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Project Introduction

Rainbow Valley Water Reclamation Facility
e Current Capacity =0.75 MGD
e Design Capacity = 3 MGD

Reason for Expansion

e Population Growth
e Land Development

Imi

e Project Location

Figure 1: Project Vicinity [1]
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Project Requirements

Provide Redundancy
Address Odor Control
Produce Class A+ Effluent
Produce Class B Biosolids

Meet Effluent Limits

Table 1: Effluent Limits [2]

Effluent Limits

TSS

<10 mg/L

BOD

<10 mg/L




Preliminary Treatment (Screening) Alternatives

Fine Screen Static Screen Step Screen

Figure 2: Fine Screen Example [3] Figure 3: Static Screen Example [4] Figure 4: Step Screen Example [5]




Preliminary Treatment (Screening)

Criteria Weight (%) Fine Screen Step Screen Static Screen
Capital Cost 30 3 1 2
Maintenance & Operation 25 3 2 1
Construction Time/Constructability 15 2 1 3
Odor Control 10 2 3 1
Social & Environmental Impacts 10 2 3 1
Staffing 10 3 2 1
Weighted Average 100 2.65 1.75 1.6

Table 2: Screening Decision Matrix

Preliminary Treatment (Screening) Decision Matrix




Preliminary Treatment (Grit Chamber) Alternatives

Aerated Grit Chamber Horizontal Flow Grit Vortex Grit Chamber
Chaber

' ; ll' «« |
< § TaE —— e
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Figure 5: Aerated Grit Chamber Figure 6: Horizontal Flow Grit Figure 7: Vortex Grit Chamber
Example [6] Chamber Example [7] Example [8]




Preliminary Treatment (Grit Chamber)

Capital Cost 25 3 2 1
Removal Efficiency 20 2 3 3
Construction Time/Constructability 15 2 1 3
Maintenance & Operation 10 2 1 3
Footprint 20 2 1 3
Energy Consumption 10 1 3 2
Weighted Average 100 2.15 1.85 24

Table 3: Grit Chamber Decision Matrix

Preliminary Treatment (Grit Chamber) Decision Matrix




Equalization Basin Alternatives

In-Line Equalization Basin

== — To Other
ri | , Equalization @ Flow | __ Trealment
Removal Basin Meter Units

Figure 8: In-Line Equalization Basin Example [9]

Side-Line Equalization Basin

- To Other
Screen Crit — Overflow ——— Treatment

Removal Structure Units

Equalization @

Basin

Figure 9: Side-Line Equalization Basin Example [9]




Equalization Basin

Criteria Weight (%) In-Line Basin Side-Line Basin
Relative Cost 40 2 1
Maintenance and Operation 25 2 1
Construction Time/Constructability 20 2 1
Staffing 15 2 1
Weighted Average 100 2 1

Table 4: Equalization Basin Decision Matrix

Equalization Basin Decision Matrix




Primary Treatment Alternatives

Bridge Support Clarifier Column Support Clarifier

Figure 10: Bridge Support Clarifier Example [10] Figure 11: Column Support Clarifier Example [11]




Primary Treatment (Primary Clarifier)

Capital Cost 40 1 2
Surface Area Requirements 25 1 2
Construction Time/Constructability 20 1 2
Maintenance & Operation 15 2 1
Weighted Average 100 1.15 1.85

Table 5: Primary Clarifier Decision Matrix

Primary Treatment Decision Matrix




Secondary Treatment Alternatives

Conventional Activated Sludge Membrane Bioreactor Moving Bed Bioreactor

air compressor Sludge
influent Effluent

N i ‘%ubble /< /
aeration tank i

settling tank Support Membrane

neyclopadia Britannica, Inc.

Figure 12: Conventional Activated Sludge Figure 13: Membrane Bioreactor Figure 14: Moving Bed Bioreactor
Example [12] Example [13] Example [14]




Secondary Treatment

Gl Weight (9 | piiicdStudge | Bloresctor | Bioreactor
Capital Cost 20 1 3 2
Maintenance & Operation Cost 25 3 1 1
Construction Time/Constructability 25 2 1 2

Life Cycle Cost 15 3 1 1
Footprint 10 1 2 3
Removal Efficiency 5 1 2 3
Weighted Average 100 2.05 1.55 1.75

Table 6: Secondary Treatment Decision Matrix

Secondary Treatment Decision Matrix




Advanced Treatment Alternatives

Disc Filter Sand Filter

Figure 15: Disc Filter Example [15] Figure 16: Sand Filter Example [16]




Advanced Treatment

Criteria Weight (%) Disc Filters Sand filters
Capital Cost 30 2 1
Constructability/Construction Time 10 2 1
Maintenance & Operation 25 2 1
Removal Efficiency 35 2 1
Weighted Average 100 2 1

Table 7: Advanced Treatment Decision Matrix




Disinfection Alternatives

Chlorine Contact Basin Ultraviolet Disinfection Ozone Disinfection

Basin
Turbine
Mixers

Figure 17: Chlorine Contact Basin Figure 18: UV Disinfection Example [18] Figure 19: Ozone Disinfection
Example [17] Example [19]




Criteria Weight (%) Chlorination Tank uv Ozone
Relative Cost 30 2 3 1
Surface Area Requirements 20 1 3 2
Social & Environmental Impacts 10 1 3 2
Maintenance & Operation 15 3 2 1
Disinfection Rate 25 1 2 3
Weighted Average 100 1.6 2.6 1.8

Table 8: Disinfection Decision Matrix

Disinfection Decision Matrix




Solids Management Alternatives

Centrifuge

Drying Bed

Filter Press

Bowl Scroll Conveyor Conical Beach

Pond of Solids
Clarified Liquid Discharge

SLUDGE
CHANNEL

SLUDGE
| ¥

13

GRAVEL “-PIPES OR DRAINS—"

Figure 20: Centrifuge Example [20]

Figure 21: Drying Bed Example [21]

Figure 22: Filter Press Example [22]




Solids Management

Criteria Weight (%) Centrifuge Drying Beds Filter Press
Relative Cost 30 2 1 3
Environmental/Social Impacts 10 3 1 2
Drying Time 20 3 1 2
Surface Area Requirements 25 3 1 2
Maintenance & Operation 15 3 1 2
Weighted Average 100 2.7 1 2.3

