tank. # Reactors per side 7.7 Caleulated
Dlesign lengthfreactar 9.0 Calculated
Gin anowic - - 0607 [ m3tday Calculated [Length aerobic | 2377 Caleulated
RO g beed 243644 | giday Caloulated FRiequired length aerobic 237 |k Giood!
Stage 1
Anozic ¥Yolume and FIM b F il bio 2.37| g EODY g biomass"day Calculated
SOMR 0.247| g MO3-M { g biomass " day | Calculated
HRT 1-3 - 275 hrs Assumed SOMNFA b 10T 0.191] q MO3-M ¢ g biomass " day | Caleulated
HRT 0.115] days Caleulated Stage 2
Anowic Wal. N33 m3 Calculated Fil bio 14%[q BEODY g biomass"day Calculated
Fil bio 0.04-1.0 0.983| g BODY g biomass*day Calculated SOMR 0.254| g MO3-M { g biomass " day | Calculated
SOMR b I0C 0,196 q MOZ-M { g biomass " day | Caleulated
Specific_Denitrification Rate [SDNR]) Stage 3
Fil bio 0.99] g BODY g biomas=z"day Calculated
EOD 20C 216] magllL Azzumed SOMR 0.205]q MOS3-M { g biomass " day | Caleulated
[x{min]u] 344.62| mall Caleulated SONR b 10T 0.154] g MO3-M ¢ g biomass " day | Caleulated
hC0D 20{ mgiL Azzumed
Fraction rbCOD 0.232 - Caloulated [Firbioava: | 121[g MO3-M { g biomass " day [High
SOMNR b, 20C 0.205] g MO3-M Y g biomass “day |Caleulated
SOMR b, 10C 0.04-0.42 0.153| g MO3-M{ g biomass " day | Calculated
NO3-N that can be reduced
MO s reduced 5R3263] odd
MO & capacity ratic 2.29) - Caloulated
Caleulated
SOMA[MLSS) 0.04-042 - 0.14] gdg*day Caloulated
Mitrification
Check Alkalinity - pH ¥
Influent Alk. 140) mglL az CaCO3 Agsumed
Mit. Alk. [used] 21134 mgiL
Denit Alk [produced) 84.262| mglL as CaCO3% Calculated
Alk. Required forpH 7 80| mall as CaCO3 Calculated
Ak, Mecded E7.09) mglL a= CaCO3
Alk. MNeeded B7.08| mgfl as CaC03
693 kgfd as CaCO3
Sodium bicarbanate 1E4]| katd as MaHCO3
2528 Ibid Caleulated

Source: 9, 16




Table 35. MLE aerobic zone, no primary clarifier, 2015.

