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EXECUTWESSUMMARY

ES.1 BACKGROUND

The South Florida Water Management District (SFWMD or District) is comprised of five
regional water supply planning areas: Upper Kissimmee Basin (UKB), Lower Kissimmee
Basin (LKB), Upper East Coast (UEC), Lower West Coast (LWC), and Lower EssttQ_EC).
The UKB is part of the Central Florida Water Initiative (CFWI), which covers Orange, Osceola,
Polk, and Seminole counties as well as southern Lake County. Water management districts
are required to develop a regional water supply plan (RWSP) tiiey determine the existing
sources of water are inadequate to supply water for all existing and future reasonable
beneficial uses, and/or may not sustain water resources and related natural systems for a-20
year planning horizon.

Development (capital and operation and maintenance)costs of alternative water supply
options play an important role in evaluating alternatives associated with water supply
planning. The SFWMD had previously relied upon the Water Supply Cost Estimation Study
(Sudy) and Phase Il Addendum completed in February 2007 and December 2007,
respectively, by CDM Smith. The information and cost data included in the 200&udy is
considered obsolete and the update of water supply development costs, which includes
capital and operation and maintenance (O&M) costs, is required to help the SFWMD with
water supply planning and funding objectives and goals. The objective is tpdate the Study
with current engineering costs, construction costs, and cost estimating relationships using
cost data for projects constructed within the last 10 years and other cost sources such as
RSMeans Ifttp://www.rsmeansonline.com), suppliers, contractors, and vendors where
appropriate.

The scope of work for this effort was to identify the most relevant alternative water supply
options and treatment facilities and their development costs and to provide cuant cost data
(December 2021dollars) for all options. Additionally, a detailed description of each system
and their componentsis summarized within each Chapter. The systems evaluated in this
study are as follows:

Water Supply Wells

Advanced Water Treatmat Technologies

Water Reclamation and Advanced Wastewater Treatment Technologies
Deep Injection Wells

Aquifer Storage and Recovery

Surface Water Storage

Pipeline Systems

(ONONONONONN)]

Each chapter will contain sections thatdiscuss assumptions and approachcapital coss,
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water supply component The cost data collected reflecs the source, costs, year of
construction, and detaikd description of each systemas well as O&M cost#ny relevant cost
increases due toCOVID19 supply chain challenges, petroleuntosts, trade policy action,or
any other cost implications that impacted construction costs between 2011 and 2024re
discussed for each applicable systerithe construction andO&M costs utilize theEngineering
News Record (BNR)Construction Cost Index (CCl) and Material Price Index (MPI) to bring
forward development costs to December 2021 dollars, where appropriate.

For advanced water treatment andwvater reclamation and advarced wastewatertreatment
technologies, a 26year projected capital costs and total production costs for these
technologies are graphically represented and bracketed between expected accuracy range of

-30% and +50% of the calculated costs, per Associatiororf the Advancement of Cost

%l CET AAOET C j ! ! #%q )1 OAQAAGE FORJ) Total Hroduciad 6dsts A OET C
are presented based off plant capacity (or maximum daily flow) or annual average daily flow.

A 7% discount rate over 20 years was used taevelop capital investment for these
technologies.

ASSUMPTIONS AND APPROACH

This sectionin each chapterdiscussesassumptions and approach to cost analysis as it relates
to each specific water supply componenand a summary of the development costdata
collected for each system.

CAPITAL COSTS

This section in each chaptediscussesAAAE OUOOAI 80 AAPEOAIT Al 000
material costs, equipment costs, electrical system costs for installation, yard piping costs and

site work costs for which each utility, municipality or agency is responsible. Other capital

costs include administrative, technical, general conditions (permits, fees, project
management, etc.), mobilization, demobilization, bonds, and insurance which argptcal

OAAA 06 AOOT AEAOCAA xEOE AAAE POl EAAO AOOET C AAC

OPERATION AND MAINTENANCE COSTS

This section in each chapter discugs the cost associated with operating and maintaining the
system which include power, chemicals, replacementnd rehabilitation (R&R) (if available),
labor, administrative, and regulatory compliance costs.

TOTAL COST SUMMARY

This section in each chapteprovides an overall cost summary for each system and project
presented. The cost summary will reflect an overalcomparison of project costs for each
system evaluated and will summarize the data collected.
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ES.2 WATER SUPPLY WELLS

Construction and O&M costs included irfChapter 2 reflect water supply wells with water
sources from the Surficial AquifeiSystem (SAS) and the Floridan Aquifer System (FAS) within
the SFWMD Planning Areas and Indian River County (IRC). The data included: drilling of the
well, wellhead, appurtenances, and limited site improvements, such as well pad and fencing
for four of the five planning regions and IRC. Initially, data was analyzed for each of these
planning areas individually as the cost of construction may be directly impacted by well
location; depth of well as it relates to water source (i.e., depth to aquifer the wates drawn
from); and well diameter. After evaluating the costs for each well, within each planning area,
it was determined that the planning area (or location) was not the driver for overall well
costs. The well parameters (i.e., well capacity, well depthice) appeared to be the basis of the
resulting costs. Therefore, this evaluation applies to costs Distristide.

Depending on casing diameter, depth and location the overall adjusted construction costs for
SAS system wells range from approximately $210,456 $741,546 and overall costs for FAS
system wells range from approximately $29,054 to $1,901,802. The information collected
for the two FAS wells in IRC are $755,841 and $816,680, respectiveljable ES2-1
summarizes the well construction costs from pojects evaluated in this study.

Table ES.2L: Well Construction Cost Summary

Well Cost
(December 2021 Dollars)

Number Well Casing Diameter Well Casing Depth
AVES (W) (ft)

Planning

Area Evaluated Min Max Min Max Min Max
LEGSAS) 21 12 24 75 140 $210,456 $737,920
LEQFAS) 9 14 20 1,006 1,300 | $1,179,397| $1,901,802
UEQSAS) 1 10 12 65 75 $354,903 $741,546
UEQFAS) 7 12 14 140 1,150 | $1,584,075| $1,605,905
LWC (FAS) 11 10 14 600 865 $629,054 $911,949
UKB (FAS) 2 - 10 - 274 - $199,311
IRQFAS) 2 - 17 395 415 $755,841 $816,680

Depending on flow capacity, wellhead construction costs for SAS well systems range from
approximately $77,362 to $855,371 and wellhead construction costs for FAS well systems
range from approximately $13,867 to $981,222. Adjusted wellhead construction costs for
the two wells constructed in IRCare $416,018 and $501,993, respectivelyTable ES2-2
summarizes the wellhead costruction costs from projects evaluated in this study.
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Table ES.2: Range ofWellhead Construction Cost Summary

Wellhead Cost
(in December 2021 Dollars

Planning Area Capacity(gpm)

Min Max Min Max
LEGSAS) 500 2,200 $105,475 $855,371
LEQ(FAS) 880 1,600 $113867 $891,906
UEQ(SAS) 250 350 $77,362 $112,887
UEC(FAS) 1,100 1,620 $392,536 $674,214
LWC (FAS) 696 700 $356,230 $981,222
UKB(FAS) - 275 $308,172 $413,673
IRC (FAS) - 1,400 $416,018 $501,993

Different factors such as economy of scale, site access, depth of well, well design, capacity,
lithology, formation disposal requirements, added smart technology for monitoring, etc. play

a major role in how a contractor bids a well project. When producingn opinion of probable
construction cost for a well project, it is typical to review costs of other nearby well projects
constructed in the last five years, as it is typical that the well design, and therefore costs, will
be similar.

For O&M costs, the EC wells pump and motor information were used as a basis to evaluate
overall power consumption and routine maintenance costs and are representative of costs
for all typical well systems. The majority of the public water supply well pump information
collected was from the LEC Planning Area and represent a sample of the monthly operating
costs for all electric powered well pumps in the SFWMD aredhe motor horsepower
information evaluated were bracketed between 35 and 75 horsepower. The annual operating
costs range from $27,120 to $50,100, assuming continuous operation. Annual operating costs
based on annual average daily demand range from approximately $18,010 to $33,400. This
data is summarized inTable ES.23.

TableES.23: Estimated Rangeof Monthly Operaing Cost per Well

ey Annual Operating
Power Cost Operating Annual Operating Costs(Annual
Horsepower Flow (gpm) Costs Costs(Continuous .
(%/hr) : : Average Daily
(Continuous Operation)
. Demand)
Operation)
35 700 $3.14 $2,260 $27,510 $18,080
75 1,400 $5.80 $4,15 $50,810 $33,400
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In addition to the operating costs associated with power consumption, routine maintenance
costs such as chlorination/disinfection and acidification are incurred by municipalities.
Centerline Drilling, Inc. provided arange (based on smallesf10-inch] to largest diameter
[24-inch] of wells) of costs for typical maintenance proceduresTable ES2-4 summarizes
well Maintenance costs.

Table ES.24: Well Maintenance Costs

Range of Cost (Based
on Diameter of Well)

Maintenance Activity

Chlorinate $1,500 to$5,000
Acidify $7,500 t0$30,000
Pull pump and motor $2,500 t0$6,000
Reinstall pump motor $2,500 t0$6,000
Replace valvedlow meter, etc. $2,500 t0$15,000

O&M costsvary by a number offactors such as runtime (which effectgower costs); size of
well; parts requiring replacement, how often maintenance occurs or is required, age of well,
and contractual agreement of rehabilitation of multiple wells (scale of
construction/rehabilitation). In a given yearjt can be assumedqusing the availableaverage
annual operating costdatain Table ES.23 and the maintenance information inTable ES.2
4), that overallaverageannual O&M costgbased on annual average daily demandper well,
may range from 84,600 (for smaller wells with lower power requirements) to $95,500 (for
larger wells with higher power requirements and age of wel).
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ES.3 ADVANCED WATER TREATMENT
TECHNOLOGIES

Construdion costs and O&M costs included inChapter 3 reflect raw water supply,
pretreatment, post-treatment, intermediate storage, finished water storage, transfer pumps,
high service pumps, plant infrastructure, concentrate disposal (at the plant), mechanical,
yard piping, electrical and instrumentation, and site work. Chapter 3 addresses four
treatment technology areas which are summarized below.

General Water Treatment Technologies: 4 EA AT OO0 AAOA ET OEEO OOAOA?
AEAI Ad | E 8 Aglbaredd® AnO0eddioped piec& dd [End)lant construction project.

Treatment technologies in this subsection include an evaluation of reverse osmosis (RO) and
nanofiltration (NF) processes along with their ancillary components such as preatment

and post-treatment systems, ion exchange (1X) and granulated activated carbon (GAC). Other

elements included in this evaluation include raw water supply, as well as byproduct disposal

by Deep Injection Well (DIW). However, this section does not include water stmge or high

service pumps. See water distribution plant components for these plant components.

Opinion of probable construction costs, O&M, and total production cost are presented in
Table ES.31 for the following treatment technologies, process componeis; and plant
components:

S NF with DIW Disposal of Concentrate
S ROwith DIW Disposal of Concentrate
S Seawater reverse smosis (SWRO)

For seawater desalination, which uses a water source from seawater, (or water source that

has the equivalent total dissolvedsb EAO f 4$3Y 1 O EECEAO OOAI 06 ATl
OEA #1 AOAA O" OA6 , AxEO #AO0I OAAA $AOAT ET AOCEIT o0
Water Treatment Technology Process Components: The cost data included in this

subsection reflect costs for dding incremental process capacity, or an additional treatment

technology, to an existing water treatment plant. Reverse osmosis and nanofiltration were

included in this study for adding incremental process capacity, while 1X was included for

adding additional treatment technology. A case study is also included that evaluates
treatmentofper-r-AT A BT 1 U& O O Al EUl 3 OAO0OOAT AAO j0&! 3Qh
utilizing ion exchange.

Opinion of probable construction costs, O&M, and total production @bs are presentedin
Table ES.32 for the following treatment technologies, process components, and plant
components:

S NF Process Units
S RO Process Units
S IX

S GAC

Water Distribution Plant Components: The cost data included in this subsection are water
storage tanks and high service pumps. These two components are typical for all plant types,
whether it is an RO, NF, or seawater desalination plant.
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Opinion of probable construction costs, O&M, and totgbroduction cost are presented in
Table ES.33 for the following treatment technologies, process components, and plant
components:

S Finished Water Storage Plant Components
S High Service Pumping Plant Components

Disinfection Plant Components: The cost data irmluded in this subsection reflects
construction costs associated with disinfection and are also typical for all plant types as
disinfection is required prior to distribution pursuant to Chapter 62-550, Florida
Administrative Code. Further, chlorine disinfe&tion (using sodium hypochlorite) is a required
means of disinfection for all plants within the stateof Florida. Additional disinfection
processes such as ultraviolet light, may be used as an addedel of disinfection.

Opinion of probable construction costs, O&M, and total production cost are presented in
Table ES.33 for the following treatment technologies, process components, and plant
components:

S Sodium HypochloriteDisinfection
S Ultraviolet Light (UV) Disinfection

ES7



Table ES.31: Opinion of Probable Costs for General Water Treatment Technologies

Plant Capacity = Raw Water Co_ncentra}te Capital Cos? Annual O&M Cli)rs(id(;ﬁl,(z)%o
(mgd) Source Disposal® Cost sellore)
Nanofiltration
1 Groundwater DIW(3-5 mgd) $8,302,560 $473,000 $5.50
3 Groundwater DIW(3-5 mgd) $21,779,520 $1,351,000 $4.95
5 Groundwater DIW(3-5 mgd) $34,235,320 $2,198,000 $4.73
10 Groundwater DIW(3-5 mgd) $63,509,880 $4,459,000 $4.09
15 Groundwater DIW(two 5 mgd) $91,365,400 $6,672,000 $3.84
20 Groundwater DIW(two 5 mgd) $118,378,120 $8,933,000 $3.63
Brackish Groundwater Reverse Osmosis
1 Groundwater DIW(3-5 mgd) $19,232,000 $578,000 $10.58
3 Groundwater DIW(3-5 mgd) $47,998,000 $1,516,000 $8.90
5 Groundwater DIW(3-5 mgd) $73,608,000 $2,360,000 $8.22
10 Groundwater DIW(3-5 mgd) $131,841,000 $4,466,000 $6.71
15 Groundwater DIW(two 5 mgd) $185,674,000 $6,389,000 $6.09
20 Groundwater DIW(two 5 mgd) $236,909,000 $8,266,000 $563
SeawateReverse Osmosis
1 Surface Water N/A $52,656,317 $3,394,000 $36.43
3 Surface Water N/A $126,807,800 $8,179,000 $29.24
5 Surface Water N/A $190,821,400 $12,309,000 $26.40
10 Surface Water N/A $332,239,600 $22,451,000 $21.06
15 Surface Water N/A $459,540,200 $31,597,000 $18.83
20 Surface Water N/A $578,461,800 $40,510,000 $17.22

(1) Typical capacity of DIW for concentrate disposal
(2) Costs do not include deep well injection costs
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Table ES.2: Opinion of Probable Costs for Water Treatmerntechnologies Process Components

Production Cost

Plant Capacityrfigd) Capital Cost Annual O&M Cost ($/1,000 gallons)
Nanofiltration Process Addition

1 $5,290,040 $473,000 $4.2

3 $12,740,000 $1,351,000 $3.6

5 $19,168,800 $2,198,000 $3.4

10 $33378,800 $4,459,000 $2.9

15 $46,169,760 $6,672,000 $2.72

20 $58,19,880 $8,933,000 $2.%

Brackish RO Process Addition

1 $16,396,000 $578,000 $9.39

3 $39,474,000 $1,516,000 $7.69

5 $59,399,000 $2,360,000 $7.01

10 $103,420,000 $4,466,000 $5.62

15 $143,041,000 $6,389,000 $5.04

20 $180,059,000 $8,266,000 $4.62

lon Exchand®

1 $6,528,072 N/A N/A

3 $10,881,121 N/A N/A

5 $15,233,169 N/A N/A

10 $26,115,289 N/A N/A

15 $36,995,410 N/A N/A

20 $47,877,530 N/A N/A
Granular Activated Carbon

$3,620,400 $42,000 $1.20

$7,023,576 $121,000 $0.83

$10,318,140 $198,000 $0.75

10 $17,920,980 $417,000 $0.66

15 $24,618,720 $615,000 $0.61

20 $30,411,360 $804,000 $0.57

(1) lon Exchange O&M data was not available at the time of tlésaluation
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Table ES.33: Probable Costs foWater Distribution and Disinfection Components

Production Cost
(%$/1,000 gallons)

Plant Capacityrigd) Capital Cost Annual O&M Cost

Finish Water Storag®

1 $928,000 N/A $0.36

$2,776,000 N/A $0.36
5 $4,620,000 N/A $0.36
10 $9,236,000 N/A $0.32
15 $13,853,000 N/A $0.31
20 $18,467,000 N/A $0.30

High Service Pumping
1 $131,460 $29,700 $0.18
3 $391,380 $90,200 $0.18
5 $650,300 $150,700 $0.18
10 $1,296,600 $300,000 $0.16
15 $1,947,900 $451,000 $0.16
20 $2,593,200 $601,700 $0.15
Sodium Hypochlorite Disinfecti&h

1 $1,065,000 $38,000 $0.57
3 $2,540,000 $114,000 $048
5 $3,819,000 $190,000 $0.45
10 $6,651,000 $380,000 $0.37
15 $9,195000 $570,000 $0.%4
20 $11579,000 $760,000 $0.32

Ultraviolet LightDisinfection
1 $355,000 $29,700 $0.40
3 $1,004,000 $90,200 $0.40
5 $1,671,000 $150,700 $0.40
10 $3,334,000 $300,300 $0.36
15 $5,005,000 $451,000 $0.34
20 $6,672,000 $601,700 $0.33

(1) O&M costs are reflected in thelant O&M costs
(2) O&M costs reflect chemical costs only. Remaining O&M costs are reflected in the plant O&M ct
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ES.4 WATER RECLAMATION & ADVANCED
WASTEWATEREATMENT TECHNOLOGIES

Construction costs and O&M costs included i@hapter 4 reflect costs associated with water
reclamation and advanced wastewater treatment technologies. Urban populations,
agricultural operations, and the environment depend on adequate water supplies. Fresh
surface and groundwater will not be sufficient to satisfy all future demands. Meeting this
growing demand hinges on efforts to develop alternative water sources (SFWMD, 2022).
Water reuse has become the logical option for conserving and extending availamater
supply by potentially:

S Substituting reclaimed water for drinking (potable) water, fresh groundwater and
surface water on applications that can use lower quality water, or

S Augmenting existing water sources and providing an additional source of water
primarily for irrigation.

The demand for reclaimed water is projected to increase over the long term in South Florida.

As water reuse applications have increasedadditional treatment processes designed to fit

with the specific water reuse purpose has bemme necessary4 EE O O & E O apptoéxth 0 OODIT O
provides a framework for costeffective treatment to be applied towastewater sufficient to

meet thewater quality standardsappropriate for the intended use.

4EA O&EO A1 O 000D OA6 CGhapRQtiofihd EudEwkitfochshiiireeAD D1 E A
specific levels of water quality treatment. The general categories of treatment technologies
and purposediscussed inChapter 4are:

1. Advanced Wastewater Trea tment to produce unrestricted public access reclaimed
water quality.

S Treatment Requirement: Removal of residual particulate matter from secondary
effluent and inactivation of pathogens disinfection) to produce reclaimed water as
an alternative water source.

S Purpose:Unrestricted public access reclaimed water

S Cost Scenario No. 1 through No.:3Convert existing bast level disinfection
(secondary treatment) wastewater treatment facilities to high level disinfection
(tertiary treatment) to achieve water quality standards for unrestricted public
accessreclaimed water (except nutrient discharge limits). These scenarios all
include liquid sodium hypochlorite (chlorine) high-level disinfection. UV disinfection
was not considered under Tertiary Wastewater Tratment because State regulations
require a chlorine residual used for unrestricted public access reusBrobable costs
for Scenario No. 1 through 3 are presented ifable ES.41 and Chapter 4.

Cost Scenario No. 1: Construct new granular media filtration (GMF) and higHevel
disinfection treatment processes

Cost Scenario No. 2 Construct new cloth media filtration system and higHevel
disinfection treatment processes

Cost Scenario No. 3 Construct new membrane filtation and high-level disinfection
treatment processes
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2. Advanced Wastewater Treatment to produce reclaimed water meeting nutrient
discharge requirements with high -level disinfection .

S Treatment Requirement: Removal of nitrogen and phosphorus (nutrients)for
production of reclaimed water as alternative water source

S Purpose: Nutrient removal, pre-treatment for advanced water treatment facilities
(AWTF)

S Cost Scenario No. 4 through N@: New construction or @nversion of existing high-
level disinfection (tertiary treatment) facilities to nutrient (nitrogen and
phosphorus) removal facilities to produce unrestricted public access reuse water
quality meeting nutrient reduction goals or nutrient discharge limits. Probable cats
for Scenario No4 through 7 are presented inTable ES.42 and Chapter 4.

Cost Scenario No. 4 New Construction - 5-Stage Bardenpho Processcgnventional
treatment) for nutrient removal with tertiary treatment (GMF and high-level
disinfection)

Cost Scaario No. 5: Conwersion of an existing tertiary treatment facility to 5-Stage
Bardenpho processwith nutrient removal (conventional treatment) with high level
disinfection

Cost Scenario No. 8 New Construction - 5-Stage Bardenphoprocess with immersed
membranes (membrane bioreactor [MBRY]) for nutrient removal with tertiary treatment
and high-level disinfection. Note: MBR replaces both secondary clarification and tertiary
filtration.

Cost Scenario No. 7:Conversion of an existing tertiary treatment facilityto 5-Stage
Bardenpho process with immersed membranes (membrane bioreactor, MBR) for
nutrient removal with high level disinfection.

3. Advanced Water Treatment to achieve indirect or direct potable reclaimed water
quality standards.

S Treatment Requirement: Removal of residual dissolved and trace constituents for
production of reclaimed water as alternative water source for indirect or direct potable
reuse.

S Purpose:Direct and indirect potable reuse

S Cost Scenario No8 and No.9: Convert existingtertiary treatment facility to produce
reclaimed water quality meeting applicable indirect or direct potable waterquality
criteria. Probable costs for Scenario N& and No. 9are presented inTable ES.43 and
Chapter 4.

Cost Scenario No. 8: New nstruction - RO based AWF infrastructure. Includes
microfiltration (MF) membrane pretreatment, cartridge filtration, RO membrane
treatment, advanced oxidation process (AOP: UV + chlorine), and an engineering storage
buffer.

Cog Scenario No. 9: Adding non-RO based AWTF infrastructure. Includes ozone addition
prior to biologically active filtration (BAF), ultrafiltration ( UF) membrane pretreatment,
GAC, AOP: UV + chlorine, and angineering storage buffe{ ESB.
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Table ES.41: Probable Costs for Water Reclamation and Advanced Wastewater Treatment
Technologies: Scenario No. 1 through 3

Annual Production

Plant Capacityrfigd) Capital Cost Annual O&M Cost

Cost ($/1,000 gallons)

Scenario No. INew Granular Media Filtration with Hidevel Disinfection
1 $3,213,210 $158,167 $1.35
3 $9,350,441 $460,265 $131
5 $15,262,748 $751,292 $128
10 $28,918,890 $1,423,500 $121
15 $40,968,428 $2,016,625 $1.15
20 $51,411,360 $2,530,667 $1.08
Scenario No. 2: New Cloth Medhdtration with Highlevel Disinfection
1 $1,977,360 $142,958 $0.95
3 $5,754,118 $416,009 $0.93
5 $9,392,460 $679,052 $0.91
10 $17,796,240 $1,286,625 $0.86
15 $25,211,340 $1,822,719 $0.81
20 $31,637,760 $2,287,333 $0.76
Scenario No. 3: Nelembrane Filtratiorwith Highlevel Disinfection
1 $3,583,965 $173,375 $1.49
3 $10,429,338 $504,521 $1.45
5 $17,023,834 $823,531 $1.42
10 $32,255,685 $1,560,375 $1.35
15 $45,695,554 $2,210,531 $1.27
20 $57,343,440 $2,774,000 $1.20
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Table ES.42: Probable Costs for Water Reclamation and Advanced Wastewater Treatment

Technologies (AWT): Scenario No. 4 through No. 7

Plant Capacity

(MGD)

CapitalCost

Annual O&M Cost

Annual Production

Cost ($/1000

gallons)

Scenario No. 4: New Construction5-Stage Bardenpho with Conventional Activated Slu

1 $27,092,100 $401,500 $8.81
3 $78,838,011 $1,168,365 $8.54
5 $128,687,475 $1,907,125 $8.37
10 $243,828,900 $3,613,500 $7.93
15 $345,424,275 $5,119,125 $7.49
20 $433,473,600 $6,424,000 $7.05
Scenario No. Sonversion to S5tage Bardenpho with Conventional Activated Sludge
1 $8,095,500 $438,000 $3.50
3 $23,557,905 $1,274,580 $3.40
5 $38,453,625 $2,080,500 $3.33
10 $72,859,500 $3,942,000 $3.15
15 $103,217,625 $5,584,500 $2.98
20 $129,528,000 $7,008,000 $2.80
Scenario No. 8lew Constructiorof 5-Stage Bardenpho with MBR
1 $27,650,700 $511,000 $9.27
3 $80,463,537 $1,487,010 $8.99
5 $131,340,825 $2,427,250 $8.80
10 $248,856,300 $4,599,000 $8.34
15 $352,546,425 $6,515,250 $7.88
20 $442,411,200 $8,176,000 $7.41
Scenario No. Tonversion tdb-Stage Bardenpho with MBR
1 $14,706,825 $389,090 $5.25
3 $42,796,861 $1,132,252 $5.09
5 $69,857,419 $1,848,178 $4.99
10 $132,361,425 $3,501,810 $4.72
15 $187,512,019 $4,960,898 $4.46
20 $235,309,200 $6,225,440 $4.20
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Table ES.43: Probable Costs for Water Reclamation and Advanced Wastewater Treatment
Technologies (Potable Reuse): Scenario No. 8 and No. 9

PlantCapacit ~ AnnualProduction
o Cost ($/1000

Capital Cost Annual O&M Cost

(MGD)

gallons)

Scenario No. 8lew Construction cAWTFwith Reverse Osmosisr Potable Reuse

1 $9,216,900 $511,000 $4.02
3 $26,821,179 $1,487,010 $3.90
5 $43,780,275 $2,427,250 $3.82
10 $82,952,100 $4,599,000 $3.62
15 $117,515,475 $6,515,250 $3.42
20 $147,470,400 $8,176,000 $3.22
Scenario No. Addition of AWTFwithout Reverse Osmosisr Potable Reuse
1 $9,077,250 $511,000 $3.98
3 $24,789,272 $1,487,010 $3.71
5 $40,463,588 $2,427,250 $3.63
10 $76,667,850 $4,599,000 $3.44
15 $108,612,788 $6,515,250 $3.25
20 $136,298,400 $8,176,000 $3.06
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ES.5 MEMBRANE TREATMENFHERODUCT
DISPOSA{.DEEP INJECTION WELLS

Construction costs and O&M costs included i@hapter 5 reflect costs associated with DIW
technologies. In south Florida, DIWs are the primary method for disposal of domestic
wastewater effluent, industrial wastewater (includes concentrate from membrane wadr
treatment facilities), or radioactive waste below protected aquifers or beneath the lowermost
formation of an underground source of drinking water. Most DIWs in south Florida discharge

to the Boulder Zone, a cavernous limestonenit of the Lower Florida Aquifer, located
generally about 3,000 feet below land surface. These DIWs are classified as Class | DIWSs in
Chapter 62528 of the Florida Administrative Code and are under the regulatory jurisdiction

of the Florida Department of Environmental Protection(FDEP).

The costs of DIWs have risen significantly within the past five years with the most significant
cost increase observed within the last two years due to impacts discussed Ghapter 1 as
well as other influences such as lack of competition betweeruglified contractors. The larger,
deeper DIWSs are predominantly constructed by a single contractor, Youngquist Brothers, Inc.
(YBI), due to their drill rigs capacity and staff expertise. Other considerations related to cost
variability include site accessmaterial availability, depth of DIW, piping diameters, piping
material, annulus fill material, scale of construction (i.e., one DIW and MW versus multiple
DIWs and MWs within one construction project), etcTheDIW construction costssummary

is for capacities ranging from2.17 to 19.94mgd with injection casing depths ranging from
2,400 to 5,800 feet below land surface and injection casing diameters ranging from -lifch

to 36-inch. Class V DIWs are shallower wells, constructed with a tubing cupacker, and/or
are rated at a lower capacitythan Class | DIWs and therefore have a lower cost per mgiah
general, the construction costs collected for this evaluation did not appear to have a direct
correlation to the design and capacity of each welHowever, based on the market impacts
and other factors discussed above, the DIW projects constructed within the last three to four
years (Table ES5-1) appear to reflect present day costs with the City of Hollywood
(December 2019) being on the high end dhe construction costs
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Table ES.51: Summary of DIW Project Construction Costs in December 2021 Dollars

Total Cost per

DIW IW in Total Cosper Total Cost
Well Name County Class Capacity b Casing Depth
(MGD) December MGD (per foot)
2021 Dollars P

NSID (I\AL) Broward I 3.2 $8,439,253 $2,637,267 $2,910
(PI\?V(-:l\;V UDWTPZ | paim Beach| | 9.66 | $15884,881  $1,644,398 $5,478
TWA (Exploratory V,
well) Osceola Group9 4.05 $7,345,062 $1,813,595 $4,739

City of Hollywood
(December 2019)
Miami-Dade South
District (Three Miami-Dade I 18.65 $12,694,135 $680,650 $5,290
DIWSs) (per welfy
Collier County
Landfill Collier I 2.17 $8,882,800 $4,093,456 $3,993
(IW-1)
(1) MW was notconstructed with this project.

Broward I 19.94 $29,662,702 $1,487,598 $5,115

Three (3) drilling companies that routinely perform MITs were contacted by phone for typical
costs associated with MIT testing for each of the testing procedure for concrete filled annulus
and fluid-filled annulus. The fiveyear MIT exercise, costs for tafg a tube and packer DIW
construction with a concrete filled annulus is typically higher than one with a fluiefilled
annulus due to the labor, additional equipment and brine needed for required pressure
testing. Table ES.52 summarizes the typical annudO&M costs.

Table ES.8: Typical Annual O&M Costs for Laboratory Costs, Permit Renewal, and MITs
MIT for Fluidilled Annulus MIT for Concrete Filled Annulus

Description (Standard Annular Pressure (with Packer TestjAnnual
Test)(Annual Costs) Costs) (Annual Costs)

MIT Costs $6,000 to $15,000 $8,000 to $20,000
Laboratory Costs $45,500 $45,500
Permit Renewal Costs $2,000 $2,000

Total Costs Rang $53,500 to $62,500 $55,500 to $67,500
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ES.6 AQUIFER STORAGE AND RECOVERY

Construction costs and O&M costs included i@hapter 6 reflect costs associated wittAquifer
Storageand Recovery (ASRjechnologies ASR refers to the process akcharge, storage, and
recovery of water in an aquifervia use of a constructed bdirectional well. ASR systems are
usedto store excess amounts of potable watereclaimed water, stormwater or surface water
underground for future use. AR systemsreduce stress on traditional potable water sources
and canreducedisposal of wastewater effluentConstruction costs for ASR systems vary with
depth of well, treatment requirements and quantity of wells constructedThe construction
costs for most ASRystemsare significantly higher than the cost for typical Floridan aquifer
wells due to the permitting constraints, need for monitor wells, treatment and testing
requirements, and design considerations.

The cost of construction of ASR wells can be impacted by depth, casing material, recovery
capacity, and treatment requirements. Often, the most feasiblgotion for a municipality is to
incorporate or co-locate an ASR system with Water Treatment Plant (WTP) or Wastewater
Treatment Plant WWTP). In this arrangement, any additional treatment requirements
associated with post or pretreatment are limited to additions to existing WTPs or WWTPs.

The average total cost of construction of an ASR well is approximately $million (December
2021 Dollars), with the price varying significantly with depth and pumping capacity.
Monitoring well costs will vary with depth and functionality (single vs duatzone monitoring
well). Theaverage cost for a shallow monitoring well is approximately $124,000. The average
cost of a singlezonedeepmonitoring well is approximately $987,000. Lastly, an average cost
for a dualzone deepmonitoring well is about $2.4million.

In general, the construction costs collected for this evaluation did not appear to have a direct
correlation to the design and capacity of each well. However, to evaluate the overall
construction costs for recovery capacitiegor 1 mgd, 1.5 mgd, 2ngd, and 5 mgd(projected
based on smaller capacity well data)ASR well projects were selected that includkthe
respective recovery capacityand a MW as part of the construction activities. Since a direct
correlation could not be determined, the data ued for the ASR construction costs are real
data assumed to be representative of the construction costs in December 2021 dollars. The
opinion of probable construction costs for ASR wells and associated Mié/summarized in
Table ES6-1. Only one O&M data soce was available for this technology. Without having
sufficient data from multiple ASR wells and capacities, the overall annual O&M costs could
not be determined.
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Table ES.61: Opinion of Probable Construction Costs for ASR Well and MW

Region S |ch|:3 t SVC\:/-TWED LWC é_\/I\IIC Estimated
olk County ity o . ollier Value
SIS Utilities Bradenton City of Naples County
ASR Type RW PW RW RW N/A
Recovery Capacity (mgd 1 15 2 2 5
Total Cost per ASR in
December 2021 Dollars $1,754,560 $3,818,062 $2,269,658 $3,880,090 N/A
MW Cost December 202;
Dollars $1,990,538 $177,064 $349,353 $349,353 N/A
Total Cost for ASR + MW
December 2021 Dollars $3,745,098 $3,995,126 $2,619,011 $4,229,443| $5,421,725
Technical Services 20% $749,020 $799,025 $523,802 $845,889| $1,084,345
Owner
Administration 5% $187,255 $199,756 $130,951 $211,472 $271,086
and Legal
PhofEet 15% $561,765  $599,269 $392,852|  $634,416|  $813,259
Contingency ’ ' ' ' '
Opinion of Probable $5,243,137|  $5,593,176|  $3,666,615 $5,921,220| $7,590,415
Capital Cost ’ ’ ! ’ ! ’ ’ ’ ’ ’
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ES.7 3URFACE WATER RESERVOIR

Construction costs and O&M costs included i@hapter 7 reflect costs associated with surface
water storage projects Reservoirsserve many purposes within South Floridasuch as storage
for water supply, stormwater storage or stormwater treatment. Thelargest cost components
of reservoir construction are earthwork and associated equipment and labor costs.
Engineering costgypically range from 10 to 20% of the overall construction cosand include
design, engineering services during construction or construction management services. For
this study, construction costs were provided by project managers at theSFWMD,
municipalities, or from other reliable sources available on the internet. To be conservative,
an average of 20% of construction costs should be added to capture the engineering costs
described above O&M costs were provided by the SFWMD and other municifities, where
available.

Some projects within Chapter 7 were designed and constructed in separate construction
packages and were performed in different phases and time periods of the overall surface
water storage (SWS) or reservoir project. Further, the ifferent construction packages were
completed at various start dates over various timeframes. Therefore, the project components
in the different packages were initially evaluated separately. Each SWS component was then
projected to December 2021 dollars ad were added together to have an overall construction
cost for each SWS project, where applicable.

It should be noted that some of the projects listed within this section are larger reservoir
projects intended to capture stormwater runoff versus provide a alternative water supply

for storage, treatment, and consumption. In addition, other projects listed in this section are
considered shallow stormwater treatment areas (STA). It was determined during this
evaluation that these projects should not be disamted from a construction cost standpoint
since these projects include similar construction components as those needed for a SWS
system intended as an alternative water supply source for treatment and consumption.

A summary of capital costs (in December 2021 dollars) for all SWS areas reviewed in this
study arerepresented in Table ES7-1 in terms of total costs in December 2021 dollars and
cost per acrefeet. Annual O&M costs are also included ihable ES7-1 where information
was available at the time of thisstudy.
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Table ES.71: Summary ofCapital Costs for Reservoir Projects in December 2021 Dollars

Total Cost Total Total Cost
Surface Water In December Storage Annual O&M
Impoundment 2021 Dollars Capacity Estimates
(millions) (acrefeet)

($/Acre-feet
of Storage)

Caloosahatchee River Unknown/Under
West Basin Storage $823 170,000 $4,841 X
; Construction
Reservoir
Indian River Lagoon
South C44 STA (Cells 1 $604 50,600 $11,9% $802,774
through 6)
Al FEB $94 60,000 $1,567 $219,902
Everglades Agricultural Unknown/In Design
Area Reservoir $1.772 240000 $7.383 Phase
Peace River Reservoir 2 $86.1 18,413 $4,676 $1,055,000
McCarty Ranch Extension $25 840 $2.976
Area 1
'Il\/lrce(;azrty Ranch Extension $34 1.100 $3,0a
- $180,000
'\A"rcecaa;y Ranch Extension $26| 1,160 $2,24L | (This is estimated
- based on
McCarty Ranch Extension $2.6 1,148 $2,266 information from
Area 4 . .
McCarty Ranch Extension City of PSL website
Area 5 y 312 Source:
www.cityofpsl.com
McCarty Ranch Extension $164 $3,475 tyofp )
160
Area 6
McCarty Ranch Preserve
Area 7 (7A and 7B) $16.81 2,112 $7,960
Lakeside Ranch STA Pha
2 ¢ South $53.75 1,840 $29,212 $185,975
Lakeside Ranch STA Pha
2 ¢ South (Pump Station-§ $42.38 - - $275,690
191A)
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ES.8 PIPELINE SYSTEMS

Construction costs included inChapter 8 reflect costs associated with pipeline projects.
Pipeline construction costs were evaluated fovarying pipe diameters, ranging froml2 to 42
inchesand were derived from available contractor schedule of values collected from each
project. Pipeline projectsreviewed were limited to those greater than500 linear feet (LF) as
shorter runs of pipe aretypically more expensive. Project construction datesanged from
2014 to 2021. Sources for this information includecurrent and past projects and recent
manufacturer/supplier quotes. Cost of installation is included but is limited t¢he following:
excavatior trenching, pipe bedding, backfilling and compactin, dewatering, and separately
horizontal directional drilling (HDD). All costs will vary based on construction duration,
trench depth, pipe size, length of pipe and dewatering method (i.e., well points or trash

pump).

Table ES8-1 summarizes overall probable construction costs based on collected cost
information and recent construction bids and calculated costs using RSMeamsconstruction
cost estimating software The RSMeans evaluation includes constructioretting costs to
assist with pipeline project planning in rural, suburban or urban settings. Generally,
estimates from the RSMeans database/supplier/manufacturer quotes are slightly higher
than the observed construction costsRSMeans and quoted material costs do not account for
reductions due to ecommmy of scalelt alsoappears that the variation of costsmay bedue to
the higher material costs providedby the suppliersat the time of this analysisdue to market
impacts described inChapter 1, and as further discussed itChapter 8, of this Study
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Table ES8-1: Overall Summaryof Unit Costs for Pipeline Systems

Overall Cost Summary Table

T _ Method of RSMeans RSMeans Cost | RSMeans
(Inches) Material Construction OPCQer L® | Costper LF per LF Cost per LF
(Rural (Suburbani (Urban)2

12 DIP Trench $114 $100 $200 $300
12 HDPE Trench $113 $106 $212 $318
12@® HDPE HDD $105 $151 N/A N/A
16 DIP Trench $144 $142 $285 $425
16 HDPE Trench $150 $143 $285 $428
16 HDPE HDD $144 $199 N/A N/A
18® DIP Trench $165 $175 $350 $525
18® HDPE Trench $169 $176 $352 $528
18 HDPE HDD $162 $239 N/A N/A
20 DIP Trench $180 $196 $392 $588
20® HDPE Trench $174 $216 $432 $648
200 HDPE HDD $174 $287 N/A N/A
24 DIP Trench $216 $258 $516 $773
241 HDPE Trench $225 $305 $610 $915
243 HDPE HDD $350 $395 N/A N/A
300 DIP Trench $173 $442 $883 $1,325
30® HDPE Trench $261 $464 $927 $1,391
30 HDPE HDD $400 $594 N/A N/A
360 DIP Trench $422 $593 $1,187 $1,780
361 HDPE Trench $338 $660 $1,320 $1,980
36® HDPE HDD $1,045 $847 N/A N/A
42 DIP Trench $505 $306 $1,612 $2,418
42@®) HDPE Trench $394 $1,145 $2,291 $3,436
42 HDPE HDD $1,260 $1,414 N/A N/A

(1) All construction project costs areescalatedto December2021 dollars using CCI
(2) Material prices in "RSMeans Total Installed cost per LF" are manufacturer prices
(3) Denotesinformation was derived from available construction cost information
N/A = Not Applicable. Costs for HDD construction is not typically impacted mpnstruction setting.
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BACKGRQIND

1.1 INTRODUCTION

The South Florida Water Management District (SFWMD or District) is comprised of five
regional water supply planning areas (Figure 1-1): Upper Kissimmee Basin, Lower
Kissimmee Basin, Upper East Coast, Lower West Coast, and Lower East Coast. The Upper
Kissimmee Basin is part of the Central Florida Water Initiative (CFWI), which covers Orange,
Osceola, Polk, and Seminole counties as well asuthern Lake County. The CFWI is a
collaborative planning effort by three water management districts (SFWMD, Southwest
Florida Water Management District, and St. Johns River Water Management District)

+ Upper Kissimmee Basin: Portions
of Osceola, Orange, and Polk
counties

* Lower Kissimmee Basin: Portions
of Okeechobee, Highlands, and
Glades counties

won] ® Upper East Coast: Martin and
St. Lucie counties and eastern
Okeechobee County

LOWER \
KISSIMMEE UPPER '\
EAST ™

BASIN
g COAST

+ Lower East Coast: Palm Beach,
Broward, and Miami-Dade counties,
and portions of Monroe, Collier, and
Hendry counties

* Lower West Coast: Lee County and
portions of Collier, Glades, Hendry,
Monroe, and Charlotte counties

b -
e -

Figure 1-1: Regional Water Supply Planning Areas within the SFWMD
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Water management districts are required to develop a regional water supply plan (RWSP) if
they determine the existing sources of water are inadequate to supply water for all exisg

and future reasonablebeneficial uses, and/or may not sustain water resources and related
natural systems for a 20year planning period. RWSPs include analysis of current and future
water demands, evaluation of available water sources, and identifigah of water resource

and water supply development projects to meet demands. The legal authority and
requirements for water supply planning are outlined and described in Chapter 373, Florida
Statutes (F.S.) with additional requirements provided in Chapter$63, 187, 403, and 507, F.S.

Water supply plans include a water supply development component which involves
Op1 ATTET ch AAOECi h Al T OOOOAOGEITTh THPAOAOGEI T h Al
water collection, production, treatment, transmission, or distribution for sale, resale, or end
OOAO6 ¢ 3AAOEIT oxo8npwjceqh &838Y AT A AOA DOE
providers. This cost estimation study will be used to provideestimated planninglevel costs
for capital investment and operation and maintenance of thewater supply development

projects, where needed.

To assist local water providers and users in implementation of the water supply development
componentof the water supply plan, the SFWMD provides funding assistance to publwater

O0O0PDPI EAOOh 1T AAI Cci1T OAOT I AT OOh OPAAEAI AEOOOEA(
and private water users for AWS and water conservation projects consistent with the
3&7-3$60 AT OA T EOOEiTTh OEOI OCE OEAefdud obtBheOAOE OA
CFP is to support the development of AWS projects that will diversify the water supply while

reducing dependence on freshwater resourcesThis study will assist with the review of

project application costs for the development of AWS projectsAs part of the CFP, funding

was made available forAWSprojects which has historically included the following project
types:

Reverse osmosis plants

Brackish water supply wells

Reclaimed water plant expansions and transmission mains
Aquifer storage and ecovery wells

OBJECTIVES

Current development costs of water supply optionganplay an important role in evaluating
water supply alternatives and AWS type projects. Currently, the SFWMD relies on the Water
Supply Cost Estimation Study (Cost EstimatioBStudy) completed in February 2007 by CDM
Smith. The information and cost data included in the 2007 Cost Estimation Study is
considered obsolete and the update of water supply development costs, which includes
capital and operation and maintenance (O&M) costs, is required to help the SFWMD with
water supply planning and funding objectives and goals. The water supply options include
sources from groundwater (fresh and saline), sea water, and reclaimed water. Other water
supply options indude storage such as aquifer storage and recovery (ASR) and aboveground
reservoirs that make water supply available during times of the year where water is limited
or may not be available. These sources could require different types of treatment prior tee,
and the associated costs for these need to be understood.

numwumm



The objective is to update theCost Estimation Study with current engineering coss,
construction costs and cost estimating relationships using cost data for projects constructed
within the last 10 years and other cost sources such as RSMeans
(http://www.rsmeansonline.com ), suppliers, contractors, and vendors whes appropriate.
This cost data should be used for planning level estimates only. The water supply
development costs include various water supply options such as surficial aquifer wells dn
confined aquifer wells, reclaimed water, ASRvells and reservoirs,as well as associated
treatment technologies, storage, and distribution. The construction cost data from projects
that were started or completed in the last 10 years have beeascalatedto reflect present day
costsusing industry standard cost indices

1.3 SCOPE OF WORK

The scope of work for thisSudy is to identify the most relevant projects and their
development costs to provide current cost data (December 2021) for adlystem typeoptions.
Assessment of land value is not included in this evaluation. Adionally, a detailed
description of each system and their components will be summarized within each Chapter.
The systems evaluated in thistudy are as follows:

Water Supply Wells

Advanced Water Treatment Technologies

Water Reclamation and AdvancetlVastewater Treatment Technologies
Deep Injection Wells

Aquifer Storage and Recovery

Surface Water Storage

Pipeline Systems

(NN NN

The costs forAdvanced Water Treatment andVater Reclamation andAdvancedWastewater
Treatment technologies were evaluated for 1 million gllon per day (mgd), 3 mgd, 5mgd, 10
mgd, 15 mgd and 20 mgd facilities. Ancillary treatment components, such as disinfection
technologies includingsodium hypochlorite andultraviolet (UV) and pumping facilities and
storage, are also included

The following sections generally describe how each Chapter will be organized and what
information will be provided in each of the respective sectionsas it relates to eactsystem

DISCUSSION OF ASSUMPTIONS AND APPROACH

This sectionin each chapterwill discuss assumptions and approach to cost analysis as it
relates to each specific water supply componerand asummary of thedevelopment costdata
collected for each system. Thdevelopment costdata collected will reflect the source, costs,
year of construction, and detaikd description of each system. Any relevant cost increases due
to COVID19 supply chain challenges, petroleuntosts trade policy action,or any other
relevant cost implications that impacted construction osts between 2011 and 202will be
discussed for each applicable system. Other cost impacts will also be describedy(, raw
water quality that affects membrane selection and recovery versus concentrate ratio and
membrane selectior).


http://www.rsmeansonline.com/

CAPITAL COSTS

This section in each chapter will discusAs AAE OUOOAI 66 AADPEOAI AT 00O
material costs, equipment costs, electrical system costs for installation, yard piping costs and

site work costs for which each utility, municipality or agency is respnsible. Other capital

costs include general conditiongadministrative costs, permits, fees,project management

etc.), mobilization, demobilization, bondsand insurance. Other capital cost addns may be

included and used to supplement information not povided or available. The construction

cost information was typically collected from pay applications, bid forms, oschedule of

values. Typically, the work description in eaclof the line items listed in each sourceloes not

include detail of what is incDAAA 1T O OOOAE AAhede may aléoi be iBstaAcesA T OO
where the costs may be front loaded or distributed amongst all line items within theource

so the contractor is paid up front for their services and develop profit early in the
construction schedule. All capital costs were adjusted to reflect estimated cost as of December

2021.

OPERATION AND MAINTENANCE COSTS

This section in each chapter discugsthe cost associated with operating and maintaining the
systemwhich includes power, chemicalsyehabilitation and replacement(R&R) (if available),
labor, administrative, and regulatory compliance costs.

TOTAL COST SUMMARY

This section in each chapter wi provide an overall cost summary for each system and project
presented in each chapter. The cost summary will reflect an overall comparison of project
costs for each system evaluated and will summarize the data collected.