Table 9: Solids Management Decision Matrix

Solids Management Decision Matrix




FLOW CAPACITY: 4 MGD
- 6mm Spiral Fine Screen
- 95% Grit Removal
NUMBER OF UNITS: 2

Influent Trough with

Slide Gate

Standard
Flanged ANSI
Connections
(Influent and
Effluent)

Epoxy-coated carbon
steel skid support system

PISTA® 360™ Grit Chamber
with patented V-FORCE
BAFFLE™, the latest
technology in the industry

Waste and residual
organics are
recycled to inlet
channel

./

OBEX™ Spiral
Fine Screen

PISTA® Grit
Concentrator

Remote-Mounted
PISTA® TURBO™
Grit Pump with
Ni-Hard Recessed

=< LY B = Impeller

A

PISTA® TURBO™
Grit Washer featuring
TRI-CLEANSE

Disposal hopper for TECHNOLOGY™

screenings and grit
(by others)

/

Figure 23: PISTAWORKS Package [23]

PISTAWORKS Screening and Grit Removal All-in-One Package




Figure 24: Activated Carbon Schematic [24]

e Concrete block building will cover the screen and grit

chamber units
® Ventilation systems and activated granular carbon drums 52’

will purify odor from air | |

Odor Control




Air Requirement 512 ft"3/min Peak Hour Flow for 0.75 MGD = 2.66 MGD

Freeboard 2.5 ft 266 MGD _ x
0.75MGD 3 MGD
x =10.6 MGD

15

50°

Figure 25: Influent Flow Graph

Equalization Basin Design




NUMBER OF UNITS: 2 SETTLING VELOCITY: 0.094 FT/S INFLUENT BOD: 225 mg/L
DIAMETER: 65’ DETENTION TIME: 2.13 HRS EFFLUENT BOD: 169 mg/L > 10 mg/L

SIDE WATER DEPTH: 10°'2” ENERGY CONSUMPTION: 13.4 kW/DAY INFLUENT TSS: 250 mg/L
EFFLUENT TSS: 125 mg/L > 10 mg/L

widx 22

Figure 26: ENVIRODYNE Column Support Clarifier [25]

Column Support Primary Clarifier



62.5'

20'

Flow Capacity 0.75 MGD
Number of Basins 5
Detention Time 9.45 HRS
Return Activated Sludge 85%

Waste Activated Sludge 15%
Influent BOD 169 mg/L
Effluent BOD 8.4 mg/L < 10 mg/L
Influent TSS 125 mg/L
Effluent TSS 12.5 mg/L > 10 mg/L

Table 10: Activated Sludge Data

Activated Sludge Design (Aeration Basin)




Flow Capacity 0.75 MGD
Number of Clarifiers 5 < >
Detention Time 9 HRS
Energy Consumption 13.42 kW/Day 15’
Settling Velocity 0.008 FT/S
Settling Time 31 MIN
SN -
Table —I—I Secondary Clarifier Data —
55’

Activated Sludge Design (Secondary Clarifier)




FLOW CAPACITY: 3 MGD

Backwash water \ =

NOZZEIS sesssasssssssssssssssssnanansnsss \ N ‘\ """"
....... d | A\ A\ B

[ » -

NUMBER OF NEW UNITS: 2 Studge trough -.. Jssen

PORE SIZE: 10 MICROMETERS e / Effluent
Sludge/ backwash ) ¥ y ] | / ‘/

water outlet '
REMOVAL EFFICIENCY OF
SUSPENDED SOLIDS: 98% e

Filter panels/media

INFLUENT TSS: 12.8 MG/L

Figure 27: Hydrotech HSF2200 Disc Filter [26]

Disc Filter




FLOW CAPACITY: 0.5 MGD

NUMBER OF UNITS: 7

LENGTH: 9’ 7"

WIDTH: 1’ 6"

UV MODULES: 12 PER CHANNEL

LAMPS: 4 PER CHANNEL

UV TRANSMISSION: 65%

Figure 28: Single TrojanUV 3000 PTP Units [27]

Ultraviolet Disinfection System




FLOW CAPACITY: 190,000 GPD
NUMBER OF NEW UNITS: 3
MINIMUM SOLID CAPTURE: 95%

i‘\ *Assume 15% WAS ~ 450,000 GPD

Figure 30: Rubber Conveyor Belt [29]

NUMBER OF CONVEYOR BELTS: 3

Figure 29: Andritz D4L Decanter Centrifuge [28]

Decanter Centrifuge



Total Dynamic Head (ft)

60.00

50.00

40.00

30.00

500

Pump and System Curve

1000 1500 2000

Flow (gpm)

2500 3000

Figure 31: Pump and System Curve
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Figure 32: Taco CI4009D Pump [30]

Hydraulic Analysis
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LEGEND Rainbow Valley Water Reclamation Facility
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. Phase 1: Remove
existing chlorination

-

basin and Install 7 UV
systems

Phase 2: Installation of
new influent pumps
and piping, excavation
of dirt from NW comer,
and transfer of dirt to
SE comer
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Phase 3: Concrete
Framework for all
additional treatment
processes

T

Phase 4: Install
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Phase 5: Activation of all
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Includes:
e Earthwork ~ $65,000

e Concrete Excavation & Installation ~ $265,000
e Capital & Installation Cost of Prefabricated Equipment ~ $5,610,000
e Activated Sludge Process ~ $22,000,000

e Pipes, Pumps, & Splitter Boxes ~ $2,900,000

e Odor Control ~ $40,000 Total Engineers Opinion of Probable Cost

$31,617,180

Engineers Opinion of Probable Cost



Operation:
e Energy Consumption ~ $1,514,300

e Labor ~ $190,000

Annual Operation & Maintenance Cost Maintenance ~ $2,900,000

$4,731,950

e Inspections
e Oil Changes
e Replacements of Parts

e Cleaning of Parts

Operation and Maintenance Cost Analysis



People (Social) Planet (Environmental) Price (Economic) Total | Max-Min Si
-More money into
. -More residential economy
Positive . -More wastewater treated
opportunity . -More land
Impacts More iob ided -Addition of odor control devel
Alternative 1: -More jobs provide evelopment
Implementation 70 55 Score: 75 75 | 200 20 180
of the Project
. -Close housing to the -Construction will disrupt -Very expensive
Negative - :
Impacts facility area project
P -City may grow too fast -More odorous gas -Higher O&M cost
-City would remain less -No disruption to the -City can use money
Positive crowded existing land elsewhere
Impacts -City resources used -More free land around -Lower O&M cost
Alternative 2: elsewhere the facility remain
Not
Implementing -Less housing 40 65 -Less land 65 140 30 110
the Project Neqative opportunities -Natural water sources development
9 -Less access to would be utilized more -Additional treated
Impacts

additional reclaimed
water.