Aerobic zone - no primary clarifier
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Parameter Range Typical Design Units Source Parameter Range Typical Dresign Units Source
Tmin - - 20]*C For 2015:
WW Temp - - S50|*F Azzumed
WW Temp - - 10.0|*C Calculated Extra volume 23065 |3 Calculated
Extra length 31.8|ft Calculated
un max 0.2-0.9 0.75 0.75 - Azzumed Extra length per side 15.5|ft Calculated
wn maxtempcorr | 0.2-0.9 0.75 0.381 - Calculated |
Kn 0.5-1.0 0.74 0.74 - Assumed Length to partition off 16.0|ft Calculated
Kntemp corr 0.5-1.0 0.74 0.442 - Calculated Vaol. removed 23232 |ft3 Calculated
Kdn 0.05-0.15 0.08 .08 | g VES/g VS *day | Assumed Adjusted volume 148830|t3 Calculated
Kdntemp corr 0.054| g VEs/g VS *day Calculated | 4218|m3 Calculated
Ko 0406 0.5 0.5|mg/L Assumed
td [ 0.47[d Calculated
Influent N 37-63 - 37 |ms/L Given permit td | 4-12 11.3|hr Calculated
Effluent NH&-N 0.5-1.0 0.5]mgfL Desired MLVSS/MLSS 0.85|gVs5/g TS  |Calculated
Do 2|mg/L Assumed MLVSS | 2976| m=/L Calculated
un 0.108|g/zd Calculated F/M | 0.04-1.0 0.153|g/z"d Calculated
SRT 5.3 |day Calculated Volumetric BOD load, Lo 0.456|kg/m3*d Calculated
TEM Peaking 1.5 Azzumed
Deszign SRT 10-20 13.80|days Calculated Step 16 - observed yield
bCOD removed 3071.8|kg/d Calculated
Step 11 ¥ obs., TS 0.346|g T35/ bCOD |Calculated
¥ 0.3-0.5 0.4 0.4|zVvss/gbCOD  |Assumed Y obs., TSS 0.554| g T55/g BOD  [Calculated
bCOD =50 344,62 |mg/L Calculated Y obs., V55 0.2%9|g V5S/ g bCOD| Calculated
Y obs., V55 0.47|gVsS/ g BOD |Calculated
kd 0.06-0.20] 0.12 0.12 | g VES/g VES d Assumed
kd temp corr. 0.08|gVES/gVEE*d  |Assumed Step 17 - 02 demand
um 3.0-13.2 5.0 6.0|gvss/gvss*d  |Assumed
WM temp corr. 3.0-13.2 5.0 3.05|gVs5/gVvss*™d  |Calculated Pure 02 rate 3076.5|kg/d Calculated
K= 5-40 20.0 20.0|mg bCOoD)/L Azzumed Pure 02 rate, Ro 128.2|kgfhr Calculated
fd 0.08-0.20| 0.2 0.2 |unitless Azzumed Ouoygen credit 6503 | kg/d Calculated
5 1.06|mg bCODYL Calculated | 25|kg/hr Calculated
50 343 56| mg/L Calculated Total 02 required 103.0|kg/hr Calculated
n 0.10-0.15f 0.12 .12 | g V5S/g Nox Assumed Transfer efficiency 46.69% Assumed
NO x 29.6|mg/L Calculated Air (23.2% 02 by mass) 2.6|m3/hr Calculated
Px, bio 726.1|kgvss/day Calculated
Step 13 - Fine bubble aeration design
Step 12 - M oxidized to MO3 (N balance) Asration o factor - 0.65|unitless Assumed
Nox | | | 26.75 | mg/L Calculated Asration P factor 0.35|unitless Assumed
Step 13 - V55and T55 in the aeration basin Fouling factor, F 0.8|unitless Assumed
Mass Pressure corr., Pb/Pa 0.98
nbVss 20.0|mg/L Calculated Conc. At 10C 11.11|mg/L Calculated
Px, VES 5904.9| kg/d Calculated Density of air at 10C 9.82|kN/m3 Azzumed
Px, TES 1064.3 | kg/d Calculated Patm, H | 10.2|m Calculated
Maszs MLVES 12576 | kg Calculated 02 conc | 73.2|msfL Calculated
Maz= MLES 14792 | kg Calculated Standard 02 transfer rate 237 | kgfhr Calculated
O2conc | 0.28[ke/m3 Calculated
Step 14 - design MLSS and aeration tank vol. Air flow rate 29.73|m3/min Calculated
MLSS 3000-4000 - Assumed [ 1043[#3/min Calculated
Agrator rate, 2015 0.13|CFM/f2 Calculated
Total Volume 4226|m"3 Calculated Eﬂil:ienl:\(p|1.35-2.33 2.12%|% Assumed
1458133 |ft3 Calculated Total efficiency 46.64% (% Azzumed
Depth 15-25 22|ft Assumed #diffusers | 533 Calculated
WD 1:1-2.2:1|1.5:1 1.5 Aszumed Aegrator rate, 2015 1.95|CFM/ft2 Calculated
Width 23|ft Calculated
Length 237 |ft Calculated Step 20 - Effluent BOD
LW =5:1 7 Acceptable
Air diffuser depth 0.5|m Azzumed Effluent sBOD 3| mg/L Azzumed
EffluentT55| 10[mg/L Assumed
Effluent BOD 9.0|mg/L Calculated