1.4 MARKET IMPACTS

From approximately August 2020 to December 2021, the construction industry has
experienced unprecedented impacts on overall construction costs and labor due to steep
increases in material prices, supply chain issueand difficulty staffing laborers. These issues
are generally due to the following impacts

S The Coronavirus (COVIEL9) which has led to supply chain challenges, such as
delayed deliveries and long lead times, and shortages of employees or laborers to
complete the work. OtherCOVID19 impacts included shutdovn of manufacturing
FAAEI EOEAO AOA O1 Ci1 OAOI-RAOAT OBAROGD® ARARED
facilities could re-open, it was difficult staffing the facilities due to illness, required
guarantine or having to take care of family members at home his led to a backlog
of production while demand began to increase. This, in turn, led to supply chain
challenges and ultimately increases in production and material costs.

S Dramatic shifts in demandfor goods and servicegartially triggered by the pandemic
has led to price pressure and shortages of goods and material.

S Increases in petroleum, natural gas and diesel costs has led to price increases in
products that require fuel for production (e.g., PVC piping) and fuel for material
delivery and heavy equipnent operation.
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S Trade policy action for imported and exported material (increase in tariffs for
materials purchased from other countries).

S The Texas winter storm in 2020 knocked out production facilities and power to
petrochemical plants that led to damage such as frozen pipe bursts. Loss of
production and repairing damages created a surge in demand for products that use
plastic resins (such as PVC piping adhesives, and packaging products used for
protecting construction materials.

At the time of thisstudy, the market is highly volatile and not anticipated tostabilize soon. A
slow economicrecovery is anticipated in 2022 with the first half of 2022 continuing to see
upward pressure on prices, according ta&ngineering News Record (ENFRS)Q022 forecast
(Zevin and Rubin, 2021) For water supply projects, an overall 6.8% increase is anticipated
in 2022 as compared to 2021, according to FMI Corp. evaluatiodgvin and Rubin, 2021).

COSPROJECTION METHODOLOGY

As discussed in the previous sections, historical and preseday market fluctuations have

impacted construction costs, including labor and material costs. These impacts need to be
considered whenestimating construction costs of pojectsfrom historical cost data. In order
escalatehistorical coststo December 2021 dollars the ENRConstruction Cost Index (CCl)

and Material Price Index (MPI) were used to bring forwardtonstruction costs toDecember

2021 dollars, where appropriate.Each index measures how much current constructioand

material costsescalatedas compared to what it was in the base month/year (month/year the

cost wasinitially determined). For example, for August 2016 (base month/year), the CCI

value is 10385.For Auguwst 2020, the CCI value is 11455. Therefore, the cosscalation

multiplier from the basis monthyear of August 2016to August 2020 is 11455 divided by

10385 or 1.10 (10% escalation). The CCI is typically used where labor costs are a high
proportion of total costs and is based on a 20ity average rate for wages and benefits times

200 hours of common labor. The MPI is a 26ity average of material costs. Both indices apply

to general construction costsand reflect monthly inflation rates. Due to the effectof COVID

19, increases in tariffs and other issues previously mentioned, the market has been in flux
between August 2020 and December 2021. The CCI has typically been used to project costs

Ol O1 AAUBGO AT11AO0O8 (1 xAOAOh inGéade ofmatprialkdsd O 11 O
contractors are seeing in the 2021 market. The MPI, however, appears to better reflect the
material cost increases and ultimately the overall construction costs contractors are
experiencing for the types of projects described ithis Sudy. Therefore,a combination of the

CCI and MPI were usetb estimate current costs(in December 2021 dollars)of previous

projects included in this Sudy. The CCl was used between the construction start date, or the

bid tabulation dates of the poject, and August 2020, where material costs began to increase

at a steeper rate than historical values within the last 10 years. From August 2020 to
December 2021, a 30% increase was added to the August 2020 adjusted costs, as this is the
average increasdor overall construction costs accordingtoENFG O - 0) AAOA AT A EI
AT 1T OOAADOT 0068 AT OO AOOEI AOGT 0O 1T &£# OEA 1 AOEAO AOGO

417 OAEI AAO AOOOAT O AT 1 OOOOAOGEITT AT OOOh HOT EAAC
years were escalatedto present-day costs. TheENRcost indices were used to project .
AT T OOOOAOQET I Al OO0 AAOA Oi ¢mgp Alwerd 45008 /| OE

considered as it relates to historical and current market fluctuations and impacts within the
last 10 years. O&M adéebns include power costs of $0.12 per kilowathour (KWh) and
chemical costs are based on current values provided by municipaliseand other reliable



sources (2021). The chemical costs includgodium Hypochlorite for Disinfection and Sulfuric
Acid or Carbon Dioxide for pretreatment and posttreatment for Membrane Technology

Summary of Capital Cost addns are listed inTable 1-1 below. Note these capital cost add
ons are assumed based on industry standard percentages used for cost estimating, as well as
data collected from construction cost information provided for thiswater supply study.

Table1-1: Summary of Capital Cost Adans
Add On | Cost |

General Conditions Varies
Mobilization/Demobilization Varies
Bonds 2%
Contractor Overhead and Profit 15%
Technical Servicés 20%
Owner Administration and Legal 5%
Project Contingency 15%
Federal Discount Rate for 2021 (Water Resources Discount Rat 2.5%
Annual Interest Raté 7%
Sales Tax (where applicable) 7%
Plant Service Life 20 years

(1) Includes Engineering, Geotechnical, Survey, Permitting, Engineering Services During Construction
(2) Derived from the Federal Discount Rate

For advanced water treatment(Chapter 3) and reclaimedreuse water treatment (Chapter

Oh Ol A A-yrérQrojéctedcapia tostsidr QIGYSterdslard ¢ Tt
graphically representedwithin the respective Chaptersalong with expected accuracy range
between-30% and +50% of the calculated costs, per Association for the Aatvcement of Cost

4)OAAET T 11T CEA

%l CET AAOET ¢

il #%q

) T OA QAAERK) E0Rd) TAthl praluctiod Cokts AOET C

are presented based off plant capacity (or maximum daily flow) or annual average daily flow.
A 7% discount rate over 20 years was used to develop mital investment for these
technologies.An annual deposit of 10% of the equivalent annual capital cost is assumed for
budgeting for a R&R account. Capital costs to do not include the cost of acquisition of land,
rights-of-way, transmission mains, and utities.

In addition to the methodology described above for projects performed in the last 10 years,
another cost estimating tool, RSMeans, was used to determine costs for pipeline construction

projects (Chapter 8).



WATER SJPPLY WUELISS

2.1 DISCUSSION OF ASSUMPTIONS AND APPROACH

Capital costs and O&M data were collected and summarized for water supply wells. This data
included: drilling of the well, wellhead, appurtenances, and limited site improvements, such
as well pad andfencing for four of the five planningareaswithin the SFWMD (Lower East
Coast, Upper East Coast, Lower West Coast, and Upper Kissimmee Basin). The Lower
Kissimmee Basin was not included in this analysis due to the lack of available information.
Data was aalyzed for each of thesglanning areasindividually as the location of the well
may directly impact the cost of construction due to well location; depth of well as it relates to
water source (i.e., aquifer the water is drawn from); and well diameterAfter evaluating the
costs for each well, within each planning area, it was determined that the planning area (or
location) was not the driver for overall well costs. The well parametersife.,well capacity,
well depth, etc.) appeared to be the basis of theesulting costs. Therefore, this evaluation
applies to costs Districtwide. Data was obtained through both internal and external
resources.The Florida Department of Environmental Protection FDEP MapDirect website
(https://ca.dep.state.fl.us/mapdirect/ ) was used to download and sort data for all wells
within the SFWMD service area. The SFWMD ePermitting website was also used to collect
well casing depth, well diameter, and capacity.

In addition to the costs discussedin Chapter 1, costs for water supply wells include all
relevant data such as construction datécost basis monthyear), Engineering News Recoi@dCl
and MPI values (per methodology discussed in Chapter 1), material, well casing diameter,
depth, capacity, aquifer, and pump type (with HP). There were several well cost comparisons
for wells constructed in different years, that may be indicative of Aigher cost increase than
what the CCl and MPI capture. It could not be determined if the higher cost percent increase
were attributed to local or project specific impacts versus market impacts, to rely on the
percent increase for this evaluation. Therefag, theENRCCI and MPI methodologydescribed

in Chapter 1, was used in this section for consistency and reliability of data for cost
adjustments. The projectsusedare throughout the SFWMD service area and ranged in depth
and water source (i.e., surficiabr confined aquifer), with the exception of the wells inndian
River County (IRC), which were included to provide additional well information near the
Upper East Coast (UE@®Ianning Area


https://ca.dep.state.fl.us/mapdirect/

Water Supply Wells

The depth of each well varies by location andse. Wells included in thisSudy contain casing
sizes ranging from 10 to 24 inches and are primarily constructed of polyvinyl chloride (PVC),
stainless steel, steel, or fiberglass reinforced plastic (FRP). Modern wells primarily utilize
submersible pumpswith an appropriate size and number of pump bowls to accommodate
required flow and pressure headln general, the well systemseviewed in the LEC Planning
Area were placed within a concrete slab and are enclosed by a chdiimk fence, as required
by Chaper 62-555, Florida Administrative Code (F.A.C.).

The water supply sources in each area evaluated are from either a surficial aquifer or
confined aquifer which includes the Biscayne Aquifer, Lower Tamiami Aquifer, Floridan
Aquifer and Mid-Hawthorn Aquifer. Figure 2-1 through Figure 2-4 present generalized
cross-sections of each planning area and associated aquifer zones with corresponding depths
(Source:https://www.sfwm d.gov/document/cuptech-aquifer-cross-sections-and-maps)
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Figure 2-1: Lower East Coast Planning Area: Miaridade and Broward Counties Generalized
Crosssection


https://www.sfwmd.gov/document/cuptech-aquifer-cross-sections-and-maps

Figure 2-1: Upper East Coast Planning Area: Generalized Cresction Northwest to Southeast
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Figure 2-2: Lower West Coast Planning Area: Generaliz&Zfosssection Northwest to Southeast
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Figure 2-3: Upper and Lower Kissimmee Basin Planning Area: Generalized Cresstion North
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WellheadCosts

Wellhead costs typically include the piping, monitoring equipment (flow, pressure, etc.)
valves, and fittings required to complete the wellhead assembly. Additional costs include all
remaining features required to complete the well site such as a vault aroncrete pad to
enclose the well; required pipe supports; and surrounding fencing for public access control
and safety. Mechanical, electrical, control panels, and associated appurtenances are all
considered within the wellhead costlt was determined that general conditions costsvaried

ET OEA AT 1T OOAAOT 060 CcAT AOAI AITAEOQOEIT O OAI OAO
difficult to achieve. For example, two contractors that bid on the Palm Beach County Water
Utilities Department (PBCWUD) 19022 project had general conditions value of 5.7% and
8.7% respectively, which resulted in abid difference of approximately $350,000. This cost
difference is significant enough to skew the cost dafor comparative purposesln evaluating

the available cost datathe general conditions valuewas not included in the evaluation but
the reader shouldassume the general conditions to bapproximately 5 to 10% of the overall
construction costs.

Operating Costs

Operating costs reflect resulting power consumption basedn pump horsepower, efficiency,
and power costs in dollars per kilowatthour ($/ KWh) as of December 2021.Well
maintenance costs reflect chlorination/disinfection, acidization, and general repair and
rehabilitation work including brushing of casing, downhole video, removal and replacement
of motors and replacement of well appurtenances.
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2.2 LOWER EAST COAST

Internal and external databases were used to develop a list of recently completed wells within
the Lower East Coast Planning (LEC) Area. Wells from both the Surficial aquifer system (SAS)
and Floridan aquifer system (FAS) were evaluated. Some of the infortan was collected
from vendor pay applications provided by municipalities and utilities for each project. Other
data was obtainedrom contractors including Florida Design and Drilling, Inc., and consultant
JLA Geosciences, Inc. S@able 2-1 for the list of wells used for this study and their
corresponding municipality and aquifer water source.

Table2-1: Wells Evaluated within theLECPlanning Area
Location of Well Utility Project Name Aquifer
Coral Springenprovement -
Broward County District (CSID) Wells 7R,18, 19,and20 Surficial
North Springs Improvement -
Broward County District (NSID) Well 10 Surficial
Broward County City of Hallandale Beach Well 9 Surficial
Broward County City of Sunriseltilities Wells SGFL and SGR Floridan
Department
WellsHR8A,HR8B, HR9B, HR
Palm Beach County Seacoast Utility Authority 11A,HR12A,HR14A, HRL6A, Surficial
andHR18A
Palm Beacl@ounty Seacoast UtilitAuthority Well F9 Floridan
Palm Beach County Town of Jupiter Utilities Wells 12A, 8Aand11A Floridan
Palm Beach County Water | Wells3W-13R 9W:2R and 9W- -
Palm Beach Count Utilities District 11R(16077Phase)l Surficial
PalmBeach County Water Wells9W-1R,9W-5R, 8W10R -
Palm Beach County Utilities District and2W-1R(16-077Phasel) Surficial
Palm Beach County Palm ngch Cpur_lty Water Well 2W-3R (19022 Phase II) Surficial
Utilities District
Palm Beach County Palm ngch Cpur)ty Water WellsPW8, PW9, and PW11 Floridan
Utilities District
City ofBoca Ratoiwater WellsSR28W, SR21W,and -
Palm Beach County Utilities SR33W Surficial

2.2.1CAPITAL COSTS

Well, Well Pumps, and Appurtenances Costs (LEC Summary)

Production well costs can be impacted by variousttributes of the well, such as size
(diameter), depth of well casing completed well depth, and location. Other impacts on

11



construction costs are labor and overall material costs, which have dramatically areased
within the lastfour years. For example, from the cost data collected, a significant cost increase
has been observed in the data within théast four years From 2017 to 2018, the average cost
for a surficial well installation had increased by ove25% when comparing the PBCWUD well
costs. The 2017 average cost of surficial wells (including the wellhead) constructed in the
PBCWUD 1677 Phase | projects (3WL3R, 9W2R, and 9W11R) was approximately
$390,092 and the average 2018 costs for the PBCWWPDase Il project (AW5R and 2W1R)
was $486,725. An additional 75% cost increase was observed between the well costs
associated with PBCWUD 1922 Phase Il project (2W3R) and the wells associated with the
PBCWUD Phase Il project (9¥8BR and 2W1R), where he total cost of Well 2W3R was
approximately $830,252 in August 2021 dollars. Technology was added to the wells
constructed as part of the PBCWUD Phase | and Phase Il project construction costs to make
OEAI OOIi AOOAOG R xEEAE A OiglieAas Eompareditb at@Owells £ OE A C
constructed in other municipalities that do not typically incorporate this type of program for
their wellfield systems. This 70% increase may not be representative of all wells recently
constructed as compared to wells costructed prior to 2020. However, a portion of the
significant cost increase may include the combination of the volatile market impact within
the last two to three years or where most of the cost impact was observed starting August
2020, as discussed irChapter 1. These cost increases may also include the differences in
depth, the work involved, required improvements related to the electrical and
instrumentation effort, and access and location of each well that cannot be derived from the
schedule of values for each well in a given year. For these wedlstimated construction costs

in December 2021 dollars are listed in th@ables 2-2, respectively.

The well construction costs for Seacoast Utility Authority (SUA) wells were also compared to
evaluate cost increase between 2018 and 2020. Five SUA wells and associated wellheads (HR
9B, HR-11A, HR14A, HR16A, and HR18A), similar in size and material of the HFBB well
and wellhead, were constructed in July 2018 and had an average overall construction cost of
$436,704 per well. Well HR-8B was completed in April 2020with cost of approximately
$502,420.The overall construction cost of Well HRBB had increased by 15% as compared to
the July 2018 wells. Note, this was prior to the market impacts discussed @hapter 1. For
these wells,adjusted construction costs in December 2021 dollars aréisted in the Tables 2-

2, respectively.

For the FAS wells (PBCWUD P/ PBCWUD PWI1, SUA P, SUA SGE, and SUA SGE)
constructed in the LEC, the adjusted well costs (in December 2021 dollars) range from
$483,899 to $1,462,925 (at time of respective catruction dates or cost basis month with

well depths ranging from 632 feet to 1,800 feet below land surface (bls), respectively. Casing
material varied and included PVC, black steel, PVC and FRP. Casing diameters ranged from 12
to 17 inches. The well chaacteristics and cost information can be found ifable 2-3.

Submersible pumps are the most common type of pump used f&ASwater supply wells.
Vertical turbine pumps followed by end-suction centrifugal type pumps were the least
common and were typically used for FAS water supply wellslt should be notedthe cost of
wellhead and miscellaneous appurtenances varies depending on the size and type of pump
installed. Costs for wellheadsincluding pump and motor,were developed from bid tabs, pay
applications, and AWSfunding program applications from the District for Palm Beach,
Broward, and Hendrycounties.

12



Presentday (December 2021 dollars) wellhead costs for the LB&anning Areaare provided
as part ofTables 2-2 and Table 2-3 andrange from $1.05,475to $855,371for SASwells and
from $113,867 to $81,906 for FAS wells Wellhead costs include pump and motor, valves
and appurtenances, electricaland instrumentation. The wellhead costs appear to be driven
by the wellhead size, capacity, and teclology added to the well.

SeeTable 2-2 and Table 2-3 for data collected forSAS wells and FAS wellfcated in the
LECPIlanning Arearespectively.
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Table 2-2:

SASWell Coss within the LEC Planning Area
CSID: Well 18, 19,

UTILITY/ OWNER WELL ID A CSID: Well 7R| NSID: Well 10 C1tY Of Hallandale
(averagecost per Beach: Well #9
well)
Well Location Broward County | Broward County| Broward County| Broward County
&%ﬂfﬁ‘ﬁz’; Date (Cost Basis June 2018 May 2015 | October 2018 | February 2021
Well Depth (ft) 87, 1, 94 67 80 100
(respectively)
Casing Depth (ft) 137 132 140 100
Well Capacity (gpm) 700 900 500 2,200
Casing Material PVC StainlessSteel PVC Not Available
Casing Diameter (in) 16 16 16 24
\é\/;;: Sclslgitt';’f;:r" Cost dost $493,500 $320,781 $282,500 $168,000
CClat Cost Basis Montiyear®™ 11069 9975 11183 --
ﬁdfuséigtvgggoc&ﬁgécuon C1  $510,709 $368,376 $289,371 -
gg‘é’esrgfge\!v;gzclogsﬁg‘g'o” n $663,922 $478,889 $376,182 -
MPI & Cost Basis Montlvear® - - - 3836
Adjusted Well Construction Cos
in December 2021 Dollaf® B B B $217,401
\éV:;thzgi f&gﬂ;‘;‘:;” Cost $227,200 $38,902 $192,500 $661,000
Adjusted Wellhead Constructio
Cost in August 2020 Dolldfs $235,123 $44.674 $197.182 B
Adjusted Wellhead Constructio
Cost in December 2021 Dollars $305,660 $58,076" $256,337 --
®
Adjusted Wellhead Constructio
Cost in December 2021 Dollars| -- -- -- $855,371
®)

(1) Construction datebefore August 2020 tilized a CCI adjustment ) A A
(2) Adjusted Well/Wellhead Construction Costin August 2020 Dollars(O7 A1 1 ¥ 7AT 1 EAAA  # ICosOEAE

Month-Yeard

i O1 OBpipitEAA AW E Adodt babisMoftiyéa) JA O

(3) A 30% increase was added to the August 2020 value to reflect estimateonstruction costs in December 2021 dollars
(4) Construction dateafter August 2020 uilized as MPI adjustment ) o S o
(5) Adjusted Well/Wellhead Construction Cost in December 2021 Dollaf®© 7 A1 1 ¥ 7 A1 1 EAAA # CdstB&s6

Month-Yeard

(6) Appears low, notincluded in summary table
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Table 2-2:

SASWell Cosswithin LEC Planning AregContinued)

PBCWUD 1617 PBCWUD 1617
UTILITY/ OWNER WELL IC I;ﬁ;:sve\;/llJZ\/lAf;; Phase I: WUD iig;’g%?;&lg Phase I:
| 9W-2R : WUD 9W11R
Well Location Palm Beach Palm Beach Palm Beach Palm Beach
County County County County

Construction Date (Cost Basi
Month-Year) August 2017 August 2017 January 2018 August 2017
Well Depth (ft) 155 148 148 156
Casing Depth (ft) 105 98 98 96
Well Capacity (gpm) 1,250 1,100 1,100 1,100
Casing Material PVC PVC PVvC PVvC
Casing Diameter (in) 16 16 16 16
Well Construction Cost&lost| ¢ 55 g75 $153,000 $243,910 $155,400
Basis MonthYear
(cl)cm Cost Basis Mondvear 10826 10826 10878 10826
Adjusted Well Construction
Cost in August 2020 Dol $164,931 $161,889 $256,848 $164,428
Adjusted Well Construction in
December 2021 Dollaf® $214,411 $210,456 $333,902 $213,758
MPI & Cost Basis MontlYear
@ - - - -
Adjusted Well Construction
Cost in December 2021 -- -- -- --
Dollars®
Wellhead Construction Coat
Cost Basis Monthear $252,000 $227,000 $316,000 $227,000
Adjusted Wellhead
Construction Cost in August $266,641 $240,189 $332,762 $240,189
2020 Dollar®?
Adjusted Wellhead
Construction Cost in $346,634 $312,246 $432,590 $312,246
December 2021 Dollaf8
Adjusted Wellhead
Construction Cost in -- -- -- --
December 2021 Dollaf8

(1) Construction datebefore August 2020 tilized a CCI adjustment ) o S o
(2) Adjusted Well/Wellhead Construction Cosin August 2020 Dollars(O7 A1 1 ¥ 7 A1 1 EAAA #1171 0060

Month-9 AA O 6

i OlpQpEIVE AAME OFEABodt bakisMofikyéa JA O

(3) A 30% increase was added to the August 2020 value to reflect estimateohnstruction costs in December 2021 dollars
(4) Construction dateafter August 2020 uilized as MPI adjustment ) . S o
(5) Adjusted Well/Wellhead Construction Cost in December 2021 Dollared7 A1 1 ¥ 7AT1 1 EAAA #11C

Basis Monthd AA O 6
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Table 2-2:

UTILITY/ OWNER WELL ID

PBCWUD 1617
Phase II: 2\WLR

PBCWUD 1922
Phase |: 8WIOR

SASWell Cosswithin LEC Planning AregContinued)

PBCWUD Well 2w
3R

Well Location

Palm Beach County

Palm Beach County

Palm Beach County

Construction Date (Cost Basis

Month-Year) January 2018 January 2018 August 2021
Well Depth (ft) 118 105 140
Casing Depth (ft) 86 75 20
Well Capacity (gpm) 1,200 1,000 1,200
Casing Material PVC PVvC PVC
Casing Diametd(in) 16 16 24
Wel! Construction Cost &ost $212,540 $217,001 $495,352
Basis MonthYear

CClat Cost Basis MontiYear®™ 10878 10878

Adjusted Well Construction Cosl

in August 2020 Dollaf8 $223,814 $228,606

Adjusted Well Construction in

December 2021 Dollaf® $290,958 $297.188 B
MPI & Cost Basis Montlvear® -- -- 4933
Adjusted Well Construction Cosil

in December 2021 Dollaf® - - $498,465
Wellhead Construction Coat

Cost BasiMonth-Year $201,000 $271,000 $361,000
Adjusted Wellhead Construction

Cost in August 2020 Dolldfs $221,662 $285,375 B
Adjusted Wellhead Construction

Cost in December 2021 Doll&bs $275,160 $370,987 B
Adjusted Wellhead Construction _ _ $363.270

Cost in December 2021 Doll&rs

€
@

(©)

4
®)

Cost Basis Monttd AA O 6

2021 dollars

at Cost Basis Montt9 A A O &

Construction datebefore August 2020 tilized a CCl adjustment
Adjusted Well/Wellhead Construction Costn August 2020 Dollars(O7 A1 1 77 A1 1 EAAA #1
i O1pGE WivE AE GERGo# bakis Moty ea) QA O

A 30% increase was added to the August 2020 value to reflect estimatednstruction costs in December

Construction dateafter August 2020 dilized as MPI adjustment ) o S
Adjusted Well/Wellhead Construction Cost in December 2021 Dollaf©7 AT 1 77 A1 1 EAAA ;

i OltQiplr 1 BEAREAD EAMUCASt Batls MontHygar) A O
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Table 2-2:

UTILITY/ OWNER WELL ID

SASWell Coss within

Boca Raton Water

Treatment Plant SR

LEC Planning AregContinued)

Boca Raton Water
Treatment Plant SR

Boca Raton Water

Treatment Plant SR

28W 31W 33W
Well Location Palm Beach County | Palm Beach County | PalmBeach County
Construction Date (Cost Basis October 2012 October 2012 October 2012
Month-Year)
Well Depth (ft) 213 195 205
Casing Depth (ft) 115 113 121
Well Capacity (gpm) 1,400 1,000 1,400
Casing Material PVC PVvC PVC
Casing Diametd(in) 20 20 20
Wel! Construction Cost &ost $235,628 $216,771 $223,057
Basis MonthYear
CClat Cost Basis MontiYear®™ 9376 9376 9376
Adjusted Well Construction Cost
August 2020 Dollar@ $287,875 $264,837 $272,516
Adjusted Well Construction in
December 2021 Dollafd $374,237 $344,288 $354,271
MPI & Cost Basis Montlvear® - - --
Adjusted Well Construction Cost _ _ B
December 2021 Dollaf8
Wellhead Construction Coat
Cost BasiMonth-Year $217,400 $218,350 $207,450
Adjusted Wellhead Construction
Cost in August 2020 Dolldfs $265,605 $266,766 $253,449
Adjusted Wellhead Construction
Cost in December 2021 Doll&Ps $345,287 $346,796 $329,484
Adjusted Wellhead Construction _ _ B
Cost in December 2021 DolldPs

(1) Construction datebefore August 2020 dilized a CCl adjustment o S o
(2) Adjusted Well/Wellhead Construction Costn August 2020 Dollars(O7 A1 1 ¥ 7A1 1 EAAA #1171 00OC

Month-9 AA O 6

i OlpGEWIVE A OREUABodt babisMofikyéa)d qA O

(3) A 30% increase was added to the August 2020 value to reflect estimatednstruction costs in December 2021

dollars

(4) Construction dateafter August 2020 uilized as MPI adjustment ) o S o
(5) Adjusted Well/Wellhead Construction Cost in December 2021 Dollat®7 AT 1 ¥ 7AT 1 EAAA #1711 ¢

Basis Month9 A A O 6
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Table 2-2:

UTILITY/ OWNER WELL I

SASWell Cosswithin LEC Planning AregContinued)

Seacoast Utility

Authority HR8B
Replacement

Seacoast Utility

Seacoast Utility

Authority Well HR | Authority Well HR

9B

11A

Seacoast Utility
Authority Well HR
14A/16A (average

Well Location

Palm Beach Count

Palm Beach Count

Palm Beach Count;

cost per well)

Palm Beach Count

Construction Date (Cost Bas

Month-Year) April 2020 July 2018 July 2018 July 2018
Well Depth (ft) 120 120 110 105
Casing Depth (ft) 90 80 80 75
Well Capacity (gpm) - 1,230 1,230 1,230
Casing Material PVC PVvC PVC PVC
Casing Diametd(in) 16 16 16 16
Well Construction Cost at

Cost Basis Monthear $340,420 $221,250 $234,520 $226,000
CCt Cost Basis Montifear 11413 11116 11116 11116
Adjusted Well Construction

Cost in August 2020 Dol $341,673 $227,997 $241,394 $232,892
Adjusted Well Construction ir

December 2021 Dollafd $444,175 $296,397 $313,812 $302,759
MPI & Cost Basis Montlear

@ - - - -
Adjusted Well Construction

Cost in December 2021 -- -- -- --
Dollars®

Wellhead Construction Cost

at Cost Basis Montiear $162,000 $210,000 $210,000 $210,000
Adjusted Wellhead

Construction Cost in August $162,596 $216,404 $216,404 $216,404
2020 Dollar$?

Adjusted Wellhead

Construction Cost in $211,375 $281,326 $218,326 $218,326

December 2021 Dollaf8

Adjusted Wellhead
Construction Cost in

December 2021 Dollaf8

)
@)

©)
4)
©)

Month-9 AA O 6

Month-9 A A O 6

Construction datebefore August 2020 tilized a CCl adjustment
Adjusted Well/Wellhead Construction Costin August 2020 Dollars(O7 A1 1 77A1 1 EAAA #1711 000C
i OlpGE WivE AE OERCok baisMoftivea) QA O
A 30%increase was added to the August 2020 value to reflect estimatednstruction costs in December 2021 dollars
Construction dateafter August 2020 dilized as MPI adjustment
Adjusted Well/Wellhead Construction Cost in December 2021 Dolla® 7 A1 1 7 7 AdndtréctfoA Gost#t Cost Basis
i OltGfon] BAMEA EMUACASt Batls MDnty8ard A O
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Table 2-2:

Town of Jupiter Well

SASWell Cosswithin LEC Planning AregContinued)

Seacoast Utility

Town of Jupiter Well

UTILITY/ OWNER WELL ID  Authority Well HR 8A/11A (@veragecost
12A

18A per well)
Well Location Palm Beach County| Palm Beach County| Palm Beach County
Construction Date (Cost Basis
Month-Year) July 2018 January 2021 October 2019
Well Depth (ft) 110 160 160
Casing Depth (ft) 80 120 129
Well Capacity (gpm) 1,230 700 Not Available
Casing Material PVC PvC PVC
Casing Diametd(in) 16 12 12
Well Construction Cost &ost
Basis Montkyear $230,500 $563,995 $273,488
CClat Cost Basis MontiYear®™ 11116 - 11326
Adjusted Well Construction Cost
August 2020 Dollar® $237,529 B $276,602
Adjusted Well Construction in
December 2021 Dollaf8 $308,788 B $359,583
MPI & Cost Basis Montlvear® - 3794 -
Adjusted Well Construction Cost
December 2021 Dollaf8 B $737,920 B
Wellhead Construction Coat .
Cost Basis Montear $210,000 $80,615 Not Available
Adjusted Wellhead Construction
Cost in August 2020 Dolldfs $216,404 B B
Adjusted Wellhead Construction
Cost in December 2021 Doll&bs $218,326 B B
Adjusted Wellhead Construction
Cost in December 2021 DolldPs - $105,475 --

(1) Construction datebefore August 2020 tilized a CCI adjustment

(2) Adjusted Well/Wellhead Construction Cosin August 2020 Dollars(O7 A1 1 T 7 AT 1 EAAA #1171 ¢
Basis Month9 AA O3 | OipGhEWIvE AVE OEUAGoLt badisMobtiy¢a QA O

(3) A 30% increase was added to the August 2020 value to reflect estimatednstruction costs in December 2021
dollars

(4) Construction dateafter August 2020 uilized as MPI adjustment

(5) Adjusted Well/Wellhead Construction Cost in December 2021 Dollar€®7 A1 1 7 7AT 1 EAAA #1
CostBasisMontl® AA 06 | OitGipli EAEAD EAUACASt Basls MontHyaard A O

19



Table 2-3:

FASWell Cosswithin LEC Planning Area

. : Lake Region Lake Region
City of Sunrise SGF - ) :
UTILITY/ OWNER WELL IL 1/SGF1 @veragecost >cacoastUtility - Wellfield el
er well) Authority F9 Improvement Improvement
P PW:8 PW11
. Palm Beach Palm Beach Palm Beach
Well Location Broward County County County County
Construction Date (Cost Basi
Month-Year) January 2012 June 2018 May 2012 August 2017
Well Depth (ft) 1,800 1,600 1,350 1,350
Casing Depth (ft) 1014 1’.006 1,300 1,150 1,140
(respectively)
Well Capacity (gpm) 1,400 1,600 880 900
Casing Material B“rgesf:’REON 500 PVC PVC PVC
Casing Diametd(in) 17 14 14 14
Well Construction Cost &ost
BasisVionth-Year $827,050 $1,358,787 $1,186,431 $857,412
CCt Cost Basis Montifear 9176 11069 9290 10826
Adjusted Well Construction
Cost in August 2020 Dollas $1,032,462 $1,358,787 $1,462,925 $907,228
Adjusted Well Construction in
December 2021 Dollaf® $1,342,199 $1,766,423 $1,901,802 $1,179,397
MPI & Cost Basis Montlear
@ - - - -
Adjusted Well Construction
Cost in December 2021 -- -- -- --
Dollars®
Wellhead Construction Cosat
)
Cost Basis Monthear $12,00¢ $150,000 $71,036 $648,408
Adjusted Wellhead
Construction Cost in August $14,908 $155,231 $87,590 $686,081
2020 Dollar$?
Adjusted Wellhead
Construction Cost in $19,474" $201,808 $113,867 $891,906
December 2021 Dollaf8
Adjusted Wellhead
Construction Cost in -- -- -- --
December 2021 Dollaf8

(1) Construction datebefore August 2020 tilized a CCI adjustment ) o S o
(2) Adjusted Well/Wellhead Construction Costn August 2020 Dollars(O7 A1 1 7 7AT 1 EAAA #1171 06O

Month-9 AA O 6

i OlpQpEIVE AAME OEUABodt bakisMofikyéap JA O

(3) A 30% increase was added to the August 2020 value to reflect estimateonstruction costs in December 2021 dollars
(4) Construction dateafter August 2020 uilized as MPI adjustment ) . S o
(5) Adjusted Well/Wellhead Construction Cost in December 2021 Dollaf®© 7 A1 1 ¥ 7 AT 1 EAAA #1171 00C

Month-9 AA 06
(6) Pump/motor not included
(7) Not included in summary
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2.3 UPPER EAST COAST

Internal and external databases were used to develop a list of recently completed wells within
the Upper East Coast (UEC) Planning Area. Wells from both the Floridan and Surficial Aquifers
were evaluated. All information was collected fromvendor pay applications provided by
municipalities and utilities for each project. The list of wells used for this study their
corresponding municipality, and aquifer water source is shown below inTable 2-4. As
previously discussedthe wells included in this section that are located in Indian River County
(IRC),are not located within the SFWMD UEC Planning Area. However, tliRCwells were
included in this evaluation to provide additional cost information for the area near the UEC
PlanningAreah A OA Ol progiditk. x AT 1 08

Table 2-4: Wells evaluated within the UECPlanning Area

Location of Well Municipality Project Name
Indian River County Indian River County Utilities WellsS7and $4 Floridan
Martin County City of Stuarttilities Well FA1 Floridan
Martin County North JensenMartin County Ultilities Well 9A Surficial
. . - WellsTFR@6 and .
Martin County Martin County Ultilities TERGY Floridan
St. Lucie County Fort Pierce Utilities Authority wells 1Ré|§ R, and-S Surficial

2.3.1CAPITAL COSTS

Well, Well Pumps and Appurtenancé&xstUEC Summary)

Well construction costs from both theSASand FAS were analyed.All FAS and SAS wells were
constructed of PVC. Fathe UEC SAS wells, the adjusted construction costs in December 2021
dollars range from $54,903to $741,546. The well casing depths range from 65 to 75 feet bls
with well casing diameters ranging from 10 to 12 incheg-or the UEC FAS wellshé adjusted
construction costs in December 2021 dollars range from approximately $1&million to $1.6
million. The casing depths for these FAS wells range from1D0 to 1,600 feet bls with a well
casing diameter ranging from 12 to # inches.

Submersible pumps were thetypical pump types used for SAS water supply wells. Vertical
turbine pumps followed by end-suction centrifugal type pumps were typically used for FAS
water supply wells.Wellhead costswere developed from bid tabs, pay applications, and AWS
funding program applications from the District for City of Stuart, Fort Pierce Authority, IRC,
and Martin County Utilities.

Adjusted wellheadcosts for theUEC PlanningArearange from $77,362to $112,887 for SAS
wells and from $392,536t0 $674,214 for FAS wells. Wellhead costs include pump and motor,
valves and appurtenances, electrical, and instrumentation. The wellhead costs appear to be
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driven by the wellhead sizeand capacity.SeeTable 2-5 through Table 2-7 for data collected
for wells located in the UE®lanning Area

Table 2-5:

UTILITY/ OWNER WELL ID

Fort Pierce

Fort Pierce

SAS WelCoss within UEC Planning Area

Fort Pierce

Utilities Authority | Utilities Authority | Utilities Authority

Replacement Well Replacement Well Replacement Well

North Jensen
(Martin County

Utilities) Well 9A

W-1R W-2R S8R
Well Location St. Lucie County| St. Lucie County | St.Lucie County Martin County
Construction Date (Cost Basis June 2017 June 2017 June 2017 April 2018
Month-Year)
Well Depth (ft) 105 125 115 125
Casing Depth (ft) 65 65 70 75
Well Capacity (gpm) 350 350 250 300
Casing Material Stainless Steel Stainless Steel -- PVC
Casing Diametdiin) 12 12 10 12
Well Construction Cost &ost
Basis Montkyear $304,075 $255,080 $327,965 $538,650
CClat Cost Basis MontiYear®™ 10703 10703 10703 10817
Adjusted Well Construction Cost |
August 2020 Dolla@ $325,439 $273,003 $351,008 $570,420
Adjusted Well Construction in
December 2021 Dollaf® $423,071 $354,903 $456,310 $741,546
MPI & Cost Basis Montlvear® -- -- -- --
Adjusted Well Construction Cost | _ _ _ B
December 2021 Dollaf8
Wellhead Construction Coat
Cost Basis Monthear $70,043 $70,043 $55,602 $82,000
Adjusted Wellhead Construction
Cost in August 2020 Dolldfs $74,965 $74,965 $59,507 $86,836
Adjusted Wellhead Construction
Cost in December 2021 Doll&Ps $97,454 $97,454 $77,362 $112,887
Adjusted Wellhead Construction _ _ _ B
Cost in December 2021 DolldPs

(1) Construction datebefore August 2020 tilized a CCl adjustment o S A
(2) Adjusted Well/Wellhead Construction Costn August 2020 Dollars(O7 A1 1 ¥ 7AT1 1 EAAA #1171 OO0OAD

9AAODS

i OlppEWIVE AE OFEUACodt babisMofidy ga)o A O

(3) A 30% increase was added to the August 2020 value to reflect estimateonstruction costs in December 2021 dollars
(4) Construction dateafter August 2020 uilized as MPI adjustment

(5) Adjusted WellWellhead Construction Cost in December 2021 Dollargd7 A1 1 77 A1 1 EAAA #1171 000«
Month-9 AAO6 |1 OitGiphi EAEAD EAMULCASt Basls MontHyYaar) A O
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Table 2-6: FASWell Cosswithin UEC PlanningArea

Martin County Utilities
TFRO 6/TFRO(@verage

UTILITY/ OWNER WELL ID  City of Stuart FAL

cost per well)

Well Location Martin County Martin County
Construction Date (Cost Basis November 2019 March 2020
Month-Year)

Well Depth (f) 1,620 1,1501,400
Casing Depth (ft) 940 1,100'1,150
Well Capacity (gpm) 1,100 1,620
Casing Material PVC PVC
Casing Diametdin) 14 12
Wel! Construction Cost &ost $1.227,319 $1.212,350
Basis MonthYear

CClat Cost Basis Montiyear®™ 11381 11397
Adjusted Well Construction Cost il

August 2020 Dollar® $1,235,312 $1,218,520
Adjusted Well Construction in

December 2021 Dollaf8 $1,605,905 $1,584,075
MPI & Cost Basis Montiyear® - -
Adjusted Well Construction Cost il _ _
December 2021 Dollaf3

Wel!head Construction Coat Cost $300,000 $516,000
Basis MonthYear

Adjusted Wellhead Construction

Cost in August 2020 Dolldfs $301,951 $518,626
Adjusted Wellhead Construction

Cost in December 2021 Doll&Ps $392,536 $674,214
Adjusted Wellhead Construction _ _

Cost in December 2021 Doll&Ps

(1) Construction datebefore August 2020 tilized a CCI adjustment

(2) Adjusted Well/Wellhead Construction Cosin August 2020 Dollars(O7 A1 1 77 £
Construction Cost at Cost Basis Montda A A O 6

Cost basis MonthYead q

(3) A 30% increase was added to the August 2020 value to reflect estimatednstruction

costs in December 2021 dollars

i O1plpErbul vE ABE GAELA /

(4) Construction dateafter August 2020 uilized as MPI adjustment
(5) Adjusted Well/Wellhead Construction Cost in

AEOEAAA Rast Basis MYnthvedd)

23

( d ellhea ( December
(67 A1 1 ¥ 7 Kobnbtridolioh £ost at Cost Basis Montd A A 06

202{ Dpllar:
i O1 D®E



Table 2-7: FAS Well Co«tin Indian River County

Indian River County Indian River County

UTILITYOWNER WELL ID

Well S7 Well S4
Well Location Indian River County Indian River County
Construction Date (Cost Basis November 2019 March 2017
Month-Year)
Well Depth (ft) 700 835
Casing Depth (ft) 395 415
Well Capacity (gpm) 1,400 1,400
Casing Material PVC PVC
Casing Diametd(in) 17 17
Well Construction Cost &ost Basis $530,000 $585.000
Month-Year
CClat Cost Basis MontiYear®™ 10442 10667
Adjusted Well Construction Cost in Augu
2020 DollarL $581,416 $628,216
Adjusted Well Construction in December
2021 Dollar&d $755,841 $816,680
MPI & Cost Basis Montiear® - -
Adjusted Well Construction Cost in _ _
December 2021 Dollaf
Wellhead Construction Coat Cost Basis $352,000 $298.000
Month-Year
Adjusted Wellhead Construction Cost in
August 2020 Dollar® $388,416 $320,014
Adjusted Wellhead Construction Cost in
December 2021 Dollaf8 $501,993 $416,018
Adjusted Wellhead Construction Cost in _ _
December 2021 Dollaf3

(1) Construction datebefore August 2020 tilized a CCI adjustment

(2) Adjusted Well/lWellhead Construction Cost in August 2020 Dollars (07 AT 1 ¥ 7 £
Construction Cost at Cost Basis Month AA 06 | Ol plpErEvi vE ABE GAEUA Bokit balsis
Month-Yead q

(3) A 30% increase was added to the August 2020 value to reflect estimatednstruction costs in
December 2021 dollars

(4) Construction dateafter August 2020 uilized as MPI adjustment

(5) Adjusted Well/Wellhead Construction Cost in December 2021 DollarO7 A1 1 77 £
Construction Cost at Cost Basis Mot AA 06 1 Oi1tQugexi EAAEAO EAALAGLstBasis
Month-Yeard
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2.4 LOWER WEST COAST

External databases were used to develop a list of recently completed wells within the Lower
West Coast (LWC) Planning Areall recently completed projects were all FAS wells All
information was collected from contractor pay applications provided by municipalities and
utilities for each project. The list of wells used for thisstudy, source of the dataand their
corresponding municipality is shown below inTable 2-8.

Table 2-8: FASWells Evaluated within the LWCPIlanning Area

Locﬁé?ln of Source of Data Municipality Project Name
Hendry AWS District City of
County Provided Data LaBelle WellsUFA 2 and UFA 33
Bonita Springs Bonita
Lee County Utilities Springs RO Well8S33, BS34ndBS35
Lee County Bomtg“Spnngs Borpta Wells 37, 38,and 40
Utilities Springs

2.4.1CAPITAL COSTS

Well, Well Pumps and Appurtenances Costs (LWC Summary)

Bonita Springs Utilities provided well and wellhead costs for two separate phasesBASwell
construction. Construction of the first phase othe” T T EOA RABWRHEST(ESE3BS35)
began in February 2015 and hacn averageadjusted well construction costof $751,576in
December 2021 dollars The associatedadjusted wellhead average costwas approximately
$581,846, with a total overall construction cost of $833,422 in December 2021 dollars
Construction of thesecond phase ofhe Bonita3 B O EHASMIBE (Wells 37, 38, and 40)were
completed in 2018 and had aradjustedaveragewell construction cost$869,045in December
2021 dollars. The associatedadjusted wellhead average cost was approximately$547,994,
with a total overall construction cost of $1417,039 in December 2021 dollars The overall
well installation and material cost reflecied a cost increaseof approximately $83,617, or 6%,
between 2015 and 2018.This increase is reflectedin the well construction costs. The
wellhead costsdid not appear to have a significant cost increase between 2015 and 2018.

The well construction and wellheadcostfor the City LaBelle UFA 2 well was also included in
this evaluation. The adjusted well construction costs and adjusted wellhead cost was
$629,054 and $356,230, respectively.

SeeTable 2-9 for data collected for wells located in the LW®lanning Area
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Table2-9: FAS WellCoss within LWC Planning Area

City of LaBelle | Bonita Springs| Bonita Springs Bonita Springs

UTILITY/ OWNER WELL ID

UFA 2 Well 37 Well 38 Well 40
Well Location Hendry County| Lee County Lee County Lee County
Construction Date (Cost Basis July 2013 June 2018 June 2018 June 2018
Month-Year)
Well Depth (ft) 697 1,040 1,100 1,060
Casing Depth (ft) 600 850 865 810
Well Capacity (gpm) 696 700 700 700
Casing Material PVC PVC PVvC PVC
Casing Diametd(in) 10 14 14 14
Well Construction Cost dtost $403,500 $677,862 $622,282 $637,767

Basis Monthyear
CClat Cost Basis Montlvear® 9552 11069 11069 11069
Adjusted Well Construction Cost

August 2020 Dollar@ $483,887 $701,499 $643,983 $660,008
Adjusted Well Construction in

December 2021 Dollafd $629,054 $911,949 $837,177 $858,010
MPI & Cost Basis Montlvear® - - - --
Adjusted Well Construction Cost _ _ _ B
December 2021 Dollaf8

Wellhead Construction Coat $228,500 $354,832 $329,607 $537,549
Cost Basis MontiYear

Adjusted Wellhead Construction

Cost in August 2020 Dollas $274,023 $367,206 $341,101 $556,294
Adjusted Wellhead Construction $356,230 $477.367 $443.431 $723.183

Cost in December 2021 Doll&ts
Adjusted Wellhead Construction
Cost in December 2021 Doll4&ts

(1) Construction datebefore August 2020 tilized a CCI adjustment

(2) Adjusted Well/Wellhead Construction Cosin August 2020 Dollars(O7 AT 1 7 7A1 1 EAAA #1711 ¢
Basis Month9 AA O3 | OipGpEWIvE AVE OEUAJodt badisMobtiy¢a QA O

(3) A 30% increase was added to the August 2020 value to reflect estimatednstruction costs in December 2021
dollars

(4) Construction dateafter August 2020 uilized as MPI adjustment

(5) Adjusted Well/Wellhead Construction Cost in December 2021 Dollar€d7 A1 1 ¥ 7AT 1 EAAA #1
Cost BasisMontl® AA 06 | OitGipli EAEAD EAUACAst Basls MontHyaard A O
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Table 2-9:

UTILITY/ OWNER WELL ID

Bonita Springs

Bonita Springs

FAS WellCoss within LWC Planning AregContinued)
Bonita Springs

Utilities BS33 RO Utilities BS34 RO | Utilities BS35 RO

Wells

Wells

Wells

Cost in December 2021 Doll&fs

Well Location Lee County Lee County Lee County
Construction Date (Cost Basis February 2015 February 2015 February 2015
Month-Year) y y y
Well Depth (ft) 1,030 1,050 886
Casing Depth (ft) 805 830 705
Well Capacity (gpm) 700 700 700
Casing Material PVC PvC PVC
Casing Diametdiin) 14 14 14
Wel! Construction Cost &lost $503,533 $569,094 $435,725
Basis MonthYear

CClat Cost Basis MontiYear®™ 9962 9962 9962
Adjusted Well Construction Cost

August 2020 Dollar@ $578,997 $654,384 $501,027
Adjusted Well Construction in

December 2021 Dollafd $752,696 $$850,699 $651,335
MPI & Cost Basis Montiear® - - -
Adjusted Well Construction Cost _ _ _
December 2021 Dollaf

WeIIhead. Construction Coat $558.441 $530.688 $656.410
Cost Basis Montlvear

Adjusted Wellhead Construction

Cost in August 2020 Dolldfs $642,134 $610,222 $754,786
Adjusted Wellhead Construction $398.988 $981,222 $723.183

Adjusted Wellhead Construction
Cost in December 2021 Doll&Ps

(1) Construction datebefore August 2020 tilized a CCl adjustment
(2) Adjusted Well/Wellhead Construction Costin August 2020 Dollars(O7 A1 1 ¥ 7 AT 1 EAAA

at Cost Basis Montt9 A A O &

i OlpGpE WIVE AE OAEUACo bakitMofityéayo A O

(3) A 30% increase was added to the August 2020 value to reflect estimateahstruction costs in December

2021 dollars

(4) Construction dateafter August 2020 uilized as MPI adjustment ) o S
(5) Adjusted Well/Wellhead Construction Cost in December 2021 Dollarg®d7 A1 1 ¥ 7 A1 1 EAA,

Cost at Cost Basis Montd A A O 6
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2.5 UPPER KISSIMMEE BASIN/CENTRAL FLORIDA
WATER INITIATIVE

External databases were used to develop a list of recently completed wells within the Upper
Kissimmee Basin (UKB) Planning Area.UKB is part of the CFWI Planning Area since the
District does not maintain a separate UKB Planning Area for water supply planning purposes.
Information collected for the LWC Planning Area consisted oécently constructed FAS wells
All information was cdlected from pay applications provided by municipalities and utilities
for each project. Two FAS wells (Bay Lakes Estates Wellukhber 2 and Harmony Well 2R)
owned and operated bythe Tohopekaliga Water Authority (TWA or Toho) were used for this
Sudy.

