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CAD Concepts Inc. (CClI)
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Electrical Assessment

Kabil Associates

Structural Assessment

Technologies|

PCS Technologies

I&C Assessment

SWAFFORD

Gerkin Swafford Engineering Solutions

Civil/Mechanical Assessment,
Project Management Assistance

Iwﬂ JONES-WHBNER CONSULTANTS, INC.

CrviL, ENGINEERING, SURVEYING, AND CONSULTING SERVICES

Jones-Warner Consultants

Surveying, Utility Locating,
Forcemain cost planning

/@\ 3

AUTOMATED SYSTEMS

Automated Systems Engineering (ASE)

Electrical Engineering

BURGESS & NIPLE

Burgess & Niple

Asset Management Assistance

AEL

Andromeda Systems Inc. (ASI)

Reliability Centered Maintenance

EmNet

Collection System Modeling

Webster Environmental Associates

Odor Control

Bowker & Associates

Odor Control QA/QC

Design & Consultancy
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A ARCADIS

Population anticipated to drop

UHION CITY

[COLLEGE CORNER

December 12, 2013

From: Miami Valley Regional Planning Commission

2010 to 2040 Projected Population Change
For Miami Valley Facility Planning Areas

This map breaks down the projecied population change for Miami
Valley Facility Planning Areas (FPA) into Traffic Analysis Zones
developed by the Chio Department of Transportation (Preble and
Darke Counties) and the Miami Valley Regional Planning Commission
(Greene, Miami and Montgomery Counties). Warmer colors (red and
orange) indicate positive population change. Cooler colors (blue and
green) indicate population reductions between 2010 and 2040,
Aggregate population change for each FPA cam be found
in the tables.

Legend

Traffic Analysis Zones (TAZ)
Projected Percent Population Change
I 25% Decrease or more

[ -25% to-15%

[ ] -15%to-5%

[ ] 5%to+5%

[ | 5%to15%

T 15% 10 25%

B 25°% increase or more
FPA Areas
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?
Why Master Plan’? SN

/ Limits
Asset

Odor Control Management
Program

Biosolids Efficiency and
Needs Cost Savings



Approach

Break Plant
into Parts &

Establish
Treatment
Necessities

(aka “Level of
Service”

© Arcadis 2019

Historic Data
And
New Data
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For Individual
Process Areas
& “Entire
Facility”

Determine
financial
forecast
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Approach

Required to > Control Phosphorous, Improve odors

Need to—> Maintenance/Replacement Projects

Should do -  Status Quo or Replacement Alternatives or
Sweeping change

4. Complete —-> Ongoing Projects

Advance all 4 simultaneously

and then evaluate best path forward
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Determine the metrics:
Establish Levels of Service

Criteria for each process, what it HAS to do
1. Provides firm metrics/“rules” by which alternatives must
abide, which
2. enables a fair comparison between alternatives

Examples Level of Service Statements:

1. Flows: plant flows , component flows
2. Digesters:
« Maintain temperature of 98-degrees Fahrenheit in all digesters.
« All recirculated digester feed to be at 98-degrees Fahrenheit (+/-
1F).
» For disposal solutions involving land application, achieve a Class
B stabilized biosolid. (16 days SRT at Max Month Flow)
* Process max month solids production with two digesters out of
service (one east and one west out of service).....”
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P h ] ] ]
osphorus Limit Received
OEPA set the limit based on 1 mg/L
Page 8
1PFO0000*0D
Effluent Characteristic Discharge Limitations Monitoring Requirements
Concentration Specified Units Loading® kg/day Measuring Sampling Monitoring
Parameter Maximmum Mmmum Weekly Monthly Daily  Weekly Monthly Frequency Type Months
01220 - Chromium, Dissolved Hexavalent - - - - - - - - 1/'Month  Grab All
ug/l
31648 - E_ coli - #/100 ml - - 284 126 - - - 1/Day Grab Summer
39100 - Bis(2-ethylhexyl) Phihalate - ug/l - - - - - - - 1/Quarter  Composite Quarterly
50050 - Flow Rate - MGD - - - - - - - 1/Day Contimuous All
30060 - Chlorine, Total Residual - mg/l 0.035 - - - - - - 1/Day Multiple Grab Summer
50092 - Mercury, Total (Low Level) -ng/l 1700 - - 12 0.464 - 000328 1/2Weeks Grab Al
51173 - Cyanide, Free (Low-Level) - ug/l 92 - - 30 251 - 8.18 1/2Weeks Grab All
51451 - Phosphorous, Total - KE 131.64 - - - - - - 1/Year  Calculated December
61941 - pH, Maximum - S.U. 9.0 - - - - - - 1/Day Continuous All

. Phosphorus seasonal loading - Phosphorus, Total - Kg (Parameter Code 51451) 1s actually a calculated seasonal loading in "kilograms"

Page 9

1PF0O0000*0OD
although it L|s listed under a maximum concentration limit. Caleulate the seasonal loading as follows: [median daily effluent flow (MGD) for
period July 1 - October 31] x [median total phosphorus concentration (mg/1) for the period July 1 - October 31] x 3.7854. Round the result to

two decimals and enter the calculated loading for this parameter in eDMRs once during the month of December. Also. see Part I, Ttem BB.