Source: 9, 16




Anoxic zone - no primary clarifier

Table 36. MLE anoxic zone, no primary clarifier, 2015.
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Parameter Range Typical Dresign Units Source Parameter Range [Typical| Design Units Source
Nitrate in RAS - - £.0|mg/L Assumed Nitrification
Find the active biomass conc.
Check Alkalinity - pH 7
SRT 7-20 - 12.%9|days Calculated
b - - 1893.9| mg/L Calculated Influent Alk. 140|mg/L as CaCo3 Assumed
Nit. Alk. [used) 211.34 | mg/L Calculated
Find internal recycle ratio Denit Alk [produced) 84.252|mg/L a=s CaCO2 Calculated
Alk. Required forpH 7 20| mg/L as CaCO3 Assumed
Effluent NO3-N - - 5.0|mg/L Assumed Alk. Needed 57.0%|mg/L as CaCo3 Calculated
Internal recycle ratig, IR 3-4 - 3.4 - Calculated Alk. Needed £7.0%|mg/L as Call2 Calculated
RAS % of influent 50-100 50.0% % ofinf. Azzumed 500 | kg/d a= CaCo3 Calculated
Sodium bicarbonate 1002 kg/d as NaHCO2  |Calculated
[ 2240 Ib/d Calculated
NO3-N fed to the anoxic tank. Anoxic mixing EI" 0.3-0.5 - 0.4| hp/1000 f3 Assumed
Anoxic mixing energy 17| hp Calculated
Qin anoxic - - 35168|m3/day Calculated Total Volume 1183|m"3 Calculated
NO x feed 211002 |g/day Calculated 41745|ft3 Calculated
Depth ‘Eame a5 Asrobic 22|ft Aszzumed
Anoxic Volume and Ff/M b Width Same a3z Aerobic 33|t Assumed
Total length 57.5|ft Calculated
HRT 1-3 - 2.75|hrs Assumed #reactors 3 Calculated
HRT 0.11(days Calculated Length of reactor 19.2|ft Calculated
AnoxicVol. 1183.003(m3 Calculated Volume per reactor 13315|ft3 Calculated
F/M bio 0.04-1.0 0.857 |z BOD/ g biomas)Calculated | 394|m3 Calculated
|
Specific Denitrification Rate [SDNR) Total basin length 295(ft Calculated
Length/side | 147 |ft/side Calculated
BOD 20C 215|mgfL Azzumed #Reactors perside 7.7 Calculated
bCOD 34462 | mg/L Calculated Design lensth/reactor 15.0 Calculated
reCOD 20| mg/L Assumed Length serobic | 237.5|ft Calculated
Fraction rbCOD 0.232 - Calculated Required length aerobic 237 |ft Good!
SDNR b, 20C 0.205| g NO3-N / £ biom|Calculated Stage 1
gBOD/g
SDNRb, 10C 0.04-0.42 0.153| g NO3-N / g biom|Calculated F/M bio 2.57 |biomasz"day Calculated
ENO3-N/g
SDNR 0.247 | biomass * day Calculated
ENO3-N /g
MO3-N that can be reduced SDNR b, 10C 0.191| biomass * day Calculated
Stage 2
gBOD/g
NO x reduced 55828%|g/d Calculated F/M bio 1.2%|biomass"day Calculated
ENO3-N/zg
NO x capacity ratio 2.65(- Calculated SDNR 0.254|biomass * day Calculated
ENO3-N /g
SDNR b, 10C 0.196| biomass * day Calculated
SDNR (MLSS) 0.04-0.42 - 0.14|g/g*day Calculated Stage 3
gBOD/g
F/M bio 0.86|biomass"day Calculated
ENO3-N /g
SDNR 0.205| biomass * day Calculated
ENO3-N /g
SDNR b, 10C 0.153| biomass * day Calculated
gNO3-N/g
F/M bio avg: 1.57 | biomass * day High

Source: 9




Table 37. MLE aerobic zone, with primary clarifier, 2045.