2.5.1CAPITAL COSTS

Well, Well Pumpsand Appurtenances Costt)KB/CFWEBummary)

TWA provided construction cost information associated with the Bay Lake Estates Well
Number 2 and the Harmony Well 2Rhat were constructed under the same contract but were
completed in phases. The first phase of construction was limited to drilling the wedl The
second phase finished the construction with the installation of the pump column pipe and
wellhead facilities such as pump and motor, flow meters, miscellaneous pipirgpncrete well
slabs and pipe supports. Each well had a casing diameter of 10 inches and a depth of
approximately 500-ft bls. Adjusted averagecosts to construct the wels were approximately
$199,311with an adjusted wellhead cost of6308,172 for Bay Lakes Estates Well Nimber 2

and $413,673 for Harmony Well 2R SeeTable 2-10 for FAS well costs witlin the UKB
Planning Area
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Table2-10:  FAS WellCoss within UKB PlanningArea

UTILITY/ OWNER WELL ID

Toho Bay LakeJ Toho Harmony

Estates Well No. Well
Well Location Osceola County | Osceola County
Construction Date (Cost Basis March 2017 March 2017
Month-Year)
Well Depth (ft) 500 500
Casing Depth (ft) 274 274
Well Capacity (gpm) 275 275
Casing Material PVC PVC
Casing Diameter (in) 10 10
Well Construction Cost &ost Basis
Month-Year $136,400 $136,400
CClat Cost Basis Montlyear®™ 10667 10667
Adjusted Well Construction Cost in
August 2020 Dollar® $153,316 $153,316
Adjusted Well Construction in Decembe
2021 Dollar&)® $199,311 $199,311
MPI & Cost Basis Montiyear® - -
Adjusted Well Construction Cost in _ _
December 2021 Dollaf3
Wellhead Construction Coat Cost Basis
Month-Year $210,900 $283,100
Adjusted Wellhead Construction Cost i
August 2020 Dollar® $237,056 $318,210
Adjusted Wellhead Construction Cost i
December 2021 Dollaf8 $308,172 $413,673
Adjusted Wellhead Construction Cost i _ _
December 2021 Dollaf3

(1) Construction datebefore August 2020 tilized a CCI adjustment

(2) Adjusted Well/Wellhead Construction Costn August 2020 Dollars(O7 A1 1 7 7 /
Construction Cost at Cost Basis Monta AA 06 1 OlplEivE AVE OFEA ,
Cost basis MonthYead q

(3) A 30% increase was added to the August 2020 value to reflect estimateahstruction
costs in December 2021 dollars

(4) Construction dateafter August 2020 uilized as MPI adjustment

(5) Adjusted Well/Wellhead Construction Cost in December 2021 Dollar
O7AT T r7AT 1T EAAA #1171 OOO0CAOGERAO&T DOI 48t
AEOEAAA Rast Basis MYnthvedd)

(6) Adjusted Well Constructon Costs are average costs as the construction co
information was provided assuming both wells are the same.
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2.6 WELL OPERATION AND MAINTENANCE COSTS

As it relates to O&M costs, the LEC Planning Area wells were used as a basis to evatwatall

power consumption and routine maintenancecosts This approach can be used fall well

pumps when evaluating power costsPump and motor efficiency may vary for each pump size

and therefore, will need to be considered when evaluating operation cts specific for the

(T x AOA O ranggedf otad Borsep@@rOD 1 O A
and resulting operating cost per welldepicted in Table 2-11, below, can be usetb bracket

O0A080 ADPPI EAAOEIT 8

generaloperating costs.

The majority of the LEC Planing Area public water supply wells are submersible pumps and
range in horsepower (HP) from 35 to 75 HP. Pump curve data was collected for several of the
LEC Planning Area wells (with water supply sources from both the SAS and FAS) and analyzed
to develop a cost per kilowatt -hour (kWh) and ultimately operating costs per month
(assumed 30 days). The power consumption formula used to calculate the dataTiable 2-

11 is below:

Using the power consumption formula above, the power consumption for aump flow rate

of 700 gallons per minute (gpm) with 160 feet of total dynamic head (TDH), pump efficiency
of 79%, motor efficiencyof 85% and continuous operation yields a monthly electric cost of
approximately $2,260 per well. This is equivalent to $0.07 gr thousand gallons to pump
water from a water supply well to the plant. An assumed power cost factor of $0.10 plewh
was used in the power consumption formula based on a typical Florida Power and Light rate
for the LEC Planning Area and average power doiactor derived from the Jupiter Water
Treatment Plant. It should be noted that the amount of power consumed by a production well
is dependent on the motor horsepower (which is determined by flow rate and TDH), against
which the pump operates and how manyours the pump is in operation. The range of motor
horsepower, bracketed between 35 and 75 hp below, and corresponding flows and TDH that
were collected from available well pump curves provided for wells within the LEC planning

0€00EEI 6anAFWE

0 "On G YO MQGow T 0 £ 0 BE | AFQWQ
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area are shown inTable 2-11 below.

Table2-11:  Estimated Range of Monthly Operating Cost per Well
Monthly Annual Annual
Power Cost Operating Operating Operating
Costs! Costs! Costs®
35 700 160 $3.14 $2,28) $27510 $18,080
75 1400 155 $5.80 $4,16 $50810 $33,400

(1) Continuous Operation
(2) Average Daily Demand (67% of continuous operating costs)
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In addition to the operating costs associated with power consumption, routine maintenance
costs such as chlorination/disinfection and acidification are incurred by municipalities.
Kimley-Horn contacted a well drilling contractor, Centerline Drilling, Inc(Centerline), for
costs associated with well maintenance. Centerline provided a range (based on smallest
diameter [10-inch] of wells to largest diameter [24-inch] of wells) of costs for typical
maintenance proceduresTable 2-12 below summarizes the costprovided by Centerline.

Table2-12:  Well Operationand Maintenance Costs

Range of Cost (Based
on Diameter of Well)

$1,500 to $5,0000
$7,500 to $30,000
$2,500 to $6,000
$2,500 to $6,000
$2,500 to $15,000

Maintenance Activity

Chlorinate
Acidify
Pull pump and motor

Reinstall pump motor

Replace valves, flow meter, etc.

2.7 TOTAL COST SUMMARY

Well Construction Costs

Adjusted well construction costsfor SAS wells range from approximately $210,456 to
$741,546 and adjusted well construction costs for FAS wells range from approximately
$629,054t0 $1,901,802 based on cost data collectdistrict wide. The information collected
for the two FAS wells in RC are $755,841 and $816,680, respectivelyeeTable 2-13 for well
construction cost summary of wells within the SFWMD service areand Indian River County.
This table does not include wellhead costs.

Table2-13:  Well Construction Cost Summary throughout th&6FWMD Service Area

AdjustedWell Construction Cost Summary Table

Well Cost
(December 2021 Dollars)

Number
of Wells

Well Casing Well Casing Depth
Diameter (in) (ft)

Planning Area

Evaluated i Min Max
LEQSAS) 21 12 24 75 140 $210,456 $737,920
LEQFAS) 9 14 30 1,006 1,300 | $1,179,397 $1,901,802
UEQSAS) 1 10 12 65 75 $354,903 $741,546
UEQFAS) 7 12 14 940 1,150 | $1584,075 $1,605,905
LWC(FAS) 11 10 14 600 865 $629,054 $911,949
UKB(FAS) 2 - 10 - 274 - $199,311
IRQFAS) 2 - 17 395 415 $755,841 $816,680
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Direct correlation between the December2021 adjusted costs of the well, the well casing
diameter, and the well casing depth was not apparent. However, to determinthe
construction cost trend, the well casing depth and costs were plottefwith a trendline) since

the well casing depth appeared to drive the construction costs of each well included in this
section for both the SAS and the FAS well systems. A trendline, showing a linear and
exponential relationship for the SAS and FAS well systemgspectively,was also applied. See
Figure 2-5 and Figure 2-6 below.

ADJUSTED WELL CONSTRUCTION COSTS versus WELL
CASING DEPTH

$800,000
$700,000
$600,000
$500,000
$400,000

$300,000

$200,000

$100,000

Well Costs (December 2021 Dollars)

$0
0 20 40 60 80 100 120 140 160

Well Casing Depth (feet)

Figure 2-4: Adjusted Well Construction Costs versus Well Casing Depth &S Wells Linear
Relationship)
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ADJUSTED WELL CONSTRUCTION COST versus WELL
CASING DEPTH
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Figure 2-5: Adjusted Well Construction Costs versus Well Casing Depth for FAS System Wells
(Exponential Relationship)

Wellhead Construction Costs

Adjusted wellhead construction costs for SAS well systems range fromproximately
$112,887 t0$855,371and adjusted wellhead construction costs for FAS well systems range
from approximately $105,475 to $891,906 based on cost data collectedistrictwide .
Adjusted wellhead construction costs for thetwo wells constructed in IRC were $416,068
and $501,993, respectively SeeTable 2-14 for well construction cost summary of wells
within the SFWMD service areand IRC

Table2-14:  Adjusted Wellhead Construction Cost Summary throughout the SFWMD
ServiceArea

Pla g A December 20 Dolla
Min Max Min Max
LEGSAS) 500 2,200 $105,475 $855,371
LEQ(FAS) 900 1,600 $113,867 $891,906
UEQ(SAS) -- 350 $77,362 $112,887
UEQFAS) 940 1,620 $392,536 $674,214
LWC(FAS) -- 700 $356,230 $981,222
UKB(FAS) -- 275 $308,172 $413,673
IRQFAS) - 1,400 $416,018 $501,993
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The construction cost of the wellhead is predominantly driven by the pump and motor costs
and corresponding design flow (or capacity) and design pressure to pump the water from the
well to the water treatment plant. The higher required capacity and pressu for water supply
needs, the larger the pump and motor required (which drives the material cost of the pump
and motor).

Design pumping parameters were requested from each of the municipalities, however, there
was not enough information provided to incluce the design pressure as a factor of
construction costs. Therefore, only well capacity was used as a correlation to wellhead
construction costs. A trendline, showingthe linear relationship between SAS wellhead
adjusted construction costsand well capacityis shown in Figure 2-7 below. A correlation
between FAS wellhead costs and well capacity could not be determined from the information
collected. The FAS wellheadcollected data showed that as the well capacity increased, the
cost of the well head decrease: This is not typically the caseso it is assumed that the wellhead
costs may be skewed in the available data provided to where a relationship could not be
determined.

WELLHEAD verus WELL CAPACITY

$900,000
$800,000
$700,000
$600,000
$500,000
$400,000
$300,000
$200,000

L $100,000

Wellhead Costs (December 2021 Dollars)

$0
0 500 1000 1500 2000 2500

Well Capacity (gpm)

Figure 2-6: Adjusted Wellhead Construction Costs versus Well Capacity for SAS Wells (Linear
Relationship)
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O&M Costs

Aspreviously discussed theLECPIlanning Areawells were used as a basis to evaluate overall
power consumption costs and routine maintenanceThe range of motor horsepower
bracketed between 35 and 75 hpshown in Table 2-15, results in an annual costbetween
$27,120 and $50,100 assuming continuous operation Annual operating costs based on
annual average daily demand ranges from approximately $18,016 $33,400.

Table2-15:  Estimated Rangeof Monthly Operating Cost per Well

Monthly
Operating Costs

AnnualOperating | AnnualOperating

roseroner | Ciconiniaus OCTmss  Sosbueress
Operation) P y

35 $2,260 $27510 $18,080

75 $4,156 $50,810 $33,400

A summary of the routine maintenance costs such as chlorination/disinfection and
acidification are incurred by municipalities and is summarized inTable 2-16.

Table2-16:  Well SystemMaintenance Costs

Range of Cost (Based on
Diameter of Well)

Maintenance Activity

Chlorinate $1,500 to$5,000

Acidify $7,500 to $30,000
Pull pump and motor $2,500 to $6,000
Reinstall pump motor $2,500 to $6,000
Replace valves, flow meter, etc. $2,500 to $15,000

O&M costsvary by a number offactors such as runtime (which effects powecosts); size of
well; parts requiring replacement; how often maintenance occurs or is required, age of well,
and contractual agreement of rehabilitation of multiple wells (scale of
construction/rehabilitation). In a given year, it can be assumed (using the available O&M data
in this section), that overall annual O&M costs (based on annual average daily demand), per
well, may range from $34,600 (for smaller wells with lower power requirements) to $5,500
(for larger wells with higher power requirements and age of well
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3.1 DISCUSSION OF ASSUMPTIONSARRBROACH

Construction costs included in thischapter reflect raw water supply, pretreatment, post
treatment, intermediate storage, finished water storage, transfer pumps, high service pumps,
plant infrastructure, concentrate disposal (at the plant), mechaical, yard piping, electrical
and instrumentation, and site work. Disinfection using sodium hypochlorite is included
Construction costs reflect rated capacity or maximumday demand (MDD) and annual
average day demand AADD). Costsare evaluated for plant sizes of 1, 3, 5, 10, 15, and 20
million gallons per day (mngd). Additionally, 20-year projected capital costs and total
production costs for these technologies are graphically represented and bracketed between
an expected accuracy rang of-30% and +50% of the calculated costs, per Association for the
I AOAT AAT AT O T &£ #1 00 %l CET AAOET C j (AAGE%RQ20) T OAOT /
Total production costs are presented basedroplant capacity (or maximum daily flow) or
annual average daily flow.Plant service life is assumed to be 20 years with an annual interest
rate of 7%.

This chapter addresses five technologiesThey are as follows:

General Water Treatment

Water Treatment Process Components
Water Distribution Plant Components
Disinfection Plant Components

PFAS Treatment Case Study

(PN ONONON)

General Water Treatment Technologies: 4 EA AT OO0 AAOA E1 OEEO OAAOQI
EFEAT Ao bl AT O AT 1, SdioOwkiOaecledred BrimdEvAldpéll piecE 6f Aasd).

Treatment technologes in this subsection include an evaluation akverse osmosis RO and

nanofiltration ( NF) processes along with their ancillary components such as prigeatment

and posttreatment technologies. Other elements included in this evaluation include raw

water supply respective of the treatment process, as well asyproduct disposal. However,

this section does not include water storage or high service pumps. See water distribution

plant components for these plant components.
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Opinion of probable construction coss, O&M, and total production cost are presented for the
following treatment technologies, process components, and plant components:

S NFwith deepinjection well (DIW) disposal ofconcentrate
S Brackish Groundwater FOwith DIW disposal ofconcentrate
S Seawater reverse osmosis (SWRGQrfacewater intake

NF, also called membrane softening, is generally used to treat fresh groundwater supplies
with total dissolved solids (TDS)ess than 1,500 mg/L NF is mainly used for water softening
as it effectively removescalcium and magnesium which are the ions thanost contribute to
the hardness of water. NF membrane treated water can be corrosive so blending with the raw
water source or adding chemicad such as sodium hydroxide (caustic) and carbon dioxide, to
stabilize the water, may be required. If hydrogen sulfide(H2S) is present at higher
concentrations within the raw water supply, degasification towers areused for hydrogen
sulfide removal. Chlorineaddition for treating very low levels of H2S within the treated water
may be required prior to distribution. If H2S is elevated and chlorine is not effective in H2S
removal, scrubbers, which uses sodium hydroxide to react with2S gas to form sulfide
compounds in their solid forms, may be needed.

Brackish RO, or hypeffiltration, treats brackish water sources which exhibit elevated
salinities (e.g., greater tharfresh water but less thanseawater). Brackish RO is effective in
removing dissolved ions which are present in the brackish raw water supply source RO
membrane treated water can be highly corrosive so blending with the raw water source or
adding chemicab such as sodium hydroxide (causticpr carbon dioxide to stabilize the water

is typically required to avoid corrosion issues in thewater distribution system. Elevated
concentrations of H2S are also typical in the brackish water supply source, and therefore,
require degasification for H2S removal. Chlorine addition and scrubbers are required for
removing the H2Sprior to distribution or disposal, respectively.

4EA #1 AOGAA O" OA6 , AxEO #A01 OAAA $AOAI ET AGEI I
used to represent costs for seawater desalination, whichses aseavater source (or water

source thathasOEA ANOEOATI AT O 4$3 10O EECEAO OOAI 66 Al

Table 3-1, below summarizes the desalination process characteristics for NF, Brackish RO
and Seawater RO.

Table 3-1: Desalination Process Characteristics
Water Source Seawater RO ‘ Brackish RO Nanofiltration
Total Dissolve&olids(mg/L) 10,000¢ 45,000 1,500¢ 10,000 Less than 1,500
Minimum Particle Size Remoy#icron) | <0.0001 Micron 0.0001 0.0005
Pressure (psi) 800¢ 1,200 170¢ 600 70¢ 170
Salt Rejection High Moderate to High Low
Fresh WateRecovery 50 to 65% 70 to 80% 75 to 90%

Water Treatment Technology Process Components: The cost data included in this section
reflects costs for adding incremental process capacity, or an additional treatment technology,
to an existing water treatment plant.NF andRQ described abovewas included in thisstudy
for adding incremental process capacity, while ion exchang@éX) was included for adding an
additional treatment technology. A case study is also included that evaluates treatment of
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exchange.

Opinion of probable construction costs, O&M, and total production cost are presented for the
following treatment technologies, process components, and plant components:

S NF Process Units
S RO Process Units
S lon Exchange

S Granular Activated Carbon

IXis a wate treatment method that removes undesirable ions using a bed of resin beathat

AOA OAEAOCAAS xEOE O1 AEOI EITO ET Oi1 OOEI T8 T7E
the undesirable ions attach to the resin beads and replace the loosely held sodiupilgion

into the water. When the resin beads are saturated with the undesirable ions, the resin gets
regenerated with a salt brine solution flush, where thehloride ions replace the undesirable

ions on the resin. The undesirable ions then get flushed outith the wastewater. Some of the

undesirable ions include calcium, sodium or total organic compounds (which effects color or

contribute to disinfection byproducts). Cost data for IX technology from a pilot test for the

City of Stuart, described later, islao included in this Chapter.

Granular Activated Carbonis a water treatment method thatuses carbon for removal of
contaminants suchas pharmaceuticals and personal care products, taste and odor causing
compounds, and total organic compounds$violecular canpounds are kinetically attracted to
the porous area of the carbon where these compounds attach to the outer surface of the
media.The media isalso stored in a vessel similar to IX treatment systems but usearbon in
lieu of resin for treatment. The volume of carbon required is three times the volume of resin
needed for treatmentof a similar capacity.

Water Distribution Plant Components: The cost data included in this subsection are water
storage tanks and high service pumps. These two components are typical for all plant types,
whether it is an RO, NF, or seawater desalinatignlant. Opinion of probable construction
costs, O&M, and totaproduction cost are presented for thefinished water storage and high
service pumpplant components

Disinfection Plant Components: The cost data included in this subsection reflects
construction costs associated with disinfection and are also typical faall plant types as
disinfection is required prior to distribution, per Chapter 62550, Florida Administrative
Code.Further, chlorine disinfection is a required means of disinfection for all plants within
the state of Florida. Additional disinfection pra@esses such as ultraviolet light, may be used
as an added level of disinfectionOpinion of probable construction costs, O&M, and total
production cost are presented forSodium Hypochlorite and UV Light Disinfection.

The following sections describe the dierent cost analyses conducted for each water
treatment technology and includes capital construction cost, O&M cost and total production
cost.

Capital Construction Cost

Available Construction Costs were divided into three subgroups: individual plant and pcess
components, general plant improvements, and contractor administrative costs. Individual
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plant and process components were developed from direct costs on bid tabulations. General
plant improvements (yard piping, mechanical, electrical, instrumentatiorand controls, and
site work) were developed by analyzing a study group of construction project® develop a
representative percentage of the total project cost. The representative percentage was then
used consistently across all capital cost analysi#t should be noted that the relationship
between plant size and construction costs is not linear. To account for the relationship
between the two, the following formula(AWWA, 2007) was used

vy
~

Where:

Gs=cost of the new size plant

Ca=cost of the known plant

Ss=capacity of new plant (in gallons per day)
S=capacity of known plant (in gallons per day)
n = scaling factor

In addition to construction costs the opinion of probable construction costs providesn
AOOEI AGA T £ OE Angitering désb, SurveyingDéd@niering services during
construction, permitting, contingency). The/ x 1T A08 O # 1 @& dekalpedl byAtdeA
respective percentages shown ifable 1-1. The total construction estimate for construction
and Ownerd Cpsts were added together to develop a total opinion of probable construction
cost. The results of the opinion of probable construction costs were then converted to an
opinion of equivalent annual capital costs.

To develop he opinion of probable cost for each treatment process and ancillary components
or facilities, Kimley-Horn reviewed bid tabulations or schedule of valuedrom construction
projects for various municipalities within the state of Florida. Each bid tabulationvas broken
down into respective sections described in detail below. The opinion of probable cost was
represented as a subtotal and further broken down into an opinion of equivalent annual
capital cost.The opinion of equivalentamortization or pay offis based on an annual interest
rate of 7% over a 20year period.

Operation and Maintenance Costs

O&M costs for each treatment system are represented in two categories: variable cosisd
fixed costs Costs that vary with the amount of finished water produced by the plant within a
year are considered variable costs. Theseariable costs include power, chemicals,
replacement parts and materials,and replacement membranes. Fixed costs are limited to
labor and regulatory compliance and do not vary with finished water production rate.

O&M costs are presented for two operating conditions: plant operating at rated capacity or

s o~ 2 oA~

MDD and plant operating atAl $$8 4EA Dl AT 060 AAPAAEOMDDOAOET C
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based onthe respective MDD and an assumed ratio of MDD/AAD(peaking factor). This
peaking factor is relatedto the average demand of the distribution systemor amount of
water being usedby customers and the plant capacity. The MDD/AADD generaliyecreases
asthe size of the system increases. Assumptions of the peaking factor is based on experience
and knowledge of typical peaking factors for different sizglants. The peaking factors are
listed in the O&Mtables for each scenaricAnnual production costs are represented in terms

of AADD and MDDAN example of the calculation for theAADD for a 1 mgd plant capacity
based onpeaking factorof 1.5 MDD/AADD) is below:

113301 MIADAAEQAD- $§ ! $3
For aplant capacity rating of 1 mgd, the estimated AADD
11 $$pl Chadmx EARAEDIAOOODPAAEEAADT O
™ok CAQta& ¢ EI ICAIN IDIAIDAACE U

The above calculation is included for each case within tHe&M tables and defines the basis
for the variable costs for the AADD scenaridotal unit O&M costsare summarized within
each table and is also included in the total production cost summary table.

It should be noted thatsome of the water treatment components are assumed to be included
in the overall plant O&M costs and, therefore, were not evaluated for O&M costs.

Total Cost Summary

Total Production Costsare presented per mgd for each treatment system. This total cost
estimate includes all estimates discussed thus far (annual capital cost, annual O&M cost
[variable and fixed]) and additionally an estimated cost allocated for a renewal and
replacement fund. Yearly contributions to this find are equivalent to 1@ of the respective
annual capital cost. This fund would beisedfor replacement of major components within the
treatment system when the useful life has been met.

Unit probable costs are providedo describe opinion of probable castruction costs only and
is reflected in dollars per thousand gallons ($gpd). Unit probable total capital costs are
provided to include the opinion of probable construction costs plus technical services, owner
administration and legal and project contingncy and is also reflected in &jpd.

GENERAL WATER TREATMENT TECHNOLOGIES

0O DOAOET 601 U AEOAOOOAAR OEA AT OO AAOA EI
construction project (i.e, starting with a cleared or undeveloped piece of land). Treatnea
technologies in this subsection include an evaluation of RO and NF processes along with their
ancillary components such as prdreatment and posttreatment technologies. Other
components includedin this section are raw water supply, finished water stalilization,
intermediate storage, transfer pumping, backup power generation (if included in available
cost data), general infrastructure, etc.Finished water storage disinfection (sodium
hypochlorite and UV) and high sevice pumping components are under the Water
Distribution Plant Componentsand are addressed in subsequent sections.
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The following are general assumptions usetb evaluate costs for NF and RO technologies

Raw Water Supply: All raw water supply is groundwater supply wells unless specifically
stated otherwise. It is assumed all wells are either gror in close proximity to, the water
treatment plant site. The cost included in the raw water supply is all material and labor cts
associated with the construction of the well and wellheaanly. Cover or shelter for the well
is not included. Sitework, underground piping, electrical, and instrumentation and controls
are included in the general plant allowances.

Pretreatment : Pretreatment costs are tailored to water quality conditions in South Florida.
Any chemical orfiltration required for NF or ROprocesses were included.

Process Equipment: Inclusive of pumps, pressure vessels, valves, membrane elements,
process tanks, and othemisc. equipment required for water treatment in South Florida.

Post-treatment: Inclusive of degasification towers, odor control scrubbers, chemical storage
and feed pumps.

Intermediate Storage : Construction of belowgrade, castin-place, concrete clearwdl with
capacity of a fiveminute disinfection contact time and adequate intake design which meets
the Hydraulic Institute Standard for vertical turbine transfer pump systems

Transfer Pumping: Transfer pumping includes two vertical turbine transfer pumps sized
for the total plant capacity, and aboveground piping, fittings and valves.

Plant infrastructure : Inclusive of buildings for process equipment, equipment pads, and
awning structures.

Concentrate Disposal : Membrane process concentrate disposal sysin will be through a
DIW. Transmission piping for the concentrate disposal is included separately in the yard
piping line item. No additional pumps were included as it is assumed the residual pressure
from the membrane system will be adequate for the disgsal system. It is assumetbr plants
with a capacitygreater than 10 MGDdisposal rate two concentrate disposal wellswill be
required. For plants with a capacity oflO mgd or lessjt is assumedone concentrate disposal
well will be required.

Yard Piping : All water (raw, finished, sanitary sewer, plant and concentratepiping within
the water treatment plant limits.

Mechanical: Includes fire protection systems, kating Ventilation and Air Conditioning
(HVAQ), and plumbing.

Electrical: Includes transformers, switchgear, motor control centers, variable frequency
drives, control panels, electrical service, and underground yard electrical.

Instrumentation and Controls: Includes process control programming, testing, startup,
software and hardware, field instrumentation, and control system architecture.

Site Work: Includes site preparation, paving, grading and drainage, fill, compaction, site
restoration, and landscaping.
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General Requirements: Includes permitting, mobilization, demobilization, bonds
insurance, construction trailers and facilities,

Contractor Overhead and Profit: Represented as 1% of the material and installation costs.
Construction Contingency : Represented as 1% of the material and installation cost.

Technical Services: Includes preliminary engineering, surveying, geotechnical,
hydrogeological preliminary and final design permitting, bidding services, construction
contract administration, and shop drawing reviews for a desigrbid-build project style.

Owner Administrat ion and Legal: Includes expenses incurred by the owner for permitting
and administration.

Project Contingency : Represented as 1% of the construction cost.

Other General Assumptions : Capital cost estimatesre based on similaprojects completed
within the last 10 yearsin Florida or California (seawater desalination project only) The
project information collected was either desigrbid-build or design-build. Cost information
was pulled from project construction costsbased on similarity between construction items
of the respective plant projects Water supply source is assumed to be wells located within
the plant site and associated yard pipings included in the plant yard piping costs. Capital
costs do not includethe cost of acquisition of land rights-of-way, transmission mairs, and
utilities. O&M costs assumes unit power cost of $0.12 per kWh, with typical rates for
chemicalswithin the South Florida area. Capital costs for oncentrate disposal are included
in the opinion of probable construction costs table$or information only . However the costs
are not used to evaluate theunit probable total capital costsbecause, historically, NF or RO
plant projects and DIW projects are generally constructed under separmatcontracts due to
different expertise required for each project type. Further, when evaluating plant
construction costs, the unit probable capital costs typically only reflectreatment plant
construction costs.SeeChapter 5 for additional information on DIWs

3.2.1NANOFILTRATIGNEW CONSTRUCTION

The opinion of probable construction costs and cost curves for NF are summarizedthis
section. The raw water supply is assumed to be frorthe SAS. The design capacity for each
well is assumedto be one mgd of raw water per well. The NF process is assumed to operate
at an average of 85% recovery based dinown plant information of existing NF plants.The
number of wells are based orplant capacityand an additional20% of the plant capacityfor
standby wells (20% is assumedto provide enough capacity, assuming one well is out of
service).

Pre-treatment includes raw water anti-scalant feed and microrcartridge filtration. The
membrane system includes pressure vessels, piping, membrane elemententol valves,
instrumentation, membrane cleaning system, and process piping. Rteeatment chemical
systems include bulk storage tanks and containment basins, day tanks, metering pumps,
chemical piping, and chemical injection diffusers.

Posttreatment includes packedtower type degasifiers, a caustic feed system for pH
adjustment, and application of a corrosion inhibitor. Postreatment chemical systems
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include bulk storage tanks and containment basins, day tanks, metering pumps, chemical
piping, and chemcal injection diffusers.

Cost for DIW for concentrate disposal was determined based on size of plant and required
capacity for concentrate disposal. It was assumed that a 3 mgd capacity DIW will be required
for plant sizesup to 10 mgd, while plant sizes 5 and 20 mgdmay require two DIWS.

Not all relevant cost data was available for all projects or provided timely by the
municipalities for inclusion in this study. It should be noted that there are similarities
between the RO and NF processes, such as {jreatment and posttreatment components.
Some of the cost data between both processes were used interchangeably to determine the
overall opinion of probable construction costs. In order to provide a better assessment of
costs, applicable processes assoce&d with the ROevaluation was used to supplement cost
information and provide a basis for the overall costs for eaghlant capacity. The RO processes
used as supplemental information for this sectionvere intermediate storage (cleamwell) and
transfer pumping. Concentrate disposal costs values are the same for both RO aid N

3.2.1.1 CAPITAL COSTS

Two NF plant projects, along with supplemental construction cost data from theRO
Treatment evaluation, were used to complete the capital cost evaluation related tdF
treatment technology. The projects included in this evaluation are listed ifiable 3-2 below.
Opinion of Probable Construction Costs and Opinion of Probable Capital Gosere evaluated
without the DIW costs in order to calculate unit probable cost and unit probable total capital
cost that is best reflective of the relationship between the plant costs and capacity.

Table 3-2: Nanofiltration Project Cost Data Sources
Location Municipality ‘ Project Name
Broward County Dania Beach Water Treatment Dania Beach NF Water Treatment Plant

Plant

North Springs Improvement

Broward County District(NSID)

NSID Nanofiltration Plant (7.5 MGD)

The opinion of probable apital costs £] O A AEQ@d AeWiconstruction NF Plantare
summarized in Table 3-3. The NFConstruction Cost Curve is depicted ifigure 3-1.
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Table 3-3: Opinion of Probable Capital Costior Nanofiltration
e De otio Pla apa gad
0 Allowance Facto 1 g 5 10 15 20
1. | Raw Water Supply $1,098,000 $3,294,000]  $5,490,000| $10,980,000] $16,470,000 $21,960,000
2. | Pretreatment $28,000 $67,000  $101,000]  $177,000|  $244,000 $308,000
3. | Process Equipment $496,000] $1,195,000 $1,798,000] $3,130,000] $4,329,000 $5,449,000
4. | Post Treatment $324,0000  $780,000| $1,174,000] $2,044,000 $2,828,000 $3,559,000
5. | Intermediate Storage $286,000]  $689,000] $1,036,000] $1,805,000]  $2,496,000 $3,142,000
6. | Transfer Pumping $69,000]  $166,000]  $250,000]  $435,000]  $602,000 $758,000
7. | Plant Infrastructure $725,000] $1,746,000] $2,627,000 $4,574,000 $6,327,000 $7,965,000
8. | concentrate Disposal $9,000,000]  $9,000,000]  $9,000,000]  $9,000,000 $13,500,000 $13,500,000
Subtotal (w/ DIW)(L-8): | $12,026,000 $16,937,000| $21,476,000 $32,145,000] $46,796,000 $56,641,000
Subtotal (w/o DIW)(L-7): |  $3,026,000 $7,937,000] $12,476,000] $23,145,000] $33,296,000 $43,141,000
9. | vard Piping 8% $242,0000  $635,000]  $998,000| $1,852,000] $2,664,000 $3,451,000
10. | Mechanical 2% $61,000]  $159,000]  $250,000]  $463,000]  $666,000 $863,000
11. | Electricatv 20% $605,000] $1,587,000] $2,495,000] $4,629,000]  $6,659,000 $8,628,000
12. 'C”g:t‘ig?ggtat'on and 5o, $151,000 $397,000 $624,000|  $1,157,000] $1,665,000 $2,157,000
13. | Site work 5% $151,000]  $397,000]  $624,000| $1,157,000] $1,665,000 $2,157,000
Subtotal(1-13) |  $4,236,000] $11,112,000] $17,467,000] $32,403,000] $46,615,000 $60,397,000
General o
14. | Requirements 10% $423,600| $1,111,200 $1,746,700| $3,240,300|  $4,661,500 $6,039,700
15. | Contractor O&P 15% $635,400| $1,666,800 $2,620,050| $4,860,450|  $6,992,250 $9,059,550
16, | Construction 15% $635,400| $1,666,800| $2,620,050| $4,860,450  $6,992,250 $9,059,550
Contingency
Opinion of Pmbab'ec%c;?:(tlrf‘f;')?r $5,930,400| $15,556,800| $24,453,800 $45,364,200 $65,261,000 $84,555,800
17. | Technical Services  20% | $1,186,080| $3,111,360 $4,890,760|  $9,072,840| $13,052,200 $16,911,160
Owner
18. | Administration 5% $296,520|  $777,840| $1,222,690| $2,268,210|  $3,263,050 $4,227,790
and Legal
19. | Project Contingency ~ 15% $889,560| $2,333,520 $3,668,070| $6,804,630| $9,789,150 $12,683,370
Opinion of Probable C?Fl’ftla;)g,os $8,302,560| $21,779,520| $34,235,320| $63,509,880| $91,365,400 $118,378,120
Opinion of Equivalent A”””aé;:;g',te $783,703| $2,055,833| $3,231,572| $5994,883) $8,624,247 $11,174,057
Unit Probable Cost (§pd) $5.93 $5.19 $4.89 $4.54 $4.35 $4.23
g}g p'z)mbab le Total Capital Cost $8.30 $7.26 $6.85 $6.35 $6.09 $5.92

(1) Owi AAOOEAAIT ¢ tidnladd Canfyols'@E0ténis Ark €stmated as 20% an8% respectively, of the subtotal of the preceding
cost components minus the cost for concentrate disposal. This is because a concentrate disp@&V has minimal electrical and
instrumentation and controls costs relative to other plant components, while the construction cost for a DIW is typically alsstantial
portion of the total facility cost.

(2) Does not includeconcentrate disposal costs
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Nanofiltration Construction Costs
$140,000,000

$120,000,000
$100,000,000
$80,000,000

$60,000,000

Construction Cost

$40,000,000 {si

Dania Be
$20,000,000

$0
0 5 10 15 20
Capacity (mgd)

— Probable Cost +50% -30%

Figure 3-1: Nanofiltration Construction Cost Curve

3.2.1.2 OPERATION AND MAINTENANCE COSTS

25

Four NFand ROtreatment plants were used to complete the O&M cost evaluation fan NF
water treatment plant. The prgects included in this evaluation are listed inTable 3-4. The

O&Mcostsfor a NF water treatment plantare summarized inTable 3-5.

Table3-4: Nanofiltration O&M Cost Data Soures

Location Municipality Water Treatment Plant
Palm Beach County Seacoast Utilities Hood Road WTP (26 mgd) (NF and R
Palm Beach County Town of Jupiter Utilities Jupiter WTP (28.2 mgd) (NF and RO|
Indian River County Indian River Countytilities South Oslo WTP (8.57 mgd) (NF)
Broward County | North Springs Improvement District (NSI] NSID Nanofiltration Plant (7.5 MGD)F)




Table 3-5:

Plant Capacity (mgd)

Opinion of AnnualOperation and Maintenance Costs for Nanofiltration

Description
10 15 20
Variable Costs
Powef!) $120,000] $342,000] $557,000] $1,078,000 $1,585,000 $2,084,000
Chemicals $82,000| $233,000] $379,000] $734,000| $1,079,000| $1,418,000
3. hRAZ‘t’éar‘i‘;ﬁ’gne”Pa”S and $76,000| $216,0000 $352,000] $681,000 $1,002,000 $1,317,000
4. | Replacement $29,000|  $83,000| $135,000 $262,000| $385,000] $506,000
Membranes
Fixed Costs
5, | Operation and $125,000| $357,000] $580,000| $1,123,000| $1,651,000 $2,170,000
Maintenancelabor
6, | Administration/ $144,000| $411,000, $669,000| $1,295,000| $1,905,000 $2,503,000
RegulatoryCompliance
Annual Production at Rated 365 1,095 1825 3,650 5,475 7,300
Capacity, (mgy)
Annual O&MCOStC"";;aitif; $576,000| $1,642,000] $2,672,000 $5,173,000 $7,607,000] $9,998,000
Unit Cost at Rated Capacity $1.58 $1.50 $1.46 $1.42 $1.39 $1.37
($/kgal)
Annual Production at Avg Day 243 730 1217 2,704 4,212 5,840
Demand, (mgy)
Annual O&M COSEZ‘;@ZE $473,000| $1,351,000] $2,198,000 $4,459,000 $6,672,000| $8,933,000
Unit Cost atAADDC&E’E;gB" $1.95 $1.85 $1.81 $1.65 $1.58 $1.53

3.2.1.3

(1) Unit power cost = $0.12 per kWh

TOTAL COST SUMMARY

Opinion of total production costs are summarized inTable 3-6. The cost curve reflecs the
combination of probable construction cost, estimated annual O&M (fixed andhriable costs),
and R&R fund deposit. The Total Production Costrve is depicted inFigure 3-2.
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Table 3-6: Opinion of Total Production Cosfor Nanofiltration (4
_. Plant Capacity (mgd)
Description
3 5 10 15 20
Production Costs at Rate@apacity
1. g*;'va'e”m”“a'@p'ta' $784,000| $2,056,000 $3,232,000 $5,995,000| $8,625,000 $11,175,000
2. | Annual O&M Costvariable| $307,000]  $874,000] $1,423,000] $2,755,000 $4,051,000 $5,325,000
3. | Annual O&M CostFixed $260,000]  $768,000] $1,249,000] $2,418,000] $3,556,000] $4,673,000
4. | Annual R&FEUNdDeposit® | $78,400|  $205,600]  $323,200]  $599,500]  $862,500| $1,117,500
Total Annual Cost] $1,438,400] $3,903,600] $6,227,200] $11,767,500| $17,094,500] $22,290,500
Annual Production at Rate| 5. 1,095 1,825 3,650 5,475 7,300
Capacity, (mgy
Annual Production Cost at Rate
Capacity ($/kgal) $3.94 $3.56 $3.41 $3.22 $3.12 $3.05
Production Costs at AveragénnualDay Demand (ADD)
MDDJ/AADD factof: 15 15 15 135 13 1.25
1 (El‘j;“’a'e”w””“a'mp'ta' $784,000] $2,056,000 $3,232,000 $5,995,000 $8,625,000 $11,175,000
2. | Annual O&M Costvariable| $204,386|  $582,667|  $948,927| $2,040,964) $3,116,495 $4,260,000
3. | Annual O&M CostFixed $260,000]  $768,000| $1,249,000] $2,418,000] $3,556,000] $4,673,000
4. | Ahnual R&RundDeposit $78,400|  $205,600|  $323,200]  $599,500|  $862,500| $1,117,500
Total Annual Cost]{ $1,335,786| $3,612,267| $5,753,127| $11,053,464 $16,159,995 $21,225,500
AnnualFnishedWater Production
e, ) 243 730 1,217 2,704 4212 5,840
Annual Production Cos(tﬁg;)[_) $5.50 $4.95 $4.73 $4.09 $3.84 $3.63

(1) Annual deposit to a R&R fund is equal to 10% of the equivalent annual capital cost.
(2) MDD(mgd), equal to the plant capacity ratinglivided by the AADD. This factor is used to calculate the AAMgd) to be used in the

calculation of the annual production cost.
(3) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
(4) Does not hclude concentrate disposal costs
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3.2.2 BRACKISH GROUNDWATER REVERSE OSNEYBIS
CONSTRUCTION

The raw water supply is assumed to be fronthe FASor the Mid-Hawthorn Aquifer. The

design capacity for each well is assumed to #=mgd of raw water per well. The number of

wells are based on capacity of plant plus 20% for standby wellThe ROprocess is assumed
to operate at an average of5 to 80% recovery based on known information of existingRO

plants.

Pre-treatment includes raw water anti-scalant feed and micron cartridge filtration. The
membrane system includes pressure vessels, piping, membrane elements, control valves,
instrumentation, a membrane cleaning system, and process piping. Pimeatment chemical
systems include bulk storage tankscontainment basins, day tanks, metering pumps,
chemical piping, and chemical injection diffusers.

Posttreatment includes packedtower type degasifiers, a caustic feed system for pH
adjustment, and application of a corrosion inhibitor. Postreatment chemical systems
include bulk storage tanks and containment basins, day tanks, metering pumps, chemical
piping, and chemical injection diffusersinformation was received from each of these plants

in form of a schedule of values, pay applications, or bid tabulatis. Data was sorted through
and categorized based on data tables sectiornkhe data was separated into the subcategories
listed in Section 3.2. Once the costs were broken into subcategories, the data was broken
down into 1 mgd increments. Cost fompre-treatment, process equipment, post treatment,
intermediate storage (clearwell), transfer pumping,and plant infrastructure for plant size
abovel mgd were calculated using the formula discussed in Section 3.1.

Cost for DIW for concentrate disposal was determid based on size of plant and required

capacity for concentrate disposal. It was assumed that a 3 mgd capacity DIW will be required
for plant sizes up to 10 mgd, while plant sizes 15 and 20 mgd, may require two DIWSs.
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3.2.2.1 CAPITAL COSTS

Six ROplant projects were used to complete the capital cost evaluation fdROtreatment
plants. The projects included in this evaluation are listed irfable 3-7 below. Probable
Construction Costs and Probable Capital Costs were evaluated without the DIW cogtis
calculate a unit probable cost and a unit probable total capital costs that is best reflective of
the relationship between the plant costs and capacitylhe opinion of probable @pital costs
for Brackish ROare summarized inTable 3-8. The Brackish RO Construction Cost Curve is
depicted in Figure 3-3.

Table 3-7: Project Cost Data Sources
Location Municipality Project Name

Martin County City of Stuart Stuart RO WTP Phase 1 (1.5 MGD)

Charlotte County City of Punta Gorda NSID Nanofiltration Plarift.5 MGD)
Water Treatment Plant No. Contract 4:

Tampa Bay City of Clearwater Reverse Osmosis Plant Site Expansion (6

MGD)

Hendry County City of Lablle RO WTP Membrane Wate'\r/l'(l';rs;e\tment Facility (1.5

Charlotte County IJ?i\Ili\;inegnd Country Phase 3 WTP Expansion (2.5 MGD Expang

Monroe County Florida Keys Aqueduct Kermit H Lewin RO Facility (4 MGD)

Authority
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Table 3-8:

Description

Allowance
Factor 1 3 5 10 15 20

Opinion of Probable Capital Cosfor Brackish Reverse Osmosis

Plant Capacity (mgd)

1. | Raw Water Supply $1,036,000( $3,108,000 $5,180,000| $10,360,000] $15,540,000] $20,720,000
2. | Pretreatment $486,000| $1,170,000 $1,761,0000 $3,066,000] $4,241,000]  $5,339,000
3. | Process Equipment $1,802,000] $4,340,000] $6,530,000| $11,370,000| $15,726,000 $19,796,000
4. | Post Treatment $1,465,0000 $3,528,000| $5,309,000|  $9,244,000| $12,785,000] $16,094,000
5. | Intermediate Storage $286,000]  $689,000| $1,036,0000 $1,805,000| $2,496,000]  $3,142,000
6. | Transfer Pumping $69,000|  $166,000]  $250,000 $435,000 $602,000 $758,000
7. | Plant Infrastructure $1,865,000] $4,491,000 $6,759,000| $11,767,000] $16,276,000 $20,488,000
8. | Concentrate Disposal $9,000,000{ $9,000,000] $9,000,000|  $9,000,000| $13,500,000] $13,500,000
Subtotal w/ DIW(1-8): | $16,009,000{ $26,492,000 $35,825,000| $57,047,000 $81,166,000 $99,837,000
Subtotal w/o DIW(L-7): | $7,009,000] $17,492,000 $26,825,000] $48,047,000 $67,666,000] $86,337,000
9. | vard Piping 8% $561,000| $1,399,000] $2,146,0000 $3,844,000] $5413,000 $6,907,000
10. | Mechanical 2% $140,000]  $350,000|  $537,000 $961,000|  $1,353,0000  $1,727,000
11. | Electricalv 20% $1,402,000] $3,498,000] $5,365,000] $9,609,000| $13,533,000] $17,267,000
12. 'C”g:t‘ig?ggtat'on and 5% $350,000]  $875,000| $1,341,0000 $2,402,000|  $3,383,000  $4,317,000
13. | Site Work 5% $350,000]  $875,000] $1,341,000 $2,402,000] $3,383,000] $4,317,000
Subtotal(1-13). | $9,812,000] $24,489,000| $37,555,000, $67,265,000| $94,731,000/ $120,872,000
14, | General 10% $981,000| $2,449,000| $3,756,000| $6,727,000| $9,473,000 $12,087,000
Requirements
15. | Contractor O&P 15% $1,472,0000 $3,673,000 $5,633,000] $10,090,000] $14,210,000[ $18,131,000
16, | Construction 15% $1,472,000, $3,673,000] $5,633,000 $10,090,000, $14,210,000 $18,131,000
Contingency
Opinion of Probable Construction Coi-16): | $13,737,000| $34,284,000] $52,577,000| $94,172,000] $132,624,000 $169,221,000
17. | Technical Services 20% $2,747,0000 $6,857,000] $10,515,000| $18,834,0000 $26,525,000 $33,844,000
18. gr‘]’é“fé:;m'”'s”a"o“ 5% $687,000| $1,714,000 $2,629,000] $4,709,000|  $6,631,000|  $8,461,000
19. | Project Contingency 15% $2,061,000] $5,143,000 $7,887,000| $14,126,000] $19,894,000 $25,383,000
Opinion of Probable Capital Coft-19)2: | $19,232,000 $47,998,000 $73,608,000| $131,841,000 $185,674,000 $236,909,000
Opinion of Equivalent Annual Capital C&t | $1,815,365| $4,530,672| $6,948,074| $12,444,858| $17,526,312| $22,362,534
Unit Probable Cost (§pd) $13.74 $11.43 $10.52 $9.42 $8.84 $8.46
Unit Probable Total Capital Costdt) $19.23 $16.00 $14.72 $13.18 $12.38 $11.85

(1) Owi AAOOEAAI ¢ tidniaAd Cantrols"@astiténis/Are Esfimated as 20% an8% respectively, of the subtotal
of the preceding cost components minus the cost for concentrate disposal. This is because a concentrate DIW
negligible electrical and instrumentation and controls costs relative to other plant components, while the constructiol

cost for a DIW is typically a substantial portion of the total facility cost.

(2) Does not include concentrate disposal costs
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3.2.2.2

OPERATION AND MAINTENANCE COSTS

Three ROtreatment plants were used to complete the O&M cost evaluation ffF treatment
plant. The projects included in this evaluation are listed infable 3-9 below. The O&M costs
for a Brackish RONater Treatment Plantare summarized inTable 3-10.