-Lack of odor control

water needed
transported to the city

Impact Analysis
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Questions?

We competed at the AZ Water Student Design Competition on April 23rd and we won!!
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Detailed Decision Matrices



Preliminary Treatment (Screening)

Criteria Weight (%) Fine Screen Step Screen Static Screen
Capital Cost 30 > ! 2
api oS
P $180,000.00 $250,000.00 5200,000.00
3 2 1
Regular inspections to Per;z?-::;z?pﬁztirin Sli;tep Frequent inspections of
Maintenance & Operation 25 ensure proper functioning, P 9 screens and damages/wear,
. . lubrication, adjustment of step . . .
mechanical/self cleaning . self cleaning design, chemical
desi . spacing as needed, removal :
esign, easy maintenance . use for cleaning
of accumulated debris
2 1 3
Moderate construction time, Higher construction time, Shorter construction time due
Construction Time/Constructability 15 prefabricated (involves prefabricated (involves to straightforward design,
welding or bolting), requires welding), mechanical prefabricated so simple
skilled labor for precise components to install, less installation process, minimal
installation specialized labor labor skills
2 3 1
Are mostly installed with Installed with enclosures and Must be uncovered to clean,
Odor Control 10 enclosures to route fouled | . L would need additional
. includes proper ventilation L
air through an odor control e technologies to properly
system to mitigate odors -
system ventilate odors
2 3 1
Good worker safety from Improves worker safet?r
. ) minimized hazards. reduced because of enclosed design, | Enclosad system helps worker
Social & Environmental Impacts 10 risk of cloaging downstream reduces odor efficiently, safety, limited flexibility for
and hgg sﬁstainable reduces wear of downstream | adjusting screens, pravents
operation equipment and has efficient |clogging, sustainable cperation
P screening operation
3 2 1
- . Moderate staffing, nead to
Minimal staffing since the . .
are self clea%in and Y| monitor mechanical bars for Some staffing needad,
automated. re LIiIgES little specific spacing and maintain regularly inspected and
Staffing 10 attention. o lera?ors inspect | SCreens. remove accumulated | maintained by maintenance
for {liarFr:a o while P debris, bars manually cleaned personnel, clean screen
SUDEMiSOrs eﬁsure roper and inspected by maintenance| surface, need supervisors to
P functionin prop staff, supervisors oversee oversee operation
e efficient operation
Weighted Average 100 2.65 1.75 1.6
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Preliminary Treatment (Grit Chamber)

Horizontal Flow Grit

Criteria Weight (%) Aerated Grit Chamber Chamber Vortex-Type Grit Chamber
Capital Cost 25 ’ 2 !
apttalt-os $134,000.00 $148.800.00 5186,000.00
2 3 3
Removal Efficiency 20 Removal of particals greater| Removal of particals greater | Removal of particles greater
than 0.21mm than 0.2mm than 0.2mm
2 1 3
Mederate to long construction
Prefabricated and has time, requires concrete Prefabricated and has short
Construction Time/Constructability 15 moderate construction time, channel/basin, not constructien time, geod
flexible constructability, has complicated construction, constructability, relatively
mechanical components and| flexible and straight forward straightforward design,
concrete structures design, oldest and widely requires skilled labor
used type of grit removal
2 1 3
. . . . . Requires high-pressure
Maintenance & Operation 10 Requires additional labor fro| Extansive maintanace reuired aaitation to
operation due to complexity dus to excessive wear on 9 .
. - loosen grit compacted in the
of equiptment aquitpment
sump
2 1 3
Footprint 20 Relatively large duee fo Large land area required for | Small land area required due
aeration tank needad long channel/basin required to small equitpment
1 3 2
Energy Consumption 10 High energy consumption Low energy consumption Moderate energv comsupion
due to air being introduced | since flow is controlled to be 9 P
: . needed for rotating turbine
at a high rate slow to allow particles to settle
Weighted Average 100 215 1.85 2.4
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Preliminary Treatment (Equalization Basin)

Criteria Weight (%) In-Line Basin Side-Line Basin
2 1
Relative Cost 40 No additional equipment and| Additional equipment and
piping piping
2 1
Maintenance and Operation 25 No additional equipment and| Additional equipment and
piping piping
2 1
Construction Time/Constructability 20 No additional equipment and| Additional equipment and
piping piping
2 1
Staffing 15 No additional equipment and| Additional equipment and
piping piping
Weighted Average 100 2 1
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Primary Treatment (Primary Clarifier)

Criteria Weight (%) Bridge Support Clarifier Column Support Clarifier
_ 1 2
Capital Cost 40 , :
65' diameter~ $450,000 65' diameter~ $314,000
1 2
Surface Area Requirements 25 i i '
g Multlple.clanﬂers <40 One clarifier >40' diameter
diameter
1 2
Construction Time/Constructability 20 - :
Full span bridge Half span bridge
2 1
Maintenance & Operation 15 i
P Supports a.ccessmle by Supports submerged
bridge
Weighted Average 100 1.15 1.85
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Secondary Treatment

Convention Activated

Criteria Weight (%) Sludge Membrane Bioreactor Moving Bed Bioreactor
1 3 2
Capital Cost 20
$11,000,000.00 $4,431,818.00 $6,352,500.00
3 1 1
Would require 36 small
Would require 5 treatment treatr_nerjt frains to operate. Would require 42 small units io
trains to operate. Require in-place membrane S
. . . . maintain and operate.
Continuocus and well-timed | cleaning 2-4 times per year. . o
) ) . . Cleaning of biofilm on the
supply of oxygen is required | Air scour is also used to clean . .
! : . media is required frequently.
] ) during operation. No media | the membranes. They can be Sludae removal in the svstem
Maintenance & Operation Cost 25 or filters to clean. Blowers | cleaned in the MLSS so does 9 . >y
. . i is required along with
may need to be inspected not require the basin to be : .
. . . . continuous aeration.
1-2 times a year to ensure | drained. Continuous aeration : ) :
T : . Relatively higher maintenance
praper aeration is being and sludge management is .
i and operation costs because
completed. Small required. .
. . . i of the number of units
maintenance and operation Higher maintenance and )
i required.
costs. operation costs because of
the units required.
2 1 2
5 treatment trains required | 36 treatment trains required.
(1 train exisitng, 4 new to Concrete tanks must be
construct). Concrete tanks constructed on site. 42 unit ired
must be constructed on site. Membrane unit is F’refabt‘izgtsegrﬁr:ﬁsqg\;‘;iléble
Assembly units like pumps, prefabricated and can be
Construction Time/Constructability 25

motors, pipes, and blowers
must be installed. Requires
relatively large construction
time. Less excavation
required because the
existing facility would be
utilized.