Aerobic zone - with primary clarifier
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Parameter Range Typical Design Units Source Pammeter| Range |T§rpical| Design | Units Source
Tmin - - 20|*C WRCC Step 14 - design ML55 and aeration tank vol.
W Temp - - BO|*F Aszumed MLES |3-3:):)—43:}D mg/L Azzumed
WW Temp - - 10.0(*C Calculated Total Volume 3761 |m"3 Calculated
132699 (ft3 Calculated
Hn mak 0.20.9 0.75 0.75 - Azzumed Depth 15-25 22|ft Assumed
unmaxtempcorr | 0.2-0.9 0.75 0.281 - Calculated WD 1:1-2.2:1 1.5:1 1.5 Azzumed
Kn 0.5-1.0 074 074 - Azzumed Width 33|t Calculated
Kntemp corr 0.5-1.0 0.74 0.442 - Calculated Length 183 |ft Calculated
Kdn (0.05-0.15 0.08 0.08|gVSS/g VEs*day | Assumed L:ww =51 & Acceptabld
Kdn temp corr 0.054 | g ¥ES/g VES*day |Calculated Air diffuser depth 0.5|m Azsumed
Ko 0406 0.5 0.5|mgfL Assumed
td 0.26|d Calculated
Influent N 37-63 - 37 |mg/L Given, permit td 4-12 8.7 |hr Calculated
Effluent NH4-N 0.5-1.0 0.5|mgfL Desired MLVES/MLSS 0.85|gVES/gTES  |Calculated
Do 2 [mgfL Assumed MLVSS 25976 | mz/L Calculated
un 0.108 |g/="d Calculated F/M 0.04-1.0 0.141|g/="d Calculated
SRT 5.3 |day Calculated Volumetric BOD load, Lo 0.41%|kg/m3*d Calculated
TKN Peaking 1.5 Azzumed
Deszign SRT 10-20 13.50|days Calculated 5Step 16 - observed yield
BCOD removed 2507 .2 | kgfd Calculated
Step 11 ¥ obs., TES 0.378| g T55/g bCOD |Caleulated
¥ 0.2-0.5 0.4 0.4|gVes/g bCOD  |Assumed Y obs., TS5 0.604|g TS5/ BOD |Calculated
bCOD =50 243.91|mg/L Calculated Y obs., V&5 0.32 |g &S/ g bCOD| Calculated
Y obs., VES 0.51|gVsS/ g BOD |Calculated
kd 0.06-0. 20| 0.12 0.12 | gVSS/g VSS*d Assumed
kd temp corr. 0.0B|gVsS/gVves*d  |Assumed Step 17 - 02 demand
pm 3.0-13.2 £.0 6.0|gVsS/g WSS  |Assumed Pure 02 rate 28977 4| kgfd Calculated
LM tEMmp Corr. 3.0-13.2 6.0 3.05|=V¥55/=Vis*d  |Calculated Pure 02 rate, Ro 1241 |ke/hr Calculated
K= 5-40 20.0 20.0|mg bCOD/L Azzumed Transzfer efficiency 0.35 Azzumed
fd 0.08-0.20/ 0.2 0.2 |unitless Azsumed Air[23.2% 02 by mass) 0.5[m3/hr Calculated
5 1.06 | mg BCODYL Calculated
5o 242 85| mg/L Calculated Step 18 - Fine bubble aeration design
Yn 0.10-0.15 0.12 0.12 [gVE5/g Mox Assumed Azration o factor 0.65 |unitless Aszumed
NO x 2%.6|mg/L Calculated Asration P factor 0.95 |unitless Aszumed
Pz, bio 598 8| kg WS/ day Calculated Fouling factor, F 0.9 | unitless Assumed
Fressure corr., Pb/Fa 0.98
Step 12 - N oxidized to NO2 [N balance) Conc. At 10C 11.11|mgfL Calculated
MNox 25.54|m;."L Calculated Density of air at 10C 5.82|kN/m3 Assumed
Step 13 - V55 and TS5 in the aeration basin Patm, H 10.2|m Calculated
Mazz 02 conc 73.2|mg/L Calculated
nbV55 20.0|mg/fL Calculated Standard 02 transfer rate 285 |kg/hr Calculated
Px, W55 205.3 | kg/d Calculated 02 conc 0.28|kg/m3 Calculated
Px, TS5 247.1|kg/d Calculated Air flow rate 47.70|m3/min Calculated
Mass MLV5ES 11191 |kg Calculated
Maszz ML5S 13162 (kg Calculated Step 20 - Effluent BOD
Effluent sBOD 3| mg/L Assumed
EﬁluentT‘SEJ 10| mg/L Assumed
Effluent BOD 5.0|mg/L Calculated