Location
Martin County

Table 3-9:

‘ Municipality

City of Stuart Utilities

O&M Cost Data Sources

Water Treatment Plant
City of Stuart WTP (6.0 mgd) (1.5 mgd RO)

Palm Beach County

Town of Jupiter Utilities

Jupiter WTP (28.2 mgd) (NF and RO)

Pinellas County

City ofClearwater Utilities

WTP No. 2 RO Plant )6.25 mgd)

Table3-10:  Opinion of Annual Operation and Maintenance Cofdr Brackish Reverse Osmosis
Item .. PlantCapacity (mgd)
Description
No. 1 3 5 10 15 20
Variable Costs ‘
1. | Power® $148,000] $388,000] $604,000 $1,001,0000 $1,533,000 $1,947,000
2. | Chemicals $101,000| $264,000| $411,000] $742,000 $1,043,000] $1,325,000
3. | Replacemenkarts $94,000| $246,000| $382,000| $689,000 $969,000/  $1,230,000
and Materials
4. | Replacement $36,000|  $94,000 $147,000| $265,000 $373,000 $473,000
Membranes
Fixed Costs
Operation and
5. | yitenanoe abor $148,000| $388,000| $604,000| $1,091,0000 $1,533,000] $1,947,000
Administration/
6. | Regulatory $178,000| $467,000| $726,000| $1,310,000] $1,842,000]  $2,339,000
GCompliance
Annual Production at Rated 365 1,095 1825 3,650 5,475 7,300
Capacity, (mgy)
Annual O&M Cosgpigtti $705,000| $1,847,000| $2,874,000 $5.188,000 $7,293,000|  $9,261,000
Unit Cost at Rated Capacity
($/kgal) $1.93 $1.69 $1.57 $1.42 $1.33 $1.27
Annual Production at Avg Day 243 730 1217 2704 4212 5,840
Demand, (mgy)
Annual O&M Cosg?gzlt)y $578,000| $1,516,000| $2,360,000 $4.466,000 $6,389,000|  $8,266,000
Unit Cost at Rated éf‘k%é;)'t’ $2.38 $2.08 $1.94 $1.65 $1.52 $1.42

(1) Unit power cost = $0.12 per kWh
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3.2.2.3

TOTAL COST SUMMARY

Opinion of total production costsfor a Brackish RO Water Treatment Plardre summarized
in Table 3-11. The Brackish RO total production costare depicted in Figure 3-4.

Table3-11:  Opinion of Total Production Costfor Brackish Reverse Osmosi4
ltem - Plant Capacity (mgd) |
Description
No. 1 3 5 10 15 20
Production Costs at Rated Capacity
1. Eg;'va'e”t annual capital $1,815,365| $4,530,672| $6,048,074| $12.444,858 $17,526,312| $22,362,534
2. Annual O&M CostVariable $379,000 $992,000| $1,544,000f $2,787,000{ $3,918,000, $4,975,000
3. Annual O&M CostFixed $326,000 $855,000| $1,330,000{ $2,401,000{ $3,375,000, $4,286,000
4. Annual R&FEund Deposit® $181,536 $453,067 $694,807 $1,244,486 $1,752,631 $2.236,253
Total Annual Cost] $2,701,901 $6,830,739 | $10,516,882 | $18,877,343 | $26,571,943 | $33,859,787
Annual Production at Rated 365 1,095 1,825 3,650 5,475 7.30
Capacity, (mgy)
Annual Production Cost at Rate
Capacity ($/kgal) $7.40 $6.24 $5.76 $5.17 $485 $4.64
Production Costs at Average P®emand AADD)
MDD/AADD factdf”: 15 1.5 1.5 1.35 1.3 1.25
1. (E]?;'V&'e”m””“a'cap'ta' $1,815,365| $4,530,672| $6,048,074 $12,444,858 $17,526,312 $22,362,534
2. Annual O&M CostVariable $252,667 $661,333| $1,029,333| $2,064,444| $3,013,846| $3,980,000
3. Annual O&M CostFixed $326,000 $855,000| $1,330,000; $2,401,000{ $3,375,000, $4,286,000
4, Annual R&FEund Depositt $181,536 $453,067 $694,807| $1,244,486| $1,752,631| $2,236,253
Total Annual Cost] $2,575,568| $6,500,072| $10,002,215| $18,154,788| $25,667,789| $32,864,787
Annuall—‘inlsr;)edWater Production 243 730 1217 2704 4,212 5,840
Rate, (mgy)
Annual Production Cost aAADD $10.58 $8.90 $8.22 $6.71 $6.09 $5.63

($/kgal):

(1)
&)

calculation of the annualproduction cost.

©)
4
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Annual deposit to a R&R fund is equal to 10% of the equivalent annual capital cost.
MDD (mgd), equal to the plant capacity ratinglivided by the AADD. This factor is used to calculate the AAOBgd) to be used in the

Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
Does not include concentrate disposal costs
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3.2.3 SEAWATER REVERSE OSMO#®/ CONSTRUCTION

For seawater desalination, whicluses seawater asthe water source (ora water source that

EAO OEA ANOEOAI AT O 4 $tBe#1l @ ORRAC A @ AG OEaASae)OA i#TADA I1C
Desalination Water Treatment Plant (WTP) was used to represent costs for this type of

treatment process.The Carlsbad WTP ikcatedalong the Agia Hedianda Lagoon in Carlsbad,

California. This project was a desigibuild delivery financed by Poseidon Water (a private

project developer). Poseidon initiated the project by establishing a 39ear water purchase

agreement through public partnership with San Diego Water Authority with buyout

provisions after 10years of operation. Project design started in January 2013 and the facility

was online in late 2015, with a 36month design and construction schedule.

The Carlsbad Seawater Desalination Project&50 mgd water treatment plant facility and is
currently the largest seawaterROtreatment plant in the United States. The construction of a
new intake and discharge facilitieswere necessary to allow for a transition to standalone
operation of the desaliration plant. The treatment process requires araverage seawater
intake of 106.7 mgd.The concentrated brinedischarge(the liquid that is rejected by the RO
treatment process) average57 mgd, and kased on available informationjs blended with 200
mgd ofintake seawaterprior to ocean discharge

The project, which provides water supply for approximately 400,000 residentsincluded a
desalination plant, a pumping station, product water storage and a temile finished water
conveyance pipe. Seawater is punga from the Pacific Ocean to the pr&reatment process.
Pre-treatment of the water uses sand/anthracite filtration technology with a micrescreen
filtration process. Backwash of the prereatment membranes is conducted using acid,
chlorine and base conditbning of the membrane modules. The source water is then
processed through RO membranegspecific for seawate)j for producing water for
consumption. This facility includes 12 treatment trains and l1backup train. Total water
production capacity of the treatrmrent trains is 54 mgd. Other components of the facility
include 13 high-speed RO feed pumps to enable the water and salt separation utilizing high
pressure from the pumps. The water is disinfected using chloramines (sodium hypochlorite
and ammonia). The chbramines control biological growth in the transmission pipelines and
the reservoirs within the distribution system. The water is temporarily storedin on-site
storage tanks prior to conveyance through a 1@nile, 54-inch distribution piping system by
distri bution pumps.

3.2.3.1 CAPITAL COSTS
Unfortunately, the breakdown of the costs by process was not available at the time of this

study. However, the overall construction costs for the desalination plant and conveyance
pipeline are listed in Table 3-12 below.
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Table3-12:  Summary of TotalDesalination Plant and 18mile Conveyance Pipeline for

CarlsbadWTP
" Costs June 2012 (midpoint) | COSts in December 2021
Description - Dollars (million dollars unless
Dollars (million dollars) :
otherwise noted)

Total Desalination Plant $537 $860
TotalConveyance Pipeline (4files) $159 $255
Total $696 $1,115

Using the data collected for th&Carlsbad WTP, probable total capital costs were evaluated for
plant capacities ranging from 1 to 20 mgd. The results are summarizedTiable 3-13. Figure
3-5 depicts the Seawater RO construction costurve.

Table3-13:  Opinion of Probable Capital Codor Seawater Reverse Osmosis (Desalination

Plant Only)
Item Description Plant Capacity (mgd)
No. Allowance Factor 1 3 5 10 15 20

Opinion of Probable

oo o Cost $37,611,655| $90,577,000 | $136,301,000 $237,314,000| $328,243,000| $413,187,000

1, Zgrcvrl‘:(';;a' 20% | $7,522,331 | $18,115,400| $27,260,200| $47,462,800 | $65,648,600 | $82,637,400
Owner

2. | administration 5% | $1,880,583| $4,528,850 | $6,815,050 | $11,865,700 | $16,412,150 | $20,659,350
and legal

3. | Project 15% | $5,641,748 | $13,586,550| $20,445,150| $35,597,100 | $49,236,450 | $61,978,050
contingency

Opinion °fPr°k§‘abF')‘i"t;\|”g‘£'t_ $52,656,317| $126,807,800| $190,821,400 $332,239,600| $459,540,200| $578,461,800

Opinion of Eq“i?;i?ttafgg‘;? $4,970,384 | $11,969,759 | $18,012,190 | $31,361,068 | $43,377,344 | $54,602,702

Unit Probable Cost (860 | $37.61 $30.19 $27.26 $23.73 $21.88 $20.66
Unit Probable Tmamap'g,'gigf‘ $52.66 $42.27 $38.16 $33.22 $30.64 $28.92
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Seawater RO Construction Costs
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Figure 3-5: Seawater RO Construction Costs

3.2.4.2 OPERATION AND MAINTENANCE COSTS

A financial statement datedDecember 21, 2020 was available and reflected high level O&M
costs for the plant. The overall O&M costs for the desalination plant and conveyance pipeline
as of December 31, 2020s listed in Table 3-14 below. O&M was provided ér fixed and
variable costs in terms of amount per acrdoot. Average Daily Demand is 50 mgd according
to resources provided and additional research.
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Table3-14:  Summary of Fked and Variable Costs for Carlsbad WTP
- Amount per Acre Amount per D_ay Annual O&M C_osts
Description Foot (Average Daily (Average Daily
Demand) Demand)
Fixed
Debt Service Charge $609 $112,171 $40,942,236
Equity Return Charge $425 $78,355 $28,599,702
Fixed Operating Charge $511 $94,209 $34,386,232
Fixed Electricity Charge $148 $27,288 $9,960,122
Total Fixed Chargg $1,693 $312,023 $113,888,292
Variable

Variable Operating Charge| $124 $22,836 $8,335,078
VariableElectricity Charge $619 $114,048 $41,627,633
Total Variable $743 $136,884 $49,962,711
Total O&M $2,436 $273,768 $163,851,003

The O&M costs for Seawater RO Treatment Plant (derived fromhe Carlsbad WTP)are
summarized inTable 3-15.

Table 3-15:

Opinion of Annual Operation andVlaintenance Costor Seawater Revese Osmosis
(Desalination Plant Only)

Item o Plant Capacity (mgd)
Description 1 3 5 10 15 20
1. Variable Costs $2,185,093| $5,262,000, $7,919,000| $13,787,000| $19,070,000/ $24,005,000
2. Fixed Costs $1,939,465| $4,671,000, $7,028,000| $12,237,000 $16,926,000 $21,306,000
Annual Production at Avg| 4 730 1217 2,704 4,212 5,840
Day Demand, (mgy)
Annual O&M Cost af
AADD Capacity $3,394,000| $8,179,000| $12,309,000| $22,451,000| $31,597,000| $40,510,000
Unit Cost atAADD
Capacity, $/kgal $13.97 $11.20 $10.11 $8.30 $7.50 $6.94
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3.2.4.3

TOTAL COST SUMMARY

Opinion of total production costs for aSeawater R@Plant are summarized inTable 3-16. The
Seawater RQotal production costs are depicted inFigure 3-6.

Table3-16:  Opinion of Total Production Cosftor Seawater RO
Plant Capacity (mgd
ltem Description pacity (mgd)
No. 1 3 5 10 15 20
Production Costs at Rated Capacity
1, Eg;'va'e”t annual capital | o/ o070 3541 $11.969.750 $18,012,190 $31,361,068 $43,377,344 $54.602,702
2, 62223:60&'\" Cost $2,185,093| $5,262,000 $7,919,000/ $13,787,000 $19,070,000| $24,005,000
3. | Annual O&M CostFixed | $1,939,465| $4,671,000] $7,028,000 $12,237,000 $16,926,000, $21,306,000
4. ggggg&%nd $497,038| $1,196,976| $1,801,219] $3,136,107| $4,337,734|  $5,460,270
Total Annual Costl  $9,591,980] $23,099,735 $34,760,409 $60,521,175 $83,711,078| $105,373,972
Annual Production at Rated 365 1,095 1,825 3.650 5475 7.300
Capacity, (mgy)
Annual Production Cost at Rateq
Capacity ($/kgal) $26.28 $21.10 $19.05 $16.58 $15.29 $14.43
Production Costs afnnual Average Day DemandA@DD)
MDD/AADD factd? 15 15 15 1.35 1.3 1.25
1, Eg;"’a'e”t annual capital |« o970 384 $11.069,750 $18,012,190 $31,361,068 $43.377,344 $54.602,702
2 ng:g:eO&M Cost $1,456,729| $3,508,000] $5,279,333 $10,212,593 $14,669,231 $19,204,000
3. | Annual O&M CostFixed | $1,939,465 $4,671,000] $7,028,000 $12,237,000 $16,926,000, $21,306,000
4. éggg;'fff&”“*”d $497,038| $1,196,976| $1,801,219| $3,136,107| $4,337,734| $5,460,270
Total Annual Costl  $8,863,616| $21,345,735| $32,120,743 $56,046,767 $79,310,309 $100,572,972
Annual finished water production 243 730 1217 2704 4,212 5,840
rate, (mgyy’
Annual Production Cost at AAD $36.43 $29.24 $26.40 $21.06 $18.83 $17.22

($/kgal):

1)
@)

calculation of the annual production cost.

(©)
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Annual deposit to a R&R fund is equal to 10% of the equivalent annual capital cost.
MDD(mgd), equal to the plant capacity ratinglivided by the AADD.This factor is used to calculate the AADPngd) to be used in the

Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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Figure 3-6: Seawater RO Total Production Costs

3.3 WATER REATMENT TECHNOLOGY PROCESS
COMPONENTS

Opinion of probable construction costs for NF and RO process addition, as well as IX are
summarized inthissecti T8 4EA . & AT A 2/ DOT AAOGO AAAEOQEII
collected data included in section 3.2 and 3.3, respectively. Cost data reflect membrane trains

(NF/RO), pressurized vessels, media, regeneration (IX), mechanical, yard piping, electrical

and instrumentation, and site work.

3.3.1NANOFILTRATION PROGCESSDITIONRL CAPACITY

This section addresses the addition of NF treatment capacity to an existing water treatment
plant. Cost data reflects raw water supply, NF membrane trains (process equipmenpost-
treatment, mechanical, yard piping, electrical and instrumentation, and site work. Opinion of
probable construction costs are reflected based on rated capacifgr MDD andAADD.Cost
data used for this section was derived fronsection 3.2.1.

3.3.1.1 CAPITAL COSTS

The opinion of probable construction costdor NF process additionare summarized inTable
3-17. The Construction Cost Curve for NF process addition is depictedrigure 3-7.
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Table3-17:

Opinion of Probable Capital Codbr Nanofiltration z Process Addition

: 1 3 5 10 15 20
1. | Pretreatment $28,000]  $67,000]  $101,000] $177,000] $244,000]  $308,000
2. | ProcesEquipment $496,000] $1,195,000] $1,798,000 $3,130,000] $4,329,000 $5,449,000
3. | Post Treatment $324,000]  $780,000] $1,174,000 $2,044,000 $2,828,000 $3,559,000
4. | Intermediate Storage $286,000]  $689,000] $1,036,000 $1,805,000 $2,496,000 $3,142,000
5. | Transfer Pumping $69,000]  $166,000]  $250,000]  $435,000] $602,000]  $758,000
6. | Plant Infrastructure $725,000 $1,746,000] $2,627,000 $4,574,000 $6,327,000 $7,965,000
7. | Concentrate Disposal $9,000,000] $9,000,000] $9,000,000] $9,000,000] $13,500,000] $13,500,000
Subtotal w/ DIW(L-7): | $10,928,000] $13,643,000] $15,986,000] $21,165,000] $30,326,000] $34,681,000
Subtotal w/o DIW(1-6): | $1,928,000] $4,643,000] $6,986,000] $12,165,000] $16,826,000] $21,181,000
8. | Yard Piping 8% $154,000]  $371,000| $559,000]  $973,000| $1,346,000] $1,694,000
9. | Mechanical 2% $39,000]  $93,000]  $140,000]  $243,000] $337,000]  $424,000
10. | Electrica® 20% | $386,000] $929,000| $1,397,000] $2,433,000] $3,365,000] $4,236,000
11, | Instrumentation 5% $96,000/  $232,000]  $349,000|  $608,000]  $841,000 $1,059,000
and Controf®
12. | site work 5% $96,000]  $232,000]  $349,000]  $608,000]  $841,000| $1,059,000
Subtotal(1-12) | $2,699,000] $6,500,000] $9,780,000] $17,030,000] $23,556,000] $29,653,000
General
0,
12. | pequirements 10% | $269,000| $650,000] $978,000| $1,703,000] $2,355,600/ $2,965,300
13, | Gontractor  15% |  $404,850|  $975,000| $1,467,000 $2,554,500 $3,533,400| $4,447,950
Overhead and Profit
14, | Gonstruction 15% |  $404,850|  $975,000] $1,467,000 $2,554,500| $3,533,400 $4,447,950
Contingency
Opinion OfPrObab'ecggi?l’_clt"%? $3,778,600| $9,100,000| $13,692,000) $23,842,000| $32,978,400| $41,514,200
15. | Technical Services 20% |  $755,720] $1,820,000 $2,738,400 $4,768,400 $6,595,680 $8,302,840
Owner
17. | Administration 5% $188,930|  $455,000,  $684,600 $1,192,100 $1,648,920| $2,075,710
and legal
Project 0
18. | comingency 15% |  $566,790| $1,365,000| $2,053,800| $3,576,300| $4,946,760| $6,227,130
Opinion of Probable Cigjﬁgg’f $5,290,040| $12,740,000] $19,168,800 $33,378,800| $46,169,760| $58,119,880
Opinion of Equivalent Annua
Conitnl Codp. | $499.342| $1,202566 $1809,399 $3,150,723| $4,358,099 $5,486,106
Unit Probable Cos#(gpd) $3.78 $3.03 $2.74 $2.38 $2.20 $2.08
UnitProbable Total Ca&f}g'pg)o $5.29 $4.25 $3.83 $3.34 $3.08 $2.91

cost components minus the cost foconcentrate disposal. This is because a concentrate disposal DIW has negligible electrical
instrumentation and controls costs relative to other plant components, while the construction cost for a DIW is typically atsstantial
portion of the total facility cost.

(2) Does not include concentrate disposal costs
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3.3.1.2

OPERATION AND MAINTENANCE COSTS

The O&M costsfor NF process additionare summarized inTable 3-18. This information was
derived using the data sources listed iTable 3-4.

Table 3-18:

ltem

Description

ProcessAddition

Plant Capacity (mgd)

Opinion of Annual Operation and Maintenance Cog&tr Nanofiltration

10 15 20
Variable Costs
1. | Powe® $120,000]  $342,000] $557,000] $1,078,000] $1,585,000] $2,084,000
2. | chemicals $82,000|  $233,000] $379,000] $734,000| $1,079,000 $1,418,000
3. | Replacemenkarts $76,000|  $216,000] $352,000] $681,000| $1,002,000 $1,317,000
and Materials
4. | Replacement $29,000 $83,000] $135,0000 $262,000|  $385,000 $506,000
Membranes
Fixed Costs
Operation and
5. | viaintenanceabor | $125:000|  $357,000[ $580,000[ $1,123,000[ $1,651,000  $2,170,000
Administration/
6. | Regulatory $144,000]  $411,0000 $669,000| $1,295,000] $1,905,000 $2,503,000
Compliance
Annual Production at 365 1,095 1825 3,650 5,475 7,300
RatedCapacity, (mgy)
Annual O&M Cost af
Rated Capaciyy  $576:000| $1,642,000) $2,672,000 $5,173,000) $7,607,000  $9,998,000
Unit Cost at Rated
Capacity (§/kga) $1.58 $1.50 $1.46 $1.42 $1.39 $1.37
Annual Production atAvg |, 4 730 1217 2,704 4,212 5,840
DayDemand, (mgy)
Annual O&M Cost af
AADD Capaciy $473,000| $1,351,000] $2,198,000 $4,459,000| $6,672,000 $8,933,000
Unit Cost atAADD
Capaciy. $(kga) $1.95 $1.85 $1.81 $1.65 $1.58 $1.53

(1) Unit power cost = $0.12 per kWh
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3.3.1.3

TOTAL COST SUMMARY

Opinion of total production costs are summarized ifmable 3-19. These costs do not include
concentrate disposal costsThe cost curvereflects the combination of opinion of probable

construction cost, estimated annual O&M (fixeénd Variable costs), and R&R fund deposit.
The Total Production Costurve is depicted inFigure 3-8.

Table3-19:

Opinion Total Production Cosfor Nanofiltration z Process Addition

" Plant Capacity (mgd)
Description
1 3 5 10 15 20
Production Costs at Rated Capacity
1, Egsut“’a'e”t annual capital $499,342| $1,202,566| $1,809,399| $3,150,723| $4,358,099| $5,486,106
2. | Annual 0O&M Costvariable|  $307,000]  $874,000| $1,423,000] $2,755,000] $4,051,000 $5,325,000
3. | Annual O&M CostFixed $269,000]  $768,000] $1,249,000] $2,418,000] $3,556,000 $4,673,000
4. | Annual R&R fund deposht $49,934| $120,257| $180,940| $315,072| $435,810] $548,611
Total AnnualCost:| $1,125,277| $2,964.822| $4.662,339] $8,638,795| $12,400,009| $16,032,716
Annual Production at Rated 365 1,095 1825 3,650 5,475 7,300
Capacity, (mgy)
Annual Production Cost at Rated
Capacity (8/kgal $3.08 $2.71 $2.55 $2.37 $2.27 $2.20
Production Costs at Average Day Demand\PD)
MDD/AADD factof® 15 15 15 1.35 1.3 1.25
1. Eg;“’a'e”t annual capital $499,342| $1,202,566| $1,809,399) $3,150,723| $4,358,009 $5,486,106
2. | Annual 0O&M Costvariable|  $204,386|  $582,667| $948,027| $2,040,964| $3,116,495 $4,260,000
3. | Annual O&M CostFixed $269,000]  $768,000] $1,249,000] $2,418,000] $3,556,000 $4,673,000
4. | Annual R&R fund depoSit $49,934 $120,257 $180,940 $315,072 $435,810 $548,611
Total Annual Cost] $1,022,663| $2,673.489] $4,188,266| $7,924,759| $11,466,404| $14,967,716
(Ar;‘g;‘;! productiorat AADD 243 730 1217 2,704 4,212 5,840
Annual Production Cost atADD $4.21 $3.66 $3.44 $2.93 $2.72 $2.56

($/kgal):

)
@)

calculation of the annual production cost.
(3) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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Annual deposit to a R&R fund is equal to 10% tiie equivalent annual capital cost.
MDD(mgd), equal to the plant capacity rating divided by thé&ADD. This factor is used to calculate the AAGMQgd) to be used in the
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Figure 3-8: Nanofiltration Process Addition Total Production Cost Curve

3.3.2REVERSE OSMOSIS PROCASBITIOML CAPACITY

This section addresses the addition of RO treatment capacity to an existing water treatment
plant. Cost data reflects raw water supply, RO membrane trains (process equipment), post
treatment, mechanical, yard [ping, electrical and instrumentation, and site work. Opinion of
probable construction costs are reflected based on rated capacifgr MDD andAADD.Data
used for this section was derived fronprojects listed in Section 3.2.1.

3.3.2.1 CAPITAL COSTS

The opinion of probable capital construction costsfor RO process additionare summarized
in Table 3-20. The capital construction costs curve for RO process addition is depicted in
Figure 3-9.
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Table 3-20:

Description

Plant Capacity (mgd)

Opinion of Probable Capital Codor Brackish Reverse Osmosis Process Addition

Allowance Factor 1 3 5 10 15 20
1. | Pretreatment $486,000 $1,170,000 $1,761,000] $3,066,000] $4,241,000 $5,339,000
2. | Process Equipment $1,802,000 $4,340,000] $6,530,000] $11,370,000 $15,726,000 $19,796,000
3. | Post Treatment $1,465,0000 $3,528,000] $5,309,000] $9,244,000] $12,785,000 $16,094,000
4. | Intermediate Storage $286,000] $689,000| $1,036,0000 $1,805,000] $2,496,000 $3,142,000
5. | Transfer Pumping $69,000]  $166,000] $250,000]  $435.000]  $602,000 $758,000
6. | Plant Infrastructure $1,865,000 $4,491,000] $6,759,000] $11,767,000 $16,276,000 $20,488,000
7. | ConcentrateDisposal $9,000,000] $9,000,000] $9,000,000] $9,000,000] $13,500,000 $13,500,000
Subtotal w/ DIW(L-7) | $14,973,000] $23,384,000] $30,645,000] $46,687,000] $65,626,000 $79,117,000
Subtotal w/o DIW(1-6) | $5,973,000] $14,384,000 $21,645,000] $37,687,000 $52,126,000] $65,617,000
8. | Yard Piping 8% | $478,000| $1,151,0000 $1,732,000, $3,015,0000 $4,171,000 $5,250,000
| Mechanical 2% | $120,000] $288,000] $433,000]  $754,000] $1,043,000 $1,313,000
10. | Electrical® 20%| $1,195,000] $2,877,000] $4,329,000] $7,538,000] $10,426,000 $13,124,000
11. 'é‘g:t‘:gl‘;[‘)ta“on and goo | $299.000]  $720,000] $1,083,000 $1,885,000 $2,607,0000  $3.281,000
12. | Site Work 5% | $299,000] $720,000] $1,083,000] $1,885,000 $2,607,000] $3,281,000
Subtotal:| $8,364,000] $20,140,000] $30,305,000] $52,764,000 $72,980,000] $91,866,000
13, | General 10% | $837,000| $2014000| $3031000| $5277,000| $7,298000| $9,187.000
Requirements
Contractor
14. _ 15%| $1,55000| $3,021,000| $4546000| $7,915000| $10,947,000| $13,780,000
Overhead and Profit
15, | Construction 15%| $1,255000| $3,21,000| $4546000| $7,915000| $10,947,000| $13,780,000
contingency
Opinion of Probable CO”S”gggg' $11,711,000 $28,196,000 $42,428,000 $73,871,000, $102,172,000 $128,613,000
16. | Technical Services 20%| $2,342,0000 $5,639,000] $8.486,000] $14,774,000 $20,434,000 $25,723,000
Owner
17. | Administration 5% | $586,000 $1,410,000 $2,121,000 $3,694,000 $5,109,000, $6,431,000
and Legal
18. | Project Contingency 15%| $1,757,000] $4,229,000] $6,364,000] $11,081,000 $15,326,000 $19,292,000
Opinion of Pmbab'ecfggf_a $16,396,000| $39,474,000 $59,399,000| $103,420,000 $143,041,000 $180,059,000
Opinion of Equivalent Annua
Copital Codp: | $1:547.666 $3,726,066 $5.606,845 $9,762,116 $13,502,058 $16,996,296
Unit Probable Cost (§pd) $11.71 $9.40 $8.49 $7.39 $6.81 $6.43
Unit Probable Total Capital Cq $16.40 $13.16 $11.88 $10.34 $9.54 $9.00

($/gpd

cost components minus the cost for concentrate disposal. This liecausea concentrate disposal DIW has negligible electrical an
instrumentation and controls costs relative to other plant components, whiléhe construction cost for a DIW is typically a substantial

portion of the total facility cost.

(2) Does not include concentrate disposal costs
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Construction Cost

Brackish RO Process Addition Construction Costs
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3.3.2.2

OPERATION AND MAINTENANCE COSTS

The O&M costsfor RO process additiorare summarized n Table 3-21. This information was
derived using the data sources listed ifTable 3-9.

Table3-21:  Opinion of Annual Operation and Maintenance Cofdr Brackish Reverse Osmosis
Process Addition
Item o Plant Capacity (mgd)
Description
No. 1 3 5 10 15 20
Variable Costs
1. | Power® $148,000 $388,000 $604,000| $1,091,000/ $1,533,000 $1,947,000
2. | Chemicals $101,000 $264,000 $411,000 $742,000| $1,043,000, $1,325,000
3. ;Z?é?;i“enpaﬁs and $94,000| $246,000| $382,000| $689,000| $969,000| $1,230,000
ReplacemenMembranes $36,000 $94,000| $147,000f $265,000{ $373,000f $473,000
Fixed Costs
Operation and
4, Maintenance.abor $148,000 $388,000 $604,000| $1,091,000/ $1,533,000f $1,947,000
5, | Administration/Regulatory $178,000] $467,0000 $726,000| $1,310,000| $1,842,000 $2,339,000
GCompliance
,(A\r;\g;;ll Production at Rated Capacity, 365 1,095 1825 3,650 5,475 7.300
Annual O&M Cost at Rated Capaci $705,000| $1,847,000, $2,874,000| $5,188,000{ $7,293,000 $9,261,000
Unit Cost at Rated Capacit{$/kgal) $1.93 $1.69 $1.57 $1.42 $1.33 $1.27
Annual Production at Avg Day 243 730 1217 2,704 4,212 5,840
Demand, (mgy)
Annual O&M Cost at ADD Capacity  $578,000f $1,516,000, $2,360,000| $4,466,000/ $6,389,000 $8,266,000
Unit Cost atAADDCapacity ($/ kgal) $2.38 $2.08 $1.94 $1.65 $1.52 $1.42

(1) Unit power cost = $0.12 per kWh
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3.3.2.3

Table 3-22:

Iltem

TOTAL COST SUMMARY

Opinion of total production costs are summarized ifmable 3-22. These costs do not include
concentrate disposal costsThe cost curve reflecs the combination of opinion of probable
construction cost, estimated annual O&M (fixed and Variable costs), and R&R fund deposit.
The Total Production Costurve is depicted inFigure 3 -8.

Plant Capacity (mgd)

Opinion of Total Production Cosfor Brackish Reverse Osmosis Process Addition

No. Description 10 15 20
Production Costs at Rated Capacity
1, | Eauivalentannual | o) 5,7 6e6l 3 726,066 $5,606,845 $9,762,116 $13,502,058 $16,996 296
capital cost
2, CQEZﬁ:eO&M Cost| 4370.000] $992,000| $1,544,000 $2,787.000 $3,918,000 $4.975,000
3. ﬁi?(r;‘éa' O&M Cost | ¢356 000|  $855,000| $1,330,000] $2,401,0000 $3,375,000  $4.286,000
a, ggg;‘tg&%”f’ $154,767| $372,607| $560,685|  $976,212| $1,350,206 $1,699,630
Total Annual Cost] $2,407.433| $5,045.673| $9,041,530| $15,926,328| $22,145.264| $27,956,925
Annual Production at 365 1,095 1,825 3,650 5475 7.300
Rated Capacity, (mgy)
Annual Production Cost a
Rated Capacity (S/kga $6.60 $5.43 $4.95 $4.36 $4.04 $3.83
Production Costs at Average Day Demard\DD)
MDD/AADD facto 1.50 1.50 1.50 1.35 1.30 1.25
1, | Bauivalentannual | o) o/ oosl 63 706,066 $5,606,845 $9,762,116| $13,502,058 $16,996,296
capital cost
2, Cgﬂgi:eO&M Cost|  «rep321| $661,333| $1,029.615 $2,064.671 $3.014,176 $3,980,000
3, ’;i?(r;‘éa' O&M Cost | 4356000 $855,000| $1,330,0000 $2,401,000 $3.375,000 $4.286,000
a, ggg;‘tg&%“fi $154,767| $372,607| $560,685  $976,212| $1,350,206 $1,699,630
Total Annual Cost] $2,280,754] $5,615,006] $8,527,145| $15,203.999| $21.241,441] $26,061,925
AnnualAnishedWater
AotluctionRate, (mayf® 243 730 1,217 2704 4,212 5,840
Annual Production Cost a
AADD ($/kgal): $9.39 $7.69 $7.01 $5.62 $5.04 $4.62

)
@)

(©)

Annual deposit to a R&Rund is equal to 10% of theequivalent annual capital cost.
MDD, equal to the plant capacity rating) divided by th@ADD. This factor is used to calculate the AADD to be used in t
calculation of the annual production cost.
Annual finished water production rate in million gallons ger year (mgy) is equal to the AADD (mgd) times 365 days.
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3.3.3 ION EXCHANGE

This section addresses the addition of IX treatment to an existing or new water treatment
plant. Cost data reflecthe process equipment which includes th@ressurized vessels, media,
regeneration, mechanical, yard piping, electrical and instrumentation ral site work. Opinion
of probable construction costs are reflected based on rated capaciigr MDD andAADD.

Opinion of probable construction costs fotthe IX treatment process were derived from the
projects listedin Table 3-23 below.

Location
Broward County

Table3-23:  Project Cost Data Sources for lon Exchange

Municipality
City of Sunrise

Project Name
Sawgrass Water Treatment Plant IX (3 mgd)

Palm BeaclCounty

Palm Beach County Water Utilities
Department

Water Treatment Plant 8 IX (30 mgd)
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3.3.3.1

CAPITAL COSTS

The opinion of probable construction costs foilX are summarized inTable 3-24. The construction
costs curve for IX is depicted ifFigure 3-11

Table3-24:  Opinion of Probable Capital Codor lon Exchange
Item Description Plant Capacity (mgd)
(\[o} Allowance Factor 1 3 5 10 15 20
1. | Procesequipment $3,000,000] $5,000,000| $7,000,000| $12,000,000] $17,000,000 $22,000,000
2. | vard piping 6% | $164,492| $274,153| $383,814| $657,967| $932,120| $1,206,273
3. | Electrical 5% | $138,472| $230,787| $323,101| $553,888| $784.674| $1,015,461
4. '&‘)S;:foTse”ta“O” and o $37,466|  $62,443|  $87.420| $149.864| $212,307| $274,750
5. | SiteWork 5% | $139,643] $232,738| $325,833| $558,571] $791,308| $1,024,046
Subtotal(1-5);: | $3,480,072] $5,800,121| $8,120,169| $13,920,289 $19,720,410 $25,520,530
6. | GeneraRequirements 4% | $139,0000 $232,000] $325,000] $557,000] $789,000| $1,021,000
7 gﬁg;@‘;}fr overhead 1o 1 g502.000  $870,000] $1,218,000 $2,088,000 $2,958,000] $3,828,000
g, | Construction 15%|  $522,000] $870,000 $1,218,000 $2,088,000| $2,958,000 $3,828,000
CGontingency
Opinion of Probable CO”S””C“C(T_;(" $4,663,072 $7,772,121] $10,881,169| $18,653,289 $26,425,410 $34,197,530
9. | Technical services 20%|  $933,000] $1,554,000] $2,176,000] $3,731,000] $5,285,000 $6,840,000
10. g&’g”;;ﬁmm@trauon 5% | $233,000 $389,000] $544,0000 $933,000] $1,321,000 $1,710,000
11. | ProjectContingency 15% | $699,000| $1,166,0000 $1,632,000] $2,798,000 $3,964,000 $5,130,000
Opinion of Probable Cap('f"lf)?f $6,528,072| $10,881,121| $15,233,169 $26,115,289 $36,995,410 $47,877,530
Opinion of Equivalent Annual g";z'tt $616,204| $1,027,101| $1,437,903| $2,465,099 $3,492,105 $4,519,300
Unit Probable Cost (§pd) $4.66 $2.59 $2.18 $1.87 $1.76 $1.71
é?gpgc’bab'e Total Capital Cost $6.53 $3.63 $3.05 $2.61 $2.47 $2.39
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Figure 3-11: lon Exchange Construction Cost
3.3.3.2 OPERATION AND MAINTENANCE COSTS
O&M costs were not available at the time of thistudy.
3.3.3.3 TOTAL COST SUMMARY

O&M costs were not available at the time of thistudy. Therefore, an overall production cost
could not be determined.

3.34 GRANULATED ACTIVATED CARBON

This evaluation reflects the process equipment (which includes thepressurized vessels
[GAQ), media, regeneration by incineration, mechanical, yard piping, electrical and
instrumentation, and site work. Opinion of probable conguction costs are reflected based
on rated capacity or MDD and®ADD.

Opinion of probable construction costs forGACtreatment process were derivedfrom the
vessels that were constructed for the projectdisted in the IX section and also cost data
information that was provided by Florida Keys Ageduct Authority (FKAA) for the Kermit H.
Lewis RO Facility IX vessels and GAC vessels amf similar construction. However,
approximately three times as much GAC media is required to treat raw water as compared to



IX resin. It is assumedthat an additional 1 mgd capacity vessel, beyond the plant capacity,
will be constructed to ensure that when one vessel is out of service fanaintenance or

regeneration by incineration, the remaining vessels can still treat the flow that is equivalent
to the plant rated capacity

3.34.1

CAPITAL COSTS

The opinion of probable construction costs for GAC are summarized fable 3-25. The
construction costs curve for IX is depicted ifFigure 3-12.

Table 3-25:

Description

PlantCapacity (mgd)

Opinion of Probable Capital Codor Granular Activated Carbon

Allowance Factor 1 3 5 10 15 20
1. | Process Equipment $2,000,000] $3,880,000] $5,700,000| $9,900,000] $13,600,000 $16,800,000
2. | Yard piping 6% $120,000] $232,800]  $342,000]  $594,000]  $816,000] $1,008,000
3. | Electrical 5% $100,000] $194,000]  $285,000|  $495,000]  $680,000|  $840,000
4. '(;‘)Sr::for:‘se”ta“o” and 5, $40,000|  $77,600|  $114,000|  $198,000|  $272,000]  $336,000
5 | Sitework 5% $100,000] $194,000]  $285,000|  $495,000]  $680,000|  $840,000
Subtotal(1-5) | $360,000] $698,400] $1,026,000] $1,782,000 $2,448,000| $3,024,000
6. | General Requirements 5% $118,000| $228,920|  $336,300|  $584,100|  $802,400]  $991,200
g:g;i‘;itfro"emead 15% $54,000| $104,760| $153,900|  $267,300|  $367,200|  $453,600
g, | Construction 15% $54,000| $104,760|  $153,900|  $267,300| $367,200|  $453,600
Gontingency
Opinion of Probable CO”S””C“‘(T_;F" $2,586,000| $5,016,840| $7,370,100| $12,800,700| $17,584,800| $21,722,400
9. | Technical Services  20% |  $517,200| $1,003,368] $1,474,020] $2,560,140| $3,516,960] $4,344,480
10. gr:’("j”;;ﬁm'”'wa“o” 5% $129,300| $250,842|  $368,505|  $640,035|  $879,240| $1,086,120
11. | ProjectContingency 15% $387,900| $752,526| $1,105,515| $1,920,105| $2,637,720| $3,258,360
Opinion of Probable Cap('f"lf)?f $3,620,400| $7,023,576 $10,318,140| $17,920,980| $24,618,720 $30,411,360
Opinion of Equivalent Annual (C:?fs"tt $341,740| $662,976|  $973,959| $1,691,614| $2,323,833| $2,870,617
Unit Probable Cost (§bd) $2.59 $1.67 $1.47 $1.28 $1.17 $1.09
Unit Probable Total Capital Costd$H) $3.62 $2.34 $2.06 $1.79 $1.64 $1.50
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3.34.2

OPERATION AND MAINTENANCE COSTS

The O&M costs forGACare summarized inTable 3-26. O&M costs were not available at the
time of this study. Assumptions were made to determine the O&M costs basecd ohe

following:
S 2,000 cubic feet of GA@hediafor each vessetreats 2 MGD of raw water.
S GAC requires regeneration after 10,000 bed volumegdquivalent to 74,800 gallons
per cubic foot of GAC media
S Regeneration is by incineration where the media is hauled cHite to an incinerator
then hauled back and placed in vessel
Table3-26:  Opinion of Operation and Maintenance Cosor Granular Activated Carbon
Item Description Plant Capacity (mgd) ‘
No. 1 3 5 10 15 20
1. Process Equipment $60,833| $177,025| $288,958| $547,500( $775,625| $973,333
o | Regeneration by $1,299| $3,904| $6,508| $14,460| $22,524|  $31,230
Incineration
Annual Production at Rated 365 | 1,095 | 1825 | 3650 | 5475 7,300
Capacity, (mgy)
Annual O&M Coséztpiig‘ $62,133| $180,929 $295,466 $561,960| $798,149| $1,004,563
Unit Cost at RatedCapacity, $kgal $0.17 $0.17 $0.16 $0.15 $0.15 $0.14
Annual Production at Avg D¢ 243 730 1217 2,704 4,212 5,840
Demand, (mgy
Annual O&M Coséztpgﬁi[t;[ $42,000| $121,000| $198,000| $417,000| $615,000|  $804,000
Unit Cost atAADDCapacity, $kgall $0.17 $0.17 $0.16 $0.15 $0.15 $0.14
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3.34.3

TOTAL COST SUMMARY

Opinion of total production costs are summarized iMrable 3-27. The cost curve reflects the
combination of opinion of probable construction costand estimated annual O&M a well as

R&R fund deposit. The Total Production Cost curve is depicted Fiigure 3-13.

Table3-27 Opinion of Total Production Costor Granular ActivatedCarbon
Item Description Plant Capacity (mgd)
No. 1 3 5 10 15 20
1. | Bquivalentnnual | o000 200 $662.976|  $973.950| $1,691,614 $2,323,833 $2,870,617
Capital Gost
2. | Annual O&MGost $62,133| $180,929| $295466| $561,960| $798,149 $1,004,563
(12-months)
3 gggg;'tg&““”d $34,174| $66,208|  $97,396| $169,161| $232,383 $287,062
Total Annual cOsgggaa;gj $438,047| $910,202| $1,366,822| $2.422,735| $3.354.365  $4,162,242
AnnualAnishedWater
ProductionRete (mgyf) | 305 1,095 1,825 3,650 5,475 7,300
Annual Production Cosat
AADD($/kgal) $1.20 $0.83 $0.75 $0.66 $0.61 $0.57

(1) Annual deposit to a R&R fund is equal to 10% of the equivalent annual capital cost.
(2) Annual finished water production rate in million gallons per year (ngy) is equal to the AADD (mgd) times 365 days.
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Figure3-13: GAC Total Production Costs Cue

3.4 WATER DISTRIBUTION PLANT COMPONENTS
3.4.1 ANISH WATER STORAGE

Information was provided by four municipalities related to the finished water storage or
ground storage tank (GST) construction costs. These were used to complete the capital cost
evaluation. The projects included in this evaluation are listed ifable 3-28 below.

Table3-28:  Project Cost Data Sources

Location Utility Project Name
Pinellas County City of Clearwater Utility Clearwater Plant No. 22.5 mgd GST
Lake County City of Punta Gorda Utilities Shell Creek RO WER mgd GST
Palm Beach County Palm_ B.each County Water Water Treatment Plant N@ Plant
Utilities Department Improvements; 5 mgd GST
Hendry County City of LaBelle Utilities LaBelle RO W1¢L mgd GST
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3.4.1.1

CAPITAL COSTS

The opinion of probable construction costsfor finished water storage are summarized in
Table 3-29. The construction cost curve for finished water storage is depicted ifigure 3-

14.
Table3-29: Opinion of Probable Capital Codbr Finished Water Storage

Item Description Plant Capacity (mgd)

[\[e} Allowance Factor 1 3 5 10 15 20
Finished Water Storage $370,000| $1,110,000| $1,850,000f $3,700,000, $5,550,000| $7,400,000
YardPiping 18% $67,000 $200,000 $333,000 $666,000 $999,000| $1,332,000
SiteWork 15% $56,000 $167,000 $278,000 $555,000 $833,000/ $1,110,000

Subtotal(1-3): | $493,000| $1,477,000| $2,461,000| $4,921,000| $7,382,000| $9,842,000
General 4% | $20,000/ $60,000|  $99,000| $197,000|  $296,000|  $394,000
Requirements
gﬁg‘g"’c‘)‘;ittoro"emead 15% | $74,000| $222,000] $370,000| $739,000| $1,108,000| $1,477,000
Construction 15% $74,000 $222,000 $370,000 $739,000, $1,108,000{ $1,477,000
CGontingency 0
Opinion of Probable Constructiorl $661,000| $1,981,000| $3,300,000| $6,596,000 $9,894,000| $13,190,000
Cost(1-6):
Technicaervices 20% | $133,000 $397,000 $660,000| $1,320,000, $1,979,000f $2,638,000
Owner
Administration and 5% $34,000 $100,000 $165,000 $330,000 $495,000 $660,000
Legal
. ProjectContingency 15% | $100,000 $298,000 $495,000 $990,000| $1,485,000f $1,979,000
Opinion of Probable CapltEalll_;:)?x $928,000| $2,776,000 $4,620,000/ $9,236,000 $13,853,000 $18,467,000
Opinion of Equivalent Annual Capit§g $87,597| $262,035| $436,095| $871,813| $1,307,625| $1,743,154
Cost:
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Figure3-14: Finished Water Construction Cost Cumy

3.4.1.20PERATION AND MAINTENANCE COSTS

The O&M costs associated with thdinished water storage plant component is included in the
overall plant O&M costsTherefore, an O&M evaluation was not conducted as a staatbne
component.

3.4.1.3 TOTAICOST SUMMARY
Opinion of total production costs for finished water storage is summarized iTable 3-30.

The total production costs table reflecthe opinion of probable construction cost. The Total
Production Costcurve is depicted inFigure 3-15.
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Table3-30:  Opinion of Total Production Costor: FinishedWater Storage

__ Plant Capacity (mgd)
Description
3 5 10 15 20
1 EquivalentAnnual Capital $87,597| $262,035| $436,095| $871,813| $1,307,625| $1,743,154
" | Cost
AnnualOperation and :
2 MaintenanceCost Not Applicable
Annual R&Fund .
3. Deposit) Not Applicable
Total Annual Cost] $88,000| $263,000| $437,000) $872,000 $1,308,000 $1,744,000
MDD/AADD Factor® 1.5 1.5 15 1.35 1.30 1.25
AnnualFnishedWater
ProductionRate (mgy® 243 730 1,217 2,704 4,212 5,840
Annual Production Cosat ADD $0.36 $0.36 $0.36 $0.32 $0.31 $0.30
($/kgal)

(1) Annual deposit to a R&R fund is equal to 10% of the equivalent annual capital cost.

(2) MDD(mgd), equal to the plant capacity rating divided by th&ADD. This factor is used to calculate the AAQMgd) to be
used in the calculation of the annual production cost.

(3) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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Figure3-15: Finished Water Storage Total Production Cost Costs Curve
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3.4.2HIGH SERVICE PUMPING

Information was provided by four municipalities related to construction costs. These were
used to complete the capital cost evaluation. The projects included in thievaluation are
listed in Table 3-31 below.

Location ‘
Pinellas County

Table 3-31:

Municipality
City of Clearwater Utility

Project Cost Data Sources

Project Name
Clearwater Plant No. 26.25 mgd

St. Lucie County

Fort Pierce Utilities Authority
(FPUA)

FPUA Hutchinson Repump Statip®.17 mgd

Palm Beach County

Town of Jupiter Utilities

Town of Jupiter WTP11.51mgd

Hendry County

City of LaBellgtilities

LaBelle RO W1¢PL.5 mgd

3.4.2.1

CAPITAL COSTS

The opinion of probable capital costs for high service pumps is summarized irable 3-32.
The construction cost curve for high service pumps is depicted Figure 3-16.