Current Phosphorus concentrations

© Arcadis 2019
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Typical Phosphorus

Concentrations July 1 - October 31

Min Usual Usual Max
Range | Range
Lower | Upper
limit Limit
mg/L mg/L mg/L mg/L
0.28 1.0 3.0 4.0

~ 20% of samples below 1.0 mg/L
~70% in usual range 1.0 to 3.0 mg/L
~10% of sample above 3.0 mg/L
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Process Modeling to evaluate proposed
solutions

Screening & Pump Stations

Broadway Pump Station #1

Grit Basins

X2 Primary Settling

Broadway Pump Station #2

N Grit Removal

N Primary DAF Subnatant

Low Lift
Pump Station

Trickling Filters

x2 x4

Headworks

I

Westwood Dry Pit Pump Station

LY Uy Ay ¥
S Grit Removal .

S Primary
d5ub bl Spiking Channel e
Westwood Submersible P5S c
X2 s
o
=
g East Influent Trickling Filter
hd 2 Bypass :
From East River Road Pump Station Digesters '. g Intermediate Intermediate
i . Clarification
. . Aeration | Pump Station
Final Settling £ E Intermediate GBT Filtrate
g and
= p Centrifuge
4 D Centrate
x8 x4
DAF ¢ |
Thickeners
3 Wash Water . W Intermediate
Effluent Filters Chlorine Contact Tank Final Effluent
why
Xy
x5 T l\.

Sodium
Hypochlorite

Sodium
Bisulfite

© Arcadis 2019
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GPS-X Modeling Software by
Hydromantis

= The paramount tool for this Master Plan
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Additional Process Lab Testing

Weekly Sampling and Analytical Requirements for Wastewater Characterization
Combined East West Final Settling
. North South | TF Effluent | Hummus | Hummus Tank
—TeiIn Influent (o ary|Primary| @ Low Lift| Tanks | Tanks | Combined | Plant [centrifuge| GBT
Effluent | Effluent PS Effluent Effluent Effluent Effluent | Centrate | Filtrate
Sampling Station —= 1 4 5 6a ] MNEW 8 10 grab grab
155 hx
V5SS
CoD
sCOD(GF) 5% bx 5x bx
ffCOD 5x 5x bx 5x 5x
TBODS ox
sTBOD5S({GF) 5%
NO3 at end of TBOD
test a%
CBODS ax by 5 by 5x hx ax 5x
sCBOD (GF) Ex Ex || 5x
TKN a% bx ox bx ox 5% a% 5x 2x 2x
sTKN (GF) 5%
NH3-N | T B Bx T e 2
NO3-N bx 5x
NO2-N 5x 5x
TP ox ox bx 5% bx bx bx bx 2% 2%
sIP (GF)
PO4.P 5 BX 5 sx s x|
Alk ox
Dissolved Sulfide ax
Colar Legend:_currently collected parameter, no change in normal sampling frequency
currently collected parameter, increased sampling frequency
new parameter
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Testing Data used to calibrate model

Dyt T Cucs Batace
Sarary 2004 - Gacamisar 2016 hvarumm Dt

"

REFRINERE I

RIFIENEE

LEGEND
Parameter Plant Data Model Results Units % Diff

---------- CENTRIFUGE DEWATERED SLUDGE (CAKE)

Flow 0.03 0.03 MGD 1%

TSS 233,708 234.000 mgL 0%

23.4 25,40 %TS 0%

59.614 60,035 Tbs/d 1%

VSS 128,340 125,193 mg/L -3%

0.55 0.54 %VS -3%

32,864 22,119 Dsld 2%
CBODS - 33,807 mgL
- 8,674 Ibs/d
CoD - 201,238 mg/L
- \\ - 51,630 Tbs/d
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xisting Conditio

224 LS-EC-1 —
225 LS-EC-1 —
= Primary Clarification Alternative
Modeled Alternatives -
242 Alternative LS-PC-2 —
243 Alternative LS-PC-3 —

Baseline Alternative -
251 Alternative LS-CA-1 —

Phosphorus Removal Alternative

2.6.1 Alternative LS-PR-1 —
26.2 Alternative LS-PR-2 —
26.3 Alternative LS-PR-3 —

Combined Nitrogen and Phosp

271 Alternative LS-NR-1 — |
272 Alternative LS-NR-2 —
273 Alternative LS-NR-3 - C
274 Alternative LS-NR-4 — Si

Secondary Treatment Investiga

2.8.1 Investigation LS-ST-1 —
282 Investigation LS-ST-2 —
283 Investigation LS-ST-3 —
2.8.4 Investigation LS-ST-4 —
285 Investigation LS-ST-5 —

Pretreatment of Industrial Discharges Alternatives

292 Alternative LS-PT-1 —
293 Alternative LS-PT-2 —
294 Alternative LS-PT-3 —

Effluent Filters Alternatives

2.10.1 Alternative LS-EF-1 —
2.10.2 Alternative LS-EF-2 —
Disinfection Alternatives

2111 Alternative LS-DI-1 —

2.11.2 Alternative LS-DI-2 —
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Phosphorus Control

Three practical methods:

1. Chemical Addition
2. Biological Nutrient Removal
3. Phosphorus Recovery
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Chemical Addition Phosphorus Control

Addition of Phosphorus Sequestering
Chemical into water:

Typical Locations:

1. After Aeration Basins

2. After Biosolids Dewatering

3. At Primary Clarifiers (Careful!)
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= Multiple chemicals
Multiple plant locations
Multiple doses

Multiple tests

Multiple people

4 Chemicals Tested

Aluminum Chloride
Polyaluminum Chloride (PACL)
Ferric Chloride

Rare Earth Metal




Chemical Addition Costs

Chemical Unit Costs Quotes

Design & Consultancy
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built assets

Cost per Cost per

Chemical wet pound gallon

($/1b) ($/gal)

0.14 2.05

0.093 1.08

0.1175 1.21

0.08 0.90

PACI 0.165 1.80
Rare Earth Metal 0.68 8.80 Estimated Yearly Chemical Costs for Phosphorus Control to 1 mg/L

Chemical
Dose Ratio Ortho-P to Dose Daily Annual
(Ib chemical/ | be removed Required | Chemical Cost | Chemical Cost

Chemical

12.6 487 6,119 569 08,000
[Alum | 216 487 10,513 841 306,000
15.8 487 7,683 1,268 463,000
13.8 487 6,707 4,651 1,665,000

Estimated Yearly Additional Sludge Hauling Costs for Phosphorus Control to 1mg/L

Ib/da $/da $/da

4,836 79.34 28,960
[ Alum ] 3,034 49.78 18,168
5,233 84.85 31,333
2,418 39.67 14,480

For Costs: Sludge Hauling wasn’t as influential as chemical




		Chemical

		Cost per wet pound ($/lb)

		Cost per gallon ($/gal)



		Ferric Chloride (a)

		0.14

		2.05



		Ferric Chloride (b)

		0.093

		1.08



		Alum (a)

		0.1175

		1.21



		Alum (b)

		0.08

		0.90



		PACl 

		0.165

		1.80



		Rare Earth Metal

		0.68

		8.80








B
pAYTON A ARCADIS

bltsst

Ferric Chloride target range Example

Ortho-P (mg/L) per Dose of Ferric Chloride

Illustrative
Trendlines

40 45
Ferric Dose (mg/L)

50 55 60 65 70 75 80

To drive Ortho-P removal closer to 0 requires exponentially

more Ferric Chloride.
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Control Phosphorus Using BNR

BNR
» Biological Phosphorus Removal (BioP), or
» Biological Nitrogen & Phosphorus Removal (TN)

= Control (starve or feast) Oxygen and Mixing to encourage
Biology to Uptake Phosphorus ...then remove/waste the
Biomass quickly before it releases the phosphorus.

= Step feed to maximize aeration basin capacity during wet
weather
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Legend

== |PS Flow Modificationg
=== RAS Flow Modification

[

PROPOSED PASS
B INFLUENT PIPE
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Legend

== Structural Modifications
- Process Modifications
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== Structural Modifications
- Process Modifications

TN Removal DAVION @ ARCADIS i
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TN with Step Feed

REMOVE (OR SEPARATE)
DIFFUSERS FROM ALL ANOXIC
ZONES AND REPLACE WITH

A ARCADIS
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Legend

=== Structural Modifications
=== Process and IPS Flow Modificatig
== RAS Flow Modifications
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Control Phosphorus with P extraction
and Recovery

iquid
stream .o. Y .::.o..: Y .::.-' o o..'..'-'.: o .::.

Excluded for two -
main reasons:
Nutrient Recovery

'y

Digestion

Y

Thickening

Ostera Pearl

is most financially ’? -_,_,

feasible behind

BNR and Dayton HASSTRR

adds ferric to ¥

sequester H2S for C T . -
their air emissions Foading R ---~

Dewatering

permit which also
binds phosphorus

Should BNR be implemented in the future, P recovery could

be revisited
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Results of Phosphorus Removal
Alternatives Evaluation

Status Quo- No longer compliant
20-year Life Cycle

Alternative LS-NR-2

Alternative LS-PR-2 Step Feed with
Step Feed and Alternative LS-PR-3 | Nitrogen Removal
Chemical Biological and Partial Chemical
Phosphorus Phosphorus Phosphorus

Removal Removal ) YE]
Construction Cost ($2018)  $4,408000 $33255000 $38462000 $52,294,000
Annual Chemical Costs $0 $223,000 $0 $45,000
Annual Energy Costs $851,000 $912,000 $936,000 $1,017,000
Annual Maintenance Costs $521,000 $875,000 $997,000 $1,109,000

NPV Chemical Costs $0 $3,531,000 $0 $706,000
NPV Energy Costs $13,462,000 $14,438,000 $14,808,000 $16,093,000
NPV Maintenance Costs $8,242,000 $13,851,000 $15,782,000 $17,542,000
NPV Replacement Costs $492,000 -$3,534,000 -$4,485,000 -$6,039,000

© Areacio 2019 LioCycloCost(62018)  $26604000  SE1541000  $64567000  $80596000



Sheet1

						Liquid Stream and Nutrient Removal Alternatives Summary  (Based on Seasonal Nutrient Limits)



								Status Quo		Alternative LS-PR-2
 Step Feed and Chemical Phosphorus Removal		Alternative LS-PR-3
Biological Phosphorus Removal		Alternative LS-NR-2
 Step Feed with Nitrogen Removal and Partial Chemical Phosphorus Removal