Source: 9




Anoxic zone - no primary clarifier

Table 38. MLE anoxic zone, with primary clarifier, 2045.
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Parameter Range Typical Design Units Source Parameter | Range Typical Design Units Source
Nitrate in RAS - - 5.0|mgfL Assumed
Check Alkalinity - pH 7
Find the active biomass conc.
Influent Alk. 143 | mg/L Assumed
SRT 7-20 - 13.8|days Calculated Nit. Alk. [used) 211.34|mg/L Azsumed
Xb - - 1742.8|mg/L Calculated Denit Alk [produced) 54.252|mg/L Calculated
Alk. Required forpH 7 20|g/m3 asCaC03 [Calculated
Find internal recycle ratio Alk. Needed §7.09|g/m3 as CaC03 [Calculated
Alk. Needed £7.0%|g/m3 3= CaC03  |Calculated
Effluent NO3-N - - 5.0|mgfL Assumed 593 |kg/d as Call3 Calculated
Internal recycle ratio, IR -4 - 2.4 - Calculated Sodium bicarbonate 1164|kg/d as NaHCO2  |Calculated
RAS 3 of influent 50-100 50.0%| eofinf.  [Assumed [ |
Anoxic mixingen|  0.3-0.5 B 0.4|hp/1000f2 Assumed |
Anoxic mixing energy 14(hp Calculated
MNO3-N fed to the anoxic tank.
Total Volume | Se2|m*3 Calculated
Qin anoxic - - 40807 |m3/day Calculated | 34154(f3 Calculated
MO xfeed 243644 |g/day Calculated Depth Same as Asrobic 22|ft Assumedl
Width Same as Aerobic 33|ft Assumedl
Anoxic Volume and Ff/IM b Total length a7 [ft Calculated
#reactors 3 Calculated
HRT 1-3 - 2.25|hrs Aszzumed Length of reactor 15.7|ft Calculated
HRT 0.084|days Calculated Volume par reactor 11385|ft3 Calculated
Anoxic Vol Se2|m3 Calculated 323|m3 Calculated
F/M bio 0.04-1.0 0.933|= BODY £ biom| Calculated
Total basin length 230|ft Calculated
Specific Denitrification Rate [SDNR) Length/side 115|ft/side Calculated
#Reactors per side 7.3 Calculated
BOD 20C 152 |mg/L Aszumed Design length/reactor 16.0 Calculated
bCOD 24381 |mg/L Calculated Length serobic 181.8|ft Calculated
reCoD 20| mg/L Azzumed Reguired length serobic 183 |ft Good!
Fraction rbCOD 0.328 - Calculated Stage 1
gBOD/g
SDMR b, 20C 0.21|g NO3-M /g bifCalculated F/M bio 2.80|biomass*day Calculated
ENO3-N [z
SDNR b, 10C 0.04-0.42 0.162 | g NO3-N /g biCalculated SDNR 0.387 | biomass * day Calculated
ENO3-M /g
SDNR b, 10C 0.407 |biomass * day Calculated
MO3-N that can be reduced Stage 2
gBOD/ g
1.40|biomass*day Calculated
gNO3-M /g
NO x reduced 467936|g/d SDNR 0.27 |biomass * day Calculated
ENO3-M /g
MO x capacity ratio 1.82)- Calculated SDNR b, 10C 0.186|biomass * day Calculated
Calculated Stage 3
gBOD/g
SDMR [MLSS) 0.04-0.42 - 0.12|g/g*day Calculated 0.23|biomass*day Calculated
ENO3-N /g
SDNR 0.21|biomass * day Calculated
ENO3-M /g
Nitrification SDNR b, 10C 0.157|biomass *day  |Calculated
| END3-N /g |
Cuygen credit 597 |kg/d Calculated Average F/M bio: 1.71|biomass * day High
29| kg/hr Calculated
Total 02 required 95.0|kg/hr Calculated

Source: 9



Table 39. Secondary clarifiers and pipes.