Table3-32:  Opinion of Probable Capital Codor High Service Pumping

ltem Description Plant Capacity (mgd)

No. Allowance Factor 1 3 5 10 15 20

1. | HighServicePumping $45,000| $135,000| $225,000| $450,000| $675,000| $900,000
2. | Piping 10% $5,000 $14,000 $23,000 $45,000 $68,000 $90,000
3. | Electrical 10% $14,000 $41,000 $68,000| $135,000/ $203,000| $270,000
4 g)srf{forrse”ta“o” and 206 $2,000 $7,000|  $11,000] $23,000|  $34,000]  $45000
5. | Site work 1% $1,000 $3,000 $5,000 $9,000 $14,000 $18,000

Subtotal (1-5) $67,000/ $200,000| $332,000| $662,000| $994,000| $1,323,000

6. | GeneraRequirements 10% $6,615 $19,845 $33,075 $66,150 $99,225|  $132,300
7 ContractorOverhead and 15%

" | Profit 0 $9,923 $29,768 $49,613 $99,225| $148,838| $198,450
8. | ConstructionContingency 15% $9,923 $29,768 $49,613 $99,225| $148,838| $198,450
Opinion of Probable CO”S”““"(’;‘_;F" $93,460| $279,380| $464,300| $926,000| $1,390,900 $1,852,200
9. | TechnicaBervices 20% $19,000 $56,000 $93,000| $185,000/ $278,000| $370,000
10 OwnerAdministration 50/

" | andlegal 0 $5,000 $14,000 $23,000 $46,000 $70,000 $93,000
11. | ProjectGontingency 15% $14,000 $42,000 $70,000| $139,000| $209,000| $278,000

Opinion of Probable Capital Coét-11): $131,460| $391,380| $650,300| $1,296,600| $1,947,900| $2,593,200

Opinion of Equivalent Annual (C:?)z'tt $12,409|  $36,944|  $61,384| $122,390| $183,868| $244,780

84




High Service Pumping Construction Cost
$3,000,000

$2,500,000
$2,000,000

$1,500,000

Construction Cost

Clearwater RO WTP
$1,000,000

FPUA Hatchinson

Repump Statiorm Town of Jupiter WTP

$500,000
Labelle RO WTH
$0
0 5 10 15 20
Capacity (mgd)
—— Probable Cost +50% -30%

Figure3-16: High Service Pump Construction Cost Curve

85

25



3.4.2.2 OPERATIONAL AND MAINTENANCE COSTS

The O&Mcosts associated with thénigh service pumpsare included in the overall plant O&M
costs.However, power costs and replacement parts and materials are bgdted for as an
annual cost and can be quantifiedeparate from the overall plant O&M costsThe O&M cost
reflecting power and replacement parts and materialare summarized in Table 3-33.

Table3-33:  Opinion of Annual Operationand Maintenance Costor High Service Pumping

Item o Plant Capacity (mgd)
Description
No. 1 3 5 10 15 20

1. | Power® $27,000| $82,000| $137,000| $273,000| $410,000| $547,000
Operation and

2. .

maintenance labor

Replacement parts and

materials $2,970 $9,020| $15,070| $30,030| $45,100| $60,170

Opinion of Annual O&M Cost:| $29,700| $90,200( $150,700| $300,300| $451,000| $601,700

(1) Unit power cost = $0.12 per kWh

Included in plant operation anehaintenance labor.

3.

3.4.2.3 TOTAL COST SUMMARY

Opinion of total production costs for high service pumps is summarized ifiable 3-34. The
total production costs table reflect the of opinion of probable construction cost. The Total
Production Costcurve for high service pumpsis depicted inFigure 3-17.
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Table3-34:  Opinion of Total Production Cosfor High Service Pumping
Item o Plant Capacity (mgd)
Description
No. 1 3 5 10 15 20
1, | Eauivalentnnual | g5 409l g36,044| $61,384| $122,300| $183,868|  $244,780
capital Cost
AnnualOperation
2. | andMaintenance $29,700 $90,200| $150,700| $300,300| $451,000 $601,700
Cost
3. | Annual R&Rund $1,241|  $3,694| $6138| $12,239| $18387|  $24,478
Deposit
Total Annual Cost $43,350 $130,838| $218,222| $434,929 $653,255 $870,958
MD/AADDFactor® 1.50 1.50 1.50 1.35 1.30 1.25
AnnualFnishedWater
ProductionRate (mgy 243 730 1,217 2,704 4,212 5,840
Annual Production Costt
AADD($/kgal) $0.18 $0.18 $0.18 $0.16 $0.16 $0.15

1)
@

©)

Annual deposit to a R&R fund is equal to 10% of the equivalent annual capital cost.
MDD (mgd), equal to the plant capacity ratingdivided by the AADD. This factor is used to calculate the AAD
(mgd) to be used in the calculation of the annual production cost.
Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 36
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3.5 DISINFECTION PLANT COMPONENTS

Similar to water distribution plant components, disinfection plant components are common
for all water treatment technologies and also can be added to the cost data provided in the
previous NF and RO sections. Sodium hypochlorite disinfection is required for all veat
treated for consumption, per Florida Administrative Code UV can be added as additional
disinfection if desired. Both Sodium hypochlorite and UV disinfection process cost data are
included in the following sections

3.5.1SODIUM HYPOCHLORITE DISINBECT

Three water treatment plant projects that included an onsite sodium hypochlorite
disinfection storage component were used to complete the capital cost evaluation for this
disinfection component. This disinfection component only reflects bulk storage, ay tank,
metering pumps and corresponding infrastructure. @site generation of sodium hypochlorite
was not evaluated since typicallyit is only cost effective forwater treatment plants that are
larger than 20 mgd. The projects included in this evaluatioare listed in Table 3-35 below.

Table3-35:  Project Cost Data Sources

Location Utility Project Name
Martin County City of Stuart Stuart RO WTP Phase 1 (1.5 MGD)
Charlotte County City of Punta Gorda Utilities Shell Creek RO WTP

Water Treatment Plant No. 2Contract 4: Reverse

Pinellas County City of Clearwater Osmosis Plant Site Expansion (6.25 MGD)
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3.5.1.1

CAPITAL COSTS

The opinion of probable constructioncostsfor sodium hypochlorite disinfection component
are summarized in Table 3-36. The construction cost curve forsodium hypochlorite
disinfection componentis depicted inFigure 3-18.

Table3-36:  Opinion of Probable Capital Codbr Sodium Hypochlorite Disinfection
Description Plant Capacity (mgd)
Allowance Factor 1 3 5 10 15 20

1. | Sodium Hypochlorite Systen]  $303,000]  $730,000] $1,098,000] $1,912,000 $2,644,000 $3,329,000
2. | Infrastructure $139,000  $335,000]  $504,000]  $877,000| $1,213,000] $1,527,000
3. | Electrical 26%| $115,000] $277,000] $417,000] $725,000] $1,003,000 $1,263,000
4. '&‘)S;:foTse”ta“o” and o $9,000]  $21,000|  $32,000/  $56,000]  $77,000|  $97,000
5. | Sitework 2% $9,000 $21,000|  $32,000]  $56,000|  $77,000]  $97,000
Subtotal(1-5): | $575,000] $1,384,000] $2,083,000] $3,626,000] $5,014,000] $6,313,000

6. | General Requirements 1% $6,000 $14,000]  $21,000]  $36,000]  $50,000|  $63,000
g:gg%‘;itfro"erhead 15% $86,000/  $208,000 $312,000| $544,000| $752,000|  $947,000

Construction
0,
8. | Comingonoy 15% $86,000] $208,000|  $312,000|  $544,000] $752,000]  $947,000
Opinion of Probable CCOQZ:?{C;')O' $753,000] $1,814,000 $2,728,000 $4,750,000 $6,568,000 $8,270,000
9. | Technical Services  20%|  $151,000] $363.000]  $546,000]  $950,000 $1,314,000| $1,654,000
10. gﬁ”@;ﬁm'”'wm‘o” 5% $38,000]  $91,000| $136,000] $238,000] $328,000|  $414,000
11. | ProjectContingency  15%|  $113,000| $272000| $409000| $713000| $985000| $1241000
Opinion of Probable Cap('f"lgf’f $1,065000| $2540000| $3819000| $6651000| $9,195000 | $11579,000
Opinion of Equivalent Annua

Capiial Cosy|  $99585|  $230758|  $360487 | $627807| $867943 | $1002076
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Figure 3-18: Sodium Hypochlorite Disinfection Construction Cost Curve
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3.5.1.2 OPERATION AND MAINTENANCE COSTS

The O&M costs associated with thesodium hypochlorite disinfection plant component is
included in the overall plant O&M costd-However, chemical cost¢Source: City of Clearwater
and City of Stuart)are budgeted for as an annual cost and can be quantified separate from the
overall plant O&M costsThe O&M cost reflecting chemical costs is summarized ifiable 3-
37.

Table3-37:  Opinion of Annual Operation and Maintenance CoBlisinfection Plant Component
for Sodium Hypochlorite Disinfection

Item e Plant Capacity (mgd)
Description
No. 1 3 5 10 15 20
1. | Chemicals $38,000| $114,000| $190,000| $380,000| $570,000| $760,000

Operation and
maintenance labor

Opinion of Annual O&M Cost:| $38,000| $114,000] $190,000] $380,000] $570,000] $760,000

2. Included in plant operation and maintenance labor.

3.5.1.3 TOTAL COST SUMMARY

Opinion of total production costs for sodium hypochlorite disinfection component is
summarized in Table 3-38. The total production coststable reflect the opinion of probable
construction costand O&M costs for chemicalsThe TotalProduction Costcurve is depicted
in Figure 3-19.

Table3-38:  Opinion of Total Praduction Cost forSodium Hypochlorite Disinfection

Plant Capacity (mgd)

Description
5 10 15 20

3

EquivalentAnnual
Capital Cost

$99,585| $239,758| $360,487| $627,807 $867,943| $1,092,976

AnnualOperation
2. | andMaintenance $38,000| $114,000| $190,000| $380,000 $570,000 $760,000

Cost
Annual R&AFund .
3. Deposit? Not Applicable
$137,585 $353,758| $550,487| $1,007,807| $1,437,943| $1,852,976

MDD/AADDFactor® 1.50 1.50 1.50 1.35 1.30 1.25
AnnualAnishedWater
ProductionRate mgy)® 243 730 1,217 2,704 4212 5,840
Annual Production Cosat | ¢, $0.48 $0.45 $0.37 $0.34 $0.32

AADD($/kgal):

(1) Annual deposit to a R&R fund is equal to 10% of the equivalent annual capital cost.

(2) MDD, equal to the plant capacity ratingdlivided by the AADD. This factor is used to calculate the AADD to be us
in the calculation of the annual production cost.

(3) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 36
days.
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3.5.2ULTRAVIOLET LIGBIBINFECTIONQR BIOLOGICAL
TREATMENT

Information for capital costs was obtaned for the UV system at the West Palm Beach Water
Treatment Plant.Cost estimation assumptionswere applied based on the West Palm Beach
7A0A0 40AAOT AT O 01 AT O8O 56 OUOOAI R AO xAll AO
(EPA) information andcostegimates completed by other engineering frms. O&M costs were
calculated based on vendor/supplier information and number of lamps required for each
capacity that was evaluatedUV dose of 40 mjtm2 and UV transmittance of 65% per 1 cm (at
end of lamp life) was used as a conservative dose for inactivation of pathogens (Giardia and
Cryptosporidium) to meet the Long Term 2 Enhanced Surface Water Treatment Rule
requirements. To determine the number of Amps required, an assumption was made based
on vendor information for Trojan UV3000 Seriesand WEDECO LBX SeriddV equipment
specifications.

3.5.2.1 CAPITAL COSTS

The opinion of probable construction costdor UV disinfection for biological treatment and
disinfection are summarized inTable 3-39. The construction cost curve forJV disinfection
componentis depicted inFigure 3-20.

93



Table3-39:

Description

Plant Capacity (mgd)

Opinion of Probable CapitalCostfor Ultraviolet Disinfection

AllowanceFactor il 3 5 10 15 20
1. | UV Equipment $35,000| $105,000] $175,000] $350,000] $525,000] $700,000
2. | uv Building $66,000| $198,000] $330,000] $660,000] $990,000| $1,320,000
3. | Pipes and Valves $14,000] $42,000] $70,000| $140,000] $210,000] $280,000
4. | Yard Piping 8% $9,000| $28,000] $46,000] $92,000] $138,000] $184,000
5. | Mechanical 10% | $12,000] $35,000| $58,000| $115,000] $173,000] $230,000
6. | Electrical 14% | $16,000] $48,000] $81,000| $161,000] $242,000] $322,000
7. | Instrumentation g,/ $9,000| $28,000| $46,000] $92,000| $138,000] $184,000
and Controls
8. | Site Work 8% $9,000| $28,000] $46,000] $92,000] $138,000] $184,000
Subtotal(1-8): | $170,000] $512,000 $852,000| $1,702,000 $2,554,000| $3,404,000
g, | General 10% | $17.000| $51,000| $85000| $170000| $255000| $340,000
Requirements
Contractor
10. | Overhead and 15% | $26,000| $77,000| $128000| $255000| $383000| $511,000
Profit
11, | Construction 15% | $26,000| $77,000| $128000| $255000| $383000| $511,000
Contingency
Opinion of Probable gggf’(t{“ﬁ')o' $239,000| $717,000| $1,193,000| $2,382,000| $3,575,000] $4,766,000
12. | Technical Services 20% | $48,000| $143000| $239,000| $476,000| $715000| $953000
Owner
13. | Administration and 5% $12,000|  $36,000] $60,000| $119,000| $179,000, $238,000
Legal
Project
14. . 15% |  $36,000| $108000| $179,000| $357,000| $536000| $715000
Contingency
Opinion of Probable Cap('f"lf)?f $335,000 | $1,004000 | $1,671,000 | $3334,000 | $5,005000 | $6,672,000
Opinion of Equivalenfnnual | oo o5 | 491770 | $157731| $314706| $472437| $629790

Capital Cost:
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3.5.2.2 OPERATION AND MAINTANANCE AND COSTS

The operation and maintenance laborcosts associated with thailtraviolet disinfection plant
component is included in the overall plant O&M costsHowever, power costs and
replacementparts costs, such as lamps, sleeves, ballasts, sensors, et@,budgeted for as an
annual O&Mcost and can be quantified separate from the overall plant O&M cost$e O&M
cost reflectingpower and replacementparts costs is summarized inTable 3-40.

Table3-40:  Opinion of Annual Operation and Maintenance Cost Disinfection Plant Component:
Ultraviolet Disinfection

Item e Plant Capacity (mgd)
Description
No. 1 3 5 10 15 20
1. | Power® $27,000| $82,000| $137,000| $273,000| $410,000| $547,000
2. Operation and Included in plant operation and maintenance labor.

maintenance labor

Replacement parts and
3. | materials famps, sleeves, $2,970| $9,020| $15,070| $30,030| $45,100) $60,170
ballasts, sensojs

Opinion of Annual O&M Cost: $29,700| $90,200| $150,700| $300,300| $451,000| $601,700
(4) Unit power cost = $0.12 per kWh

3.5.2.3 TOTAL COST SUMMARY

Opinion of total production costs for UV Disinfection is summarized ifiable 3-41. The total
production costs table reflect the of opinion of probable construction cost. The Total
Production Cost curve is depicted ifrigure 3-21.

Table3-41:  Opinion of Total Production CosDisinfection Plant ComponentUV Disinfection

" Plant Capacity (mgd)
Description T T B T B T
. 1 3 5 10 15 20

1, (E:g:;"a'em Annual Capital  ¢31 625 | $04,770 | $157,731 | $314,706 | $472,437 | $629,790
Annual Operation and
2. Maintenance Cost $29,700 | $90,200 | $150,700 | $300,300 $451,000 $601,700
3 ggg‘;‘;‘:tﬁ&R Fund $34,784 | $104,248| $1735504 | $346,177 | $519,680 | $692,769
Total AnnualCost:| $96,105 | $289,218| $481,934 | $961,183 | $1,443,117| $1,924,258
MDD/AADD Fact? 15 15 15 1.35 1.30 1.25
Annual Finished Water
Production Rate (mg§) 243 730 1,217 2,704 4,212 5,840
Annual Production Cost ($/kgall  $0.40 $0.40 $0.40 $0.36 $0.34 $0.33

(1) Annual deposit to a R&R fund is equal to 10% of the equivalent annual capital cost.

(2) MDD (mgd), equal to the plant capacity rating divided by the AADD. This factor is used to calculate the AADD (mgd) t
used in thecalculation of the annual production cost.

(3) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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3.6 PFAS TREATMENT CASE STUDY
3.6.1BACKGROUND

For decades the City of Stuart (Stuart) has been confronted with soil and groundwater
contamination from a variety of chemicals andgources Contamination of groundwater used

£ O 300A0060 xAOAO 0O0PPI U EAO AAAT DPAOOEAOQI /
remediation over the years. When the U.S. Environmental Protection Agency (EPA) issued

lower drinking water health advisory levels in 2016 for PFOA, PFOS amfFAS Stuart was

further challenged to review and implement the best technology to manage these
contaminants. Furthermore, discovery of groundwater contamination from aqueous film

forming foams, which are used for firefighting, had forced the City to shutaivn some of its

primary supply wells. The City contracted with KimleyHorn to help research and implement

treatment technologies to remove PFAS from groundwater.

Kimley Horn conducted pilot studies and performed pilot testing using both GAC and IX
technology, resulting in the installation of a treatment system to remove PFAS frothe
incoming groundwater supply. Based on results of the pilot study and testing, it was
determined that IX treatment was the most effective treatment method.

3.62CAPITACOSTS

Construction of the4 MGD (with potential to treat a maximum of8 mgd) IX system, partially
funded by State Revolving Fund loans, was completed in early June 2019 and has undergone
full-scale testing using multiple types of IX resins and GAC mixe$eTiull-scale testing has
been completed Engineering design efforts began in 2016-DEP issued a permit to construct
the PFAS IX treatment system in February 2018nd construction of the system started in
October 2018, with an awarded bid amount of $2.1#illion ($2.85 million in December 2021
dollars). Corresponding engineering design costs were $240,330 at the start of construction.
Based on an assumed 15% rate increase (3% rate increase per year), engineering design costs
in December 2021 dollars is $28,330. Total capital construction cost in December 2021
dollars is $3,126,330.
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The process parameters for the final constructed treatment plant are as follow&Jable 3-
42):

Table3-42:  Current lon Exchange Treatment Plant Process Parameters

Parameter Value \
Design flow rate 2,800 gpm
Vessels 4
Vessel diameter 12 feet
Resin type Dupont PSR2 Plus or Calgon CalRes 23
Resin load 600 ft per vessel
Flowconfiguration Series pairs
Empty bed contact time 3.2 minutes per vessel
Loading rate (series flow) 12.4 gpm/fe

Assumptions and Notes:

(1) Vessels pairs are configured to allow parallel or series flow.

(2) Vessels were initially operated in parallel to facilitate sideby side testing of
four media profiles.

3.6 30OPERATN AND MAINTENANCOSTS

Operating costs for the IX treatment system igonstantly changing due to resin use. The
longer the resins are in use, the lower the operating costs. These costs are due in part by resin
costs, spent resin costs, and PFAS treatment goals given 30% laboratory analysis error. They
range from the following:

Treatment Level Operating Cost
Non-detect $0.47/kgal to $0.83/kgal
Up to 10 PPT $0.26/kgal to $0.49/kgal
Up to 20 PPT $0.29/kgal to unknown

The cost of3 O O Aldb@ di@ctly associated with the PFAS contamination between May of
2016 and February of 2022 was estimated to be $349,09(based on their evaluation of
historical labor costs). The average labor cost over the past two years (February 2020
through February 2022), was $39,437 per year.

Bag filters are installed upstream of théX vessels to remove filterable solids from the water

IX systems cannot be backwashed after being placed into service and preventing sediment
from building up on the resin is therebre critical. The bag filters are disposable and must be
periodically replaced. It is estimated that thebag filters are replaced approximately every
two weeks; there are 34 bags in the existing two filter uib configuration. The cost of the
replacement ba elements is $18.95. The cost to replace bag elementss currently
approximately $16,752 per year.Power costs are approximately $32,500 per year.

Samples are required to be collected either weekly or monthly, for FDEP compliance. At the

time of this study, the laboratory costs were reported to have an annual cost of approximately
$99,440.
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3.64TOTAL COST SUMMARY

Opinion of total production costs forthe IX system for PFAS treatmenis summarized in
Table 3-43. The total production costs table reflect tle of opinion of probable construction

Cost.
Table3-43:  Opinion of Total Production Cost IX System for PFAS Treatment
Item

\[o} Description Costs
1. Equivalentannual Capital Cost $3,126,330
2. | AnnualOperation andMaintenanceCost $188,129

AverageCost forResin Replacemeat Nondetect

3. | Treatment Leveffor 4 mgd using $&5kgal) $950,196
Total Annual Cost $4,264,655
MDD/AADDFactor? 1.50
AnnualFinishedWater Production Rate (mgy¥ 973
Annual Production Cost ($/kgal) $4.38

(1) MDD(mgd), equal to the plant capacity rating) divided by the AADngd). This factor
is used to calculate the AADD to be used in the calculation of the annpadduction cost.

(2) Annual finished water production rate in million gallons per year (mgy) is equal to the
AADD (mgd) times 365 days.

100



WATER RETCIAAMAATIONS
ADVANCOEDWASTEWATER
TREATMENT MECHNQDQGIES

4.1 DISCUSSION AND APPROACH

For this study, an order-of-magnitude approach was used to develop planning level capital
and operating costsbasedon cost-capacity curves, scale factors, bid prices, and costs from
other miscdlaneous gudies. This approach is appropriate for planning where detailed
engineering data has not yet been developed. This type of estimate cannot be substituted for
carefully prepared estimates of cost based on sound, tbrough engineering evaluation anl a
complete set of construction plans and specifications.

Costsare generated byan order-of-magnitude approach and reflectlt mgd, 3 mgd5 mgd, 10
mgd, 15 mgd, an®0 mgd plant sizes Each treatment processs evaluated based on existing
plants that have beenimplemented/constructed in the last 10 years. Yard piping, mechanical,
electrical, instrumentation and controls, and site work will be part of the costs for each
treatment process, unless otherwise noted.

O&M costswere developed utilizing existing data andwere evaluated based on order of
magnitude. O&M costs refleclabor, chemical costs, powermaintenanceand replacement of
eguipment and appurtenances, as applicable.

The following are general assumptions used to elaate costs for each cost scenario described
in each section of this Chapter:

S General requirements, Contractor overhead and profit, andonstruction contingency, are
assumed as a percentage allowance of the equipment and installation construction costs.

S Technical services during construction, owner administration and legal, and project
contingency are assumed as a percentage allowance of the overall construction costs.

S O&M costs were developed from standard unitxosts, cost survey information, and
American Water Works Association AWWA) Utility Benchmark O&M cost data AWWA,
2022).
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S The annual production costs were calculated based on total annual cost [i.e., equivalent
annual capital, plus annual O&M cost, plumnual R&R fund deposit divided by the average
treated water rate (in mgy)].

Water Reclamation Treatment Technology: The demand for reclaimed water is projected
to increase over the long term in South Florida. Urban populations, agricultural operations,
and the environment depend on adequate water supplies. Fresh groundwater and surface
water will not be sufficient to satisfy all future demands. Meeting this growing demand hinges
on efforts to develop alternative water sources (SFWMD, 2022). Water reuseshbecome the
logical option for extending available water supplies by potentially:

S Substituting reclaimed water for applicaions that do not require drinking (potable)
water
S Augmenting existing water sources and providing an additional source of water
supply to assist in meeting both present and future water needs
In Florida, 02 AAT AET AA xAOAO6 1 AAT O xAOAO OEAO EAO OF
and basic disinfection and is reused after flowing out of a domestic wastewater treatment
facility. WhereasO2 AOOAs6 1 AAT O OEA AAI EAAOAOA APPI EAAQEI
with Department and Water Management District rules, for a beneficial purpose. Criteria _ o
OOAA O1 Al AOOEAU DPOI EAAOO AO OOAOOA®LI0BIO, OA £A£I (
F.A.C.

The use or application in which reclaimed water will be used determines the wateguality
requirements. Aswater reuse applications have increasedadditional treatment processes

designed to fit with the specific water reuse purpose has become necessayEE O O&E O Al
0 O O b appdathprovides a framework for costeffective treatment of reclaimed waterto

meet thewater quality appropriate for the intended use(USEPA, 202).

AEA O&EO A1 0 000Pi1 OA6 APPOI AAE EAO AAAT ApbPI EA
types oftreatment depending on the water quality required for use

1. Tertiary Wastewater Treatment to produce unrestricted public access reclaimedvater
quality.

S Treatment Requirement: Removal of residual particulate matter from secondary
effluent and inactivation of pathogens disinfection) to produce reclaimed water as
an alternative water source.

S Purpose:Unrestricted public access reclaimed water

S Cost Senario No. 1 through No. 3 Convert existing bast level disinfection
(secondary treatment) wastewater treatment facilities to high level disinfection
(tertiary treatment) to produce unrestricted public accessreclaimed water quality
(except nutrient discharge limits). These scenariosall include liquid sodium
hypochlorite (chlorine) high-level disinfection. UV disinfection was not considered
under Tertiary Wastewater Treatment because State regulations requires a chlorine
residual used for urrestricted public access reuse.

Cost Scenario No. 1: Construct new ganular media filtration (GMF) and high-level
disinfection treatment processes
Cost Scenario No. 2 Construct new ¢oth media filtration system and highlevel
disinfection treatment processes
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Cost Scenario No. 3 Construct new nmembrane filtration and high-level disinfection
treatment processes

2. Advanced Wastewater Treatmento produce reclaimed water meeting nutrient discharge
requirements with high level disinfection.

S Treatment Requirement: Removal of nitrogen and phosphorus (nutrients) for
production of reclaimed water as alternative water source

S Purpose: Nutrient removal, pre-treatment for advanced water treatmentfacilities
(AWTF)

S Cost Scenario No. 4 through N@: New construction or @nversion of existing high-
level disinfection (tertiary treatment) facilities to nutrient (nitrogen and
phosphorus) removal facilities to praduce unrestricted public access relaimed
water quality meeting nutrient reduction goals or nutrient discharge limits.

Cost Scenario No. 4 New Constructon - 5-Stage Bardenpho Processcgnventional
treatment) for nutrient removal with tertiary treatment (GMF and highlevel
disinfection)

Cost Scenario No. 5 Conwersion of an existing tertiary treatment facility to 5-Stage
Bardenpho process with nutrient removal (conventional treatment) with high level
disinfection

Cost Scenario No. 8 New Construction - 5-Stage Bardenphoprocess with immersed
membranes (membrane bioreactor [MBRY]) for nutrient removal with tertiary treatment
and high-level disinfection. Note: MBR replaces both secondary clarification and tertiary
filtration.

Cost Scenario Na 7: Conversion of an existing tertiary treatment facility to 5-Stage
Bardenpho process with immersed membranes (membrane bioreactor, MBR) for
nutrient removal with high level disinfection.

3. Advanced Water Treatmento achieve indirect or direct potablereclaimed water quality.

S Treatment Requirement: Removal of residual dissolved and trace constituents for
production of reclaimed water as alternative water source for indirect or direct potable
reuse (DPR).

S Purpose:Direct and indirect potable reuse(IPR)

S Cost Scenario NaB and No.9: Convert an existing tertiary treatment facility to produce
reclaimed water quality meeting applicable indirect or direct potable water criteria.

Cost Scenario No. 8: New Construction - RO based AWF infrastructure. Includes
microfiltration (MF) membrane pretreatment, cartridge filtration, RO membrane
treatment, advanced oxidation process (AOP: UV + chlorine), and an engineering storage
buffer.

Cost Scenario No. 9:Adding non-RO based AWTF infrastructure. Includes ozone addin
prior to biologically active filtration (BAF), ultrafiltration (UF) membrane pretreatment,
GAC, AOP: UV + chlorine, and angineering storage buffe{ ESB.

Treatment Process Redundancy Common to All Cost Scenarios: Chapter 62610.462(1)
of the F.A.C. requiresreatment process redundancy (i.e.Class | reliability) for wastewater
treatment facilities providing reclaimed water for public access reuse system#n exception
to the redundancy requirement applies only wh@ an dternate treatment or discharge
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4.2

system exists(e.g., deep injection wellwhich has sufficient capacity to handle any reclaimed
water flows which do not meet thereclaimed water standards

For the purpose of this Study, the cost scenariinclude canpliance with Class | Reliability
standards (USEPA, 1974) That is, the basis for cost scenario development includes
redundancy of treatment processes withthe largest unit or one (1) mechanical equipment
out of service, multiple treatment units for all unt processes,and an emergency generator
for uninterrupted power service.

Applicable treatment components, within listed construction projects (included in this
evaluation) along with vendor information were compiled to determine the planning level
costs Projects that include all process components, for each scenario described above, were
not attainable at the time of this evaluation. Thereforeproject costs (with all process
components described in each scenariaould not be plotted.

TERTIARY WASVEATER TREATMENT

Tertiary treatment involves the removal of residual particulate matter remaining after
secondary biological treatmentthrough filtration is required pursuant to Chapter 62610,
F.A.C. to produce reclaimed faunrestricted public accessreuse.The purpose of filtration is
to remove suspended particulate solids that carry over from the secondary treatment process
and to condition the water, providing a highquality filtrate to optimize the disinfection
process. Tertiary filtration is a vital component in producing public access reclaimed water
since particulate matter contributes to turbidity, which may be associated with pathogens
and may interfere with disinfection processes. The removal of residual dissolved constituents
is considered inSection 4.6 (advanced water treatment).

This section of thestudy introduces the technologies used for the removal of residual
suspended particulate matter includinggranular (depth) filtration, cloth media (surface
filtration , and membrane filtration(MF and UF) All filtration processes arefollowed by high-
level disinfection using liquid sodium hypochlorite

Not included in this section of the studyare dissolved air floatation technology (typically used

for treating seconday effluent containing algae) ozone and UV disinfection. @ne andUV
radiation disinfection technologies are discussed iSection 4.6 (advanced water treatment).
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4.2.1 Cost Scenario No.4d New Granular Media Filtration withHigh
Level Disinfection

Granular Media Filtration

Granular media gravity filters are designed with mone, dual, or multi-granular media
configurations supported by an underdrain system. Monagranular media filters experience
rapid head loss buildup as particles are generally retairtewithin the top few inches of sand,
while dual and multi-media filters allow particles to penetrate deeper into the media bed, and
thus experience slower head loss formation and longer filter run timebefore the media
needs to be cleaned/regenerated The filtration/ upflow backwash cycle is sequential.
Periodically, one filter is stopped for cleaningOnce the filter is stopped, the backwash is
statedwhereitOOET EUAO xAOAO OI (onided thai hat agoEmubated on OE A OA
the outside surface of the mediaThe backwash water and particles are then flusheiw adrain
systemthat discharges back to the WWTFANn added feature is application of ailscour. Ar
can be applied simultaneouslyto the bottom of thefilter to scour the surface and aid in the
cleaning process. The cycles of filtration and backwash are typically automaté&abr reliability
requirements, multiple filters are provided to account for one filter being out of service
during backwash. Filtration rates are typicallytwo to five gallons per minute per square foot.

The footprint requirements for conventional downflow granular media filters are generally
larger than other filtration technologies. Deep bed downflow filters are similar to
conventional downflow granular media filters, except that the depth and size of granular
media is greater than a conventional filter in order to store more solids and extend the filter
run time between backwash cycles. Media depths generally range fraix to nine feet.

Denitrification filtration, upflow continuous backwashing filters, and traveling bridge style
granular filters are not included in thecost scenario

High-Level Disinfection

Filtered effluent is dosed with liquid sodium hypochlorite to achievereclaimed water
limitations related to fecal coliform, contact time, and chlorine residual.

Cost Scenario Development

The following components and criteria were used in developing the planning level costs for
converting an existing secondary wastewater treatment faility to a tertiary wastewater
treatment facility by constructing new granular filtration and sodium hypochlorite
disinfection.

S New atgrade, castin-place, concrete structure for deep bed (6oot) depth, dual
media granular (depth) filtration

S New, grandar filtration treatment units including backwash and air scour
components with the capacity to treat the specified design flows (with applicable
peaking factors) with the largest unit out of service.

S New filter inlet pump station to maintain existing hydraulic profile by pumping
secondary clarifier effluent to filter inlet, filtration, and then gravity discharge to
existing chlorine contact chamber.
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S New liquid sodium hypochlorite storage and feed system to achieve 1.0 mg/L total
chlorine residual.

S New cHorine contact chamber to achieve 18minute contact time at peak hour and
Class | reliability (i.e., treat 50% of design flow with largest unit out of service)

Specific Approach for Developing Planning Costs

In addition to the general assumptions describé in Section 4.1, he following wasused in this
cost estimating effortfor granulated media filter plus sodium hypochlorite disinfection

S Construction costs for granular (depth) filters, filter inlet pumpstation, and sodium
hypochlorite storage and feedmprovements were obtained from unit costs derived
from vendor equipment and bid prices. The unit costs include furnishing and
installing the equipment/infrastructure. The projects where cost information was
derived, areincluded in this evaluation are Isted in Table 4-1 below.

S Construction costs for the associated yard piping, ancillary mechanical equipment,
electrical equipment, instrumentation and control equipment, and site work are
assumedas a percentage allowance of the construction costs ftire granular (depth)
filters, filter inlet pumps, and sodium hypochlorite storage and feed improvements.

Table 41: Projects Evaluated for Cost Scenario No: Granular (Depth) Filtration with High-
Level Disinfection

Location (County’ Municipality \ Project Name
Sarasota City of Northport West Villages Was_tgwater Reclamatio
Facility
Palm Beach Village of Wellington WRF Improvements
- - Vendor equipment pricing

The opinion of probable construction costs for granulated media filter plus sodium
hypochlorite disinfection component are summarized inTable 4-2. The construction cost
curve for granulated media filter + sodium hypochlorite disinfection component is depicted
in Figure 4-1. The opinion of annual O&M cost for granulated media filter + sodium
hypochlorite disinfection componentis summarized inTable 4-3. The total production cost
for granulated media filter + sodium hypochlorite disinfection componentis summarized in
Table 4-4. The total production costs curve is depicted offrigure 4-2.

106



Iltem

Description
Allowance Factor

Table4-2:

Plant Capacity (mgd)

Opinion of Probable Capital CostGranular Media Filtration with High-level
Disinfection

No. 1 3 5 10 15 20
1. | Granular Media Filters $1,000,0000 $2,910,000] $4,750,000] $9,000,000] $12,750,000 $16,000,000
2, Egg:j“m Hypochlorite Storage an - 54 500|  $201,000]  $475.000]  $900,000| $1,275.000 $1,600,000
3. | Filter Inlet Pump Station $200,000]  $582,000]  $950,000| $1,800,000] $2,550,000| $3,200,000
Subtotal(1-3) | $1,300,000] $3,783,000 $6,175,000] $11,700,000] $16,575,000] $20,800,000

4. | Yard piping 10% $130,000]  $378,300]  $617,500| $1,170,000] $1,657,500] $2,080,000
5. | Mechanical 10% $130,000]  $378,300]  $617,500| $1,170,000] $1,657,500] $2,080,000
6. | Electrical 15% $195,000]  $567,450]  $926,250| $1,755,000] $2,486,250] $3,120,000
7 '&‘)S;:foTse”ta“o” and 8% $104,0000  $302,640|  $494,000  $936,000| $1,326,000 $1,664,000
8. | SiteWork 10% $130,000]  $378,300]  $617,500| $1,170,000] $1,657,500] $2,080,000
Subtotal(1-8) | $1,989,000| $5,787990| $9,447,750] $17,901,000| $25,359,750| $31,824,000

9. | General Requirements 5% $99.450|  $289,400| $472,388|  $895,050| $1,267,988] $1,591,200
10. g:ggi‘;itfro"erhead 15% $103,350|  $300,749|  $490,913|  $930,150| $1,317,713 $1,653,600
11, | Construction 15% $103,350|  $300,749|  $490,913|  $930,150| $1,317,713 $1,653,600

CGontingency

Opinion of Pmbab'&onsnucnc(’;_lclc;_s" $2,295,150 $6,678,887| $10,901,963 $20,656,350 $29,263,163 $36,722,400
12. | Technical Services 20% $450,030| $1,335,777| $2.180,393 $4,131,270| $5,852,633| $7,344,480
13, gr:’(vj”éﬁm'”'s”a“o” 506 $114,758|  $333,044|  $545.008| $1,032,818 $1,463,158 $1,836,120
14. | ProjectContingency 15% $344,273| $1,001,833| $1,635,294| $3,098,453| $4,389,474| $5,508,360
Opinion of Probable Capital Coét-14). $3,213,210| $9,350,441| $15,262,748| $28,918,890| $40,968,428| $51,411,360
Opinion ofEquivalent Annual Ccaopsi_a $303,304|  $882,615| $1,440,695| $2,729,739| $3,867,130| $4,852,869
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Granular Media Filtration with HigHevel Disinfection
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Figure4-1: Granular MediaFiltration with High-level Disinfection Construction Cost Curve
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Table4-3: Opinion of Annual Operation and Maintenance Caggranular Media Filtration with
Sodium Hypochlorite Disinfection
Item o Plant Capacity (mgd)
Description
(\[o} 1 3 5 10 15 20
1. Granular Bed Filters $60,833 $177,025 $288,958 $547,500 $775,625 $973,333
2. Eggg‘m Hypochlorite Storage and g6 500 $106,215|  $173,375|  $328,500| $465,375|  $584,000
3. Filter Inlet Pump Station $60,833 $177,025 $288,958 $547,500 $775,625 $973,333
Opinion of Annual O&M Cost|  $158,167 $460,265 $751,292| $1,423,500[ $2,016,625| $2,530,667

Table4-4:

Iltem

Plant Capacity (mgd)

Opinion of Total Production Cost Granular Media Filration with High-level
Disinfection

Description
. 1 3 5 10 15 20
1. EquivalentAnnual Capital Cost $303,304| $882,615| $1,440,695| $2,729,739| $3,867,130| $4,852,869
2. | Annual O&MCost $158,167| $460,265 $751,292| $1,423,500| $2,016,625| $2,530,667
3 Annual R&FEund Deposit! $30,330 $88,262 $144,070 $272,974| $386,713 $485,287
Total Annual Cost] $491,801| $1,431,142| $2,336,057| $4,426,212| $6,270,468 $7,868,822
ﬁ:;%‘ﬁ'g‘rﬁ;‘ig?;;';'{?ed Water 365 1,095 1,825 3,650 5,475 7,300

Annual Production Cost ($/kgal) $1.35 $1.31 $1.28 $1.21 $1.15 $1.08

(1) Annualdeposit to a renewal and replacement (R&R) fund is equal to 10% of the equivalent annual capital cost.

(2) Annual finished water production rate in million gallons per year (mgy) iqual to the AADD (mgd) times 365 days.
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Figure 4-2: Granular Media Filration with High-level Disinfection Total Production Cost Curves
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4.2.2 Cost Scenario No. ClothMedia Filtration with Liquid Sodium
Hypochlorite HighLevel Disinfection

Cloth Media Filtration

Cloth media filtration involves the removal of particulate material suspended in the
secondary effluent by passing the effluent through filter material such as cloth fabric of
different weaves. Fitration rates are typically two to five gallons per minute per square foot.
The footprint requirements for cloth media (surface) filtration structure is generally smaller
than granular media (depth) filtration technologies.

Cost Scenario Development

Thefollowing are the components and criteria used in developing the planning level costs for
converting an existing secondary wastewater treatment facility to a tertiary wastewater
treatment facility by constructing newcloth filtration and sodium hypochlorit e disinfection.

S

S

New atgrade, castin-place, concrete structure for clothmedia filtration
components.

New cloth-media filter components and equipment including backwash components
with the capacity to treat the specified design flows (with applicable paking factors)
with the largest unit out of service.

New filter inlet pump station to maintain existing hydraulic profile by pumping
secondary clarifier effluent to filter inlet, filtration, and then gravity discharge tothe
new existing chlorine contact tiamber.

New liquid sodium hypochlorite storage and feed system to achieve 1.0 mg/L total
chlorine residual.

New chlorine contact chamber to achieve Ifninute contact time at peak hour and
Class | reliability (i.e., treat 50% of design flow with largest unit out of service)
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Specific Approach for Developing Planning Costs

In addition to the general assumptiors described in Section 4.1 hie following is the specific
approach used in this cost estimatingeffort for cloth media filtration with sodium
hypochlorite disinfection:

S Construction costs for cloth filters, filter pump station, and sodium hypochlorite
storage and feed improvements were obtained from unit costs derived from vendor
equipment and bid prices. The unit costs include furnishing and installing the
equipment/infr astructure. The projects included in this evaluation are listed in
Table 4-5 below.

S Construction costs for the associated yard piping, ancillary mechanical equipment,
electrical equipment, instrumentation and control equipment, and site work are
assumedas a percentage allowance of the construction costs for theloth filters,
filter inlet pumps, and sodium hypochlorite storage and feed improvements.

Table 45: Projects Evaluated for Cost Scenario No: @loth MediaFiltration with High-level
Disinfection
Location (County’ Municipality \ Project Name
Flader Bunnell Plantation Bay WREPhase 2
Lake Lady Lake WRF ExpansianPhase 2
Sumter Wildwood WRF Improvements
- - Vendor Pricing

The opinion of probable construction costs for cloth media filterplus sodium hypochlorite
disinfection component are summarized inTable 4-6. The construction cost curve forcloth
media filtration with sodium hypochlorite disinfection component is depicted inFigure 4-3.
The opinion of annual O&M cost for cloth media filtration plus sodium hypochlorite
disinfection component is summarized inTable 4-7. The total production cost for cloth
media filtration with sodium hypochlorite disinfection component is summarized inTable
4-8. The total production costs curve is depicted ofrigure 4-4.
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Table 4-6: Opinion of Probable Capital CosCloth Media Filtation with High-level Disinfection
Description PlantCapacity (mgd)
Allowance Factor 1 3 5 10 15 20
1. | Cloth Media DisKilters $500,000| $1,455,000] $2,375,000] $4,500,000 $6,375,000 $8,000,000
2, iﬁg'g?ez'yp“h"’”te Storag ¢100,0000  $291,000  $475,000]  $900,000| $1.275.000| $1,600,000
3. | Filter Inlet PumgStation $200,000]  $582,000]  $950,000| $1,800,000] $2,550,000 $3,200,000
Subtotal (1-3): $800,000| $2,328,000] $3,800,000] $7,200,000 $10,200,000/ $12,800,000
5. | YardPping 10% $80,000|  $232,800|  $380,000]  $720,000| $1,020,000 $1,280,000
6. | Mechanical 10% $80,000|  $232,800|  $380,000]  $720,000| $1,020,000 $1,280,000
7. | Electrical 15% | $120,000] $349,200] $570,000| $1,080,000 $1,530,000] $1,920,000
8. '&‘)S;:foTse”ta“o” and g4, $64,0000  $186,240|  $304,000]  $576,0000  $816,000| $1,024,000
9. | sitework 10% $80,000|  $232,800|  $380,000]  $720,000| $1,020,000 $1,280,000
Subtotal(1-9). | $1,224,000] $3,561,840| $5,814,000 $11,016,000| $15,606,000 $19,584,000
General
0,
10. | Requirements 5% $61,200|  $178,092|  $290,700|  $550,800|  $780,300  $979,200
11. g:ggi‘;itfro"erhead 15% $63,600| $185,076|  $302,100|  $572,400|  $810,900| $1,017,600
12, | Construction 15% $63,600|  $185,076|  $302,100|  $572,400|  $810,900| $1,017,600
contingency
Opinion of Probable gggf‘(t{“fzt')o' $1,412,400] $4,110,084 $6,708,900| $12,711,600 $18,008,100 $22,598,400
13. | Technical Services 20% |  $282,480|  $822,017| $1,341,780] $2,542,320 $3,601,620| $4,519,680
Owner
14. | Administration and 5% $70,620|  $205,504|  $335,445|  $635,580|  $900,405 $1,129,920
Legal
15. | ProjectContingency  15% $211,860 $616,513| $1,006,335| $1,906,740| $2,701,215| $3,389,760
Opinion of Probable Cap('f"lsc)?f $1,977,360 $5,754,118| $9,392,460 $17,796,240| $25,211,340 $31,637,760
Opinion of Equivalent Annua
Capiial Cosy|  S186649|  $543,148  $886,582| $1679,839 $2379772| $2,986,381
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Table4-7: Opinion of Annual Operation and Maintenance Castloth Media Filtration with
High-level Disinfection
Item o Plant Capacity (mgd)
Description
No. 1 3 5 10 15 20
1. Cloth Media Disk Filters $45,625| $132,769| $216,719| $410,625| $581,719 $730,000
2. Eggg‘m Hypochlorite Storage an¢ ¢3¢ 509 $106,215| $173,375| $328,500| $465,375)  $584,000
3. Filter Inlet Pump Station $60,833| $177,025| $288,958| $547,500| $775,625 $973,333
Opinion of Annual O&M Cost| $142,958| $416,009| $679,052| $1,286,625| $1,822,719| $2,287,333

Table4-8: Opinion of Total Production Cost Cloth Media Filration with High-level
Disinfection
Item o Plant Capacity (mgd)
Description
No. 1 3 5 10 15 20
1. EquivalentAnnual Capital Cost $186,649 $543,148 $886,582| $1,679,839| $2,379,772| $2,986,381
p. | AnnualOperation and $142,958| $416,000| $679,052| $1,286,625) $1,822,719| $2,287,333
MaintenanceCost
3. Annual R&FEund Deposit! $18,665 $54,315 $88,658 $167,984| $237,977 $298,638
Total Annual Cost $348,272| $1,013,472| $1,654,292| $3,134,448| $4,440,468| $5,572,352
AnnualFnishedWater Reuse
ProductionRate (mgy® 365 1,095 1,825 3,650 5,475 7,300
Annual Production Cost ($/kgal) $0.95 $0.93 $0.91 $0.86 $0.81 $0.76

(1) Annualdeposit to a renewal and replacement (R&R) fund is equal to 10% thfe equivalent annual capital cost.

(2) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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4.2.3Cost Scenario No. 8Membrane Filtration with HighLevel
Disinfection

Membrane Filtration

Membrane filtration involves the passage of wastewateeffluent through a thin membrane
for the purpose of removing particulate material, pathogens, organic matter, nutrients, and
dissolved substances not removed by treatment processes. Membrane processclude MF,
ultrafiltration (UF), NF, RO, dialysis, and electdialysis. In this section, MF and UF
membranes are considered for the filtration of secondary effluent in place of granular (depth)
and surface (cloth media) filtration presented in previous sectiondROmembrane processes
used for the removal of dissolvedolids are consideringin Section 4.6.

MF and UF processease membranes with pore sizes ranging from 0.1 to 10 micrometers
it 1 Q EJpresdurelapplication (up to approximately 30pounds per square inch[PSI]).
Solids removal is achieved through size exclusion in which particles larger than the
membrane pore size are retained othe membrane surface and filtered water passes through
the membrane (permeate). MF/UF processes are capable of reliably producing a highality
effluent, with turbidity less than 0.1 Nephelometric Turbidity Unit. Membranesare available
in an outside-in or an inside-out configuration and can be installed in pressure vessels or
directly submerged in a tank.

The membrane filtration system consiered for this section function by pumping secondary
effluent (i.e., pressurized feedwater) to the bottom of the UF module. Once inside the UF
module, the pressurized feedwater surrounds the UF membrane hollow fibers contained
within the module. The pressue causes the liquid to travel (permeate) across the outside
layer of the hollow fiber membrane and flow to the inside of the hollow fiber, leaving
particulate material behind. Treated water (permeate) then travels up, through the
membrane fibers and exitdrom the top of the module.

Periodically, membrane filtration is stopped for cleaning. Permeate is pressurized on the
inside of the membrane hollow fibers and flows to the insideut. This pushes off all the
rejected material that has accumulated on the daide surface of the hollow fiber membrane
and flushes it to drain system (waste). Simultaneous, air is applied to the bottom of the
module to scour the membrane surface and aid in the cleaning process. This sequence of
events is a called a backwash. Thesgcles of filtration and backwash are typically automated.
Therefore, multiple filters are provided to account for one membrane unit being out of service
during backwash
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Cost Scenario Development

The following are the components and criteria used in desloping the planning level costs for
converting an existing secondary wastewater treatment facility to a tertiary wastewater
treatment facility by constructing new membrane filtration and sodium hypochlorite

disinfection.

S

S

New concrete masonry unit CMU block building with roll -up service doors for UF
membrane modules and associated equipment.

New, skid mounted, UF membrane treatment system including backwash and air
scour components with the capacity to treat the specified design flows (with
applicable peaking factors) with the largest unit out of service.

New membrane feedwater (secondary effluent) pump station to pressurize the UF
membrane module feedwater and maintain existing hydraulic profile. The UF
membrane treated water (permeate) gravity dischages tothe new chlorine contact
chamber.

New liquid sodium hypochlorite storage and feed system to achieve 1.0 mg/L total
chlorine residual.

New chlorine contact chamber to achieve 1fninute contact time at peak hour and
Class | reliability (i.e., treatc0% of design flow with largest unit out of service)

Specific Approach for Developing Planning Costs

In addition to the general assumptions described in Section 4.1hé following is the specific
approach used in this cost estimating effofor membranefiltration plus sodium hypochlorite
high level disinfection.