						Construction Cost ($2018)		$4,408,000		$33,255,000		$38,462,000		$52,294,000



						Annual Chemical Costs		$0		$223,000		$0		$45,000

						Annual Energy Costs		$851,000		$912,000		$936,000		$1,017,000

						Annual Maintenance Costs		$521,000		$875,000		$997,000		$1,109,000

						Total Annual Costs ($2018)		$1,372,000		$2,010,000		$1,933,000		$2,171,000



						NPV Chemical Costs		$0		$3,531,000		$0		$706,000

						NPV Energy Costs		$13,462,000		$14,438,000		$14,808,000		$16,093,000

						NPV Maintenance Costs		$8,242,000		$13,851,000		$15,782,000		$17,542,000

						NPV Replacement Costs		$492,000		-$3,534,000		-$4,485,000		-$6,039,000

						Total Costs over Present Worth Period		$22,196,000		$28,286,000		$26,105,000		$28,302,000



						Life Cycle Cost ($2018)		$26,604,000		$61,541,000		$64,567,000		$80,596,000

						Note: All summary values are in 2018 dollars for planning purposes.  Costs are escalated to 2020 dollars on the Construction sheets to align with when construction is assumed to occur.  





Life Cycle Alt (Backup)



						Client:		City of Dayton

						Project Name:		Alternatives Analysis

						Project Number:		00991104.P001

						Estimate Name:		[Sub Area] - [Alternative Name]

						Date:		8/11/17



						Capital Cost = 		ERROR:#REF!

						Current Year = 		2018

						End of Construction = 		2020		Assumed Dec 31 of given year

						Life Cycle Cost Period (years) = 		20																				0		0		1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98

						Nominal Discount Rate		5.00%																				1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32		33		34		35		36		37		38		39		40		41		42		43		44		45		46		47		48		49		50		51		52		53		54		55		56		57		58		59		60		61		62		63		64		65		66		67		68		69		70		71		72		73		74		75		76		77		78		79		80		81		82		83		84		85		86		87		88		89		90		91		92		93		94		95		96		97		98		99		100

																								Sum of total				2019		2020		2021		2022		2023		2024		2025		2026		2027		2028		2029		2030		2031		2032		2033		2034		2035		2036		2037		2038		2039		2040		2041		2042		2043		2044		2045		2046		2047		2048		2049		2050		2051		2052		2053		2054		2055		2056		2057		2058		2059		2060		2061		2062		2063		2064		2065		2066		2067		2068		2069		2070		2071		2072		2073		2074		2075		2076		2077		2078		2079		2080		2081		2082		2083		2084		2085		2086		2087		2088		2089		2090		2091		2092		2093		2094		2095		2096		2097		2098		2099		2100		2101		2102		2103		2104		2105		2106		2107		2108		2109		2110		2111		2112		2113		2114		2115		2116		2117		2118

						Capital Cost

						Chemical Requirement		Annual Cost		Inflation Rate

						Capital Cost		ERROR:#REF!		3.00%												Capital Cost						$0		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																						NPV		ERROR:#REF!				$0		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0



						Annual Cost																Annual Cost

						Chemical Requirement		Annual Cost		Inflation Rate		Frequency (year)										Chemical Requirement

		1				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		2				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		3				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		4				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		5				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		6				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		7				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		8				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		9				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		10				ERROR:#REF!		ERROR:#REF!		3.00%		1										ERROR:#REF!						$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																						Total Chemical Costs		ERROR:#REF!				$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																						NPV		ERROR:#REF!				$0		$0		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		ERROR:#REF!		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

						Annual Cost

						Energy Requirement		Annual Cost		Inflation Rate		Frequency (year)										Energy Requirement

		1				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		2				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		3				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		4				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		5				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		6				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		7				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		8				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		9				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		10				ERROR:#REF!		$0		3.00%		1										ERROR:#REF!						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																						Total Energy Costs		$0				$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

																						NPV		$0				$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

						Annual Cost

						Maintenance Requirement		Annual Cost		Inflation Rate		Frequency (year)										Maintenance Requirement

		1		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		2		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		3		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		4		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		5		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		6		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		7		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		8		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0

		9		ERROR:#REF!		-		$0		3.00%		1										-						$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0		$0
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TGalieti: TGalieti:
This spreadsheet assumes that assets are replaced at the end of the final year of the return period if the year aligns with the replacement frequency. 

However, because it is replaced at the end, you are also left with the full remaining useful life of the asset at the end of the return period. In cases where the replacement frequency aligns with the end of the return period you get (replacement cost) - (full remaining worth) = $0

Compare this to situations where the replacement frequency does not align with the end of the return period. For example, 20-year return and a replacement falls on year 19: a full replacement is included at year 19 but on year 20, 19 of the 20 years of remaining life are credited back.

						Non-Annual Costs																Non-Annual Costs

						Asset Replacement 		Replacement Cost		Inflation Rate		Frequency (year)		Initial Year		Depreciation Time		Remaining Worth				Asset Replacement 						Formula Note

TGalieti: TGalieti:
This is an explanation of the formula below:

Here is a simplification:
( IF1  + IF2 ) * inflation adjustment

The first IF statement is for the periodic replacements. In the AND statement, the first 2 criteria are to ensure that costs are only applied within the given return period, i.e. between construction and the end of the return period. The third criteria in the AND statement ensures that costs are only applied on the multiples of the assets lifetime (once every 5 years for example).