54

Secondary clarifiers Effluent Weirs
Parameter Range Typical Design Units MNotes Parameter | Range Typical Design Units Motes
OR @ 2045 ADF 400-300 560.00 700|zpd/ft2 |Assumed ‘Wnotch Weir Height 2.00 in Aszumed
Surface Area 2,920 f2 Calculated Vnotch Weir Width 6.00 in Assumed
OR @ 2045 Peak 1000-1600 1,230.00 1,400 |gpd/ft2 |Acceptable Oallowed per notch 0.03 cfs
OR @ 2015 ADF 400-200 560.00 E0E|gpd/ft2 |Acceptable Mumber vnotch per foot 2.00
OR @ 2015 Peak 1000-1600 1,230.00 1,212 |gpd/ft2 |Acceptable Flow per foot wei 5-12 25.85 spm/ft
Diameter 10-200 =150 61|ft Acceptable Oallowed 485231 |gpm Arcceptable
Depth 10-18 14|t Assumed Effluent circle width 2 2.00 ft Assumed
Radius:Depth <5:1 2 Acceptable WLR at 2045 ADF | 10,000 max 7,422.34 |gpd/ffc Acceptable
W 40,875 |ft3 Calculated WLR at 2045 PDF| 20,000 max 14,844.69 |gpd/ft Acceptable
HRT @ 2045 ADF 4|hours |Reazonable WLR at 2015 ADF | 10,000 max 5,428.16 |gpdfft Acceptable
HRT @ 2015 ADF 4|hours |Reasonable WLR at 2015 PDF | 20,000 max 12,856.32 |gpd/fft Acceptable
Bottom slope 1 1|in/ft
Influent Pipe
Xin 4lg/L Azzumed Influent Velacity | 15-30 20.00|ft/min Azzumed
Xin J|Ibfgal | *Conversion Influent Pipe Diameter [ADF 2045) 3.48|f Calculated
ELR @2045 ADF 0.8-1.2 1|Ibfhft2 |Acceptable Influent Pipe Diameter 3.50|ft Selected
ELR @ 2045 Peak 1.60 2|Ib/hft2 |Acceptable Influent Velocity ADF 2045 15.72 |ft/min Acceptable
SLR @ 2015 ADF 0.8-1.2 1|Ib/hft2 |Acceptable Influent Velaocity ADF 2015 17.08 |fe/min Acceptable
SLR @2015 Peak 1.60 1|Ib/hft2 |Acceptable Influent Velocity PDF 2045 35.44|ft/min OK
Floc Center Well 25-35% of D | 30-35% of D) 13|t Assumed RAS Pipe [per clarifier)
Flow Center Well Depth 10| ft Aszumed Effluent Velocity | =2 3.00|fps Aszumed
Influent Well Depth 5-7 5|ft Assumed Effluent Pipe Diameter =6 8.03|in Calculated
Influent Well Diameter [15-20% 0.15 g(ft Calculated Selected Diameter =5 3.00]in Selected
2045 ADF velocity] 3.02|fps Acceptable
At 2045 ADF 2045 PDF velocity] 5.85|fps Acceptable
o 2|cis 2015 ADF velocity] 2.62|fps Acceptable
ar 1|cfs
xR 2000-12000 10,000 | mg/L WAS Pipe (per clarifier]
o Q|cfs Effluent Velocity | =2 3.00|fps Assumed
Qe 2|cis Effluent Pipe Diametar =& 1.78|in Calculated
e 7|mg/L Assumed Selected Diameter =5 E6.00|in Selected
At 2045 PDF 2045 ADF velocity] 0.27 |fps Low
a 4|cfz 2045 PDF velocity 0.54|fps Low
QR 2|cf= 2015 ADF velocity] 0.23|fps Low
xR 3000-12000 10,000 | mgfL
Ow 0|cfs Effluent Pipe [per clarifier}
Qe 4|cis Effluent Velocity | =2 3.00|fps Assumed
ie 7|mg/L Aszumed Effluent Pipe Diameter =6 11.21(in Calculated
At 2015 ADF Selected Diameter =& 8.00]in Selected
o] 2|cf= 2045 ADF velocity] 5.853|fps Acceptable
QR 1|cfs 2045 PDF velocity] 11.78|fps Acceptable
%R B000-12000 10,000 | mgfL 2015 ADF velocity] 5.10|fps Acceptable
Cowr 0|cfz
Qe 2|cfs
Xe 7|mg/L  |Assumed
At 2015 PDF
Q 4|cfs
QR 2|cfs
xR 2000-12000 10,000 | mg/L
Qwr 0|cfs
Qe 4|(cfs
Xe 7|mg/lL  |Assumed
Pumps - 1 per clarifier
Fipe Pump
Elevation | Length, Friction Total flow,
head ft K head head Flow, gpm Flow, gpd Epm
RAS 5 203 |1.1E05 3.43 8.43 917.2 1,320,818 317
WAS -5 121 | 2.7E-05 0.03 -4.97 47.3 68,125 2839

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 wasletermined, 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 additgn 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 floccwiegdion
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.
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Upflow filters

Table 41. Upflow and conventional filter contra

| Parameter | Range |Typical| Design Units Notes
Filter flow rate,
2015 MOF 3-5 - 4| gpmifd Assumed
Filter surface area 00| k2 Bzzumed
Flow per filver 400.0| gpm Calculated
0.55|MGO Caloulated
Qin 2015, MOF 1537.7| gpm
#filvers, 2015 4.0 Calculated
Select 4.0 S with back-up
Clin 2045, MOF 3683.1| gpm Calzulated
Max. loading ra 5 5.0| gpmif2
2000.0| gpm Calculated
Additional capacity 1653 | gpm Calculated
Additional filters 4
#filvers, 2045 g + 2 backups
Total 54, 2045 5932
2045 flow rate 4 6| gpmif2 fAoceptable
Bed depth 40 or 80 40in Brochure
Influsrt TSS G| mall Aszumed
Effluert TSS 5-10 S| mall Bzzumed
Required Effluert TS5 15| mglL Aszumed
Air scour | 100-150 125 fr3fmin 2] Brochure
Reject water pipe per filter
2045 P0OF 3 T.7|gpm Assumed
00171 =f= Calculated
88155 gallday Calculated
2045 A0F 3 3.58|gpm Calculated
2015 POF O 3.3 apm Calculated
2015 A0F O 1.7 apm Calculated
i Haw, Z2045P0  1-3 3 166 Calculated
2 flone, 20015 ADF 0.4z Calzulated
2045 POF velad 2-T 3 T|fps Calculated
Diameter 1.9]in Caloulated
Selected diameter 4]in Caloulated
2045 AD0F velacity 2-7 0.5|fps fAoceptable
2015 ADF velocity 2-7 0.3|fps fAoceptable
Influent and effluent pipe design [same)
WVelocity, 2045A0F 3 5| fps Calculated
Diameter | 12.3|in Caloulated
Sielected diameter 12]in Calculated
Velocity, 2045 A0F 5.2|tps Calculated
WVelocit, 2015 ADF 2-7 2.3 fps fAoceptable
Velacity, 2045 POF 2-7 5.2|fps Acoeptable