installed by local technicians.
Requires large construction
time because of the number
of tanks that need to be built.
Existing infrastructure will
have to be demolished.

that can be installed by local
technicians. Placement of 42
units will take a long time.
Existing infrastructure would
have to be demolished.
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1

.1

Low life-cycle assessment

Higher LCA as compared to
CAS due to high electricity

Highest life cycle cost due to
high electricity requirement
and low capacity. Similar

Life Cycle Cost 15 (LCA) due to low operating requirement and low capacity, operating and maintenance
- moderate cost for
and maintenance . . cost to MBR, moderate
: maintenance, lower initial
requiremeants. . - membrane replacement costs
capital and operating cost . :
compared to MBBR but generally higher capital
cost than MBR
1 2 3
Larger footprint than moving . i
Relati ) bed but smaller than CAS. Smaller f_o_qtprmt but requires
Footprint 10 elatively large footprint. more facilities. Approx 10510
P - Approx 15618 square ft .
Approx 39272 additional : square ft required for 3 MGD._
. required for 3 MGD. .
square ft required for 3 MGD -, Additional square footage
Additional square footage between units will be required
between units will be required q
1 2 3
Meets almost all (=90%)
NFDES permit discharge
limitations except for fecal
coliform (requires additional
disinfection). NPDES limits: Meets all (90%) NPDES Meets all (=90%) NPDES
BOD of 30 mg/L, meets TSS| permit discharge limitations: permit discharge limitations
. L of 30-45 mg/L, achieves pH [ BOD of 10 mg/L, TSS of 10 | and has wide range. BOD of
Ability to meet permit limits 5 range of 6-9, meets limit mg/L, pH between 6.5 and 20 mg/L, meets TSS of 20
residual chlorine of 0.5 8.5, ammonia Nitrogen of 5 | mg/L, pH between 6.5 and 8.5
mg/L, fecal coliform of mag/L, fecal coliform of less | ammania MNitrogen of 10 mg/L,
200/100 mL (30 day mean) than 200 MPN/00 mL, P fecal coliform of 200-1000
or 400/100 mL {max daily), range of 2-5 mg/L MPMN/100 mL, P of =1 mg/L
meets 40 mg/L TKN,
achieves ammonia of 10
maiL, achieves P limit of 5
mgiL.
Weighted Average 100 2.05 1.55 1.75
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Advanced Treatment

Criteria Weight (%) Disc Filters Sand filters
2 1
Capital Cost 30
$720,000.00 $1,080,000.00
2 1
Concrete for treatment basin
Constructability/Construction Time 10 Parts are prefabricated by will negd :
the manufacture and to be cast onsite, pipes,
assembled on site pumps and underdrain
will be installed
2 1
Requires lubrication and Requires backwashing of
Maintenance & Operation 25 q soil media, inspections of
replacement of parts .
. . pumps, and occasional
and back washing of discs :
replacement of soil
2 1
o Removal of particles larger
Removal Efficiency 35 than 10 Removes most of the TSS
microns, removes nearly and BOD in the water
all BOD and TSS
Weighted Average 100 2 1

18




Criteria Weight (%) Chlorination Tank uv Ozone
2 3 1
Relative Cost 30 Cost for large contact tank | Cost for equipment (less than The cost of treatment can be
: L relatively high in capitol and in
and chemicals chlorination) ; .
power intensiveness
1 3 2
Surface Area Requirements 20 Most area required for Equipment requires less | Three tanks required for ozone
effective disinfection space than other methods treatment
1 3 2
_ ] Even at low concentrations, Physical process, so no
Social & Environmental Impacts 10 chlorine is toxic to aquatic | residual effect that can be | No harmful residuals that need
life. Can produce large harmful to humans or aguatic to be remaoved
chemical smell life
3 2 1
UV is user-friendly for Ozone is generated onsite, so
_ _ More cost effective than UV operators reventil five there are fewer safety
Maintenance & Operation 15 or ozone when P P . problems with shipping and
S maintenance program Is -
dechlorination is not . handling, but more complex
) necessary to control fouling of .
required technology, very corrosive and
fubes .
reactive
1 2 3
. ) Can prolong disinfection
Disinfection Rate 25 even after initial treatment | Effective at inactivating most | More effective than chlorine in
and can be measured to viruses, spores, and cysts | destroying viruses and bacteria
evaluate the effectiveness
Weighted Average 100 1.6 26 1.8
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Solids Management

Criteria Weight (%) Centrifuge Drying Beds Filter Press
2 1 3
Capital costs are more than
Relative Cost 30 a belt press but operation | Mo energy consumptlon, only Low energy consumption but
and maintenance costs can need to build the beds. requires 3 |araer footprint
be less expensive. High Relatively low capitol cost d 9 P
energy consumption
3 1 2
: : No naise produced but may Less noise produced than
Environmental/Social Impacts 10 Fairly noisy, small and | look conceming to the public, . proc .
: . - centrifuges, odor is sometimes
unnoticeable odor and insect activity may :
. an issue
be an issue
3 1 2
Drying Time 20 ,
=20 minutes Days to weeks >1-2 hours
3 1 2
Surface Area Requirements 25 i
9 Smallest footprint Large land area required Larger than a cen.trlfuge but
smaller than drying beds
3 1 2
Can be started and stopped
Requires minimal operator Sludge removal is labar quickly compared to
) ) attention and is easy to | intensive and time consuming. centrifuges, require more
Maintenance & Operation 15 clean. Operations can be Clogging of the sand and operator attention. Requires
fully automated but starting | gravel bed is commaon which belt washing which is time
the bowl is usually done doesn't allow the liquid to consuming. Belts may need to
manually. drain be replaced, average belt life is
2700 running hours.
Weighted Average 100 2.7 1 2.3
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Equalization Basin Calculations