The second IF statement is for the remainin worth of the asset which only occurs at the end of the final year of the return period.

At the end, all costs are adjusted for inflation.

																		

TGalieti: TGalieti:
This spreadsheet assumes that assets are replaced at the end of the final year of the return period if the year aligns with the replacement frequency. 

However, because it is replaced at the end, you are also left with the full remaining useful life of the asset at the end of the return period. In cases where the replacement frequency aligns with the end of the return period you get (replacement cost) - (full remaining worth) = $0
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Energy-Chem Alt (Backup)

				Fill in yellow cells for each piece of equipment requiring annual electricity, and likewise for chemical usage.

				Different calculation method may also be used but fill in blue cell with final annual cost

								Inputs

				Equipment/Item		Final Annual Cost		Horsepower
(HP)		Number Operating		Hours Operating per Year (each)
(hr)		Electricity rate
($/kWh)		Real Power (each)
(kW)		Total Power
(kW)		Annual Power Usage
(kWh)		Annual 
Cost
($/yr)		Monthly Cost
($/mo)		Comments

				Rotary Drum Thickener		$810		2		1		8760		$0.062		1.49		1.492		13,070		$810		$67.53

				Polymer Metering Pump		$46		0.5		4		500		$0.062		0.37		1.492		746		$46		$3.85

				Polymer Recirculation Pump		$810		0.5		4		8760		$0.062		0.37		1.492		13,070		$810		$67.53

				Polymer Blender/Feeder		$2,313		2		5		5000		$0.062		1.49		7.46		37,300		$2,313		$192.72

				Polymer Age Tank and Mixer		$2,026		5		1		8760		$0.062		3.73		3.73		32,675		$2,026		$168.82

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

						$0								$0.062		0.00		0		0		$0		$0.00

				Total		$6,005



				Chemical/Use		Final Annual Cost		Annual Usage		Usage Unit (lbs, gal, etc.)		Chemical Cost ($/unit)		Annual Cost ($/yr)		Comments

				Polymer		$239,593		184302		lb		1.3		$   239,593

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

						$0								$   - 0

				Total		$239,593										0





Capital Alt (Backup)

				Fill in the yelow cells. Fill in separate material and labor/equip costs when possible but it isn't required so long as the total cost is right.

				Remember the maintenance and replacement costs on the right.

				Use the comments column to document sources, calculations, or relevant information.

				At the bottom of the table you can include replacement or annual costs for existing equipment (relevant to this alternative) that isn't part of the construction.

				10%		20%		10%		SS-T-2 Rotary Drum Thickener

				Include in Multiplier Costs												MATERIAL				 LABOR AND EQUIPMENT				TOTAL						3%

				Piping and Valves

TGalieti: TGalieti:
There are three "miscellaneous" line items which are calculated as percentages of other item costs. They are controlled by these columns. Leave cells in the respective columns blank if you do not want the item included in the miscellaneous calc. 		Electrical & Instrumentation		HVAC and Plumbing		Description		Quantity		Units		Mat Unit $		Mat Cost		LabEq Unit $		LabEq Cost		Total Unit $		TOTAL COST		Comments		Annual Maint. Cost

TGalieti: TGalieti:
For items that have maintenance we were planning to use 3% of the capital cost. Other costs may be used at the engineer's descretion.		Replacement Cost

TGalieti: TGalieti:
We were typically using the same replacement cost as the original capital cost but other values may be used as well.		Lifetime

TGalieti: TGalieti:
You must provide a lifetime for the asset. Lifetimes may be longer than 20 years if applicable. Multiples of 5 are preferred, whole numbers required.		Initial Replacement Year

TGalieti: TGalieti:

For items installed during construction use:
=_EndOfConstruction+[@Lifetime]

Provisions for including replacement of existing equipment is provided at the bottom of the table.




										Demolition

										DAF Demo		1		LS				$   - 0		$30,000.00		$   30,000		$   30,000		$   30,000

										Sawcut and Demo for Sludge Collection Well		8		CY				$   - 0		$23.84		$   191		$   24		$   191



										Equipment

				y		y		y		Rotary Drum Thickener		3		EA		$   250,000.00		$   750,000		$50.00		$   150		$   250,050		$   750,150				$   22,500		$   750,150		10		2030

				y		y		y		Polymer Age Tanks (tanks and mixers)		2		EA		$   12,000.00		$   24,000		$1,200.00		$   2,400		$   13,200		$   26,400				$   720		$   26,400		10		2030

				y		y		y		Polymer Bulk Storage Tanks		2		EA		$   15,000.00		$   30,000		$1,500.00		$   3,000		$   16,500		$   33,000				$   900		$   33,000		10		2030

				y		y		y		Polymer Blender Feeder		2		EA		$   50,000.00		$   100,000		$5,000.00		$   10,000		$   55,000		$   110,000				$   3,000		$   110,000		5		2025

				y		y		y		Polymer Metering Pump		3		EA		$   20,000.00		$   60,000		$2,000.00		$   6,000		$   22,000		$   66,000				$   1,800		$   66,000		5		2025

				y		y		y		Polymer Recirculation Pump		2		EA		$   30,000.00		$   60,000		$3,000.00		$   6,000		$   33,000		$   66,000				$   1,800		$   66,000		5		2025