"20SA0F: 2 filers
204540F: 4 filters

Conventional Dual-Media Filters
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Parameter | Bange |Typical| Design| Units |Notes

Filter flow rate,

2045 MOF 2-8 5 6| gpmift2 Bszumed

#Filters - - 34 - Caloulated

#filters 1o elect - - 4.0 - Calculated

O per filter 922 gpm Calzulated

Total filter

surface area, 5

filters 615 Caleulated

Single filker

surface area < 100 - 154 | k2 Bszumed

O per filver - - 2.06] ctz Calculated

Velocity, fthr  [L6.4-48 2 - 43.13 |fbr Calculated

Total media

depth - - 3500k Calzulated

‘v ater head - - 3.00( Bzzumed

Total depth = = E.S0|f Caloulated

WL Tl td - 154 - foceptable

‘width per filter - - 10.00] ke Calzulated

Filter length - - 15,37 |k Calzulated

Anthracite

depth 360-300[ 720 TBZ| mm Assumed
- - 2.50(k Caleulated

Effective size 0.8-2.0 13 1.3 mm Bzzumed

Urifarmity

cioefficient 1316 <15 14 - Bzzumed

Fluidiz=d

expansion 25 25 kA Aszumed

Fluidized depth 313 fr Calzulated

Sand Caleulated

Sand depth 180-360| 360 3045 mm Assumed
- - 1.00] ke Caleulated

Effective size 0.4-05| 0.65 0.5 | mm Bzzumed

Urifarmity

coefficient 12-16 <15 14 - Bszumed

Fluidized

expansion av 3T kA Assumed

Fluidized depth 137 fr Calzulated

Tatal fuidized

depth &5 fr Calzulated

Backw ash with auxiliary air scour

Backwash

frequency - 1| per day Assumed

Bir flow rate 3-5 - 4| Fe3ife2{min Assumed

Bir scour

duration 3-4 - 3| min Assumed

Baclcwash

veloeity 13.6-23.4 - 25| gallfe2” min | Calculated

Baclcwash flow

per filter - 3843 |zpm Calzulated

- 8.6|cls Caleulated

Water baclovash

duration 310 - 10{ mir Bz sumed

Daily baclowash

volums - 0154 MG0 Calculated

% MDF, 2045 1-5 3 2.83%|% of MOF | Calculated

06, 75| gpm cwer day
Baclowash pumps

Flow 15371 gpm Calzulated

Filter head E.S0[k Bzzumed

Elevation head 10] e Aszumed

Tatal head 16.50) ft Calculated

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 congructed for any flow rate.

Table 42. Disinfection.

2015 (Q) 2045 (Q)
Peak 2.36 MGD Peak 2.725 MGD *2 Basins, begin third in 2035

1639 gpm 1892 gpm

3.65 cfs 4.22 cfs
Average 1.18 MGD Average 1.3625 MGD

819 gpm 946 gpm

1.83 cfs 2.11 cfs
CRt values for inactivation of various constituents *pH™ 7and T~ 20C

Chlorine (free)
Bacteria | Virus |Protozoan cysts
1-log 0.1-0.2 20-30
2-log 0.4-0.8 2.5-3.5 35-45
3-log 1.5-3 4-5 70-80
4-log 10-12 6-7
Parameter Range | Typical Design Units Notes Parameter | Range | Typical | Design Units Notes