S

Construction costs for UF membrane filtration system including membrane filtration
equipment building, membrane feedwater pump station, and sodium hypochlorite
storage and feed improvements wer@btained from unit costs derived from vendor
equipment and bid prices. The unit costs include furnishing and installing the
equipment/infrastructure. The projects included in this evaluation are listed in
Table 4-9 below.

Construction costs for theassociated yard piping, ancillary mechanical equipment,
electrical equipment, instrumentation and control equipment, and site work are
assumedas a percentage allowance of the construction costs for the membrane
filtration, membrane feedwater pump station,and sodium hypochlorite storage and
feed improvements.
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Table4-9: Projects Evaluated for Cost Scenario N8: Membrane Filtration with High Level

Disinfection
Location (County; Municipality \ Project Name
Seminole Altamonte Springs pureALTA
Duvall Jacksonville Electric Authority Water Purification Treatment
Hillsborough Hillsborough County DPR Demonstration
Pinellas City of Clearwater Groundwater Replenishment
Volusia Daytona Beach DPR Demonstration
- - Vendor Pricing

The opinion of probable construction costs fomembrane filtration plus sodium hypochlorite
disinfection component are summarized inTable 4-10. The construction cost curve for
Membrane Filtration with Liquid Sodium Hypochlorite HighLevel Disinfectionis depicted in
Figure 4-5. The opinion of annualO&M st for Membrane Filtration plus Liquid Sodium
Hypochlorite High-Level Disinfectionis summarized inTable 4-11. The total production cost
for Membrane Filtration plus Liquid Sodium Hypochlorite HighlLevel Disinfection is
summarized inTable 4-12. The total production costs curve is depicted offrigure 4-6.
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Table4-10:

Description

Plant Capacity (mgd)

Opinion of Probable Capital Cost Membrane Filtration with High-level Disinfection

Allowance Factor 1 3 5 10 15 20
1, g";sr?ebr;a”e Filtration $1,000,000 | $2,910,000 | $4,750,000| $9,000,000 | $12,750,000| $16,000,000
2, '\B"ljei:gggne Filtration $150,000 | $436,500 | $712,500 | $1,350,000| $1,912,500| $2,400,000
Sodium Hypochlorite
3. | Sorage and Feed $100,000 | $291,000 | $475,000 | $900,000 | $1,275,000| $1,600,000
Membrane Feedwater
4| pum Station $200,000 | $582,000 | $950,000 | $1,800,000| $2,550,000| $3,200,000
Subtotal (1-4). | $1,450,000| $4,219,500 | $6,887,500 | $13,050,000| $18,487,500| $23,200,000
5. | YardPiping 10% | $145,000 | $421,950 | $688,750 | $1,305,000| $1,848,750| $2,320,000
6. | Mechanical 10% | $145,000 | $421,950 | $688,750 | $1,305,000| $1,848,750| $2,320,000
7. | Electrical 15% | $217,500 | $632,925 | $1,033,125| $1,957,500 | $2,773,125| $3,480,000
Instrumentation
0,
8. | o iContole 8% | $116,000 | $337,560 | $551,000 | $1,044,000| $1,479,000| $1,856,000
9. | siteWork 10% | $145,000 | $421,950 | $688,750 | $1,305,000| $1,848,750| $2,320,000
Subtotal (1-9): | $2,218,500 | $4,641,450 | $10,537,875| $19,966,500| $28,285,875| $35,496,000
General
0,
10. | Requrements 5% | $110,925 | $322,792 | $526,894 | $998,325 | $1,414,294 | $1,774,800
Contractor
0,
11 | Gootond ancrofic 15% | $115.275 | $335450 | $547,556 | $1,087,475| $1,469,756| $1,844,400
12, | Construction 15% | $115,275 | $335,450 | $547,556 | $1,037,475| $1,469,756 | $1,844,400
Contingency
Opinion of Probable gng‘(t{“fzt')o' $2,559,975 | $7,449,527 | $12,159,881| $23,039,775 $32,639,681| $40,959,600
13. | Technical Services 20% | $511,995 | $1,489,905| $2,431,976| $4,607,955| $6,527,936| $8,191,920
Owner
14. | Administration and 5% | $127,999 | $372,476 | $607,994 | $1,151,989| $1,631,084| $2,047,980
Legal
15. | ProjectContingency 15% | $383,996 | $1,117,429| $1,823,982| $3,455,966 | $4,895,952 | $6,143,940
Opinion of Probable Cap('f"lsc)?f $3,583,965 | $10,429,338| $17,023,834| $32,255,685| $45,695,554| $57,343,440
Opinion of Equivalent Annua
CapitalCosy| $338301 | $984.456 | $1606,920 | $3044,708 | $4,313337 | $5412,815
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Figure 4-5: Membrane Filtration with High-level Disinfection Construction Cost Curve
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Table4-11:  Opinion of Annual Operation and Maintenance CostMembrane Filtration with
High-level Disinfection
Item __ Plant Capacity (mgd)
Description

No. 1 3 5 10 15 20
1. | Membrane Filtration System $76,042| $221,281| $361,198| $684,375 $969,531| $1,216,667
2, Eggg“mHypOCh'O”te Storage and  ¢a6 500| $106,215| $173,375| $328,500| $465.375|  $584,000
3, g"tz?:r:a”e Feedwater Pump $60,833| $177,025| $288,958| $547,500| $775,625 $973,333

Opinion of Annual O&M Cost| $173,375| $504,521| $823,531| $1,560,375| $2,210,531| $2,774,000

Table4-12:

ltem

Plant Capacity (mgd)

Opinion of Total Production Cosiz MembraneFiltration with High-level Disinfection

Description
1 3 5 10 15 20
Equivalentdnnual
L | Capital oot $338,301| $984,456| $1,606,929) $3,044,708| $4,313,337| $5,412,815
p. | AnnualOperationand | ¢;75 3751 g504521| $823,531| $1,560,375 $2,210,531 $2,774,000
MaintenanceCost
3. gggg;'g&%”d $33,830|  $98,446| $160,693| $304,471| $431,334| $541,282
Total Annual Cost]  $545,506| $1,587,423] $2,591,154| $4,900,554| $6,955,202| $8,728,097
AnnualFnishedWater Reuse
Arotuction Rate (mayf) 365 1,005 1,825 3,650 5,475 7,300
Annual Production Cos $1.49 $1.45 $1.42 $1.35 $1.27 $1.20
($/kgal)

(1) Annualdeposit to a renewal and replacement (R&R) fund is equal to 10% of the equivalent annual capital cost.
(2) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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4.3 ADVANCED WASTEWATER TREATMENT

Nutrient removal is often required where reclaimed water is discharged to recreational or
sensitive water bodies, used for grondwater recharge, or used for other reuse applications.
The principal nutrients of concern are nitrogen and phosphorus. In selecting a technology for
nutrient removal in water reuse applications, it is important to assess the characterization of
the untreated wastewater; the type of available infrastructure (if existing); and the level of
nutrient removal required. The approaches may involve the integration of nutrient removal
with the main biological process, chemical addition, or adding a process for tmemoval of
nutrients.

Technologies for nitrogen removal (nitrification/denitrification) and phosphorus removal
(chemical addition and biological phosphorus removal) are discussed in the following
section, specificallyas it relates tothe 5-stage Bardengo, tapered diffused aerationand
suspended growth activated sludge process for advanced wastewater treatment.

Biological Treatment

The function of the biological treatment process is to removdiological oxygen demand
which is indicative of the amount ¢ oxygen required to breakdown organic pollutants
biologically with microorganisms; total suspended solids;suspended and norsettleable
colloidal solids; nitrogen; and phosphorous from the wastewater to below acceptable effluent
limits. Biological treatment processesuse suspendedgrowth and attachedgrowth processes
to maintain biological activity.

Suspended growth processes use biomass suspended in the wastewater to perform the
required biological transformations. Suspended growth systems include, but are not limited
to, the following:

S Sequencing batch reactorsvith batch treatment and clarification

S Conventionalactivated sludge with secondary clarifiers

S Activated Sludge withimmersed membrane filtration (Membrane Bioreactors 7
MBR)

Attached growth processes use biomass attached to media to perform the required biological
transformations. In these applications, the attached growth forms a film on the media
referred to as biofilm. Attached growth systems include, but are not limited tahe following:

Moving bed bioreactors/ integrated fixed film activated sludge(IFAS)
Rotating biological contactors

Trickling filters

Biologically activated filtration

Fluidized bed biofilm reactor

(N ONONON)

Note: IFAS incorporates both suspended and attached Bagical growth processes.
Advanced Wastewater Treatment Utilizing the 5 -stage Bardenpho Process
The 5-stage Bardenpho process is a suspended growth process thhas been used

successfullyto meet advanced wastewater treatment standards withtotal effluent total
nitrogen less than 3.0 mg/L and total phosphorus less than 1.0 mg/L. Thedtage Bardenpho
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can be configured usingsequence batch reactorsconventional activated sludge and MBR
systems.

The 5-stage Bardenphoprocesswith conventional Activated Sudge (with immersed MBR)
was selected as the basis for the development of the cost scenarios in this secti®he
following is brief description of the 5-stage Bardenpho Process.

The nutrient removal biological processincludes an initial anaerobic zone (first-stage)
followed by an anoxic zone(second-stage), aeration zone (third -stage), secondary anoxic
zone(fourth -stage)and re-aeration zone(fifth -stage)in series(plug flow) through a common
wall process tank

S

The first-stage anaerobic zongrovides an environment for biological phosphorus
removal (i.e., phosphorus release).The biological treatment for phosphorous
removal includes an initial anaerobic zone that promotes the release and then
subsequent O1 O @dp@keébof phosphorus by the phosphorus accumulating
organism population in the aerobic zone.

The secondstage anoxic zone and thirestage aeration zone are configured with an
internal recycle stream from the third-stage aerobic zone to the secondtage anoxic
zone. The internal recycle enhances nutrient removal by brining nitrifieqaerobic
microorganisms oxidize ammoniglammonium ions, NH+*] to nitrite [NO;] and then
nitrate [NGs]) mixed liquor to the anoxic zone for denitrification(biological process
by which microorganisms reduce nitrate (NOs) to nitrogen gas[Nz]). The anaerobic
and anoxic zones are equipped with submersible mixers to keep the mixed liquor in
suspension and well mixed.

The third-stage aeration zone is equipped with fine bubblaliffused aeration to
provide oxygen to biological treatment process. The fine bubble diffuser grid density
is typically the highest in the first part of the aerated zone and decreases in
subsequent zones to achieve a tapered aeration effect. Tapered aevattan increase
process control and improve energy efficiency by providing, for example, more
oxygen (more diffusers) in the first section, less in the second section, and the least
in the section zone.

The fourth-stage (secondary) anoxic zone is providedfor additional denitrification

to further reduce the effluent total nitrogen.

Thefifth -stagereaeration zone at the endf the biological processs provided to add
dissolved oxygen to the mixed liquor prior to the secondary clarifiergo avoid
denitrifi AAOET T-OPOHIT POEA Nolet Ahe E56EdeO Bardenpho MBR
configuration does not require dedicated reaeration zones.
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4.3.2 Cost Scenario No. d¢Advanced Wastewater Treatment: New
Constructionof 5-Stage Bardenpho with Conventional Activated

Sludge

Cost Scenario Development

The following are the components and criteria used in developing the planning level costs for
constructing a 5-Stage Bardenpho withconventional Activated Sludgefacility utilizing
tertiary wastewater treatment.

S

New influent pump station including wet well, rail-mounted submersible pumps
with the capacity to pump the specified design flows (with applicable peaking
factors) with one pump out of service.

New abovegrade, castin-place concrete structure for raw wastewater screeimg
and grit removal with the capacity to pretreat the specified design flows (with
applicable peaking factors) with one screen out of service. Includes concrete
structure, piping, coatings, mechanical equipment, and associated appurtenances.
New abovegrade, castin-place concrete structure for screened and dgritted
wastewater with the capacity to equalize influent flows and loads to reduce
downstream design peaking factors. Includes concrete structure, piping, coatings,
mechanical equipment, and associad appurtenances.

New abovegrade, castin-place concrete structure for five-stage advanced
wastewater treatment with multiple process trains and the capacity to treat the
specified design flows (with applicable peaking factors) with one train out of sefge.
Includes concrete structure, piping, coatings, mechanical equipment, and associated
appurtenances.

New abovegrade, castin-place concrete structure for secondary clarification with
multiple clarifiers and the capacity for liquid/solids separation at the specified
design flows (with applicable peaking factors) with one clarifier out of service.
Includes concrete structure, piping, coatings, mechanical equipment, and associated
appurtenances.

New abovegrade, returned activated sludge/waste activated sludge RAS/WAS
pump station including with the capacity to pump the specified design RAS and WAS
flows (with applicable peaking factors) with one pump out of service.

New atgrade, castin-place, concrete structure for deep bed (6oot) depth, dual
media granular (depth) filtration

New, granular filtration treatment units including backwash and air scour
components with the capacity to treat the specified design flows (with applicable
peaking factors) with the largest unit out of service.

New filter inlet pump station to maintain existing hydraulic profile by pumping
secondary clarifier effluent to filter inlet, filtration, and then gravity discharge to
existing chlorine contact chamber.

New liquid sodium hypochlorite storage and feed systemotachieve 1.0 mg/L total
chlorine residual.

New chlorine contact chamber to achieve IBninute contact time at peak hour and
Class | reliability (i.e., treat 50% of design flow with largest unit out of service)
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S New abovegrade, castin-place concrete stricture for aerated sludge holding with
multiple tanks and the capacity to treat (or hold), aerate, and batch process the
specified WAS design flows (with applicable peaking factors) with one tank out of
service. Includes concrete structure, piping, coatingsmechanical equipment, and
associated appurtenances.

S New abovegrade, biosolids dewatering station with multiple units and the capacity
to dewater the specified biosolids generated at the facility (with applicable peaking
factors) with one unit out of sewice.

S New abovegrade, emergency generator with fuel storage with the capacity to
provide emergency backup power to the required equipment to maintain

operations.
S New operations and control building including administration offices, locker rooms,
AOAAE oOiilin ANOGEDPI AT O OO1 OAcCAh T DPAOAOI 060

building infrastructure.
Specific Approach for Developing Planning Costs

The following is the approach used in this cost estimating effort.

S Construction costs for unit process structures, equipment, and associated
appurtenances were obtained from unit costs derived from vendor equipment and
bid prices. The unit costs include furnishing and istalling the
equipment/infrastructure. The projects included in this evaluation are listed in
Table 4-13 below.

S Construction costs for the associated yard piping, ancillary mechanical equipment,
electrical equipment, instrumentation and control equipment,and site work are
assumed as a percentage allowance of the construction costs for th&-Sage
Bardenpho Procesavith Conventional Activated Sludge

Table 413:  Projects Evaluated for Cost Scenario N&: New Constructionof 5-Stage Bardenpho
with Conventional Activated Sludge

Location (County) Municipality Project Name

Brevard Palm Bay South Regional WRF
Manatee Manatee County NCRWRF Improvements
Sarasota Sarasota County Bee Ridge Interim Improvements
Palm Beach EastCentral Regional Aeration Improvements
Sarasota City of North Port West Villages WRF

Lake Lady Lake WRF ExpansianPhase 2
- - Vendor Pricing

The opinion of probable construction costs fornew construction of a 5-Stage Bardenpho
processwith conventional Activated Sludgeare summarized inTable 4-14.The construction
cost curve facility is depicted in Figure 4-7. The opinion of annual O&M cost for new
construction z 5-Stage Bardenpho Processith conventional Activated Sludgds summarized
in Table 4-15. The total production cost fornew construction z 5-Stage Bardenpho Process
with conventional Activated Sludgas summarized inTable 4-16. The total production costs
curve is depicted onFigure 4-8.
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Table4-14:

with Conventional Activated Sludge

Opinion of Probable Capital CostNew Construction of5-Stage Bardenpho Process

Item o Plant Capacity (mgd)
Description
No. 1 3 5 10 15 20
1. | Influent Pump Station| $300,000 | $873,000 | $1,425,000 | $2,700,000 | $3,825,000 | $4,800,000
2. | Headworks $1,000,000 | $2,910,000 | $4,750,000 | $9,000,000 | $12,750,000| $16,000,000
3. | Flow Equalization $500,000 | $1,455,000 | $2,375,000 | $4,500,000 | $6,375,000 | $8,000,000
4. g'fgigsfarde”pho $3,500,000 | $10,185,000| $16,625,000| $31,500,000| $44,625,000| $56,000,000
5. | Secondary $750,000 | $2,182,500 | $3,562,500 | $6,750,000 | $9,562,500 | $12,000,000
Clarification
6. ggﬁg\gms Pump $400,000 | $1,164,000 | $1,900,000 | $3,600,000 | $5,100,000 | $6,400,000
7. | Granular Filtration $1,300,000 | $3,783,000 | $6,175,000 | $11,700,000| $16,575,000| $20,800,000
g, | Chlorine Contact $300,000 | $873,000 | $1,425,000 | $2,700,000 | $3,825,000 | $4,800,000
Chambers
g, | Sodium Hypochlorite | o5 500 | $582.000 | $950,000 | $1,800,000 | $2,550,000 | $3,200,000
Storage and Feed
10. ﬁﬁﬁtﬁg Sludge $400,000 | $1,164,000 | $1,900,000 | $3,600,000 | $5,100,000 | $6,400,000
11. | Dewatering Facility $500,000 | $1,455,000 | $2,375,000 | $4,500,000 | $6,375,000 | $8,000,000
12. | Emergency Generatof $350,000 | $1,018,500 | $1,662,500 | $3,150,000 | $4,462,500 | $5,600,000
13, | Operations/ $200,000 | $582,000 | $950,000 | $1,800,000 | $2,550,000 | $3,200,000
Control Building
Subtotal(1-13): | $9,700,000 | $28,227,000| $46,075,000| $87,300,000| $123,675,000, $155,200,000
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Table 4-14:

Opinion of Probable Capital CostNew Constructionof 5-Stage Bardenpho Process
with Conventional Activated SludggContinued)

Description Plant Capacity (mgd)
. Allowance Factor 1 3 5 10 15 20
14. | Yard piping 10% | $970,000 | $2,822,700 | $4,607,500 | $8,730,000 | $12,367,500| $15,520,000
15. | Mechanical 10% | $970,000 | $2,822,700 | $4,607,500 | $8,730,000 | $12,367,500| $15,520,000
16. | Electrical 250% | $2,425,000 | $7,056,750 | $11,518,750| $21,825,000| $30,918,750| $38,800,000
17, | Instrumentation oo | o) 455 000 | $4,234,050 | $6,911,250 | $13,095,000| $18,551.250| $23,280,000
and Controls
18. | SiteWork 10% | $970,000 | $2,822,700 | $4,607,500 | $8,730,000 | $12,367,500| $15,520,000
Subtotal(1-18) | $16,490,000 | $47,985,900 | $78,327,500 | $107,185,000 $173,872,500| $263,840,000
19, | General 5% | $824,500 | $2,399,295 | $3,916,375 | $7,420,500 | $10,512,375| $13,192,000
Requirements
Contractor
20. | Overheadand  15% | $1,018,500 | $2,963,835 | $4,837,875 | $9,166,500 | $12,985,875| $16,296,000
Profit
o1, | Construction 15% | $1,018,500 | $2,963,835 | $4,837,875 | $9,166,500 | $12,985,875| $16,296,000
contingency
Opinion of Probable) o4 351 500 | 56,312,865 | $91,919,625 | $174,163,500| $246,731,625 $309,624,000
Construction Cosf1-21).
22. ;‘ZS\:ZZ’S"’" 20% | $3,870,300 | $11,262,573| $18,383,925| $34,832,700| $49,346,325| $61,924,800
Owner
23. | Administration 5% | $967,575 | $2,815,643 | $4,595,981 | $8,708,175 | $12,336,581| $15,481,200
andLegal
24, | Project 15% | $2,902,725 | $8,446,930 | $13,787,944| $26,124,525| $37,009,744| $46,443,600
Gontingency
Opinion of Pmbgtc’)';i;ﬂ';a $27,092,100 | $78,838,011 | $128,687,475 $243,828,900| $345,424,275| $433,473,600
Opinion of Eq“"’ca‘;?ttafggﬁ $2,557,303 | $7,441,751 | $12,147,187| $23.015,723| $32,605,608| $40,916,841
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New Construction ob-Stage Bardenpho Process with
Conventional Activated Sludge
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Figure 4-7: New Constructionof 5-Stage Bardenpho Process with Conventional Activated
SludgeConstruction Cost Curve
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Table4-15:  Opinion of Annual Operation and Maintenance Costlew Constructionof 5-Stage
Bardenpho Process with Conventional Activated Sludge
Item Description Plant Capacity (mgd)
No. 1 3 5 10 15 20
1. Influent Pump Station $28,105 $81,786| $133,499| $252,945| $358,339| $449,680
2. Headworks $28,105 $81,786| $133,499| $252,945| $358,339| $449,680
3. Flow Equalization $28,105 $81,786| $133,499| $252,945| $358,339| $449,680
4. 5-stage AWT Process $160,600| $467,346| $762,850| $1,445,400| $2,047,650| $2,569,600
5. | Secondary Clarification $8,030 $23,367 $38,143 $72,270| $102,383| $128,480
6. RAS/WAS Pump Station $24,090 $70,102| $114,428| $216,810| $307,148| $385,440
7. Granular Filtration $24,090 $70,102| $114,428| $216,810| $307,148| $385,440
8. | Chlorine Contact Chambers $4,015 $11,684 $19,071 $36,135 $51,191 $64,240
9. ﬁgg:j“m Hypochlorite Storage and| ¢/ 151 ¢11684|  $19,071| $36,135|  $51,191|  $64,240
10. | Aerated Sludge Holding $40,150| $116,837| $190,713| $361,350| $511,913| $642,400
11. | Dewatering Facility $40,150| $116,837| $190,713| $361,350| $511,913| $642,400
12. | Emergency Generator $8,030 $23,367 $38,143 $72,270| $102,383| $128,480
13. | Operations/Control Building $4,015 $11,684 $19,071 $36,135 $51,191 $64,240
Opinion of Annual O&MCost:| $401,500| $1,168,365| $1,907,125| $3,613,500| $5,119,125| $6,424,000
Table4-16:  Opinion of Total Production CostNew Constructionof 5-Stage Bardenphdrocess
with Conventional Activated Sludge
Item Description Plant Capacity (mgd)
No. 1 3 5 10 15 20
1. EquivalentAnnual Capital Cost $2,557,303| $7,441,751| $12,147,187| $23,015,723 $32,605,608 $40,916,841
AnnualOperation and
2. MaintenanceCost $401,500| $1,168,365| $1,907,125 $3,613,500, $5,119,125| $6,424,000
3. Annual R&FEund Deposit! $255,730| $744,175| $1,214,719] $2,301,572| $3,260,561| $4,091,684
Total Annual Cost] $3,214,533| $9,354,291| $15,269,031| $28,930,796| $40,985,294| $51,432,525
AnnualFnishedReclaimedNater
ProductionRate (may 365 1,095 1,825 3,650 5,475 7,300
Annual Production Cost ($/kgal $8.81 $8.54 $8.37 $7.93 $7.49 $7.05

(1) Annualdeposit to a renewal and replacement (R&R) fund is equal 0% of the equivalent annual capital cost.
(2) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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Conventional Activated Sludgé&otal Production Costs
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Figure 4-8: New Constructionof 5-Stage Bardenpho Process witltonventional Activated
SludgeTotal Production Cost Curves
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4.3.2 Cost Scenario No. 6Advanced Wastewater Treatment:
Conversionto 5-Stage Bardenpho with Conventional Activated Sludge

Cost Scenario Development

The following are the components and criteria used in developing the planning level costs for
converting an existing wastewater treatment facility producing public access reuse (i.e., high
level disinfection with tertiary filtration) to an AWT facility uti lizing the 5-stage Bardenpho
with Conventional Activated Sludgeprocess.

It was assumed the existing facility is not required to be reated for additional treatment
flow and loading capacity from the collection system. That is, it was assumed the existing
headworks, grit removal (if existing), flow equalization (if required orexisting), secondary
clarification including RAS/WAS pump station, tertiary filtration system, disinfection
components, biosolids storage and processing, and administrative buildings are sufficiently
sized at the permitted flow and loadings and do not regjire improvements to meet AWT
effluent standard. This was assumed due to the unique configuration and process flow of
most wastewater treatment facilities. It is noted that this assumption will likely be valid for
most facilities and unit process cost esthates from the greenfield (new) cost scenario could
be used to complete a planning level cost estmateOPAAEZAZEA O Al AGEOO
configuration.

S New abovegrade, castin-place concrete structure for five-stage advanced
wastewater treatment with multiple process trains and the capacity to treat the
specified design flows (with applicable peaking factors) with one train out of service.
Includes concrete structure, piping, coatings, mechanical equipment, and associated
appurtenancesas described in ©st Scenario 4
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Specific Approach for Developing Planning Costs

The following is the specific approach used in this cost estimating effort.

S Construction costs forconversion to 5Stage Bardenpho process with conventional

Activated Sludgewere obtainedfrom unit costs derived from vendor equipment and
bid prices. The unit costs include furnishing and installing the
equipment/infrastructure. The projects included in this evaluation are listed in
Table 4-17 below.

S Construction costs for the associated yak piping, ancillary mechanical equipment,
electrical equipment, instrumentation and control equipment, and site work are
assumedas a percentage allowance of the construction costs ftre addition of a 5
stage Bardenpho Process with Conventional Activatesludge.

Table 417:  Projects Evaluated for Cost Scenario N6: Conversion to 5Stage Bardenpho with
Conventional Activated Sludge
Location (County) Municipality ‘ Project Name
Brevard Palm Bay South Regional WRF
Manatee Manatee County NCRWRF Improvements
Sarasota Sarasota County Bee Ridge Interim Improvements
Palm Beach East Central Regional Aeration Improvements
Sarasota City of North Port West Villages WRF
Lake Lady Lake WRF ExpansianPhase 2
- - VendorPricing

The opinion of probable construction costs forconverting a conventional AWT facility to

utilize the 5-stage BardenphoProcesswith Conventional Activated Sludgeare summarized
in Table 4-18. The construction cost curve is depicted irfFigure 4-9. The opinion of annual
O&Mcost forconverting a conventionalAWT facility to utiliz ethe 5-stage BardenphdProcess
with Conventional Activated Sludgés summarized inTable 4-19. The total production cost
for converting a conventional AWT facility to utilize the 5-stage BardenphoProcess with

Conventional Activated Sludgés summarized inTable 4-20. The total production costs curve
is depicted onFigure 4-10.
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Ite

Table4-18:

Description

Conventional Activated Sludge

Plant Capacity (mgd)

Opinion of Probable Capital CosConversion b 5-Sage Bardenpho Process with

"; Allowance Factor 1 3 5 10 15 20
5-stageBardenpho
1, | Processind . $3,000,000] $8,730,000| $14,250,000 $27,000,000| $38,250,000/ $48,000,000
Conventional Activated
Sludge
Subtotal: | $3,000,000] $8,730,000] $14,250,000 $27,000,000] $38,250,000| $48,000,000
2. | Yard piping 10%]|  $300,000]  $873,000| $1,425,000] $2,700,000 $3,825,000 $4,800,000
3. | Mechanical 10%]|  $300,000]  $873,000| $1,425,000] $2,700,000 $3,825,000 $4,800,000
4. | Electrical 20%|  $600,000| $1,746,000] $2,850,000] $5,400,000 $7,650,000 $9,600,000
5, | Instrumentation o0, | ¢450000| $1,309,500| $2,137,500] $4,050,000 $5.737,500|  $7,200,000
and Controls
6. | SiteWork 10%]|  $300,000]  $873,000| $1,425.000] $2,700,000 $3,825,000 $4,800,000
Subtotal(1-6). | $4,950,000| $14,404,500| $23,512,500| $44,550,000| $63,112,500| $79,200,000
General
0,
7 | Requirements 5% $247,500|  $720,225| $1,175,625| $2,227,500| $3,155,625  $3,960,000
Contractor
8. | Overheadand 15%|  $292,500| $851,175| $1,389,375 $2,632,500| $3,729,375| $4,680,000
Profit
g, |Constiuction 501 g0 00|  $851,175| $1,389,375| $2,632,500|  $3,729,375|  $4.680,000
contingency
Opinion of Probable
Construction Cosr.0y. | 5782500 $16,827,075| $27,466,875( $52,042,500 $73,726,875 $92,520,000
10. ;2?\:2':3""' 20%| $1,156,500] $3,365,415 $5,493,375 $10,408,500 $14,745,375 $18,504,000
Owner
11. | Administration 5% $289,125|  $841,354| $1,373,344| $2,602,125| $3,686,344| $4,626,000
andLegal
Project 0
12 | comingency  15%|  $867.375| $2524.061 $4,120,031 $7.806375 $11,059,031 $13:878,000
Opinion of Pmbggﬁ(ﬁg')t_a $8,095,500| $23,557,005| $38,453,625 $72,859,500| $103,217,625 $129,528,000
Opinion of Equivalent Annual  «oc ) 1eal 5 993 700|  $3.620,750] $6.877,421|  $9.743,014| $12,226,527

Capital Cost
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Iltem
No.

Table4-19:

Bardenpho Process with Conventional Activated Sludge

Description

Plant Capacity (mgd)
20

1

3

5

10

Opinion of Annual Operation and Maintenance Castonversion to5-stage

15

5-stage Bardenph@rocess

1. | and Conventional Activated $1,200 $3,492 $5,700 $10,800 $15,300 $19,200
Sludge
Opinion of Annual O&M Cost| $438,000| $1,274,580| $2,080,500| $3,942,000| $5,584,500| $7,008,000

Table4-20:

Conventional Activated Sludge

Opinion of Total Production Cost Conversion to5-stage Bardenpho Process with

Item Description Plant Capacity (mgd)
No. 1 3 5 10 15 20
1. | Equivalentnnual Capital Cost $764,158| $2,223,700] $3,629,750] $6,877,421] $9,743,014) $12,226,527
o, | AnnualOperation and $438,000 $1,274,580, $2,080,500] $3,942,000| $5,584,500 $7,008,000
MaintenanceCost
3. | Annual R&REund Deposif? $76,416]  $222,370]  $362,975|  $687,742|  $974,301| $1,222,653
Total Annual Cost] $1,278,574] $3,720,650] $6,073,225 $11,507,164 $16,301,815 $20,457,180
AnnuaIFnlshedRecIalmedNater 365 1,095 1,825 3,650 5,475 7.300
Production rate (mgyy
Annual Production Cost ($/kgal $3.50 $3.40 $3.33 $3.15 $2.98 $2.80

(1) Annualdeposit to a renewal andeplacement (R&R) fund is equal to 10% of the equivalent annual capital cost.
(2) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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Figure4-10: Conversion to5-Stage Bardenphdlrocess with Conventional Activated Sludgé€otal
Production Cost Curve
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4.3.3Cost Scenario No. 6Advanced Wastewater Treatment: New
Constructionof FiveStage Bardenpho witiMembrane Bioreactor

Cost Scenario Development

The following are the components and criteria used in developing the planning level costs for
constructing a newAWTFutilizing 5-stage Bardenphgrocesswith immersed MBR.

S

New influent pump station including wet well, raiFmounted submersible pumps
with the capacity to pump the specified design flows (with applicable peaking
factors) with one pump out of service.

New abovegrade, castin-place concrete structure for raw wastewater coarse
screening and grit removal with the capacity to pretreat the specifiedlesign flows
(with applicable peaking factors) with one screen out of service. Includes concrete
structure, piping, coatings, mechanical equipment, and associated appurtenances.
New abovegrade, castin-place concrete structure for raw wastewater fine
screening with the capacity to pretreat the specified design flows (with applicable
peaking factors) with one screen out of service. Includes concrete structure, piping,
coatings, mechanical equipment, and associated appurtenances.

New abowe-grade, castin-place concrete structure for screened and dgritted
wastewater with the capacity to equalize influent flows and loads to reduce
downstream design peaking factors. Includes concrete structure, piping, coatings,
mechanical equipment, and asociated appurtenances.

New abovegrade, castin-place concrete structure for 5stage advanced wastewater
treatment with multiple process trains and the capacity to treat the specified design
flows (with applicable peaking factors) with one train out of sevice. Includes
concrete structure, piping, coatings, aeration system components, mechanical
eguipment, and associated appurtenances.

New abovegrade, castin-place concrete structure forUF membrane with multiple
membrane process trainsusing MBR and the capacity (flux) for liquid/solids
separation at the specified design flows (with applicable peaking factors) with one
membrane process train out of service. Includes concrete structure, piping, coatings,
permeate pump station, air scour blowers, mechanicatquipment, and associated
appurtenances.

New abovegrade, RAS/WAS pump station with the capacity to pump the specified
design RAS and WAS flows (with applicable peaking factors) with one pump out of
service.

New liquid sodium hypochlorite storage and feedsystem to achieve 1.0 mg/L total
chlorine residual.

New chlorine contact chamber to achieve Ifninute contact time at peak hour and
Class | reliability (i.e., treat 50% of design flow with largest unit out of service)

New abovegrade, castin-place conceete structure for aerated sludge holding with
multiple tanks and the capacity to treat (or hold), aerate, and batch process the
specified WAS design flows (with applicable peaking factors) with one tank out of
service. Includes concrete structure, pipinggcoatings, mechanical equipment, and
associated appurtenances.

New abovegrade, biosolids dewatering station with multiple units and the capacity
to dewater the specified biosolids generated at the facility (with applicable peaking
factors) with one unit out of service.
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S New abovegrade, emergency generator with fuel storage with the capacity to
provide emergency backup power to the required equipment to maintain

operations.
S New operations and control building including administration offices, locker rooms
AOAAE oii1inh ANOEDI AT O OOI OACAh 1T DAOAOI 060

building infrastructure.
Specific Approach for Developing Planning Costs

The following is the specific approach used in this cost estimating effort.

S Construction costs fo unit process structures, equipment, and associated
appurtenances were obtained from unit costs derived from vendor equipment and
bid prices. The unit costs include furnishing and installing the
equipment/infrastructure. The projects included in this evalation are listed in
Table 4-21 below.

S Construction costs for the associated yard piping, ancillary mechanical equipment,
electrical equipment, instrumentation and control equipment, and site work are
assumedas a percentage allowance of the constructionosts for the and 5-stage
Bardenpho Process with MBR.

Table 421:  Projects Evaluated for Cost Scenario N6: New Construction of 5Stage Bardenpho

with MBR
Location (County) Municipality ‘ Project Name
Volusia Deltona Eastern WRF Membrane Addition
Chatham (GA) City of Savannah Travis Fields
Brevard Palm Bay South Regional WRF
Manatee Manatee County NCRWRF Improvements
Sarasota Sarasota County Bee Ridge Interim Improvements
Palm Beach East Central Regional Aeration Improvements
Sarasota City of North Port West Villages WRF
Lake Lady Lake WRF ExpansianPhase 2
- - Vendor Pricing

The opinion of probable construction costs foan AWTF, 5stage Bardenphowith MBR, are
summarized inTable 4-22. The construction cost is depicted irFigure 4-11. The opinion of
annual O&M costfor an AWTFutilizing 5-stage Bardenpho with MBRs summarized inTable
4-23. The total production cost foran AWTF, utilizing 5-stage Bardenpho with MBRare
summarized inTable 4-24. The total production costs curve is depicted oifrigure 4-12.
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Table4-22:  Opinion of Probably Capital CostNew Constructionof 5-stage Bardenpho with MBR
e De Dtio Pla apa o[
g AllowanceFacto 1 3 5 10 s 20
1. | Influent Pump Station $300,000 | $873,000 | $1,425,000 | $2,700,000 | $3,825,000 | $4,800,000
Headworks Coarse Screen
2. | oot Rl $600,000 | $1,746,000| $2,850,000 | $5,400,000 | $7,650,000 | $9,600,000
3. | Headworks Fine Screening | $750,000 | $2,182,500| $3,562,500 | $6,750,000 | $9,562,500 | $12,000,000
4. | Flow Equalization $400,000 | $1,164,000| $1,900,000 | $3,600,000 | $5,100,000 | $6,400,000
5. | 5-stageBardenphdProcess | $3,000,000 | $8,730,000 | $14,250,000| $27,000,000| $38,250,000| $48,000,000
6. | MBR $2,500,000 | $7,275,000 | $11,875,000| $22,500,000| $31,875,000| $40,000,000
7. | RAS/WAS Pump Station $400,000 | $1,164,000| $1,900,000 | $3,600,000 | $5,100,000 | $6,400,000
8. | Chlorine Contact Chambers| $300,000 | $873,000 | $1,425,000 | $2,700,000 | $3,825,000 | $4,800,000
9, iﬁg'gre"egypocmo”te Storag ¢500.000 | $582,000 | $950,000 | $1,800,000 | $2,550,000 | $3,200,000
10. | Aerated Sludge Holding $400,000 | $1,164,000| $1,900,000 | $3,600,000 | $5,100,000 | $6,400,000
11. | Dewatering Facility $500,000 | $1,455,000| $2,375,000 | $4,500,000 | $6,375,000 | $8,000,000
12. | Emergency Generator $350,000 | $1,018,500 | $1,662,500 | $3,150,000 | $4,462,500 | $5,600,000
13. | Operations/Control Building| $200,000 | $582,000 | $950,000 | $1,800,000 | $2,550,000 | $3,200,000
Subtotal(1-13) | $9,900,000 | $28,809,000 $47,025,000| $89,100,000 | $126,225,000, $158,400,000
14. | Yard piping 10% | $990,000 | $2,880,900| $4,702,500 | $8,910,000 | $12,622,500| $15,840,000
15. | Mechanical 10% | $990,000 | $2,880,900| $4,702,500 | $8,910,000 | $12,622,500| $15,840,000
16. | Electrical 250 | $2,475,000 | $7,202,250 | $11,756,250 | $22,275,000| $31,556,250| $39,600,000
17, Lr;srftrforge”tat'on and 1500 | 1485000 | $4,321,350 | $7,053,750 | $13,365,000| $18,933,750| $23.760,000
18. | Sitework 10% | $990,000 | $2,880,900| $4,702,500 | $8,910,000 | $12,622,500| $15,840,000
Subtotal(1-18) | $16,83Q000 | $48,975300 | $79,942500 | $151,470,000 | $214582500 | $269,280,000
General
0,
19. | Requirements 5% | $841,500 | $2,448,765| $3,997,125 | $7,573,500 | $10,729.125| $13.464,000
20. g:(;‘;"’c‘)‘f:ittoro"erhead 15% | $1,039,500 | $3,024,945| $4,937,625 | $9,355,500 | $13,253,625| $16,632,000
Construction 0
21 | Gortngenoy 15% | $1,039,500 | $3,024,945 | $4,937.625 | $9,355,500 | $13,253,625| $16,632,000
Opinion ofProbable %Oolst?l“gtl'g’” $19,750,500 $57,473,955| $93,814,875 | $177,754,500 $251,818,875| $316,008,000
22. | Technical Services  20% | $3,950,100 | $11,494,791| $18,762,975| $35,550,900| $50,363,775| $63,201,600
Owner
23. | Administration and 5% | $987,525 | $2,873.698 | $4,690,744 | $8.887,725 | $12,590,944 | $15,800,400
Legal
24. | ProjectContingency  15% | $2,962,575 | $8,621,093 | $14,072,231| $26,663,175| $37,772,831| $47,401,200
Opinion of Probable Cap('f'zgc_’f $27,650,700| $80,463,537| $131,340,825 $248,856,300) $352,546,425| $442,411,200
Opinion of Eq“"’glggitt:l”g:; $2,610,030 | $7.595,189 | $12,397,645 | $23.490,274 | $33,277,889| $41,760,488
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New Construction of Stage Bardenpho with MBR
Construction Costs
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Figure4-11: New Constructionof 5-Stage Bardenphavith MBR Construction Cost Curves
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Table4-23:

Bardenphowith MBR

Plant Capacity (mgd)

Opinion of Annual Operation and Maintenance Cadtlew Constructionof 5-stage

Item —
Description
(\[o} 1 3 5 10 15 20
1. Influent Pump Station $35,770 $104,090 $169,907 $321,930 $456,067 $572,320
Headworks Coarse Screen
and Grit Removal $35,770 $104,090 $169,907 $321,930 $456,067 $572,320
3. Headworks Fine Screening $35,770 $104,090 $169,907 $321,930 $456,067 $572,320
4, FlowEqualization $51,100 $148,701 $242,725 $459,900 $651,525 $817,600
5. 5-stage Bardenpho Process| $168,630 $490,713 $800,992| $1,517,670| $2,150,032| $2,698,080
6. MBR $61,320 $178,441 $291,270 $551,880 $781,830 $981,120
7. RAS/WAS Pump Station $30,660 $89,220 $145,635 $275,940 $390,915 $490,560
8. Chlorine Contact Chambers $5,110 $14,870 $24,272 $45,990 $65,152 $81,760
9. iﬁg'gre"e;'ypocmo”te Storagl - ¢5.110 $14,870|  $24,272|  $45990|  $65,152|  $81,760
10. | Aerated Sludge Holding $35,770 $104,090 $169,907 $321,930 $456,067 $572,320
11. | Dewatering Facility $35,770 $104,090 $169,907 $321,930 $456,067 $572,320
12. | Emergency Generator $5,110 $14,870 $24,272 $45,990 $65,152 $81,760
13. | Operations/Control Building $5,110 $14,870 $24,272 $45,990 $65,152 $81,760
Opinion of Annual O&M Cost| $511,000 $1,487,010, $2,427,250| $4,599,000| $6,515,250| $8,176,000
Table4-24:  Opinion of Total Production Cost New Constructionof 5-stage Bardenpho
with MBR
Item Description Plant Capacity (mgd)
\[e 1 3 5 10 15 20
1. | Equivalent annualapitalCost | $2,610,030 $7,595,189| $12,397,645 $23,490,274| $33,277,889 $41,760,488
AnnualOperation and
2. MaintenanceCost $511,000 $1,487,010, $2,427,250 $4,599,000/ $6,515,250, $8,176,000
3. | Annual R&Fund Deposit? $261,003 $759,519| $1,239,764| $2,349,027| $3,327,789| $4,176,049
Total Annual Cost] $3,382,034| $9,841,718| $16,064,659| $30,438,302| $43,120,927| $54,112,536
AnnualFnishedReclaimedNater
ProductionRate (mgy$ 365 1,095 1,825 3,650 5,475 7,300
Annual Production Cost ($/kgal $9.27 $8.99 $8.80 $8.34 $7.88 $7.41

(1) Annualdeposit to a renewal and replacement (R&R) fund is equal to 10% of the equivalent annual capital cost.
(2) Annualfinished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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4.3.4 Cost Scenario No. @Advanced Wastewater Treatment:
Conversionto FiveStage Bardenpho with Membrane Bioreactor

Cost Scenario Development

The following are the components and criteria used in developing the planning level costs for
converting an existingwastewater treatment facility producing public access reuse (i.e., high
level disinfection with tertiary filtration) to a n AWTFutilizing the 5-stage Bardenphowith
MBR process. It was assumed newnfluent pump station, headworks, RAS/WAS pump
station, and flow equalization is required.

It was assumed the existing facility is not required to be reated for additional treatment

flow and loading capacity from the collection system. That it was assumed the existing

tertiary filtration system, disinfection components, biosolids storage and processing, and
administrative buildings are sufficiently sized at the permitted flow and loadings and do not

require improvements to meet AWT effluent standard. This was assumed due to the unique
configuration and process flow of most wastewater treatment facilities. It is noted that this

assumption will likely to be valid for most facilities and unit process cost estimates from the

new construction cost scenario could beusedto complete a planning level costestimate
OPAAEZEA O1 Al AQEOOEI ¢ AZAAAEI EOQUBSO Al T £ZECOOAOQE

S New abovegrade, castin-place concrete structure for raw wastewater coarse
screening and grit removal with the capacity to pretreat the specified design flows
(with applicable peaking factors) wih one screen out of service. Includes concrete
structure, piping, coatings, mechanical equipment, and associated appurtenances.

S New abovegrade, castin-place concrete structure for raw wastewater fine
screening with the capacity to pretreat the specifiedlesign flows (with applicable
peaking factors) with one screen out of service. Includes concrete structure, piping,
coatings, mechanical equipment, and associated appurtenances.

S New abovegrade, castin-place concrete structure for screened and dgritted
wastewater with the capacity to equalize influent flows and loads to reduce
downstream design peaking factors. Includes concrete structure, piping, coatings,
mechanical equipment, and associated appurtenances.

S New abovegrade, castin-place concrete structure for five-stage advanced
wastewater treatment with multiple process trains and the capacity to treat the
specified design flows (with applicable peaking factors) with one train out of service.
Includes concete structure, piping, coatings, aeration system components,
mechanical equipment, and associated appurtenances.

S New abovegrade, castin-place concrete structure forUF liquid/solids separation
with multiple MBR trains and the capacity (flux) for liquid/solids separation at the
specified design flows (with applicable peaking factors) with one membrane process
train out of service. Includes concrete structure, piping, coatings, permeate pump
station, air scour blowers, mechanical equipment, and associategurtenances.

Specific Approach for Developing Planning Costs

The following isthe specific approach used in this cost estimating effort.
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S Construction costs for unit process structures, equipment, and associated
appurtenanceswere obtained from unit costsderived from vendor equipment and
bid prices. The unit costs include furnishing and installing the
equipment/infrastructure. The projects included in this evaluation are listed in
Table 4-25 below.