										Concrete

										Equipment Pads		1		LS		$   5,000.00		$   5,000				$   - 0		$   5,000		$   5,000						$   5,000		20		2040

										Collection Box Wall and Top (40 x 23 x 5)		57		CY		$   392.00		$   22,504		$308.00		$   17,681		$   700		$   40,185						$   40,185		50		2070

										Collection Box Slope		51		CY		$   392.00		$   20,036		$308.00		$   15,742		$   700		$   35,778						$   35,778		50		2070

										6" Chemical Containment		8		CY		$   900.00		$   7,200		$90.00		$   720		$   990		$   7,920						$   7,920		20		2040



										Metals

										Sealed Hatch		1		EA		$   3,000.00		$   3,000		$300.00		$   300		$   3,300		$   3,300				$   99		$   3,300		20		2040

										Elevated Platform Grating		1		LS		$   10,000.00		$   10,000		$1,000.00		$   1,000		$   11,000		$   11,000				$   330		$   11,000		20		2040



										Miscellaneous

										Piping and Valves @ 10%

TGalieti: TGalieti:
There are three "miscellaneous" line items which are calculated as percentages of other item costs. These are controlled on the left side of the table. Leave cells in the respective columns blank if you do not want the item included in the miscellaneous calc. 

You don't have to use these. The name of the item is controlled at the column header. The percentage used in the calcuation is controlled right above the column header.																				

TGalieti: TGalieti:
For items that have maintenance we were planning to use 3% of the capital cost. Other costs may be used at the engineer's descretion.		

TGalieti: TGalieti:
We were typically using the same replacement cost as the original capital cost but other values may be used as well.		

TGalieti: TGalieti:
You must provide a lifetime for the asset. Lifetimes may be longer than 20 years if applicable. Multiples of 5 are preferred, whole numbers required.		

TGalieti: TGalieti:
There are three "miscellaneous" line items which are calculated as percentages of other item costs. They are controlled by these columns. Leave cells in the respective columns blank if you do not want the item included in the miscellaneous calc. 																																

TGalieti: TGalieti:

For items installed during construction use:
=_EndOfConstruction+[@Lifetime]

Provisions for including replacement of existing equipment is provided at the bottom of the table.
		1		LS												$   105,155.00				$   3,155		$   105,155		20		2040

										Electrical & Instrumentation @ 20%		1		LS												$   210,310.00				$   6,309		$   210,310		10		2030

										HVAC and Plumbing @ 10%		1		LS												$   105,155.00				$   3,155		$   105,155		20		2040



										Subtotal								1,091,739				93,184				$   1,605,544



										Mobilization and Demobilization		5%														$   80,277.18

										Permitting 		1%														$   16,055.44

										Overhead		11%														$   176,609.81

										Profit		4%														$   64,221.75

										Estimating and Design Contingencies		40%														$   642,217.47

										Bonding		1%														$   16,055.44

										Insurance		1%														$   16,055.44

										Total Construction Cost																$   2,617,036



										Existing Equipment Replacement Costs

										Example Pump																				$   - 0		$   50,000		10		2025

																																				0

																																				0

																																				0

																																				0

																										$   2,617,036				43767.6
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Asset Management

Asset Management is a body of Applies to the.
management practices that... entire portfolio of
infrastructure
/ Targets the assets at all levels
O acceptable of the organization
level of risk to
the organization

Seeks to minimize
total costs of

@
acquiring, operating, t
maintaining, and @
renewing assets

Works within an
environment of

limited resources ¢ T o

Management

Practices
Delivers service levels

customers desire and
. ‘ regulators require



EPA /| WERF/ WaterRF Framework

1. What is the current state of my assets? 2. What is the required LOS?

Design & Consultancy
for natural and
built assets

System layout Condition assessment Expected life
Data hierarchy Protocol tables,
Standards inventory Rating methodologies decay curves

Demand analysis
Balanced scorecard
Performance metric

Valuation, life
cycle costing

Determine life
cycle and
replacement
costs

Assess Determine
Condition and residual
failure modes life

Set target
Levels of
Service (LoS)

Develop
asset registry

Determine
Funding
Strategy

Optimize Optimize
Capital Oo&M
Investment Investment

Build AM
Plan

Determine
Asset Risk

Root cause analysis

Failure mode and Confidence level rating ROt Asset management
. . . Reliability centered and
effects analysis Strategic validation o ) . plan
. : . .. Predictive maintenance Renewal annuity . . .
Business Risk Optimized decision @ptimized Policies and strategies
Desktop / Interviews making deciionemaking Annual budget
3. Which assets are critical? 4. What are my best CIP and O&M 5. What is my best
strategies? funding strategy?