Type of Disinfectant Baffles
Ctvalue 450|mg*min/L |Assumed Flow ACS 24.5|ft2 Calculated
Chlorine Residual 5|mg/L Assumed Percent Opg6-10 8[% of QCS [Assumed |
Contact time @ ADF 2045 [30-120 90.0|min 0K Open Area 1.96|ft2 Calculated
Volume of Basin 85156|gal Calculated Size of Openings 4"x4" 0.11|ft2 Assumed |
Volume of Basin 11385|ft3 Calculated Mumber of Openings 17.64|- Calculated
Contact time @ PDF 2045 |15-90 45.0{min 0K Headloss per Baffle 0.11|ft Calculated
Contact time @ ADF 2015 |30-120 104|min OK Mixing
Contact time @ PDF 2015 |15-90 52|min 0K td 3-5 4|5 Assumed
Depth 7|ft Assumed G 500-1000 750|1/s Assumed
SA 1626|ft2 Calculated pwinter 3.73E-05|lb*s/ft2 |32°F
# of Flow Paths 3-5 3|- Assumed \ 2045 ADF 8.4|ft3 Calculated
Total Length 155|ft Assumed \/ 2045 PDF 16.9|ft3 Calculated
Length of One Flow Path 52(ft Calculated P @ ADF 177.0|ft*lb/s Calculated
Total Width 10.5(ft Calculated P @ PDF 354.1|ft*lb/s Calculated
Width of One Flow Path 3.5|ft Calculated P @ ADF 0.32[HP Calculated
DWW 1:1-3:1 2.0 OK P @ PDF 0.64HP Calculated
LW 40:1 44.3|- OK P @ ADF Reg. 80% 0.40(HP Calculated
No 1.00E405(1/100mL  |Assumed P @ PDF Req. 80% 0.80(HP Calculated
b Coliform 4.0
b Fecal 3.0 Chlorine cc ption
n 2.8 Parameter | Range | Typical | Design Units Notes
N @ 2045 PDF <2.2 1.3|1/100mL |Acceptable Cl added 7|mg/L Assumed
N @ 2045 ADF <2.2 0.2|1/100mL |Acceptable Mass Cl, 2015 ADF 138|Ib/day  |Calculated
N @ 2015 PDF <2.2 0.8|1/100mL |Acceptable Mass Cl, 2045 ADF 318|lb/day Calculated
N @ 2015 ADF <2.2 0.1|1/100mL |Acceptable Average: 228

Source: 9



Table 43. Cost estimate.

Costs *Building costs based on 2045 PDF of 5.45 MGD.
*QOperation and Maintanence costs are based on the 2045 ADF of 2.73 MGD
2013 location factor= 1.16
Initial Annual Initial Annual |Total annualized cost
Operation Adjusted ENR Total
and Construct | Material Capital Adjusted | annual
Capital |Maintanence | ENR ion ENR ENR Costs 0&M costs
MLE - aerobic 2,700,000 100,000 2,401 9,484 2,953 | 12,371,074 | 372,551 | 1,270,691
MLE-anaerobic 660,000 32,500 2,475 9,484 2,953 | 2,933,625 | 121,079 | 334,060
Clarifier 60,000 10,800 2,475 9,484 2,953 266,693 40,235 59,597
Filters 800,000 46,000 2,475 3,484 2,953 3,555,909 171,373 429,532
Disinfection 14,000 25,000 2,475 9,484 2,953 62,228 93,138 97,656
Aerated grit chamber 130,000 560 2,475 9,484 2,953 577,835 2,086 44,037
sludge Pumping 110,000 3,500 2,475 9,484 2,953 438,937 13,039 48,536
Dechlorination 43,000 9,000 2,475 9,484 2,953 191,130 33,530 47,406
Sludge pumping 18,000 33,000 2,475 9,484 2,953 80,008 122,942 | 128,750
Sludge storage 110,000 15,000 2,475 9,484 2,953 488,937 55,883 91,379
Belt filter press 13,197 1,796 2,577 9,484 2,953 56,337 6,691 10,781
Lime 400,000 28,000 2,475 9,484 2,953 | 1,777,954 | 104,314 | 233,394
Miscellaneous pipes 232,000
Manually-cleaned bar screen 11,600
Buildings 2,320,000
3 Operators, $15/hr 93,600 93,600
Miscellaneous 200,000 14,520
Chlorine storage and feed 50,833 50,833
Polymer storage and feed 50,833 50,833
Filter reject water pumps 361,370 206,235
Total costs: Total: 25,075,638| 1,332,127 3,031,841
Adjusted
Flow, Chart annual
Belt filter press 0&M MGD annual cost 0&M costs
divide by 7.35| for flow ratio 1.2| 210,000 782,357
Maintane
construction power Labor nce 2.7| 340,000 1,266,673
13197 109 1497 190 5.5 630,000 2,347,071

*Fig. 3.3: Operation Costs vs. Design Flow.
EPA Operation and Maintenance Costs for Municipal Wastewater Treatment Plants.

Source: 6, 11, 13, 14, 15
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<--6% rate of return for 30 years
(multiply by 0.0726)

$ per GPD Total §

581,750,000

$163,500,000

Source: 15
Estimated for STMWRF expansion, 2006



Appendix B: Product Specification Sheets
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Figure 2. Air Blowers from Air & Gas Systems.
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