S Construction costs for the associated yard piping, anaty mechanical equipment,
electrical equipment, instrumentation and control equipment, and site work are
assumedas a percentage allowance of the construction costs for theew influent
pump station, headworks, flow equalization,and feed improvements and 5-stage
Bardenpho with MBR

Table 425:  Projects Evaluated for Cost Scenario N@: Conversion to 5Stage Bardenpho

with MBR
Location (County) Municipality ‘ Project Name
Volusia Deltona Eastern WRF Membrane Addition
Chatham (GA) City of Savannah Travis Fields
Brevard Palm Bay South Regional WRF
Manatee Manatee County NCRWRF Improvements
Sarasota Sarasota County Bee Ridge Interim Improvements
Palm Beach East Central Regional Aeration Improvements
Sarasota Cityof North Port West Villages WRF
Lake Lady Lake WRF ExpansianPhase 2
- - Vendor Pricing

The opinion of probable construction costs foAWTF utilizing five-stage Bardenpho process
with UF/MBR are summarized in Table 4-26. The construction cost curve is depicted in
Figure 4-13. The opinion of annual O&M cost for AWTF utilizing five-stage Bardenpho
process with UF/MBRis summarized inTable 4-27. The total production cost AWT facility
utilizing 5-stage Bardenpho process withMBR is summarized in Table 4-28. The total
production costs curve is depicted orFigure 4-14
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Table4-26:  Opinion of Probable Capital CosConversion to5-stageBardenphowith MBR
e De Dtio Pla apa ga
g Allowance Facto 1 3 5 10 i 20
1. | Influent Pump Station $300,000]  $873,000] $1,425,000 $2,700,000] $3,825,000] $4,800,000
Headworks Coarse
2. | Screen and Grit $400,000| $1,164,000 $1,900,000| $3,600,000| $5,100,000  $6,400,000
Removal
3, gsz‘l"x?;'g‘s Fine $450,000] $1,309,500 $2,137,500 $4,050,000, $5,737,500, $7,200,000
4. | Flow Equalization $400,000] $1,164,000] $1,900,000] $3,600,000] $5,100,000] $6,400,000
5, i’fgiggfarde”pho $2,000,000, $5,820,000 $9,500,000 $18,000,000 $25,500,000 $32,000,000
6. | MBR $1,500,000] $4,365,0000 $7,125,000 $13,500,000f $19,125,000 $24,000,000
7. | RAS/WAS Pump Statio  $400,000] $1,164,000] $1,900,000] $3,600,000] $5,100,000] $6,400,000
Subtotal(1-7): | $5,450,000] $15,859,500 $25,887,500| $49,050,000| $69,487,500] $87,200,000
8. | Yard piping 10% | $545,000] $1,585,950 $2,588,750 $4,905,0000 $6,948,750] $8,720,000
9. | Mechanical 10% | $545,000] $1,585950 $2,588,750| $4,905,0000 $6,948,750| $8,720,000
10. | Electrical 20% | $1,090,000 $3,171,900] $5,177,500] $9,810,000] $13,897,500 $17,440,000
Instrumentation
0,
1L | 15% | $817,500| $2,378,925 $3,883,125 $7,357,500 $10,423,125 $13,080,000
12. | SiteWork 10% | $545,000] $1,585,950 $2,588,750] $4,905,0000 $6,948,750| $8,720,000
Subtotal(1-12) | $8,992500| $26168375| $42,714375 | $129982,500 | $114,654375 | $143880,000
13, | General 5% $449,625| $1,308,409| $2,135,719| $4,046,625| $5,732,719] $7,194,000
Requirements
Contractor
14. | Overheadand  15% | $531,375| $1,546,301| $2,524,031| $4,782,375| $6,775,031] $8,502,000
Profit
Construction
0,
15. | Gontingency 15% | $531,375| $1,546,301 $2,524,031| $4,782,375 $6,775,031] $8,502,000
Opinion of Probable
Construction Cosfl-15) | $10:504.875( $30,560,186 $49,898,156 $94,543,875 $133,937,156 $168,078,000
16. ;if\t‘lzg’;" 20% | $2,100,975| $6,113,837| $9,979,631| $18,008,775 $26,787,431 $33,615,600
Owner
17. | Administration 5% $525.244| $1,528,459| $2,494,908| $4,727,194] $6,696,858]  $8,403,900
and legal
Project 0
18. | ontingency 15% | $1,575,731| $4,585378] $7,484,723| $14,181,581] $20,090,573 $25,211,700
Opinion of Pmbggﬁ(ﬁg')t_a $14,706,825| $42,796,861| $69,857,419| $132,361,425 $187,512,019 $235,309,200
Opinion of Equivalent AnnUal o) 200 55| §4.039.721|  $6,504.046| $12,493.982 $17,699,808 $22,211,524

Capital Cost:
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Conversion to 55tage Berdenpho with MBR Construction
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Table4-27:  Opinion of Annual Operation and Maintenance Castonversion to5-Stage
Bardenphowith MBR
Item Description Plant Capacity (mgd)
(\[o} 1 3 5 10 15 20
1. Influent Pump Station $33,215 $96,656| $157,771| $298,935| $423,491| $531,440
ggﬁqd(;’\"gks Coarse Screen and Grit) ¢33 515|  $06,656| $157,771| $298,935| $423491| $531,440
3. | Headworks Fine Screening $33,215 $96,656| $157,771| $298,935| $423,491| $531,440
4, Flow Equalization $47,450| $138,080, $225,388| $427,050| $604,988| $759,200
5. 5-SageBardenphdProcess $156,585| $455,662| $743,779| $1,409,265| $1,996,459| $2,505,360
6. MBR $56,940| $165,695| $270,465| $512,460| $725,985| $911,040
7. RAS/WAS Pump Station $28,470 $82,848| $135,233| $256,230| $362,993| $455,520
Opinion of Annual O&M Cost| $389,090| $1,132,252| $1,848,178| $3,501,810, $4,960,898| $6,225,440
Table4-28:  Opinion of Total Production CostConversion to5-Stage Bardenphavith MBR
Item .. Plant Capacity (mgd)
No. Description 1 3 5 10 15 20
1. (El;’s‘i'va'e””””“a'mp'ta' $1,388,220| $4,039,721 $6,594,046| $12,493,982 $17,699,808 $22,211,524
AnnualOperation and
2. MaintenanceCost $389,090| $1,132,252| $1,848,178| $3,501,810 $4,960,898| $6,225,440
3. | Annual R&FEuNnd Deposit? $138,822| $403,972| $659,405| $1,249,398| $1,769,981| $2,221,152
Total Annual Cost] $1,916,132| $5,575,945| $9,101,628| $17,245,190 $24,430,686| $30,658,116
AnnualFnishedReclaimedVater
Production rate (mgyp 365 1,095 1,825 3,650 5,475 7,300
Annual Production Cost ($/kgal $5.25 $5.09 $4.99 $4.72 $4.46 $4.20

Annualdeposit to a renewaand replacement (R&R) fund is equal to 10% of the equivalent annual capital cost.
Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 d
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Conversion to 55tage Bardenpho with MBR Total
Production Costs
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Figure 4-14: Conversion to 5-Stage Bardenphavith MBR Total Production Costs

4.4 ADVANCED WATER TREATMENT FACRORES
POTABLE REUSE

44.1INTRODUCTION

The purpose of thissection is to provide an overview of AWTF for DPR and IPRANAWTF
uses advanced water treatment technologies (extending beyond secondary tertiary, and
advanced wastewatertreatment) for DPR and IPRypplications such as:

S Direct potable reuse z The introduction of reclaimed water (with or without
retention in an engineered storage buffer) directly into a drinking water treatment
plant, either colocated or remote from the advanced wastewater treatment system.
A key distinction is the absence of an environmentaluifer, or additional treatment
through natural resources such as groundwater aquifer orapid infiltration basins,
although anenvironmental buffer may be included.

S Indirect Potable Reuse z This type of reuse system involves the planned use of
reclaimed water to augment surface water resources which are used or will be used
for public water supplies. The treatment requirements depend on the class of surface
waters to which thereclaimed water is discharged. While the injection of reclaimed
water into a drinking water aquifer is also sometimes referred to as IPR, this is
included asgroundwater recharge
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Individual unit processes are assembled in a range of combinations to achieve water quality
appropriate for potable reusewith and without RO. The individual processesfor AWTF with
ROare listed below.

Advanced Water Treatment Technology

For AWT technologies a number ofdifferent treatment processes are grouped together to
remove the particulate, colloidal, and dissolved inorganic and organic constituents found in
the effluent from wastewater treatment facilities. Although many of the treatment processes
can be used to emove particulate and colloidal constituents, only specific treatment
processes remove total dissolved solids and specific target constituents. The grouping of
technologies to achieve a specific treatment objective is known as a treatment train.

The costscenarios in this section assume the wastewater treatment facility is currently
operating with tertiary (filtration and high -level disinfection) and advanced wastewater
treatment (nutrient removal).

Cost Scenario No. 8in this study, represents cost assaated with a new AWTF using RO
based treatment trains.

Cost Scenario No. 9in this study, represents cost associatethe addition of AWTF without
RGbased treatment trains.

Treatment Trains with Reverse Osmosis

The individual processedor AWTF with RO ae listed below

S Pretreatment with MF or UF

S Cartridge filtration

S Multi-stage RO trains

S Concentrate disposal

S AOP

S Postprocessing including stabilization

S ESBwith liquid sodium hypochlorite disinfection
Secondary Micro- Cartridge Reverse Advanced Post ESB Advanced
or tertiary filtration filtration OSMOosis oxidation procesing with Clz treated

e B o N o N o N e N e T

Figure 4-15: AWTFwith RO Process Flow Diagram (Florida Potable Reuse Commissi@015)

Micro-filtration (MF and UF) are used for pretreatment of the wastewater and remove
additional residual suspended soliddy mechanical sieving

Cartridge filtration is aprocess whichremoves suspended and colloidal impurities to prevent
fouling on RO membranesTypical filter cartridge pore size range is 5 to 10micrometers

(Hm).

Multi -stage RO, a high pressurdriven membrane process, separates dissolved constituents
from water into a concentrate and permeate stream. RO membranes are effective at removing
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TDS, pathogens, and organic chemicals, including regulated contaminants and emerging
constituents such as hormones, pharmaceuticals, endocrine disruptors, and personal care
products. Treating reclaimed water with RO usually results in product water recoveries of
70% to 85%. As a result, there is a net loss of water through disposal of the concentrate.

Treatment Trains without Reverse Osmosis

Because of high energy cost of operatioand logistical issues associated with managing RO
concentrate, non-RO based treatment trainshave been developed using tber treatment
processessuch asozone,biologically active filtration, UF, granular active carbon filtration,
and advanced oxidation pocesses.The lack of TDS removal in the finished water are the
principal differences between the RG@based and norRO based treatment trains(Florida
Potable Reuse Commissiqr2015).

Pathogen controlcan be accomplished in nofRO treatmenttechnologiesusing disinfection
treatment along with alternative treatment technologiesand typically include the following

processes:
S Ozoneand BAF
S Pretreatment with MF and UF
S GAC Filtration (not shown inFigure 4-16)
S AOP
S ESBwith liquid sodium hypochlorite disinfection
Biologically
Secondary active Ultra- Advanced ESBE  Advanced
ortertiary  Ozonation filtration filtration oxidation with Cl;  lreated
effluent water
—— o - - - I ——

Figure 4-16: WTF without ROProcess Flow Diagran{Florida Potable Reuse Commissigr2015)

Technologies included in AWTF without RO that are not considered in AWTF with RO are
ozone and BAF and GAC filtrationOzone followed by BAHFHs a processthat achieves a
reduction in pathogenic microorganisms and trace organics, and condition treated secondary
effluent to enhance the performance of downstream processes

GACis a process that removes trace organic compoundsghis technologycan be used with
other technologies forthe removal of trace organic compounds.

Treatment Trains Common to Both

The AOPprocessdestroys or alters chemical constituents that are not commtely removed

by upstream processes, especially trace organics. AOP may contain a range of processes, but
most commonly uses ozone with HO, or UV with H,O,. More recent projects are
implementing UV with sodium hypochlorite for AOP. The use of UV, ozoneydasodium
hypochlorite also provides disinfection.

After treatment in an AWTFwith or without RO, the water may be sent to arESBor to a
drinking water treatment plant WTP for further treatment. An ESB can be used for storage to
provide additional confirmation of water quality to ensure that the advanced treated water
will only be released to the drinking water facility for additional treatment or be released to
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the public water system. Several configurations can be used for the design such as glogr
pipelines, lined and possibly covered reservoirs, baffled tanks, or tanks in parallel operated
in a fill, store, and draw mode.

4.4.2 Cost Scenario No. 8Adding Advanced Water Treatment with
RO to Existing Tertiary and Advanced Wastewater Treatment Faasl

Cost Scenario Development

The following are the components and criteria used in developing the planning level costs for
adding AWT to existing tertiary wastewater treatment facilities orAWTF.

S

S

New CMU building with rollkup service doors for the advanced water treatment unit
processes and associated equipment.

New feedwater (tertiary or advanced effluent) pump station to pressurize the MF
membrane module feedwater.

New, skid mounted, MPRUF membrane treatment system including backwash and
air scour components with the capacity to reat the specified design flows (with
applicable peaking factors) with the largest unit out of service.

New flow buffer tank and RO high pressure pump station to pressurize the twstage
RO membrane pressure vessels.

New, two-stage, 85% recovery, RO mennane treatment system including cleaning
system components with the capacity to treat the specified design flows (with
applicable peaking factors) with the largest unit out of service. The RO membrane
treated water (permeate) discharges to theAOPsystem. The RO system includes
cartridge filtration, chemical treatment (biocide), antiscalant addition, and all
associated RO membrane treatment equipment.

New AOP system includes liquid sodium hypochlorite addition coupled with
ultraviolent light disinfection t o generatehydroxyl radicals for advanced oxidation.
Includes associated supporting infrastructure and equipment.

New liquid sodium hypochlorite storage and feed system for the AOP system and
engineered storage buffer.

New, abovegrade, castin-place corcrete tank to provide an engineered storage
buffer for post-processing, compliance sampling and liquid sodium hypochlorite
addition to achieve four-log disinfection. Includes associated supporting
infrastructure and equipment.

New, abovegrade, castin-place, concrete structure, AWT pump station including
clear well,and vertical turbine pumps with the capacity to pump the specified design
flows (with applicable peaking factors) with one pump out of service.

Note: Concentrate disposal was not included in th cost scenario. Concentration
disposal from the water treatment sectioncould be used to complete a planning level
cost estimate

Specific Approach for Developing Planning Costs

The following isthe specific approach used in this cost estimating effort.
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S Construction costs for unit process structures, equipment, and associated
appurtenances were obtained from unit costs derived from vendor equipment and
bid prices. The unit costs include furnishing and installing the
equipment/infrastructure. The projects included in this evaluation are listed in
Table 4-29 below.

S Construction costs for the associated yard piping, ancillary mechanical equipment,
electrical equipment, instrumentation and control equipment, and site work are
assumedas a percentage allowance of the construction costs for tlaldition of the
AWT systemwith ROto an existing Tertiaryor AWTF.

Table 429:  Projects Evaluated for Cost Scenario N8: Addition of AWT System with RO

Location (County) Municipality Project Name
Palm Beach Wellington WTP R&R
Seminole Altamonte Springs pureALTA
Broward City of Hollywood Effluent Recharge Treatment Pilot Stug
Duvall Jacksonville Electric Authority Water Purification Treatment
Hillsborough Hillsborough County DPR Demonstration
Pinellas City of Clearwater Groundwater Replenishment
Volusia Daytona Beach DPR Demonstration
- - Vendor Pricing

The opinion of probable construction costs foadding AWT with ROare summarized inTable
4-30.The construction cost curve is depicted ifrigure 4-17. The opinion of annualO&M cost
for adding AWT with ROis summarized inTable 4-31.The total production costadding AWT
with ROis summarized inTable 4-32. The total production costs curve is depicted offrigure
4-18.
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Table4-30:  Opinion of Probable Capital CosAddition of AWT with Reverse Osmosis
e De Dtio Pla apa ga
G Allowance Facto 1 3 5 10 15 20
1. | Membrane Feedwater $300,000|  $873,000| $1,425,000] $2,700,000| $3,825,000 $4,800,000
Pump Station
2, xﬂe;/"lj’;)a”e PreTreatment $500,000|  $500,000| $1,455,000] $2,375,000| $4,500,000 $6,375,000
3. | Reverse Osmosis System | $1,000,000 $1,000,000] $2,910,000 $4,750,000] $9,000,000 $12,750,000
4. | Advanced Oxidation Procey  $500,000]  $500,000] $1,455,000 $2,375,000] $4,500,000] $6,375,000
5. | Engineered Storage Buffer| $1,000,000] $2,910,000] $4,750,000] $9,000,000] $12,750,000, $16,000,000
Subtotal(1-5): | $3,300,000] $9,603,000] $15,675,000] $29,700,000 $42,075,000 $52,800,000
6. | YardPiping 10% | $330,000] $960,300| $1,567,500] $2,970,000] $4,207,500] $5,280,000
7. | Mechanical 10% | $330,000] $960,300| $1,567,500] $2,970,000] $4,207,500] $5,280,000
8. | Electrical 25% |  $825,000] $2,400,750] $3,918,750| $7,425,000 $10,518,750, $13,200,000
g, | Instrumentation 15% |  $495,000 $1,440,450| $2,351,250| $4,455,0000 $6,311,250| $7,920,000
and Gontrols
10. | SiteWork 10% | $330,000] $960,300| $1,567,500] $2,970,000] $4,207,500] $5,280,000
Subtotal(1-10) | $5,610,000| $16,325100 | $26,647,500 | $50,490,000| $71,527,500| $89,760,000
11, | General 5% $280,500|  $816,255| $1,332,375| $2,524,500| $3,576,375| $4,488,000
Requirements
12, | Contractor _ 15% |  $346.500| $1,008,315| $1,645,875 $3.118,500| $4,417.875 $5,544,000
Overhead andProfit
13, | Gonstruction 15% |  $346,500| $1,008,315| $1,645,875 $3,118,500 $4,417,875| $5,544,000
Gontingency
Opinion of Probable gggf‘(tlr“f;')o' $6,583,500| $19,157,985| $31,271,625| $59,251,500| $83,939,625 $105,336,000
14. | Technical Services 20% | $1,316,700] $3,831,597| $6,254,325| $11,850,300, $16,787,925| $21,067,200
Owner
15. | Administration and 5% $329,175|  $957,899| $1,563,581| $2,962,575| $4,196,981] $5,266,800
Legal
16. | ProjectContingency 15% $987,525| $2,873,698 $4,690,744| $8,887,725| $12,590,944| $15,800,400
Opinion of Probable Cap('f"lg?f $9,216,900 $26,821,179 $43,780,275| $82,952,100| $117,515,475| $147,470,400
Opinion of Equivalent Annua
Capital Gost|  $870.010| $2531730 $4,132.548 7,830,001 $11,092630 $13920,163
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Construction Cost

AWT with Reverse Osmosis Construction Costs
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Figure 4-17:

5 10 15 20
Capacity (mgd)

50%

—— Probable Cost -30%

AWT with Reverse Osmosis Construction Costs

156

25



Table4-31:  Opinion of Annual Operation and Maintenance CoSteatment Technology: ANT
with Reverse Osmosis
Item Description Plant Capacity (mgd)
No. 1 3 5 10 15 20
1, g"tz?:r:a”e Feedwater Pump $73,000| $212,430| $346,750| $657,000| $930,750| $1,168,000
2, xﬂegglrf;”e PreTreatment $109,500| $318,645| $520,125| $985,500 $1,396,125 $1,752,000
3. | Reverse Osmosis System $182,500| $531,075| $866,875| $1,642,500 $2,326,875| $2,920,000
4. | Advanced Oxidation Process $109,500| $318,645] $520,125| $985,500| $1,396,125| $1,752,000
5. | Engineered Storage Buffer ESB $36,500| $106,215| $173,375| $328,500| $465,375 $584,000
Opinion of Annual O&M Cost|  $511,000| $1,487,010] $2,427,250| $4,599,000] $6,515,250| $8,176,000

Table4-32:

ReverseOsmosis

Plant Capacity (mgd)

Opinion of Total Production Costlreatment Technology: AVT with

Description
1 3 5 10 15 20
EquivalentAnnual Capital
1. Cost $870,010| $2,531,730| $4,132,548/ $7,830,091| $11,092,630 $13,920,163
AnnualOperation and
2. MaintenanceCost $511,000| $1,487,010 $2,427,250, $4,599,000 $6,515,250, $8,176,000
3. | Annual R&FFund Deposit? $87,001 $253,173 $413,255 $783,009| $1,109,263| $1,392,016
Total Annual Cost] $1,468,011| $4,271,913| $6,973,053| $13,212,101| $18,717,142| $23,488,179
AnnualFnishedReclaimedNater
ProductionRate (mgy 365 1,095 1,825 3,650 5,475 7,300
Annual Production Cost ($/kgal $4.02 $3.90 $3.82 $3.62 $3.42 $3.22

(1) Annualdeposit to a renewal and replacement (R&R) fund is equal to 10% of tleguivalent annual capital cost.

(2) Annual finished water production rate in million gallons per year (mgy) is equal to the AADD (mgd) times 365 days.
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4.4.3 CostScenario No. ¢ Adding Advanced Water Treatment
without RO to Existing Tertiary and Advanced Wastewater Treatment

Facilities

CostScenarioDevelopment
The following are the components and criteria used in developing the planning level costs for
adding AWTto existing tertiary wastewater treatment facilities or AWTF.

S

S

New CMU building with rollup service doors for the advanced water treatment unit
processes and associated equipment

New feedwater (tertiary or advanced effluent) pump station for the ozone and
biological active filtration system

New ozone and BAF systermcluding ozone generation coupled with BAF. Includes
associated supporting infrastructure and equipment.

New flow buffer tank and UF pump station to pressurize the MF membrane module
feedwater

New, skid mounted, UF membrane treatment system including blewash and air
scour components with the capacity to treat the specified design flows (with
applicable peaking factors) with the largest unit out of service

New GACfiltration system including backwash Includes associated supporting
infrastructure and equipment

New flow buffer tank and AOP feedwater pump station to feed the AOP system
New AOP system includes liquid sodium hypochlorite addition coupled with
ultraviolent light disinfection to generate hydroxyl radicals for advanced oxidation.
Includes assoaited supporting infrastructure and equipment

New liquid sodium hypochlorite storage and feed system for the AOP system and
engineered storage buffer

New, abovegrade, castin-place concrete tank to provide an engineered storage
buffer for compliance samping and liquid sodium hypochlorite addition to achieve
four-log disinfection. Includes associated supporting infrastructure and equipment.
New, abovegrade, castin-place concrete structure advanced water treatment pump
station including clear well, vertical turbine pumps with the capacity to pump the
specified design flows (with applicable peaking factors) with one pump out of service
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Specific Approach for Developing Planning Costs

The following isthe specific approach used in this cost estimating effor

S

Construction costs for unit process structures, equipment, and associated
appurtenances were obtained from unit costs derived from vendor equipment and
bid prices. The unit costs include furnishing and installing the
equipment/infrastructure. The projeds included in this evaluation are listed in
Table 4-33 below.

Construction costs for the associated yard piping, ancillary mechanical equipment,
electrical equipment, instrumentation and control equipment, and site work are
assumedas a percentage allowance of the construction costs f&MWT without RO.

Table 433:  Projects Evaluated for Cost Scenario N®: Addition of AWT System without RO
Location (County) Municipality ‘ Project Name
Seminole Altamonte Springs pureALTA
Broward City of Hollywood Effluent Recharge Treatment Pilot Stug
Duvall Jacksonville Electric Authority Water Purification Treatment
Hillsborough Hillsborough County DPR Demonstration
Pinellas City of Clearwater Groundwater Replenishment
Volusia Daytona Beach DPR Demonstration
- - Vendor Pricing

The opinion of probable construction costs foAWT without ROare summarized inTable 4-
34.The construction cost curveis depicted inFigure 4-19. The opinion of annualO&M cost
for AWT without ROis summarized inTable 4-35. The total production costAWT without
ROis summarized inTable 4-36. The total production costs curve is depicted orfrigure 4-

20.
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Table4-34:

ReverseOsmosis

Opinion of Probable Capital CostTreatment Technology: AWT without

0 Allowance Facto 1 3 5 10 15 20
1. é:’;qo':n':eed""ater Pump $300,000]  $873,000| $1,425,000 $2,700,000] $3,825,000] $4,800,000
2. | Ozone + BAF System $600,000| $1,746,000 $2,850,000] $5,400,000, $7,650,000] $9,600,000
3. | MF/UF System $500,000] $1,164,000] $1,900,000] $3,600,000] $5,100,000] $6,400,000
4. | GAC Filtration System $350,000| $1,018,500| $1,662,500| $3,150,000, $4,462,500] $5,600,000
5. | Advanced Oxidation Process|  $500,000] $1,164,000] $1,900,000 $3,600,000 $5,100,000] $6,400,000
6. | Engineered Storage Buffer | $1,000,000] $2,910,000] $4,750,000 $9,000,000] $12,750,000] $16,000,000

Subtotal(1-6) | $3,250,000] $8,875,500| $14,487,500| $27,450,000 $38,887,500 $48,800,000

7. | Yard piping 10% | $325,000] $887,550| $1,448,750| $2,745000 $3,888,750| $4,880,000
8. | Mechanical 10% | $325.000] $887,550| $1,448,750| $2,745000 $3,888,750| $4,880,000
9. | Electrical 250 |  $812,500| $2,218,875| $3,621,875| $6,862,500, $9,721,875| $12,200,000
10. '(;‘)Sr::forrse”ta“o” and | 1500 | $487.500| $1.331,325 $2,173,125 $4,117,500  $5,833,125| $7.320,000
11. | SiteWork 10% | $325.0000 $887,550| $1,448,750| $2.745000 $3,888.750| $4,880,000
Subtotal(1-11) | $5,525,000| $15088350 | $24,628750 | $46,665000| $66,108750 | $82,960,000

12. | General Requirement] 5% $276,250|  $754,418| $1,231,438] $2,333250] $3,305,438 $4,148,000
13. ;?gg"’c‘)‘f:itfro"emead 15% |  $341,250|  $931,928| $1,521,188| $2,882,250| $4,083,188| $5,124,000
14, | Construction 15% |  $341,250|  $931,928| $1,521,188| $2,882,250| $4,083,188| $5,124,000

contingency

Opinion of Probable gggf‘(t{‘ﬁ')o' $6,483,750| $17,706,623 $28,902,563 $54,762,750| $77,580,563| $97,356,000
15. | Technical Services | 20% | $1,296.750] $3,541,325| $5,780,513| $10,952.550 $15,516,113 $19,471,200
16. Z‘}’(‘;”;;ﬁm'”'s”at'o” 5% $324,188|  $885,331| $1,445,128| $2,738,138  $3,879,028| $4,867,800
17. | Projectcontingency | 15% |  $972,563| $2,655,993 $4,335,384| $8,214,413| $11,637,084 $14,603,400
Opinion of Probable Cap('f"l%?f $9,077,250 $24,789,272| $40,463,588| $76,667,850| $108,612,788 $136,298,400
Opinion of Equivalent Annual Capita  gors o0l o5 339 937 $3.819,476| $7,236,003 $10,252,279| $12,865,605

Cost:
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Construction Cost

AWT without Reverse Osmosis Construction Costs
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Table4-35:

Opinion of Annual Operation and Maintenance CosAWT without Reverse Osmosis

Description Plant Capacity (mgd) \
(\[o} 1 3 5 10 15 20
1. | AWFT Feedwater Pump Station $73,000| $212,430| $346,750| $657,000, $930,750| $1,168,000
2. | Ozone BAFSystem $73,000| $212,430| $346,750| $657,000/ $930,750| $1,168,000
3. | MF/UF System $146,000, $424,860| $693,500| $1,314,000| $1,861,500| $2,336,000
4. | GACFiltration System $109,500 $318,645| $520,125| $985,500| $1,396,125| $1,752,000
5. | AOP $109,500 $318,645| $520,125| $985,500| $1,396,125| $1,752,000
6. | Engineered Storage Buffer
Opinion of Annual O&M Cost:| $511,000| $1,487,010| $2,427,250| $4,599,000| $6,515,250 $8,176,000
Table4-36:  Opinion of Total Production Cost AWT without Reverse Osmosis
Item Description Plant Capacity (mgd) ‘
No. 1 3 5 10 15 20
1. Equivalent annuaCapital Cost $856,828| $2,339,932| $3,819,476 $7,236,903| $10,252,279| $12,865,605
2 g;‘;“a'()pera“on andMaintenance|  ¢s19 000 ¢1.487,010| $2,427,250]  $4,599,000|  $6,515,250| $8,176,000
3. Annual R&FEund Deposit! $85,683 $233,993 $381,948 $723,690 $1,025,228| $1,286,560
Total Annual Cost] $1,453,511| $4,060,935| $6,628,674| $12,559,593] $17,792,757| $22,328,165
AnnualFnishedReclaimedVater
ProductionRate (may 365 1,095 1,825 3,650 5,475 7,300
AnnualProduction Cost ($/kgal $3.98 $3.71 $3.63 $3.44 $3.25 $3.06

(1) Annualdeposit to a renewal and replacement (R&R) fund is equal to 10% of the equivalent annual capital cost.
(2) Annual finished water production rate in million gallons per year (mgy) iqual to the AADD (mgd) times 365 days.
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AWT without Reverse Osmosis Total Production Costs
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MEMBRANE THEAMAANBY-
PRODUOTDISPOSAL- DEEP
INJECTIOWNWVYELL

5.1 ASSUMPTIONS AND APPROACH

In south Florida, deep well injection is the primary method for disposal of domestic
wastewater effluent, industrial wastewater (includes concentrate from membrane water
treatment facilities), orradioactive waste below protected aquifers or beneath the lowermost
formation of an underground source of drinking water Most deep well injection wells (DIWSs)

in south Florida discharge to the Boulder Zone, a cavernous limestonmit of the Floridan
Aquifer located generally about 3,000 feet below land surface. These DIWSs are classified as
Class | DIWsin Chapter 62528 of the Florida Administrative Codeand are under the
regulatory jurisdiction of the FDEPR

Class | DIWs are typically constructed with a ting and packer with either a fluidfilled
annulus or cement filled annulus as shown in Figure 5-1. Class | DIWSs typically are
constructed with two single zonemonitoring wells (upper and lower monitoring zone) or one
dual-zone monitoring well (DZMW) (one single monitoring well that contains an upper and
lower monitoring zone). Operators of all Class | DIWs are required to submit a monthly report
that provides physical and chemical property data related to their operation.

165



Ground Surface
€ Steel Conductor

Steel Cazing
Cement

Hale

Mate: This drawing is
not to scale. Most
Clazz | injection wellz
are less than one
foot in diameter and
thougands of feet
deep.

Steel Cazing
Cement

f— Hole

Annuluz Fluid in
Tubing/Cazing
| Annuluz

Tuking

Steel Cazing
Cement
¥—— Hole

+ Packer

Open Hole

Figure5-1: Typical construction of a DIW (with fluid filled annulus) Roy, 2016)

FDEP categorizes DIWgroup 9, as other Class V Wells such as exploratory wells; injection
wells associated with recovery of geothermal energy for heating, aquaculture andquiuction

of electricity; swimming pool drainage wells, injection wells used for experimental
technology, etc.

This section addresses construction (or capital costs) and maintenaneelated costs
associated withClass Iconcentrate DIWs along with associat& monitoring well(s) (MW) at
the DIW site and Class V exploratory wells. The review of the construction and maintenance
costs included relevant data associated with construction dates of wells, material used, casing
diameter, depths, capacities, MW configation, and current ENR values. The DIW sites
included in this section are sites located within the SFWMD service area.

Each MW contains small pump(s) (submersible and/or aboveground pumps) ranging from
approximately 0.5 horsepower to 10 horsepower. Thesemall pumps operate intermittently
during weekly or monthly sampling events related to regulatory requirements. Operational
costs are minor and therefore were not considered in this evaluation. Maintenance costs will
reflect regulatory requirements such & the mechanical integrity test (MIT) required every
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5.2

five years, laboratory costs, and required FDEP operational permit renewal for well integrity
and maintenance.

Class V DIWs are constructed similar ta Class | DIW. However, Class V DIWs may only
contain a steel casing with no internal tubing. Therefore, an annulus is not included in the
design of a Class V Exploratory Well. Also, Class V Exploratory Wells are typically used to
gather information required for assessing the hydrogeology of the overlying zones and
completing the injection well within the appropriate formation. The exploratory well may be
converted to either a MW or a Class | DIW, after information has been collected and an ideal
injection zone has been identified.

CAPITAL COSTS

The type of DIWprojects evaluated were either Class | s or Class V Exploratory Wells.
The Class V wells listed below are only Class V because they were exploratory wells that
would have to be repermitted as Class | wells should the aquifer and confining unit
characteristics be deemed suitable for actual injection. At the time of this study, it was
unknown if any Class V DIW were converted to a Class | DIW. The following construction
projects, listed inTable 5-1, were evaluated for this cost analysis:
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Table5-1: DIWs used for Capital Construction Cost Evaluation

Location Utility Project Name Capacity
(mgd)

Broward County City of Hollywood Class | DIW and MW: RV 13.68

Broward County City of Hollywood Class | DIW and MW: MV 19.94
City of Sunrise, Two (2) Class | DIW and M\

Broward County Sp?/ingtree WTP ( I)\N_l and W2 12.55 each

Broward County North Springs Class | DIW and MW: hv 3.20
Improvement District

Broward County Town of Davie Class | DIW and MW: MV 11.44

Collier County Collier County Landfill Class | DIW and MW: IV 2.17

Hendry County City of LaBelle Class | DIW and MW: HV 7.39

Miami-Dade Water and
Miami-Dade County SewerDepartment, Three (3) Class | DIWs 18.65 each
South District

Orlando Utilities

Orange County Class V Exploratory Well -

Commission
Tohopekaliga Water Class V DIW and MW,

Orange County Authority, Cypress Lakeg Exploratory Well converted 4.05
Wellfield to aDIW
Palm Beach County

Palm Beach County Water Utilities Class | DIW: WY 9.66
Department, WTP No. 2

Pinellas County City of Clearwell Exploratory Well 2.16t0 2.76

The construction costs for each DIW and MW (where applicable) are summarized Table
5-2. Engineering costs include design, engineering services during construction or
construction management services and typically range from 10% to 20% of the overall
construction cost. To be conservative, an average of 20% of construction costs should be
added to capture the engineering costs described above.

The table is organized as follows:

S Table 5-2 includes the well identification name and municipality, County wher¢he
well is located, start date of construction and completion date, CCI or MPI (where
applicable) at time of construction, DIW capacity, tubing diameter, casing depth, total
depth, and well depth. Other information provided includes the construction methd
(i.e., tubing and packer) and whether the DIW includes MW. Refer to the following
bullets for applied cost adjustments to reflect costs in December 2021 dollars.

S Methodology on calculatingadjusted costs are footnoted for each table.

S MPIand CCl valuewere collected from the respectiviENRtables related to material
price indices and construction costs indices, respectively.
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Table5-2: Summary of Costand projectsfor DIWs and Exploratory Wells

Well Name City ofLaBelle DIW Miami-Dade South
(IW-1) District (Three DIWSY

County Hendry Broward Miami-Dade
ConstructiorDate (Cost
Basis MontkYear) Decemberl2 Januaryl9 Septemberl9
Finish Date October13 Ongoing Ongoing
Class I I |
DIWCapacityrfigd) 7.39 3.20 18.65
Tubing and Packer v v i
Construction (Y/N)
Deep Injection Well
(YIN) Y Y Y
Monitoring Well (Y/N)
Injection Casing
Diameter (inches) 24 16 24
Tublng Diameter 16 10.75 i
(inches)
Casing Depth (feet bpl 2,552 ~2,900 2,400
Total Depth (feet bls) 3,300 3,500 3,200
CCI atost Basis
Month-Year 9412 11206 11311
MPI at Cost Basis i i i
Month-Year
DIWCostat Cost Basis $5,277,700 $6,350,621 $9,641,967
Month-Year
AdjustedCost peDIW
(December 2021 $8,3%0,284Y $8,439,231 $12,694,134
Dollars)
g‘ggStedD'WCOStper $1,129,7% $2,637,26 $680,651
Adjusted DIWCostper
foot of Casing $3,22 $2,910 $5,20

(1) Construction date before August 2020utilized a CCIAAE OO QI AT O &t Basis Manthe A O
i 61 OEDPI EAA AU pptuou AEOEAARAOAB O##NPAGT ADAA OB
2020 value to reflect estimated costs in December 2021 dollars.

(2) Miami-Dade South District project costs rilect one (1) DIW. However, three (3) DIWs were included ir
this project.
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Table 52:

Summary of Costand projectsfor DIWs and Exploratory Wells Continued)

TWA SunriseSpringtreeWTP
Well Name PBCWUD WTPZ (WY \\.5 Exploratory Well) (IW-1/IW-2) @)

County Palm Beach Osceola Broward
ConstructiorDate (Cost
Basis MonthYear) July21 November20 May-15
Finish Date Ongoing Ongoing Novemberl6
Class I V, Group 9 |
DIW Capacitynfgd) 9.66 4.05 12.55 (per DIW)
Tubing and Packer
Construction (Y/N) Y N Y
Deep Injection Well (Y/N) Y Y Y

o . Y
Monitoring Well (Y/N) Y Y (Single Zond.owej (one for both DIWs)
Injection Casing Diameter
(inches) 26 20 26 (per DIW)
Tubing Diameter (inches) 17.75 11.75 17.98 (peDIW)

. 2,997 (IW1)
Casing Depth (feet bpl) 2,900 1,550 2.784 (IW2)
Total Depth (feet bls) 3,500 2,400 3,510 (per DIW)
CCI at Cost Basis Month i i 9975
Year
MPI at Cost Basis Month 4634 3713 )
Year
DIWCostat Cost Basis
Month-Year $14,828,876 $5,494,000 $4,800,529
AdjustedCost peDIW ) ) )
(December 202Dollars) $15,884,88¢ $7,345,06¢ $7,166,675
AdjustedDIW Costper mgd $1,644,38 $1,813,595 $571,60
Adjusted DIWCostper foot $2,391 (Iw1)
of Casing $5.48 $4.739 $2,574 (IW2)

D #1711 0OO0O0BABET I

) AEOGEAAA AU DAADPOIAOD! #6020 ERDEGOHAOAT DEO A
reflect estimated costs in December 2021 dollars.

(2) Constructiondate after August 20200 0ET1 EUAA A

AU pptuu

AAGA AAA&EI OA

4964 divided by MPI at Cost Basis Montd A A 06 8
(3) Sunrise Springtree WTP project costs reflect one (1) DIW. However, two (2) DIWs and (1) MW was included

this project.
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Table 52:

City of Hollywood

Summary of Cost@nd projectsfor DIWs and Exploratory Wells Continued)

City of Hollywood

Well Name Town of Davie (IWL) (IW-1) (IW-1)
County Broward Broward Broward
ConstructionDate(Cost
Basis Monthear) Januaryll Junel2 Decemberl9
Finish Date Augustll Februaryl3 Almost Complete
Class I I |
DIW Capacitynigd) 11.44 13.68 19.94
Tubing and Packer
Construction (Y/N) Y Y Y
Deep Injection Well (Y/N Y Y Y
Monitoring Well (Y/N) Y Y Y
Injectlon Casing Diamete 30 26 36
(inches)

Tubing Diameter (inches 20 18 24
Casing Depth (feet bpl) 2,902 2,956 5,800
Total Depth (feet bls) 3,685 3,526 -

CCI at Cost Basis Month 8938 9291 11381
Year

MPI at Cost Basis Month i i i

Year

DIWCostat Cost Basis $6,049,500 $9,583,726 $22,670,061
Month-Year

AdjustedCost peDIW

(December 2021 $10,079,003Y $15,360,677Y $29,662,702
Dollars{

QoggStedD'WCOStper $881,02 $1,122,856 $1,487,508
Adjusted DIWCostper

foot of Casing $3,473 $5,19 $5,115

1 #1711 OOOOAGETI T AAOGA AAEI OA 1 6CcOOO ¢necn OOHAIADGBA & OA
AU pptuvu AEOEAAA AU -DdMO6 A O #d OO ETADEOAGA 100 A
reflect estimated costs in Decemhbe2021 dollars.

2 #1711 OO0OOAGETI T AAOGA AAEOGADO ' 6COOO ¢negn OOERGHABOAI
4964 divided by MPI at Cost Basis Montd A A 06 8

171



Table 52:

Collier County Landfill

Summary of Cost@nd projectsfor DIWs and Exploratory Wells Continued)

City of Clearwater

LG TS (IW-1) (Exploratory Well)

County Collier Pinellas
ConstructionDate(Cost .

Basis Monthear) Novemberl9 Aprit13
Finish Date February21 Februaryl3
Class I V, Group 9
DIW Capacity (MGD) 2.17 2.16- 2.76(range)
Tubing and Packer v N
Construction (Y/N)
Deep Injection Well (Y/N) Y Y
Monitoring Well (Y/N) Y Y (Lower Zone)
Injectlon Casing Diameter 20 32
(inches)
Tubing Diameter (inches) 8.8 12.25
Casing Depth (feddpl) 2,225 650
Total Depth (feet bls) 3,007 1,100
CCI at Cost Basis Monttear 11381 9291
MPI at Cost Basis Month _ _
Year
DIWCostat Cost Basis $6,788,782 $857,764
Month-Year
AdjustedCost peDIW 1 1)
(December 202 Dollarsy" $8,882,800 $1,374,814
AdjustedDIW Costper mgd $4,093,456 $498,12
Adjust(_ed DIWCostper foot $3.9%8 $2.115
of Casing

(1) #1171 O0O0O0AO0ETT AAOA AAAI OA 1 6¢cO060 cngm

Month-9 AAOS6 EO

i 01 OEPI EAA AU pp 1 v w9 ABAEOHESA

increase was added to the August 2020 value to reflect estimated costs in Decemt

2021 dollars.

@ #1171 OOO0OAOGET 1

Month-9 AAOS6 EO

AAGA AgEOAO

(3) Cost reflective of upper range of capacity2.76 mgd).

172

A A C 16C60606
i 01 OEDI EAA AU

Cmg

T
Twet-9AEOEA A



5.3 OPERATION ANDAINTENANCE COSTS

Most operational costs associated with DIWSs are related to meeting FDEP regulatory permit
requirements. Expenditures for maintenance and repairs are minimal. Examples of major
repairs would be related to tubing and/or casing deterioraticn due to corrosion and also
corrosion of the packer (in a packer and tubing construction) where replacement is required.
These major repairs could be in the hundreds of thousands to 5 million dollars depending on
the repairs required. Major repair costs wee not quantified for this evaluation due to the
number of factors that play a role. Because there is very little maintenance required for DIWS,
the focus of this section was on the regulatory requirements, where th@imary O&M costs
include laboratory analyses, fiveyear operational permit renewal, and fiveyear MIT.

Laboratory costs and operational data (system pressures and flow rates) are based on
established FDEP permitting requirements. There are several testing requiremenssich as
onsite instruments or laboratory methods, of the physical, chemical, or biological parameters
required to evaluate the performance of an injection well systerthat are conducted either
continuously, daily, monthly, or quarterly. An example of the different regulatory reqined
test parameters andreporting is presented inFigure 5-2 below. In addition to testing for the
different parameters, the effluent of the waste stream DIW must also be tested for the
primary and secondary drinking water standards.
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RECORDING
FREQUENCY FREQUENCY OF ANALYSES
PARAMETER UNIT OR — DZMW-1 DZMW-1
SAMPLING e Upper Zone| Lower Zone
METHOD 305354 305388
Injection Pressure, max. psi continuous D/M=
Injection Pressure, min. psi continuous D/M=
Injection Pressure, avg. psi continuous D/M®
Flow Rate, max. GPM continuous D/M2
Flow Rate, min. GPM continuous D/M?
Flow Rate, avg. GPM continuous D/M2
Volume Injected per Well MG daily/monthly D/M
Pressure or Water Level max. psi or ft NAVD continuous D/M = D/M=
Pressure or Water Level min. psi or ft NAVD continuous D/M = D/M=
Pressure or Water Level avg. psi or ft NAVD continuous D/M =2 D/M=
pHE standard units grab/purge M M M
Specific Conductance? pmhos/cm grab/purge M M M
Temperatureb oC grab/purge M M M
Chloride mg/L grab/purge M M M
Sulfate mg/L grab/purge M M M
Total Dissolved Solids mg/L grab/purge M M M
Total Kjeldahl Nitrogen mg/L grab/purge M M M
Total Organic Carbon mg/L grab/purge M M M
Bicarbonate mg/L grab/purge M M M
Calcium mg/L grab/purge M M M
Total Iron mg/L grab/purge M M M
Magnesium mg/L grab/purge M M M
Potassium ma/L grab/purge M M M
Sodium mg/L grab/purge M M M
Gross Alpha pCi/L grab/purge M M
Radium2% pCi/L grab/purge M M
Radium22# pCi/L grab/purge M M

D - daily; W — Weekly; M - Monthly

2 - Operational data reporting for flows, pressures and water levels: daily maximum, minimum and
average from continuous reporting; monthly maximum, minimum and average (calculated from daily
averages).

b - Field samples

Figure 5-2: Example ofRegulatory Required Testing andReporting at each Monitoring
Well/Zone and DIW (DZMW1 Upper Zone and DZM\AL Lower Zone) and DIW (IW1) (Source:
Notice of Permitfor Proposed Palm Beach County Class | Injection Well System
[IW-1 and DZMW1])

JLA Geosciences, Inc., a local hydrogeolodistn, provided an estimate of costs associated
with laboratory testing for required parameters listed above as well as, testing for secondary
and primary drinking water standards. Monthly laboratory costs are approximately $3,500
for testing and recordingof all parameters, while annual laboratory testing for secondary and
primary drinking water standards is between $3,000 to $3,500. SeEable 5-3 for a summary
of annual laboratory costs.
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Table5-3: Laboratory Costs forRegulatay Required Sampling and Reporting for DIW

and MWs
Description Annual Costs
Monthly Parameters $42,000 per year
Annual Primary and Secondary Drinking Water
Standards $3,000 to $3,500 per year

As previously noted, operational permit renewals for DIWs are required every five (5) years.
According to recent FDEP fee schedule, the renewal fee is $10,000. Although this renewal fee
is applied every five (5) years, it can be broken down to an annual stoof $2,000.

During the permit renewal process, a MIT is required to demonstrate that the DIW has no
leaks in the casing and tubing, and that there is no fluid movement into an Underground
Source of Drinking Water (USDW) (Rule 6828.300(6), Florida Administrative Code). This
test typically consists of either a Standard Annular Pressure Test (SAPT) or a Packer Test.

S An SAPT can be conducted on either a flufilled annulus, tubing and packer or a
non-tubing and packer constructed DIW. Pressure is applied to the annular space (or
annulus) between the tubing and casing. The pressure is then observed for variations
in pressure over a period of time. For the well to pass the test, the pressure must be
maintained within the allowable pressure window of plus or minus 5% of the
starting pressure.

S A Packer Test is a pressure test method that is typically conducted on a tubeda
packer construction type DIW where the annulus is filled with concrete (versus fluid
filed) and only the tubing can be pressure tested. To insert the packer into the
OOAET ch OEA xAll xEIl 1TAAA O1 AA OEEI 1 AA®G
AEOOI 1T OAA OITEAO j10 OOAI 66 Al 1 OA1T 6 OEATI
Costs for testing a tube and packer DIW with a concrete filled annulus is typically
higher than one with a fluid-filled annulus due to the labor, additional equipment,
and brine solution for the required pressure test.

Three (3) drilling companies,9 1T 61 CNOEOO " O1 OEAOOh )T A8 j9")Qqh
(AWE), and Florida Design Drilling Corporation (FDD), that routinely perform MITs were

contacted by phone for typica costs associated with MIT testing for each of the testing
procedures described aboveTable 5-4 summarizes the estimated costs for MITs for a SAPT

for fluid-filled annulus construction and a packer test for a concretéilled annulus
construction.
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Table 5-4:

MIT Costs provided by YBI, AWE, and FDD

Fluid-filled Annulus (Standard

Concrete Filled Annulus (with

Drilling Company

Annular Pressure Test)

Packer Test)

YBI $70,000 $100,000
AWE $30,000 to $75,000 $40,000 to$200,000
FDD $40,000 to $50,000 $65,000 to $75,000

In summary, for the fiveyear MIT exercise, costs for testing a tube and packer DIW
construction with a concrete filled annulus is typically higher than one with a fluiefilled
annulus due to the labor,additional equipment and brine needed for required pressure
testing. Table 5-5 summarizes the typical annual O&M costs.

Table5-5:

Typical Annual O&M Costs for Laboratory Costs, Permit Renewal, and MITs
MIT for Fluid-filled Annulus

MIT for Concrete Filled Annulus

Description (Standard Annular Pressure (with Packer TestjAnnual
Test)(Annual Costs) Costs) (Annual Costs)
MIT Costs $6,000 to $15,000 $8,000 to $20,000
Laboratory Costs $45,500 $45,500
Permit Renewal Costs $2,000 $2,000
Total Costs Rang $53,500 to $62,500 $55,500 to $67,500

5.4 TOTAL COST SUMMARY

The costs of DIWs have risen significantly within the past five (5) years with the most
significant cost increase observed within the last two (2) years due to impacts discussed in
Chapter 1, as well as other influences such as lack of competition betweegualified
contractors. Other considerations related to cost variability include site access, material
availability, depth of DIW, piping diameters, piping material, annuludilled with fluid versus
concrete, scale of construction (i.e., one DIW and MW vassmultiple DIWs and MWSs within
one construction project), etc. Sedable 5-6 for a summary of the construction costs that
range in capacity of 2.17 to 19.94 MGD.
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Table5-6: Summary ofProject Construction Costs in December@1 Dollars

Total Cost per

IW in Total Cost

DIW Capacity

Total Cost per

Well Name

County

Class

(MGD)

December

MGD

Casing Depth

2021 Dollars

City of LaBelle

DIW (IW1) Hendry | 7.39 $8,350,284 $1,129,944 $3,272
NSID (I\AL) Broward | 3.2 $8,439,253 $2,637,267 $2,910
(PI\?V(_ZI\;V UDWTPZ | paimBeach| | 9.66 $15,884,881  $1,644,398 $5,478
JVVZS (Exploratory | ooola | v, Group 4.05 $7,345,062]  $1,813,595 $4,739
City of Sunrise

Springtree WTP $2,391 (IW1)
(IW-L/W-2) (per Broward I 12.55 $7,166,675 $571,050 $2.574 (IW2)
well)

Z\‘/’\‘Q’f)‘)f Davie Broward | 11.44 $10,079,003  $881,032 $3,473
City of Hollywood

(December 2019) Broward | 19.94 $29,662,702 $1,487,598 $5,115
City of Hollywood

(February 2013) Broward | 13.68 $15,360,677 $1,122,856 $5,197
Miami-Dade South

District (Three Miami-Dade I 18.65 $12,694,135 $680,650 $5,290
DIWSs) (per well{)

Collier County

Landfill Collier I 2.17 $8,882,800.00 $4,093,456.0Q $3,993.00
(IW-1)

City of Clearwater Pinellas Vv 2.16-2.76 | $1,374,814.00 $498,121.00 $2,115.00

(1) MW was not constructed with this project.