© Arcadis 2019
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Leading Practice Concepts of Asset
Management for Capital Planning

Leading
= Practice
.l.\“
0 Asset
Management
Levels of Risk CIP Using
Service Management Life Cycle
Based on Based on Cost,
Customer Likelihood and Business
and Consequence Cases and
Stakeholder of Failure Prioritization

Expectations



Q 3,989 Assets in 46 Catego'rs
4\\ 2 Facilities (WRF & PS)
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Condition Assessment Tools

fﬂlﬂrum Software

mobile location leverage

{ MECHANICAL 6 - 4 MECHANICAL

ASSET HIERARCHY ASSET HIERARCHY

ASSET INFORMATION Corrosion* ASSET INFORMATION
Corrosion Comi

@ PICTURES @ PICTURES

- PHYSICAL CONDITION ASSESSMENT*

Leakage Commen

PHYSICAL CONDITION ASSESSMENT*

b
(o]

2019
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built assets

Visual Condition Assessment -

Overall Scoring Approach

Score Description
Fully operable, well maintained, and consistent with current standards. Little wear
1 - Excellent : :
shown and no further action required.
Sound and well maintained but may be showing slight signs of early wear. Delivering
2 - Good full efficiency with little or no performance deterioration. Only minor renewal or
rehabilitation may be needed in the near term.
Functionally sound and acceptable and showing normal signs of wear. May have
3 - Moderate minor failures or diminished efficiency with some performance deterioration or
increase in maintenance cost. Moderate renewal or rehabilitation needed in near term.
Functions but requires a high level of maintenance to remain operational. Shows
4 - Poor abnormal wear and is likely to cause significant performance deterioration in the near
term. Replacement or major rehabilitation needed in the near term.
Effective life exceeded and/or excessive maintenance cost incurred. A high risk of
5-Very Poor | breakdown or imminent failure with serious impact on performance. No additional life

expectancy with immediate replacement needed.

35
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Performance Assessment

Stepped through each treatment area and discussed each components
performance,
maintenance history,

opinion of remaining useful life
 Division Manager

* Plant Administrator

- Plant Engineer

* Treatment Supervisor
« QOperation Supervisors

* Supervisor of
Maintenance

* Supervisor of Electrical



Asset Management- Assembling a sequential

List
&ndition AssessmeR

Scores

ﬁonsequence of FailurA

(CoF) Scores
Environmental

* Regulatory Compliance
* Impacts to Sensitive
Areas

Social
» Level of Service delivery
» Health and Safety

-

Economic
« Capital Costs
«  O&M Impact

| |/

Average of maximum i
each category

Risk = Max Condition Score x Overall CoF Score x

B

Redundancy

Factor
Redundant units

reduce the impact of
failure

4

Redundancy
Reduction
Factor
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Asset Management -Assembling a
sequential List

20-year CIP (Capital
Improvement Plan)

Recommendations for
Repair and Replacement

1 = b -; Tiiises i Bk PO
2 i e i —5ok e ==l
3 = e
4 — T e By e
5 = D .
6 = i it i = i
Remaining Useful Life based on: s Bt - =
. . 9 = e = an ==h T —trT
* Years in Service ol s = =
« Adjusted Estimated Useful Life = i

(EUL)
« General Asset EUL Result is a Sequential List of

» Physical Condition Asset Maintenance Projects
» Asset Age/Expended Life
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Alternatives for Treatment Areas

Liquid Treatment Train
Solids Treatment Train
Odor Control

Preliminary Treatment
Pumping

Electrical & Standby Power
Instrumentation & Control
Gas & Energy Use
Non-Potable Water

©CoONDOREWN =
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Alternatives Brainstormed

Example of Alternatives for
Thickening Process:

1. Status Quo: known
deficiencies = DAF capacity
and obsolescence

> Additional DAF |

ssssssss
o

| == Proposed RDT/ e o
Centrifuge/ GBT | H s e
A Units us/
LI o o ] i i o
L/ feed et 2

Fgma— ‘]‘anwmhn e = =
o O, i Sk oiich S ST B oo

Loy e T s
ST T @™ redt ruoce ST ™ o8 cusa

building - not cost-effective

o e }T 3. Rotary Drum Thickeners

(RDTs)

5. Gravity Belt Thickeners
(GBTs)

Potential Improvements:

6. Replace TWAS pumps with
larger pumps
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Alternatives Evaluated and Costed

1. Further investigated to conceptual engineering level

2. Triple bottom line scored: Environmental, Social, Financial
3. Best Scoring Alterative Selected

Alternative for. -
ad@hthnal Prlmary
CIanﬁer

8" SCUM
/«“ NORTH PRIMARY SUCTICN
CLARIFIER #8

Alternatlve for ThICk ing

48" PRIMARY
BASIN INFLUENT

48" PRIMARY
BASIN EFFLUENT

6" SLUDGE
SUCTION

=== o

12an TLooe




Tying it all together: —==
Project Priority List

Asset Management

Design & Consultancy
for natural and
built assets

Process Area Alternatives
Analyses

© Arcadis 2019

Risk Based Liquid Stream Alternatives

Schedule & Sequence .« A

1. - B

24 « C

3. Solids Stream Alternatives

44 - D

5. | _ .- E

6. LOQ Ical Odor Control Alternatives

7. . . e F

8« Prlorlty Preliminary Treatment

S Levels * G

10. « H

11. o |

12. Pumping

13. o« J

14 - K

15. Electrical & Standby Power
e L

Instrumentation and Control
(SCADA)

» Status Quo
Non-Potable Water
» Status Quo



Tying it all together:
Project Priority List

Logical

Priority
Levels

B
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Design & Consultancy
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Priority Level 0: Projects already Underway (IPS Pumps,
Final Clarifier Mechanism Replacement, etc.)

Priority Level 1: Projects required for an Immediate
Regulatory Need (phosphorus limit driven).