Peak Hour Flow for 0.75 MGD = 2.66 MGD
2.66 MGD X

0.75 MGD ~ 3 MGD
x = 10.64 MGD
*Assume 10.64 MGD as the peak hour flow for 3 MGD Volume of the Tank = 50 x 40 x 15 = 30,000 ft3
Volume of Inf fluent = 25622.151 ft?
Volume of Empty Space = 30000 — 25622.151 = 4377.849ft3

o WSTTBMC
reeboard = 5= Tore ~ 2/

Freeboard Calculations:

Area Under the Curve and Above ADF Estimation:
1444+7+4+74+6—-2=23MGD

- 0.958 MG /h
—= ). r
24 hr/day /

0.958 MG /hr
———— 0.192 MG = 25622.151 ft3

Dimensions:
LxWxD
50 ft x40 ft x 15 ft
RTINS Air Requirements:
Air needed = 0.02 XV
Air needed = 0.02 x 25622.151ft?

. 2
Air needed = 512.44 —
min
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50 fi

425 fi

40ft I5f

Planview Profile

Freeboard Calculations:
Volume of the Tank = 50 x 40 x 15 = 30,000 ft?
Volume of Inf fluent = 25622.151 ft?
Volume of Empty Space = 30000 — 25622.151 = 4377.849ft
4377.849ft°
f =25ft

50 ft x 401t

Freeboard =
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Primary Clarifier Calculations



[1] Cylinder = mr?h Settling Velocity

Where:r = radias (ft), h = height(ft) (2] Particle size: Diameter= 0.2mm
mx (32.5ft) x 10167t = 33737.23 ft3 ] Specific gravity= 2.65

Average water temperature= 25 °C
[2] Feedwell = mr2h Water density (25 °C) = 997.049 22 = 1000 kg/m?
Where:r = radias (ft),h = height(ft) (3] Dynamic Viscosity (25°C) = 0.890 mPa s = 0.890 X 10~ Pa - s
7 % (8ft)* x 5.5ft = 1105.84 ft3

Stokes law:
[3] Cone:nr:g- ‘G=g(p,1;sp)d-
Where:r = radias (ft), h = height(ft) M
% (32.5ft)2 x— T 2997.54 ft3 g = Acceleration due to gravity (?E)

: (k8
Total clarifier volume = 33737.33 + 2997.54 — 1105.84 = 35628.7f® = 266521. 18 gallons ps = Density of the particle (m‘f)
_ kg

p = Density of the water =]

Detention Ttme = ok volume _ 26652118 gallons _ g9 _ 2,13 howrs d = diameter of the particle (mm)
Flow rate 3MGD u = viscosity of the water (Pa - 5)
Surface Area = nr* m kg kg 2
Where:r = radias (ft) V= (9'31 E'-') (265055’_ 100053,) (2% 10~m) —404x10-2™
m x (32.5ft)*= 3318.31 ft? T 18(8.90 X 10~% Pa - 5) - s
Flow Rate 3MGD Check R:
Surface Overflow Rate = Surface Area ~ F3BILFE 904.07gpd/ft> o d(vs)
-
Flow Rate 3MGD Where:

Weir Overflow Rate = = = 14691.48gpd/ft

Length of Weir _ 204.2 ft
Lengthof Weir =m xd =m x 65 = 204.2 ft
Where d = diameter (ft) d = diameter of particle (m)

vs = velocity of the particle (?)

. e . m=
v = kinematic viscosity (T)

Energy Consumption kinematic viscosity (25 °C) = 0.893 x 10~ ?
3/4 HP motor requires 0.559 kW per hour.
kW

kw =
05595 x 24 hours = 13.42 0.893 x 10~
y “R isin the transition range so Stokes law is not valid, must use Newtons equation

(2.0 x 1074 m) (4.04 x 10-33)
R= . =905




Check Cd:

2 Selver Parameters X
R RZ Set Objective: 38835 +
Where: - T Ous O nin O value 0t 0
Cp = Drag coef ficient T
R = Reynolds number susas +
24 3 - .
S e ———— = ubject 1o the Constraints:
Co=gps+ —3+034=399 S : B
9.052
Change
Newtons equation for settling velocity: Detee
Vs = [49(9‘ — p)dll/: Reset All
3Cpp : Loadrsave
Where: 1B Make Unconstrasined Variables Mon-Negative
m . :
g = Acceleration due to gravity (:—:-) REzren ) 0" N . Optians
) 2 k g salving Method
ps = Density of the particle | =5 Sefect the GRG Norlinear enginefor Schver Proslems that are smooth raninear.Seect he b irlex engine
m Tor linear Salver Problerms, and select the Evalutionary engine for Solver prablerns that are nan-smoath.

k
p = Density of the water (m—‘g)

d = diameter of the particle (mm)
Cp = Drag coefficient

A solver in excel was used to complete iterations of these calculations. The R value of 5.05 was used for the starting R
value the calculate a new settling velocity. The new settling velocity is used to calculate a new R value. The process is
continued until the value of R used to calculate the velocity matches the check of the Reynolds number.

Final Settling Velocity = 0.0286 m/s = 0.0938 ft/s

How long will it take this particle to settle in the primary clarifier?

Side water depth= 10'2"= 10.167"

Settling ﬁmﬁ?—;—;%g = 108,39 seconds = 1 minutes 48.39 seconds

Diameter 2.00E-04 m
Particle density 2650 kgfmn3
Water density 1000 kg/ma3
Temperature 25 C
Dymamic Viscosity B.90E-04 Pa-s
Kinematic Viscosity B.O93E-07 mrlfs

Stokes' Settling Velocity

vis] = 0.040416 my's
Check Reynolds number
R= 9.05E+00

Because R > 1 must use Newtons equation and iterate

Use Sohrer
Set up the equations below and enter the valuwe of R from B18 as a first guess

R= 5.41E+DD

Caleulate Newton's drag coefficient for R batween 0.5 and 1004

Cd= 5.2TE+DD

vis) = 2.86E-02 m/s
Check the Reynolds number

R= 6.41E+D0D
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Compare overflow rate to settling velocity:

*The settling velocity must be faster than the overflow rate to ensure that the particle have time to settle in the

clarifier before the water flows out of the clarifier

Overflow rate: 904.07 gpd/ft*
Settling velocity: 0.0938 ft/s

Convert overflow rate to ft/s:
1L-7.4805222

s Fi

1 X

7.4805  904.07
x=120.86 ft/d = 0.0014 ft/s
0.0014 ft/s < 0.0938 ft/s OK!
Removal of TSS and BOD primary clarifiers:

Approximate TSS removal in primary treatment: 50-65%
Approximate BOD removal in primary treatment: 25-40%

Influent in primary clarifier:
TSS= 250 mg/1
BOD= 225 mg/1

Effluent from primary clarifier:
TSS‘:ZSDEIE *x 0.50 = 12551l

BOD= 225# % 0.75 = 168. 75"'-,’
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Aeration Basin
Record Drawings
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Aeration Basin Calculations



The assumptions for Ks, gm, Kd, Y and MLVSS were taken from Table 23-4 from the Water and
Wastewater Engineering Design 2nd Edition by Mackenzie Davis,

Parameter Value Units
Q (flow) 3 MGD
So (BODS) 168.75 mg/L
TSS (Secondary clarifier effluent) 125 mg/L
MLVSS (secondary clarifier effluent) 1.500 mg/L
TSS 10 mg/L
BODS 10 mg/L
Ks 25 mg/L BODS5
um 3 d!
Kd 0.10 d~!
Y 0.60 mg V5S/mg BODS
RAS 85 %
Was 15 %
Existing primary effluent Q:
3
3785.4118 7 m?
Q (flow) = 3MGD * —I{Mep = 11,356.2354?
Allowable soluble BODS in effluent (S):
0.8 mg mg
BOD of TSS = TSS (10 -)= 85——B0D

§ = BOD ineffluent — BOD of TSS = wT‘g - 3,5% - 1.5%
m
Design for § = 1.5Tg
mg . mg
15T < 30 T Good

Mean cell-residence time (6c):
Ks+5§
(5 #um) = (S = Kd) - (Ks + Kd)
2572 gop + 1572 BoD
=1432d =8¢

- (1.52}‘2* 35) - (1.5 e 0.105) - (25%- 0.101})

Check Safety Factor (SF):

fc =

fc
5F = M = Gc(gm— Kd)
1 1
SF = 14.32 days + (3 == 0.103) = 4154 =SF

Conventional loading = implied SF range of 10 > 41.54 < 80, Good

Hydraulic detention time (8):

_fcx Y(So—S5)
T x(1+ Kd = 0c)
1432 ao0.62E2 (16875581 508
wion 2 _ 03939244
1500Tvss(1+(0.105x1 432 d])
24 h
# =0.39392d = id =945h=1¢6
Volume of aeration tank (V):
The team will use the same size aeration at the facility.
L=62"-6"
W= 40"
H=20"
V=1,393.1888 m?
MLVSS fraction of MLSS :
Qr =0.85Q
5.
Qr=196528—-
,__x _1s00% g ,
X' = =085 - O0mE - 1<?64IMLSS =X

Return sludge concentration (Xr’) of maximum return sludge flow rate (Qr)

,_Xle+er-(F)

Q
3
(17644 mLss) + [(11 356.2354 1% ® 19652, 8—)—% g
X"?’= = =3,24BI=XT
11,356. 2354?
yex'  13931888m° 1 7649 r MLSS .
Qw = —= =5284 —=Qw
fc = X'r 1432d*324ar d
3 . g),1000L kg _ kg
Mass flow rate = Qw = Xr' = (52.84- r 3248[. ) 5 To00% 7 171. 6?

Food to microorganism (F/M)

F 0sSo 11356 2354—¢ 168.75 2
F_Q+So_ T_ =0917d = F/M
M™VsX " 1393188+ 1500 72

0917 <2 ,Gaod
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Mass of sludge to be wasted each day from new activated plant
06 Kg VSS
Y -5%g BODS

1+ (Kd+09) ) 4 (010 +14324)
Net wasted activated sludge produced each day (VSS)

Yobs =

= 0.246 = Yobs

3
Px = Yobs + Q(So — ) = 0.246 + (11.356.2354 "'T) . (168.75# -1572) = 468,584.79

s
Px = 468,584.79 « (l—'(‘)%) = 463.59"7" =Px

Total mass produced

1 kg 1 k
Px' = Px+ | gryes— | = 468,582 « (0 ss) = 398.2977”= PY
mratlo ”

Mass of solids lost in effluent

e m? m? g kg \ _ kg
Q-Qw)+Xe' = [11,356‘23547 - 52.847] . (lﬂﬁ » (W) = 113.037

Mass to be wasted
Mass = Px' — (Q — Qw)Xe' = 398.2971‘£ - 113.03k—‘q = 285.267%! (dry solids)

d d
Mass of oxygen supplied (rbsCOD to bCOD)

168.75 Zx
= mo:. g
So= —0_859 =19853—
152
P 1 9
g= 085 ~ 7053

Mass of 02
Mpz =Q +(So—S) —1.42+ (Px)

Mgz = (11,356‘23'"7]) +(19853 % - 176 ). (lﬁfg )- 142+ (46858 ';—g)

= 1.569.136’;—g Oxgen
02 is 23% of air by mass
= kg 1y _ kg
Alr =1569.136 -1 (557) = 682233 71 Air
Removal for Activated Sludge
TSS removal: 58-90% (will use 90%)
BOD removal: 85-98% (will use 95%)

Influent Activated Sludge
TSS= 125 mg/L
BOD= 168.75 mg/L.
Effluent Activated Sludge
7ss =12552 4 0.00 = 12552

BOD = 168.75-’:—9- 050 = a.4¥
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Secondary Clarifier Calculations



Clarifier Volume

[1] Cylinder = mrh
Where:r = radias (ft),h = height(ft)
% (27.57t) x 15ft = 35,637.44 f13

h
[2] Cone = nr? 3
Where: r = radias (ft),h = height(ft)
o 243ft
mx (275ft)% x 7 = 1,924 42 f¢*

Total clarifier volume = 3563744 + 1924.42 = 37,561.86 ft* = 280,982.23 galions

Tank volume _ 28098223 galions

Detention Time = Flowrate 575 MCD

Surface Area = nr®
Where:r = radias (ft)
m % (27.5ft)’= 2375.83 fi®

Flow Rate 0.75 MGD

Surface Overflow Rate =

= Surface Area  2375.83 ft2

Flow Rate  0.75 MGD

Weir Overflow Rate =

Lengthof Weir =nxd =nx55 = 1728 ft
Where d = diameter (ft)