Priority Level 2: Critical Asset Management.

Priority Level 3: Projects for Financial Gain (Selling of
Biogas for profit)

Priority Level 4: Projects supporting typical Regulatory
Needs

Priority Level 5: Projects Providing an Identified Benefit
(aka. Potential Improvement projects).

Priority Level 6: Projects for Asset Management and
Existing Capacity/Future Capacity.

Priority Level 7: Projects supporting Predicted Regulatory
Need (expected in 10 years ).
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Implementation
Plan

Conceptual Implementation Plan

Seauential Proiect List

B- Liquid Stream Highest Scoring Alternative
1. Asset
2. Asset 5

E- Solid Stream Highest Scoring Alternative I Capacity Projects Costs
Asset s fisset Management Projects Costs

Conceptual Implementation Costs
All Projects (updated 12/21/18)

Regulatory Projects Costs
Asset >

— yerage Annual Spend

Asset .
Asset .
J- Pumping Highest Scoring Alternative ReSUItS N

Asset the 5

Asset . T

Asset following

10. Asset ;
11. Asset Spend & 3 1 u
12. Asset schedule

G — Preliminary Treatment Highest Scoring

Alternative “
13. Asset Q(I/Qm@? P i"m@, & ,9"‘ & & @3’1@ réb“ @“‘m@?@ o @?’ g;a .Q;b @?’ @"’ "3% R

14. Asset Vv vear ‘]9

o0k w

© oo N

\

15. Asset

© Arcadi
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Implementation
Plan
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Conceptual Implementation Plan

Sequential Project List Financial Model
B- Liquid Stream Highest Scoring Alternative

1 . Asset FY 2012 CIP Prioritization Projects ~ ‘FundingUnvallable

2. Asset . —

E- Solid Stream Highest Scoring Alternative

3. Asset

4. Asset
5. Asset

6. Asset Loaded into

J- Pumping Highest Scoring Alternative

7 Asset Financial

8. Asset Model
9. Asset

10. Asset
11. Asset
12. Asset

Alternative
13. Asset
14. Asset
15. Asset

G — Preliminary Treatment Highest Scoring
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Conclusion

« Regarding Odors:
O Installing Biofilters for Odor Control at Trickling Filters
0 BOD has not dropped enough to omit the Trickling
Filters or even half of them.
O The cost for additional Aeration Basins that could
replace the Trickling Filters is too high compared to
Biofilters

« Regarding Phosphorus
O Chemical addition using Ferric Chloride is being installed at
the WRF because:
1 BNR is decisively more expensive than chemical
addition and,
O Phosphorus limits aren’t below the practical range for
chemical addition.

Dayton is advancing their Implementation Plan
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Thank you.

Nick Dailey, P.E.

Senior Engineer

——>%>< Department of Water

DAYTON Division of Water Reclamation | City of Dayton
Office 937.333.1839

nick.dailey@daytonohio.gov ‘5 ARCAD|S | ﬁ%ﬁ;ﬁﬂm

Peter Kube, P.E.
Sharon Vaughn peter.kube@arcadis.com

—— Plant Operations Supervisor
Department of Water 513-985-8039

DAYTON Division of Water Reclamation | City of Dayton
Office 937.333.1872
sharon.vaughn@daytonohio.gov
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Additional Items to Share
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Energy Efficiency Recommendations

Top 5 Energy Use Systems

Electric Energy

Major Process/Top Energy Use Systems

Use (%)
13%

#1 INTERNAL PLANT PUMPING 26.68%

#2 SECONDARY TREATMENT 22.73%

: #3 INFLUENT PUMPING 16.84%
6 A) #4 SLUDGE HANDLING 6.78%
#5 ANAEROBIC DIGESTION 6.43%

% Balance of Plant Identified 13.28%
Balance of Plant Unidentified 7.25%

Total 100.00%
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Hydraulic Profile
Using InfoWorks Integrated Catchment Model (ICM)

ey
ATER SURFAGE ELEVATIONS AT PLANT FLOWS:
A A48 NGO, CURRENT AVERAGE
S 5.7 WGD. DENGNAVERAGE
<G G 10 MGD, DESIGH PEAK

rofile 2 - South Headworks, Grit Removal, and Primary Settlin

P

FLOW = 45MGD
=

750

e P —— = —
S e HYDRAULIC PROFILE A ARCADIS WATER RECLAMATION FACILITY =
v ORA 2018 MASTER PLAN o001
e 2 LOW LIFT PUMP STATION - INTERMEDIATE ARCADIS U.S. INCORPORATED e —
o CLARIFIERS - INTERMEDIATE PUMP STATION 50 corve msume 0 R A WATERRECMATNTAGTY _
e f T -

© Arcadis 2019
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Thank you.

Nick Dailey, P.E.

Senior Engineer

——>%>< Department of Water

DAYTON Division of Water Reclamation | City of Dayton
Office 937.333.1839

nick.dailey@daytonohio.gov ‘5 ARCAD|S | ﬁ%ﬁ;ﬁﬂm

Peter Kube, P.E.
Sharon Vaughn peter.kube@arcadis.com

—— Plant Operations Supervisor
Department of Water 513-985-8039

DAYTON Division of Water Reclamation | City of Dayton
Office 937.333.1872
sharon.vaughn@daytonohio.gov
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