Energy Consumption
3/4 HP motor requires 0.55% kW per hour.

kW kW
0.559m » 24 hours = 13. -I-ZF,

Settling Velocity
Particle size:

Diameter=1 mm

Specific gravity= 1.10

Average water temperature= 25 *C

Water density (25 °C) = 99?.049% = 1000 kg /m3

Length of Weir T 1728 ft

(1]

[2]

= 0.375 days = 9 hours

=315.7 gpd/ft*

= 4340.28 gpd/ft

Dynamic Viscosity (25 °C) = 0.890 mPa -5 = 0.890 x 1073 Pa - 5

Stokes law:
alp: — p)d?
e T
18u

Where:
m
g = Acceleration due to gravity (5—2)

k,
2 = Density of the particle (m—y;
. kg
p = Density of the water poo

d = diameter of the particle (mm)
i = viscosity of the water (Pa - 5)

5

kg

m ks‘) -4, 2
V=(9.31;=)(1100;; 100024 ) (2 x 107*m)

18(8.90 x 10~* Pa - 5)

=245 x m'a?
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Check R:
R= d(vs)

v
Where:

me
v = kinematic viscosity s
d = diameter of particle (m)
m
v, = velocity of the particle {;)
m?
kinematic viscosity (25°C) = 0.893 x 1076 —
E

. (0.001 m) (245 x 10737)

=274
2
0.893 x 1075

Final Sertling Velocity = 0.00245 m/s = 0.00804 ft/s
How long will it take this particle to settle in the primary clarifier?
Side water depth=15"

Settling ﬁme—-ﬁ = 1865.67 seconds = 31 minutes 5.67 seconds

Compare overflow rate to settling velocigy:
*The settling velocity must be faster than the overflow rate to ensure that the particle have time to settle in the
clarifier before the water flows out of the clarifier

Overflow rate: 315.7 gpd/ft2
Settling velocity: 0.00804 fi/s

Convert overflow rate to ft/s:
it grd
17 =7.4805 0%
1 _ o x
74805 3157

x=42.2 ft/d = 0.00049 ft/s

0.00049 ft/s < 0.00804 ft/s OK!
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Disc Filter
Record Drawings
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Figure 3.5 Hydrotech Disc filter in the HSF2200 series type 2 {inlet side)

A. Backwash pump (optional) (. Lubrication point
8. Drain valve J. Drum lifter
C. Wash water filter K. Sludge trough
D. Pressure switch (protects pump from running dry) (optinal} L. Sludge outlet
E, Connection, chemical cleaning M. Drum bearing, inlet side
£. Shut off valve for wash pipe N. inlet
G. Manometer Q. Filter pane!

H. By-pass valve for nozzle check
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UV Record Drawings



NE

_IN_PARALLEL _{DFT'I'IIDHJ:

PR W .

TROJAN UV 3000 Fre

EQUIPMENT INTERCONHECTIONS

e =
WRE, AT DR ) (WOT SolRN,

—————y
AdgEL i |
.
d 1S
R |
o o) L a J|
b
.
S SECTION
. { [ttt X
.
- B x
: ; ~
i {
A
. | 1 1 P L

1 ww | END VIEW
- (TYPICAL)
MLE - A
"LAYOUT, UVIODOPTP—UV3B0K 1 CHANMEL MO 18
m%’ 1" BANK 4 LAMPS WEIR . _wﬂmﬂ
v L r.
ool r ]

74



Hydraulic Analysis



Viftis) | erd Nr f hf (ft) hme (ft) | hmb (ft) THD(ft) | Qicfs) | Q(gpm)
0| 4.29E-05 0.00[]  0.000 0.00| 0.000000| 9.98E-12 38.65 0 0
0.1] 4.20e-05] 20710.08]  0.027 0.72] 0.000078| 9.98E-12 39.37] 0.962113] 431.7962
0.2| 4.20E-05] 41420.12]  0.023 2.50| 0.000311| 9.98E-12 41.15| 1.924226| 863.5924
0.3| 4.296-05] 62130.18]  0.022 5.27| 0.000699| 9.98E-12 43.92| 2.886338| 1295.389
0.4| 4.20E-05] 82840.24| 0.021 8.98] 0.001242| 9.98E-12 47.63| 3.848451| 1727.185
0.5| 4.296-05] 103550.30]  0.020 13.63| 0.001941| 9.98E-12 52.28| 4.810564] 2158.981
0.6| 4.20E-05] 124260.36|  0.020 19.21] 0.002795| 9.98E-12 57.86| 5.772677| 2590.777
0.7] 4.20E-05] 144970.41] 0.020 25.71| 0.003804| 9.98E-12 64.36| 6.734789| 3022.573
0.8| 4.20E-05] 165680.47  0.019 33.12| 0.004969| 9.98E-12 71.78| 7.696002| 3454.37
0.9] 4.20E-05] 186390.53] 0.019 41.46] 0.006289| 9.98E-12 80.12| 8.659015| 3886.166
1| 4.206-05] 207100.58|  0.019 50.71| 0.007764] 9.98E-12 89.37| 9.621128| 4317.962
1.1| 4.296-05| 227810.65] 0.019 60.87| 0.009394| 9.98E-12 99.53| 10.58324| 4749.758
1.2| 4.20E-05| 248520.71] 0.019 71.94| 0.011180| 9.98E-12 110.60| 11.54535| 5181.554
1.3| 4.296-05| 269230.77] 0.019 83.93] 0.013121| 9.98E-12 122.59| 12.50747| 5613.351
1.4| 4.20E-05| 289040.83] 0.019 96.82| 0.015217| 9.98E-12 135.48| 13.46958| 6045.147
1.5| 4.206-05| 310650.89] 0.018 110.62] 0.017469| 9.98E-12 149.29] 14.43169| 6476.943
16| 4.206-05| 331360.95] 0.018 125.33] 0.019876] 9.98E-12 164.00] 15.3938| 6908.739
1.7| 4.20E-05| 352071.01] 0.018 140.94] 0.022438] 9.98E-12 179.62| 16.35592| 7340.535
1.8| 4.206-05| 37278107 0.018 157.47| 0.025155| 9.98E-12 196.14| 17.31803| 7772.332
1.9 4.29E-05| 353491.12 0.018 174.20| 0.028028| 9.98E-12 213.58) 18.28014| 8204.128
2| 4.20e-05] 414201.18] o0.018 193.24] 0.031056] 9.98E-12 231.92| 19.24226| 8635.924
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Flow (gpm) Head (ft) BHP
One Pump --- --- ---
Two Pumps 1598 31 14.57
Three Pumps 1894 43 21.85
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* This model is not suitable for single pump operation.
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Economic Analysis



ltem # |Description Quantity Unit $/Unit Total Cost

1 EARTHWORK 1 LS $65,000.00 $65,000.00
2 |CONCRETE EXCAVATION 520 cY $19.17 $9,968.40
3 PISTAWORKS MODEL 7.0B 2 EA $798,750.00 $1,597,500.00
4 |CONCRETE SLAB FOR SCREEN/GRIT CHAMBER BUILDING 135 Cy $1,013.00 $136,755.00
5 |CONCRETE BLOCKS FOR SCREEN/GRIT CHAMBER BUILDING 7518 EA $2.51 $18,870.18
6 |ACTIVATED CARBON DRUMS 4 EA $2,772.00 $11,088.00
7 BLOWERS FOR EQUALIZATION BASIN 4 EA $1,065.00 $4,260.00
8 |CONCRETE FOR EQUALIZATION BASIN 95 Cy $1,013.00 $96,235.00
9 |ENVIRODYNE PRIMARY CLARFIER EQUIPEMENT 2 EA $244,950.00 $489,900.00
10 |CONCRETE FOR PRIMARY CLARIFIER TANK 842 CcY $1,013.00 $852,946.00
11 |ACTIVATED SLUDGE CONSTRUCTION (AERATION BASINS AND SECONDARY CLARIFIERS) 1 LS $22,000,000.00]  $22,000,000.00
12 |VEOLIA HYDROTECH DISC FILTER 2 EA $383,400.00 $766,800.00
13 |TROJAN UV 3000 PTP 7 EA $186,375.00 $1,304,625.00
14 |ANDRITZ D4L DECANTER CENTRIFUGE 3 EA $441,975.00 $1,325,925.00
15 |20" JDV EQUIPMENT CONVEYOR BELT 3 EA $18,105.00 $54,315.00
16 |Cl4009D TACO STANDARD CENTRIFUGE PUMP 5 EA $9,407.15 $47,035.75
17  |42" COMMERCIAL STEEL PIPE 580 LF $817.92 $474,393.60
18 |21" COMMERCIAL STEEL PIPE 1470 LF $515.46 $757,726.20
19 |SPLITTER BOX 13 EA $7,987.50 $103.837.50
20 |VALVES AND FITTINGS 1 LS $1,500,000.00 $1,500,000.00

Total $31,617,180.63
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Item [Quantity [Unit $iUnit Total Cost
Pumps
Operation Cost _|Energy Consumption | 47584 | kW-hriyear | $0.13 $6,185.92
Maintenance Cost |Iﬁpecl Pumps for Solids Blockage | 24 | per year - $0.00|
Total for 5§ Pumps $30,929.60|
it C
Operation Cost  |Energy Consumption 18370 W-hriyear $0.13 $2,388.10]
|Screen Gearbox, Chamber Gear, & Grit Washer Gearbox Oil Change 2 EAlyear $790.00 $1,580.00]
Maintenance Cost |Fill Grease Bearing on Classifier 12 EAlyear $20.00 $240.00
Replace Screen Brushes 1 EAlyear $1,500.00 $1,500.00]
Grease Pump Motor 2 EA/year $45.00 90.00
Total for 2 Systems $11,596.20)
Equalization Basin
Operation Cost__|Energy Consumption | 19587 [kw-hriyear | $0.13 $2,546.31
Maintenance Cost |Checlt for Obstructions in Blowers | 12 |EN‘,rear - $0.00
Total for 1 System $2,546.31
Primary Clarifier
Operation Cost  |Energy Consumption 4898  |kW-hriyear $0.13 $636.74
Grease Winsmith Reducer 12 EA/year $45.00 $540.00)
Grease Cone Reducer 1 EA/year $45.00 $45.00]
Mainienance Cost Primary Gear Reducer Winsmith, Secondary Gear Reducer Cone, &
Main Housing Oil Bath Oil Change 1 EAfyear $260.00 $260.00)
Total for 2 Clarifiers $2,963.48
Activated Sludge |
Operation & Maintenance Costs 1 |Ls | $4.414,776.00]  $4,414,776.00|
Disc Filter
Operation Cost_|Energy Consumption 9855  |kW-hriyear $0.13 S1.281.IEJ
Grease Pump Bearings 2 EAlyear $45.00 $90.00
Inspect Drum Bearings 2 EAlyear $0.00
Malnberance Cost Inspect Disc and Drum seals 2 EAlyear - $0.00
Grease Drum Bearings 26 EAlyear $45.00 $1,170.00
Total for 4 Disc Filters $10,164.60)
Ultraviolet Disinfecti |
Operation Cost __|Energy Consumption 5406 |kW-hriyear $0.13 $702.78)
Maintenance Cost Replace Bulbs 45 EAlyear $127.00 $6,096.00
Clean Glass Sleeves 45 EAlyear $70.00 $3,360.00]
Total for 7 Ultraviolet Disinfection Systems $71,11 1.4s|
Centrifuge
Operation Cost  |Energy Consumption 7683 |kW-hriyear $0.13 $998.79)
Remove Any Accumulated Solids 12 EAlyear - $0.00
Replace Filter & Filter System if Necessary 2 EA/year $1,020.00 $2,040.00]
Maintenance Cost |Change Oil in Hydraulic Pump 2 EA/year $260.00 $520.00
Clean the Hydraulic Drive Qil Tank 2 EA/year - $0.00
Clean the Hydraulic Drive Suction Strainer 2 EAJyear - $0.00
Total for 4 Centrifuges $14,235.16
Labor

Grade 1 Operator 1 LS $53.435.20 $53.435.20)
Operation Cost | Grade 2 or 3 Operator 1 LS $59,612.80 $59.612.80)
Grade 4 Operator 1 LS $72,176 $72,176.00
Total Labor Cost $185,224.00)
Total Operation & Maintenance Costs Per Year| $4,731 ,950.G1|
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