As previously discussedD&M costs include laboratory analyses, operational permit renewal
with a renewal period of every five (5) years, and fiveyear MIT. Laboratory costs include
periodic testing of several different parameters, as well as annual testing for primary and
secondary drinking water standards. permit renewals for DIW are every five (5) years.
According to FDEP fee schedule, the renewal fee is $10,000.

In general, the construction costs collected for this evaluation did not appear to have a direct
correlation to the desgn and capacity of each well. However, based on the market impacts
and other factors discussed above, the DIW projects constructed within the last three to four
years (Table 5-7) appear to reflect present day costs with the City of Hollywood (December

2019) being on the high end of the construction costs. Since a direct correlation could not be
determined, the data used was for the DIW construction costs and O&M costs are real data
(versus breaking down the wells by incremental capacities) collected fronhe projects listed

in Table 5-7.
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Table5-7:

Summaryof DIW Construction Costs in December 2021 Dollars

Total Cost DIW Tota Cost
per IW in . Total Cost Casing Casing
WG NS CLlls7 e December céﬁﬂpég)ty per MGD | Depth (ft) Depth (per
2021 Dollars {]0)9)
NSID (\AL) Broward [ $8,439,253 3.2 $2,637,267| ~2,900 $2,910
PBCWUD WTP2 (WY g:::h I $15,884,881 9.66 $1,644,398| ~2,900 $5,478
TWA (Exploratory Well| Osceola Gr(\)/lpo $7,345,062 4.05 $1,813,595 1550 $4,739
City of Hollywood
(December 2019) Broward [ $29,662,702| 19.94 $1,487,598 2,956 $5,115
Miami-Dade South Miami-
District (Three DIWS) D [ $12,694,135| 18.65 $680,650 2,400 $5,290
1 ade
(per well)®
g\‘/’\'l"le)r County Landfill |~ 5 jjgy ! $8,882,800 | 217 | $4,093456| 2,225 $3,993

(1) MW was not constructed with this project.

The opinion of probable construction costs for DIWs and associated MWSs, based on the dafgahble
5-7 (above), is summarized inTable 5-8. The construction cost curve for DIW and associated MW is
depicted in Figure 5-3.

Table5-8: Opinion of ProbableConstruction Cost for DIWs andAssociated MWs
Collier TWA Miami-Dade City of
County PBCWUD WTP| South District  Hollywood
U SIS Landfill we V=P (WD) (EX\‘;\'/‘;T)“OW (IW-1) (Three DIWs)  (December
1) (per well) 2019)
County Collier Broward Osceola Palm Beach Miami-Dade Broward
Class I I V, Grou® I | I
DIW Capacity (mgd) 2.17 3.2 4.05 9.66 18.65 19.94
Total Cost per IW in
December 2021 Dollar $8,882,800 $8,439,253 $7,345,062 $15,884,881 $12,694,135 $29,662,702
Total Cost per MGD | $4,093,456| $2,637,267 $1,813,595 $1,644,398 $680,650 $1,487,598
Technical
Services 20% | $1,776,560| $1,687,851 $1,469,012 $3,176,976 $2,538,827 $5,932,540
Owner
Administration 5% $444,140 $421,963 $367,253 $794,244 $634,707 $1,483,135
and Legal
Project 0
Contingency 15% | $1,332,420| $1,265,888 $1,101,759 $2,382,732 $1,904,120 $4,449,405
Opinion of Probable
Capital Cost $12,435,920 $11,814,954 $10,283,087 $22,238,833 $17,771,789| $41,527,783
Total Cost Casing $3,93 $2,910 $4,739 $5,478 $5,290 $5,115
Depth (per foot) ' ’ ’ ’ ' '
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DIW Construction Cost
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Figure 5-3: DIW Construction CosCurve

The total construction cost plus O&M costs are summarized ihable 5-11 along with the associated
total construction cost plus O&MCurve (Figure 5-4).

Table5-9: Opinion of Probable Construction Costs plus O&M Costs

TWA Miami-Dade City of

Collier County NSID PBCWUD South District | Hollywood

(IwW1l)  (Exploratory
Well)

Well Name WTP2 (IW1)  (Three DIWs) (December

(1) (per well) 2019)
DIW Capacity (mgd 2.17 3.2 4.05 9.66 18.65 19.94

Opinion of Probable
Construction Cos
Opinion of Probable
Construction Cost pluj  $12,546,920, $11,925,954] $10,394,087| $22,330,083| $17,906,789 $41,662,783
O&M

Landfill (IMé1)

$12,435,920 $11,814,954 $10,283,087| $22,238,833 $17,771,789 $41,527,783
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AQUIFERSSTG®RAGREMND
RECONVERSBYISMESM S

6.1 DISCUSSION OF ASSUMPTIONS AND APPROACH

Aquifer Storage and Recovery (ASR) refers to the process of recharging an aquifer with excess
water that is recovered and used during periods of peak demand or dry conditions. ASR
systems are used to store excess amounts of potable water, treated reclaimeater,
stormwater or surface water underground for future use. Construction costs for ASR systems
vary with well depths, treatment requirements, and scale of construction (quantity of wells)
constructed (more wells within a project may result in a lower ost per well versus one well
being constructed). The construction costs for most ASR well systems are significantly higher
than the cost for typical Floridan aquifer supply wells due to the permitting constraints, need
for additional monitor wells, treatment needs, and design considerations.

132 Ai 1T OOOOAOETT DPOT EAAOO xAOA EAAT OEEZEAA OEOI
of FDEP Underground Injection Control (UIC) database of permitted Class V ASR wells. Class

V wells are defined by the United Stas Environmental Protection Agency (EPA) as wells that

inject non-hazardous fluids either into or below an underground source of drinking water

(USDW). The USDW is defined as an aquifer with TDS concentrations less than 10,000
milligrams per liter (mg/L). The EPA defines ASR as a subset of Class V wells; Complex Class

V wells that includes injection wells not included in other well classes.
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Kimley-Horn reviewed the ASR systemsroTable 6-1 for capital construction costs:

Table6-1: ASR Wel used for Capital Construction Cost Evaluation

ASR Wed

City of Naples Reclaimed ASR #3
Collier County Livingston Road 1Q Water ASR Systeti ASR
Fort Myers Beach ASR System
City of Marco Island ASR System (Pump Replacement Only)
Polk County Utilities ASR Well System

SFWMD Lake Okeechobee Watershed Restoration Project ASR Wells (LOWH
G-38 North and €38 South Clusters (Exploratory Wells)

City of Cocoa Beach Water Reclamation Facility

City of Bradenton Bill Evers Reservoir

A typical ASR system is equipped with an ASR well, a dual injection and recovery pump,
transmission piping and treatment equipment (if required) and aMW network. The MW
network is used to measure the operation of the ASR system and confirm the groundwat
quality of the aquifers above and within the injection zone. If construction is limited to the
addition of an ASR well within an existing ASR system, existiddWs may be sufficient to
address the monitoring requirements for the additional ASR well. Thigequirement is
determined in the investigative phase by the hydrogeologist and is bound by the permit
requirements.

The water quality criteria for the injection water is based on whether the injection zone is
within or below the USDW. The FDEP requiresater being injected into the USDW to meet
primary drinking water standards. These requirements make the treatment process, before
injection and after recovery, one of the most variable components of an ASR system. Recovery
treatment requirements will depend on the use of the water after recovery such as public
consumption, surface water augmentation or irrigation. If the ASR system is-tocated with

a water treatment plant (WTP) or wastewater treatment plant (WWTP), additional treatment
processes may be iocorporated at the treatment plant therefore eliminating the need for a
standalone ASR treatment facility.

Other construction cost considerations are that ASR wells have extensive testing periods
following well construction and again before full activation. A pilot well must be drilled and
tested to determine the best zone for injection. The injection zone mudie sufficiently
transmissive to accommodate injection and storage of the water. Additionally, the pilot well
may be used to characterize the level of confinement present above the injection zone. For
sites with multiple ASR wells, the preliminary data fron the pilot well will be used to
determine the optimum spacing of the wells to minimize interference and optimize recovery
of the stored water between the ASR wells.
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6.2 CAPITAL COST

Construction costs for the surveyed ASR wellfields were derived from papplications and
OAEAAOI AO T &£ OAI OAO 1T AOAET AA EOI I AAAE 1 01 EAE
Funding Program. This study includes costs associated with the construction of ASR wells

and excludes any consulting or permitting fees. Data were dded into costs associated with

the ASR well and ASR monitor wells. ASR surface facilities include any piping, pumps,
wellheads, and treatment components that make up the ASR system. However, most of the

collected data was limited to the construction of te ASR well, because ASR wells are
commonly colocated with wastewater or water treatment plants. Many ASR facilities have

been in operation beyond our 18year study period.

The cost for each ASR well antW was separated into drilling costs versus wellhead and
yard piping costs (if available). Drilling costs are associated with drilling pads, boring pilot
holes, installation of casings, acidization and drawdown tests. Wellhead and yard piping costs
are asso@ated with injection and recovery pumps, electrical work, controls and
instrumentation, and piping within then ASR facility (facility can be cdocated with WTP or
WWTP) site.

ASR well casing sizes in this study ranged from 12 to 2dches (in). Total deghs of the well
range from 682 to 2,944feet (ft) below land surface (bls). Total ASR well costs ranged from
$520,017 to $4.3 million (in December 2021 dollars). Many variables such as depth, location,
casing material and capacity of the well can impact étotal cost of an ASR well. Additionally,
overall drilling costs for ASR wells that are constructed to depths within the USDW, such as
those discussed in this section, are comparable to that of a FAS production well based on the
fact that ASR wells are tgically drilled to depths similar to a FAS production well. ASR wells
that are drilled to depths below the USDW are constructed at a higher cost.

Each ASR system requires an extensiwW network to evaluate the storage zone and the
overlying aquifers. MWs can be constructed at various depths and with the functionality to
monitor one or two confined aquifer layers. AMW that observes two aquifer zones is referred
to as a DZMW and is typically the most expensive type W due to the depth and
functionality. Other types ofMWs are shallow MWs and storage zoneMWs. These MWs
monitor overlying surficial aquifers and storage zone aquifers, respectively. The totMiw
depths ranged from 120 to 2,106ft bls, and costs ranged from $122,089 to $3.2 million (in
Decenber 2021 Dollars). Construction costs increase proportionally with the depth and
function (how many zones the well monitors) of theMW. The projects evaluated in this
section are described below. All construction costs are summarized able 6-3 and Table
6-4. The following methodology was used for projecting constructions costs from cost basis
month to December 2021 dollars is listed below:

CITY OF NAPLES ASR #3

The City of Naples ASR system serves as a relief to their potable water system during periods
of high irrigation demands. The system was constructed in phases: Phase 1 ASR Well No. 1
completed March 2010; Phase 2 completed January 2011; and Phase 3 ASR 3 and3vw
completed July 2014. Since ASR 3 and M®ere constructed within the 10-years study
period, the construction costs were included as part of this study. Specific costs for the
wellhead were not included within the provided pay application. It was assumed that
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wellhead costs were included as part of a construction lingem cost within the SOV provided
by the City of Naples.

COLLIER COUNTY LIVINGSTON ROAD ASR SYSIEM ASR

#1 11 EAO #1 01 Ou 0OAI EA 50EI EOEAO $EOEOEITG60 , EO
water during the wet season when irrigation demands are low. The constructiomosts

associated with ASR2 were examined as a part of this study. ASRwas designed to accept

and recover at a rate of 1.0 to 2.0 MGD. Costs for this project are inclusive of the drilling and

wellhead construction of an ASR well and wellhead (verticautbine pump and centrifugal

injection pump), and yard piping to the existing ASR facility. Instrumentation and controls to
accommodate the addition of ASR was also included in the construction costs. Construction

of aMW was not included as a part of ths project and therefore, could not be quantified.

LEE COUNFORT MYERS BEACH ASR SYSTEM

Lee County incorporated a reclaimed water ASR system to manage seasonal variations of the
demand of irrigation supply. The reclaimed water was previously dischargedot surface
waters (Caloosahatchee River) or injected via a Class | injection well. The construction costs
analyzed in this study are specific to an exploratory ASR well and a storage zaenenitoring
well. The exploratory ASR well was anticipated to be consted to a functioning ASR well once
testing was complete. In phone conversations, Lee County stated that the wellhead for the
exploratory well has not been constructed and there are currently no plans to construct it in
the foreseeable future due to fundig deficiencies.

CITY OF MARCO ISLAND ASR SYSTEM

The Marco Island ASR system is comprised of seven ASR wells constructed from 19070.
Construction costs of this project focus on costs associated with the replacement of two 200
horsepower centrifugal injection pumps with a maximum capacity of 8.7 MGD. Costs of this
project also include miscellaneous piping, a préabricated building, electrical work and
instrumentation and controls. It should be noted that the installation of the new pumps is
provided for replacement costs. The pump costs cannot be relied upon for new ASR well
construction.

POLK COUNTY UTILITIES ASR SYSTEM

Polk County Utilities incorporated an ASR system at the Northwest Regional Wastewater
Treatment Facility. Construction costs of this mject include an ASR well (ASR) and two
monitoring wells: storage zone monitoring well (SZMWI1) and shallow monitoring well
(SMW-L). Construction costs are related to drilling costs and wellhead construction costs.

SFWMD LAKE OKEECHOBEE WATERSHEBARESTN®PROGRAM (LOWRP)
ASR €38 NORTH AND-38SOUTH CLUSTERS

SFWMD has partnered with the United States Army Corps of Engineers (USACE) on the
LOWRP as a part of the overall Comprehensive Everglades Restoration Plan (CERP). LOWRP
is currently in the evaluation phase, with a projected fully implemented date of FY 2028. The
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first test wells have been constructed at both the-38 North and G38 South cluster sites and
are undergoing testing to determine the optimal spacing and recovery efficiency. Drilling
costs associated with the €38 North and G38 South test wells was reviewed as a part of this
study, however, the wellheads for each of the sites have not yet been constructed.

CITY OF COCOA BEACH WATER RECLAMATION FACILITY

The City of Cocoa Beach constrted an ASR system to supplement the reclaimed water
system supply, constructed at the City of Cocoa Beach Water Reclamation Facility. The SOV
provided by Cocoa Beach represented the cost of the construction of the ASR well and
wellhead as one cost and wagnable to be broken out as separate costs for each. Construction
costs include construction of one (1) ASR well (TPW) and two (2) monitoring wells: LFA
Storage Zone Monitor Well (SZMWL) and Upper Floridan Aquifer (UFA) shallow monitoring

well (SMW-1).

AaTY OBRADENTON BILL EVERS RESERVOIR

The City of Bradentonowns and operates two (2) ASR wells, ASRand ASR2. ASR1 is
WTP. Both ASR wells store potable wer during the wet season and recover that water
during the dry season or when demand is high. Construction costs include A3Rand a
storage zone well (SZM\A2).

The cost of construction of ASR wells is affected by depth, casing material, recovery capacit
and treatment requirements. Often, the most feasible option for a municipality is to
incorporate or co-locate an ASR system with a WTP or WWTP. In this scenario, any additional
treatment requirements associated with post or pretreatment are limited to additions to
existing WTPs or WWTPs.

The average total cost of construction of an ASR well is approximately $1.1 million (December
2021 Dollars) and the construction costs vary significantly with depth and recovery capacity.
Monitoring well costs vary with depth and functionality (single vsDZMW). An average cost
for a shallow monitoring well is approximately $124,000. The average cost of a single zone
monitoring well is approximately $987,000. The total monitoring well depths ranged from
120 to 2,100t bls, and costs ranged from $122,089 to $3.2 million (in December 2021
Dollars). Lastly, range in cost for 8ZMWis about $1.3 million. Sedable 6-3 and Table 6-4

for a summary of costs.
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ASR Type

Construction Date Cost
Basis MonthkYeal)

Well Depth (ft)
Casing Depth (ft)
Recovery Capacity

(mgd)
Casing Material Type

Casing Diameter (in)

ASR Well Pump Type

ASR Well Drilling Cosit
Cost basis Monthyear

Wellhead and Yard
Piping Appurtenances
Costat Cost Basis
Month-Year

CClat Cost Basis Month
Year

MPI at Cost Basis
Month-Year
ASR Well Costt Cost
Basis MonthYear®
AdjustedASR Well Cosl
(December 2021
Dollars)

Table6-2:

ASR SystentConstruction Costs

2021 Cost/MGD
Recovery Capacity

LWC LWC LWC LWC KB LEC
. Collier Lee County | City of Marco| Polk County
City of Naples  ~0 nty Utilities Island Utilities SFWMD
Northwest OkeLe?:tibee
City of Naples Livingston Fort Mvers North Water Regional Watershed
WWTP, ASR  Road ASR Y Treatment | Wastewater ;
. Beach WWTH Restoration,
#3 Site Plant Treatment
Facility ASR @8
APPZ
RW RW RW RW RW PTS
December November December November
2013 October 2013 2018 2013 2012 May 2021
1,350 1,475 682 - 2,944 1,600
1,150 1,450 510 - 1,998 1,300
2 2 1.5 - 1 5
Steel FRP Steel - Steel FRP
24 12 14 - 12 24
Horizontal
Split Case . .
- Centrifugal, - Centrifugal Vertlf:al Vertlpal
. Turbine Turbine
Vertical
Turbine
$1,233,310 | $1,369,400 $390,550 - $967,500 $3,417,450
$240,219.00| $1,003,000 - $519,008 $89,800 -
9668 9689 11184 9668 9398 -
- - - - - 4239
$1,473,529 | $2,524,540 $390,550 - $1,107,300 | $3,427,450
$2,269,658 | $3,880,09¢) | $520,017 $799,428) | $1,754,560) | $4,0136502
$1,134,829 | $1,940,045 $346,678 - $1,754,560 $802,730
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Table 6-2: ASR System Construction Cost€6ntinued)
LEC LEC LEC SJWMD SWFWMD
SFWMD SFWMD SFWMD City of Cocoa City of
Beach Bradenton
Lake Lake .
Okeechobee Lake Okeechobec Okeechobee City of Cocoa _
Watershed Beach Water Bill Evers
Watershed . Watershed ) .
. Restoration, ASR . Reclamation Reservoir
Restoration, SOUTH -G8 APPZ Restoration, ASK Facility
ASR @38 UFA SOUTH-G8 UFA
ASR Type \ PTS PTS PTS RW PW
ConstructionDate Cost %) @) 2
Basis Monthc Yeaj) May 2021 May 2021 May 2021 May 2012 March2016
Well Depth (ft) 900 1,600 900 1,320 710
Casing Depth (ft) 600 1,300 600 1,230 535
Recovery Capacitgmgd) 5 5 5 1 15
Casing Material Type FRP FRP FRP FRP PVvC
Casing Diameter (in) 24 24 24 18 18
. . . . . . . . Vertical
S RRWEIRSomRY/oE8 Vertical Turbine| Vertical Turbine | Vertical Turbine| Vertical Turbine Turbine
ASR Well Drilling Costt
Cost Basis Monthyear $1,373,700 $2,969,250 $1,598,250 - $406,520
Wellhead and Yard
Piping Appurtenances ) ) ) )
Costat Cost Basis $2,219,44
Month-Year
ASR Well Cosit Cost
Basis MonthYear® $1,391,200 $2,979,250 $1,616,750 $1,745,500 $2,625,967
CClI fromat Cost Basis
Month-Year - - - 9351 10242
MPIfrom at Cost Basis
Month-Year 4239 4239 4239 - -
AdjustedASR Well Cost 2) 2) 2) ) )
(December 2021 Dollars $1,629138 $3488794 $1,893264 $2,779,71% $3,818,06&%
December2021
Costimgd $325,828 $697,759 $378,653 $2,779,715 $2,545,374

(1) ConstructionAAOA AA &I OA

AEOEAAA AU O##) -9MOA O8O0

Decenber 2021 dqllars. .
(2) ConstructonAAOA AEOAOD

divided by MPI at Cost Basis Mont® AA 06 8
(3) Total ASR Well Costs includes general condition adoh obtained fromdata sources.
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Table6-3:

Start Date (Cost Basis
Month-Year)

No. of Monitoring Wells
Casing Depth
Well Depth
Casing Material Type

CClat CostBasis Month
Year

MPI at CostBasis Month
Year

Monitoring Well Costat
Cost Basis Monthyear®

Adjusted Monitoring
Well Cost (December
2021 Dollars)

ASR System Monitoring Well Construction Cost

LwcC LwcC KB LEC
. Lee County Polk County
City of Naples | jijities Utilities SFWMD
Northwest Lake
. Regional Okeechobee
C'tm'}ll_iples ;;;ia/l mp Wastewater Watershed
Treatment Restoration, ASF
Facility G38 APPZ
December 2013 November 2018| November 2012 May 2021
1 1 2 1
‘ 670 160 1,040, 2,000 1,300
‘ 740 240 2,100 1,130 1,400
‘ FRP PVC Steel FRP
9668 11184 9398 -
- - - 4239
$226,810 $188,000 $1,256,225 $2,552,800
$349,353) $250,322) $1,990,538) $2,989,408?
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ASR System Monitoring Well Construction Cos€fntinued)

Table 6-3:
LEC LEC LEC SJWMD SWFWMD | SWFWMD
City of Cocod City of City of
SFWMD SFWMD SFWMD Beach Bradenton | Bradenton
Lake Lake Lake Bill Evers Bill Evers

Okeechobee| Okeechobee | Okeechobee| City of Cocoa Reservoir, Reservoir
Watershed Watershed Watershed | Beach Water| Storage Shallow’

Restoration, | Restoration, | Restoration,| Reclamation Zone Monitorin
ASR &8 ASR SOUTH ¢ ASR SOUT} Facility Monitoring Well 9
UFA 38 APPZ G38 UFA Well €
Start Date (Cost March
Basis Month May 2021 May 2021 May 2021 May 2021 | March 2016 2016
Year)
No. of
Monitoring 1 1 1 2 1 1
Wells
Casing Depth 100 1300 100 800, 1,235 538 385
Well Depth 120 1400 120 950, 1,320 658 435
(CERT S =] PVC FRP PVC PVC PVC PVC
Type
CCht CostBasis
Month-Year - - - - 10242 10242
MPI at Cost
Basis Month 4239 4239 4239 4239 - -
Year
Monitoring
Well Costat
Cost Basis $98,300 $1,358,950 $100,550 $390,000 $115,900 $121,780
Month-Year®
Adjusted
Monitoring
Well Cost $115112? | $1591,372? | $117,7472 $456,702? $168,514Y | $177,064"

(December
2021 Dollary
1 #1711 0OO6O0OAGETI T AAOGA AAEI OA 1 6CcO

EO i Oi OEPI EAA AU pptuvuv AEQORADA
value to reflect estimated costsri December 2021 dollars.
2 #1711 OO0OOAGETI T AAOGA AZEOAO ' 6CcHOO
is multiplied by 4964 divided by MP!I at Cost Basis Monta A A 06 8
(3) Total Monitoring Well Costs includes general conditiorosts obtained from data sources.

.m OOEI EUAA -9AA &
Al OG##®) EAG OALAOGB '~

cmen OOEI EUAA B A-A
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6.3 OPERATION AND MAINTENANCE COSTS

Generally, O&M practices and costs can be categorized as sampling and general maintenance

DOl AAAOOAOG8 OAAAA 2EOAO - AT AOT OA 2ACETTAI 7AOQR
O&M manual was reviewed to develop an understanding of typical maintenance pratiges

Al O 1132 OUOOAI 08 4EA 02-273 ! OOEI OEOUBO OUOO
recharge, recovery and storage. Each mode has its respective monitoring requirements from

FDEP and SWFWMD.

The PRMRWS Authoritynonitors the Peace River Facility (PRRh accordance with F.A.C. 62
528-425(i)(g) and 62-52-8430(2) and reports data to FDEP in a Monthly Operating Report
for each mode of operation. The Authority follows sampling procedures and requirements
described in DEPSOPR001/01. SWFWMD also has monitorig requirements for each mode
of operation. Samples are tested for sulfates, conductivity, chlorides, and pH on a monthly
basis. The District requires reporting of water levels at both monitoring wells (min. and max
daily) and production wells (weekly). Cumulative volumes of water stored and recovered per
ASR well are reported on a monthly basis.

The PRMRWS Authorityinspects the entire ASR wellfield system on a weekly basis. The
Authority also has a typical maintenance schedule for each component of thgsgem as
described below:

ASR Production Well Vertical Turbine Pumps

ASR Production Well Modulating Control Valves

ASR Production and Monitoring Well Pressure Transmitting Transducer

ASR Production and Monitoring Well PSI Gauges

Monitoring Well Casing, Vales and Piping

SCADA undergoes constant evaluation, maintenance, upgrades and repairs to ensure
£O01 ACET T AT EOU AT A AAOA ET OAGCOEOUS8O

The PRMRWS Authority provided a budgetary estimate of $20,000 associated with general
repair and maintenance practices deschied above. Separately, the PRMRWS Authority
estimated $100,000 per well every 20 years for rehabilitation and replacement. Detailed
annual costs for O&M were received and analyzed from the City of Naples and Marco Island.
Table 6-4 summarizes the O&M costprovided by the municipalities. It should be noted,
maintenance costs vary greatly across regions: Marco Island spends approximately $106,000
AOGAOU UAAO &£ O AEAI EAAT AT OO0 AOOET ¢ ET EAAOQEITIT
require the use ofchemicals and therefore has zero annual chemical costs. The City of Naples
ASR wells operate under artesian pressure and therefore do not incur electrical costs for
pumping when recovering the stored water.

(NN ONONN)]
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Table 64: Average Annual Operation and Maintenance Costs

$42,882
$105,500(Marco Island)
$48,721(Marco Island)

Sampling
Chemical Costs
Electrical Costs

Meter/Gauge Calibrations $778

Equipment

Repairs/Replacement $18,546

Physical Maintenance $3,000
Total $219,427

6.4 TOTAL COST SUMMARY

In general, the construction costs collected for this evaluation did not appear to have a direct
correlation to the design and capacity of each well. However, to evaluate the overall
construction costs for recovery capacitiegor 1 mgd, 1.5 mgd, 2 mgdand 5 mgd (estimated)
based on smaller capacity well data)ASR well projects were selected that includkthe
respective recovery capacityand a MW as part of the construction activities. Since a direct
correlation could not be determined, the data used forhe ASR construction costs are real
data that is assumed to be representative of the construction costs in December 2021 dollars.
The opinion of probable construction costs for ASR wells and associated M$\summarized

in Table 6-5. The construction cost curve for ASR wells and associated MW is depicted in
Figure 6-1. Only one O&M data source was available for this technology. Without having
sufficient data from multiple ASR wells and capacities, the overall annual O&M costs could
not be determined.

Table 65: Opinion of Probable Construction Costs for ASR Well and MW

| Region KB SWFWMD LWC LWC | Estimated
‘ Owner Polk County Utilitieg City of Bradenton | City of Naple{ Collier County  Value
| ASR Type RW PW RW RW N/A
‘ Recovery Capacity (mgd 1 15 2 2 5
Total Cost per ASR in
December 2021 Dollars $1,754,560 $3,818,062 $2,269,658 | $3,880,090 N/A
MW Cost December 202;
Dollars $1,990,538 $177,064 $349,353 $349,353 N/A
Total Cost for ASR + MW
December 202Dollars $3,745,098 $3,995,126 $2,619,011 | $4,229,443 | $5,421,725
Technical Services 20% $749,020 $799,025 $523,802 $845,889 | $1,084,345
Owner
Administration and 5% $187,255 $199,756 $130,951 $211,472 $271,086
Legal
Project Contingenc' 15% $561,765 $599,269 $392,852 $634,416 $813,259
Sl e Eroost;ab'e Sl 45043137 $5,593,176 | $3,666,615| $5,921,220 | $7,590,415
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ASR with MW Construction Cost

$9,000,000
$8,000,000
$7,000,000
%)
Q $6,000,000
O .
c Estimated Valu
.S $5,000,000 Collier
S City of Bradenton g offier Count
= $4,000,000 |
2 ]
& $3,000,000 Polk County Utilities/'/
City of Naples
$2,000,000
$1,000,000
$0
0 1 2 3 4 5 6
Capacity (mgd)
Probable Cost +50% -30%

Figure 6-1: ASR with MW Construction Cost Curve
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SURFPACEAVNAEER BIORAGE

7.1 DISCUSSION OF ASSUMPTIONS AND APPROACH

Reservoirs serve many purposes within South Floridasuch as storagefor water supply,
stormwater storage, or stormwater treatment. The largest cost components of reservoir
construction are earthwork and associated equipment and labor costs. Engineering costs
include design, engineering services during construction or construction management
services and typically range from 10% to 20% of the overall construction cost. For this study,
construction costs were provided by project managers at theSFWMD, and from
municipalities, or from other reliable sources available on the internet. To be conservative,
an average of 20% of construction costs should be added to capture the engineering costs
described above.O&M costs were provided by the SFWMD and other municipalities, where
available.

Some projects within this Chapter were designed and constructed in separate construction
packages and were performed in different phases and time periods of the enall surface
water storage (SWS) or reservoir project. Further, the different construction packages were
completed at various time frames and start dates. Therefore, the project components in the
different packages were initially evaluated separately. Edic SWS component was then
escalated or adjustedo December 2021 dollars and were added together to have an overall
construction cost for each SWS projectwhere applicable. Escalated costs for projects
constructed before August 2020, follow the methodologylescribed in Chapter 1, where a
combination of the CCI(August 2020) and theMPI (30% increase) were used to project costs
to December 2021. For projects constructed after August 2026he MPI was used to project
costs from construction date to December 2021 dollars.

It should also be noted that some of the projects listed within thisection are larger reservoir
projects intended to capture stormwater runoff versus providing an alternative water supply
for storage, treatment, and consumption. In addition, other projects listed in this section are
considered shallow stormwater treatmert areas (STA). It was determined during this study
these projects should not be discounted from a construction cost standpoint since these
projects include similar construction components as that needed for a SWS system. For
example, the Peace River Resanir 2 used similar earthwork construction methodologies as
the Caloosahatchee River West Basin Storage Reservoir4€ WBSR) such as the use of a
slurry wall for water storage retention, as well as a taller embankment than a typical SWS
system (i.e. PeaceRiver Reservoir 2 embankment height is comparable to the-€3 WSBR
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embankment heigh). STAs may also be comparable in costs to shallow SWS systems used for
alternative water supply sources as similar construction methodologies appear to be used.

7.2 CARTAL COSTS

Caloosahatchee River West Basin Storage Reservoir

The Caloosahatchee River West Basin Storage Reservord&WSBR)is a part of the CERP
designed to improve the quantity and timing of waterreleasesthrough the Caloosahatchee
River and Estuaryduring the dry season. The &3 Reservoir is in Hendry County, west of
LaBelle. The e43 Reservoir is located within a10,500-acre areaof former farmland and
allows for the storage of 170,000 acrdeet of water at depths ranging between 15 and 25 feet.
The G43 Reservoir project includes the following components:

S Dam at a height of 27 to 38 feet (with a separator dam to split the reservoir into two
cells). Perimeter dam is constructed with a soil bentonite wall.

Inflow pump station (S-470) with a capacityof 1,500 cubic feet per second (cfs),
Fourteen (14) water control structures

Irrigation pump station (S-476) with a capacity of 195 cfs

Perimeter canal

Recreational features

Townsend Canal improvements

Local and site access bridges

(NN ONONONN0))

Other earthwork efforts were also required, such as preloading, or temporarily loading areas
with soil mounds to compact subsurface soils. This also reduces lotgym settlement and
increases the capacity of soil to support future water control structures; demolition of
existing structures; and a temporary bypass to convey irrigation water to farm areas east of
the project. The project components and associated costs are detailedTiable 7-1.
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Table7-1: Caloosahatchee River West Basin Storage Res®r Construction Costs

Site Site
. Inflow Pump| Preparation . Total
Bid Package Pre'O?‘?'& Pump Station Station (Tree Preparation Civil Works | Construction
Demolition S476 . Access
S470 Clearing Costs
Roads
Progress)
ProjectCost
(million) $11 $13 $59 $5 $3 $524 $615
NBTPinlj\lzergt(fqosl November | jne 2016 | March 2018| 'NOYEMPer | aniiop1g | J2NUATY
ass o 2015 Hne are 2017 P 2019Y
Yea)
CCht Cost
Basis Month 9173 10337 10959 10870 10971 11206
Year®
Adjusted Cost
(August 2020
Dollarg $14 $14 $62 $5.3 $3.1 $536
(million) ®
Adjusted Cost
(December
2021 Dollar $18 $19 $80 $7 $4.1 $696 $823
(million) @

(1) Bid Date not NTP Date
(2) NTP date before August 2020 utilized a CCl adjustment o
(3 00T EAAO #1 00pp EOL | AE OE AAskFalisdntisvga)o QA0  # 1

(4) 30% increaseis added toO! A E O O O AuBustz202080 i1 FfoGefeqtd@stimated costs in December 2021
dollars

Indian River Lagoor South 44 Reservoir & Stormwater Treatment Area

The Indian River Lagoon- South G44 Reservoir (C44 Reservoir) & STA located in Martin
County, Florida,is also part of CERP. The intent of the-€ Reservoir is to capture local
nutrient laden stormwater runoff collected within the C-44 Canal or surrounding watershed
tributary areas, to help reduce the average annual total nutrient load discharged to the St.
Lucie River. In addition, periodic storage of water into this reservoir will improve the timing
of the releases of the freshwater flows providing improvement to the overall salinity regime
in the St. Lucie River Estuary and the southern portion of the Ifah River Lagoon. The project
covers approximately 12,000 acres of aboveground storage allowing for the storage of 50,600
acre-feet of water at a depth of 15 feet. Construction also included an inflow pump station
with a capacity of 1,100 cfs and 6,300 aes of STA. Other components of the42l Reservoir
project are listed below:

35,000-foot long western reservoir perimeter canal

50-foot wide spillway

15,000-foot long eastern reservoir perimeter canal

Reservoir discharge tower structure comprised of three ldde gates to conveya
maximum of 1,100 cfs and 600 cfs under normal operations through two culverts to
the system discharge canal

nunmwumwm
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S Two miles of systems discharge canal that will convey fles from the reservoir
through the distribution canal to the easternSTA collection canal

Construction of all major components were completed in November 2021. The project

components and associated costs are detailed Trable 7-2.

Table7-2:

Bid Package

ProjectCost
(million)

NTP Date (Cost
Basis Month
Yeal

CClat Cost Basis
Month-Year®

Adjusted Cost
(August 2020
Dollarg
(million) @
Adjusted Cost
(December 2021
Dollarg

(million) ®

South G44 Reservoir & Stormwater Treatment Area Constrction Costs
Contract 1 System
Intake Canals, Contrac_t 2 Discharge Cang Stormwater Total
Roads, Reservoir & . Pump .
Canal Bridge Discharge Cana (Spillway & Station Treatment | Construction
(USACE 1age, g Canal Segment Area Costs
Spillway (USACE) (SFWMD)
(USACE)
$20 $36.7 $227 $5 $40 $100 $429
July August September April October
o011 | YUy 2015 2019 2014 2015 2014
9080 10037 11311 9870 9992 9886
$25 $42 $230 $6 $46 $116 $465
$33 $54 $299 $8 $60 $150 $604

(1) NTP date before August 2020 utilized a CCl adjustment o o
(2 O0OT EAAD #1 O0pp E®L | DE OFE b AkBadisMbdiitiveay QA O # 1

Al Flow Equalization Basin

The Al Flow Equalization Basin(FEB)is located west of Highway 27 irPalm Beach County
and was completed in 2015. It wa designed to attenuate stormwater flows and temporarily
store water. The A1 FEBalso provides water quality treatment using vegetation to remove
phosphorus from the water before it is released into STA and STA3/4. The storage feature
has an area of approximately 15,000 acres at a depth of 4 feet, giving it a capacity of about
60,000 acrefeet and can accept stormwater at a rate up to 4,600 cubic feet per second.
Conponents of the A1 FEB include:

S 15,000-acre FEB

S 60,000 ace-feet attenuation capacitywith an average depth of 4eet
S 13 miles of perimeter levees
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The project components and associated costs are detailedTiable 7-3.

Table7-3: Al FEB Construction Costs

ProjectCost ($ Millions) $60

NTP Date (Cost Basis Montfeal) July 2013

CCht Cost Basis Montfyear®) 9552

Adjusted CostAugust 2020 Dollapgmillion) ) $72

Adjusted Cos{December 2021 Dollajgmillion) $94
(©)

(1) NTP date before August 2020 utilized a CCI adjustment

(2 O00TI EAAO #1 OOppEOGULI AEOEAREARA
Month-Yead q )

(3) 30% increaseis added toO! A E O O O Aufustz202a080 1ji foC
reflect estimated costs in December 2021 dollars

Eveglades Agricultural Area Reservoir (A2 Reservoir and STA)

The Everglades Agricultural Area (EAA) Reservojiwhich includesthe A2 Reservoir and STA

is a part of the USACE Central Everglades Planning Project (CEPP) and is located just north of
the Holey Land Wildlife Management Area, between the Miami Canal artie North New
River Canal. The goal of CEPP is to implement features that will control the quantity, quality,
timing, and distribution of water that flows into the Central Everglades. The A2 Reservois
proposed to cover 10,500 acres with 240,000 ackéeet of storage with a depth of 23 feet. The
accompanying A2 STA is proposed to be approximately 6,500 acres. The A2 Reservoir can
receive water from the Miami Canal and the North New River Canal andllntegrate with

the A1 FEB. The reservoir can also discharge water to SBR, STA3/4, and STA2.
Construction of the conveyance canals associated with the EAA Reservoir and STA began in
2021. The overall EAA Reservoir construction is anticipated to beompleted in 2029. The
planned capital costs for the A2 Reservoir are anticipated to be about $1.3 billiowhich
includes the reservoir, STA, real estate, canal conveyance improvements, and recreation
costs The construction costs associated with the2 A O A O G EaeeGeQimated to be
approximately $89 million. Table 7-4 summarizes the estimated EAA Reservoir and STA
Construction Costs as of June 2018. These costs were adjustedto December 2021 dollars
due to unknown adjustments in design costs ah other factors that may impact the
construction costs.
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Table7-4: EAAReservoir (A2 Reservoir and STA) Estimated Construction Costs

Pump Station
Description A2 : s L] Recreation Costs
Reservoir Control Conveyance

Structures

ProjectCost (illion) ®
Adjusted CostDecember
2021 Dollar million @ ®

(1) Cost is planned capital costincludes Reservoir + Stormwater Treatment Area + Real Estate, Canal Conveyal
Improvement, and Recreation Plan Costdse CCl at NTP da(dune 2018)if before August 2020

2 60071 EAAD #1 OOD45E dvidédby 1006D to defernindadjusted cosin August 2020 Dollars

(3) 30% increaseis added toadjusted cost inAugust 2020 Dollarsto reflect estimated costs in December 2021 dollars

Peace River Reservoir 2

The Peace River Regional Water Authority (Authority) works in partnership with its four
member counties: Charlotte, DeSoto, Manatee, and Sarasota to provide potable water to its
residents. The Authority operates a 51 MGD drinking water treatment facilityocated in
southwest DeSoto County. The water source for the Peace River Treatment Facility includes
an ASR system of twentypne (21 ASR wells with a storage capacity of 6.3 billion gallons (BG)
and an offstream reservoir system with a total storage capaty of 6.52 (BG). The current
reservoir system is comprised of two reservoirs: Reservoir 1 (constructed in the 1980s) and
Reservoir 2 (constructed in 2009), with a storage of 0.52 BG and 6.0 BG respectively. The
construction costs for Reservoir 2 will be tke focus of this evaluation.

Reservoir 2 consists of a 4nile long aboveground earthen embankment, with a subsurface
slurry wall, at an average height of 35eet above grade and receives water from Peace River
via a pipeline. Design and Construction of teiproject was completed outside of the ten (10)
year window established for this study. However, it was included since this project is
representative of a Florida water supply storage facility for drinking water and best
represents the intent of this sectbn and scope of workTable 7-5 includes construction costs
that reflect engineering design, permitting and environmental services, as well as engineering
services during construction, reservoir construction, and construction of mitigation areas.
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Table7-5: Peace River Reservoir 2 Overall Cost Summary for Engineering Services,
Environmental Services and Construction Costs for Reservoir and Mitigation Areas
Engineering | Engineering Fee Engineering Reglona_l Construction
. ) s Fees for Reservoir e
Bid Package Fees for Desigr]  for Mitigation . . of Mitigation Total
and Permitting Plans Construcﬂo_n Construction Areas
Phase Service (6BG
Cost (illion) $6.5 $1.4 $7.6 $70 $0.6 $86.1
NTP Date (Cost Bas September
Month-Year at June2002 June2007 June2007 June2007 2014
midpoint)
CCht Cost Basis
Month-Year® 6532 7939 7939 7939 9870
Adjusted Costs
(UL $11 $2 $11 $101 $1
Dollars)
(million)®@
Adjusted Cost
(December 2021 $15 $3 $14 $131 $1 $164
Dollars)(million) @

(1) NTP date before August 2020 utilized a CCl adjustment o
2 0001 EAAD #1 O00pp EOuL | DE OE AAKEBasicMbdiyega A0 #1

McCarty Ranch Preserve and Extension

McCarty Ranch Extension (an extension of the McCarty Ranch Preserve) was purchased by
the City of Port St. Lucie in 2012 with plans tosethe land as aSWSand treatment facility.
The McCarty Ranch Preserve and Extension is located within the2@ basin, north of the €
23 Canal. The project is intended to convert 1,874cres of citrus grove and an existing 528
acre impoundment to shallow water sbrage facilities pumped from the €3 Canal This will
prevent approximately 9 BGof excess surface water from entering the North Fork of the St.
Lucie River annually. The water stored within this water storage facility is to be used as an
alternative water supply and is intended to be treated for ASR storage or public consumption
A total of seven (7)reservoirs will be constructed in phasesAreas 1 through 6 are located on
the McCarty Ranch Extension property and Area (includes 7A and 7B)is located onthe
McCarty Ranch Preserve propertyAreas 1- 4 have either been completed or are in
construction. Capital costs for Area 1 through 4 are presented Fable 7-6. Area 5 and 6 (to
be constructed together) and Area {7A and 7B)have not been constructed gt. However,
for these areas, cost estimates were compiled from available information, provided lige
City, at the time of thisstudy. The estimated costs folArea 5, 6, and 7(7A and 7B) are

presented inTable 7-7.
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Table7-6:

McCarty Ranch Preserve and Extensidor Areasl, 2, 3 and 4

Description

Area Size (Acres)

Construction Cost at time of Contract
Date million)

NTPDate (Cost Basis Montlea
CChat Cost Basis Montkreaf!)

Adjusted Cost (August 2020) ($
million)®

MPI at Cost Basis Monthyeaf”

Adjusted CostDecember 2021 Dollars
(million)

(1) NTP ‘dateAbefqreAAugust 2020 utiliz’ed’aC;CI“avdjL{st”ment o o
(2 0001 EAAO #1 O0pp EOL | AE OE AAEFelisMbdivgad AO #1

(3) 30% increaseis added toO! A E O O O Aufust2020801 1j1 Ao @eBeqtdestimated costs in December

2021 dollars

Area 1 Area 2 Area 3 Area 4
210 275 290 287
$1.9 $2.6 $2.6 $2.6

January 2018 June 2019 | March2020| OStoPer
2021
10878 11268 11397
2 $2.64 $2.64
4935
$2.69 $3.450 $3.399 $2.629

(4) Use MPI aNTPdate after August 2020 utilized a MP1 adjustment _ o )
5) 00T EAAD #1 0ot ORBDEPA E AtBadsWMonthyead AO  #1
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Table7-7: McCarty Ranch Preserve and Extension Estimated Construction Costs for Areas 5, 6,
& 7 (7A and 7B)

o Area 7
Description Area 5 Area 6 (7A and 7B)
Area Size (Acres) 78 40 730
Estimated ConstructiorCostat time of PSL Evaluation in
2019(million) $1.24 $12.72
CCl at Cost Basis Month (Assumed to be June 2019) 11293
Estimated Constructlon _Costzln August 2021 Dollars ( 1.26 12 90
million) @
Estimated ConstructiorCostat time of PSL Evaluation in
December 202Dollars(million) © $1.64 $16.81

(1) NTP gjateAbefONreAAugust 2020 utiliz’eQaQCI“avdjunst,[nent o o
2 00T EAAD #1 O0pp EOu | DE OFE A AKEBsicMbdiyga A0 #1

dollars

Lakeside Ranch STA

The Lakeside Ranch STA is in Martin County dris part of the Northern Everglades and
Estuaries Protection(NEEP)Program. This project is designed to help remove phosphorus
concentrations to reduce nutrient loading to Lake Okeechobee and the Everglad€Ehe
project covers 2,700 acresnd includes 1,70 acres of treatment cellsThe STA is comprised
of five treatment cells south of the Preservation Area and includes 30,328 linear feet of
perimeter levees, 17,422 linear feet of interior levees, an outflow canal, and a 286 inflow
pump station (S650). In addition to the above features there is a 600 cfs pump station S
191A) that is intended for flood control and recirculation to the STA. The Lakeside Ranch STA
was completed in three phasebut Phase I, completed in July of 2012, was not recent enough
to be included in this study. The included phases are

S Lakeside Ranch STA SouthPhase Il: 788 acres (1,840 acréeet) of treatment cells
(Completed in September 2019)
S S191A Pump Station- Phase Ill: 600 cfs Pump Station (Completed in August 2021)

Lakesde Ranch STA SouthPhase Il was identified as being constructed within the past 10
years. Even though this project is an STA, it is representative of a system that may be required
for the pre-treatment of an alternative water supply project. Table 7-8 summarizes the
construction costs for the Lakeside Ranch STA SoutRhase Il projectThe cost data for this
project was available at time of completion of construction. Therefore, this data was used to
estimate the total construction costs in December 202diollars.
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Table7-8: Lakeside RanclSTAz South Phase Il and-391A Pump StationConstruction Costs

Description Phase I ‘ Phase IlI
Construction Cost at Time of Completion ¢
Construction illion) $40.37 $31.5
Construction CostJost Basis MontlYear) November 2018 June 2018
CCl based on Cost Basis MoNtar®) 11184 11069
Adjusted COS(A[_,IQU?Z'[) 2020 Dollays $41.35 $32.6
(million)
Adjusted Cos(Dc_egemb3er 2021 Dollars $53.75 $42.38
(million)®

(1) Construction Cost before August 2020 utilized a CCl adjustment o )
(2 0001 EAAOC #1 O00pp EOWU | OE OF A AdkBFofisMblivga)d QA O  # |

(38) 30% increaseis added toO! A E O O OAuBust202T$G 1ji b eefie€ éstimated costs in
December 2021dollars

Table 7-9 summarizes the capital costs of each project evaluated in this ChaptErgure 7-1
depicts the surface water impoundment capital costs and capacity relationship.

Table 7-9: Summary of Capital Costs for Reservoir Projects
Total Cost Tc():tgl zorage Total Capital Cost
Surface Watetmpoundment (December 2021 b ve ($/acre-feet of
- one fill (acre :
Dollars) (million) storage, one fill)
feet)
Caloosahatchee River West Ba
Storage Reservoir $823 170000 $4,841
Indian River LagoorSouth C44
STA(Cells 1 through 6) $604 50,600 $11.9%
Al1FEB $94 60,000 $1,567
Everglades Agrlcgltural Area $1.770 240,000 $7.383
Reservoir
PeaceRiver Reservoir 2 $86.1 18,413 $4,676
McCarty RancExtension Area 1 $2.5 840 $2,976
McCarty Ranckxtension Area 2 $34 1,100 $3,0a
McCarty Ranckxtension Area 3 $2.6 1,160 $2,24
McCarty Ranckxtension Area 4 $2.6 1,148 $2,26
McCarty Ranckxtension Area 5 312
McCarty RancExtension Area 6 $1.6 160 $3,475
McCarty RancPRreserve Area 7
(7A and 78) $16.8 2,112 $7,960
Lakeside Ranch STA Phase 2 $53.7 1,840 $29.212
South
Lakeside Ranch STA Phase 2 $42.3 _ B
South (Pump Station$1A) )
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Surface Water Impoundment Construction Costs

$3,000,000,000
$2,500,000,000
$2,000,000,000
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Construction Cost

$1,000,000,000

$500,000,000
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Figure 7-1: Surface Water ImpoundmentConstruction Cost Curve

7.3 OPERATION ANDAINTENANCE COSTS

Estimated O&M costs were provided by th&FWMDand other municipalities and included in this
analysis and study. O&M costs related to SWS vary based on the size of impoundment and
components of the storage systenf.able 7-10 summarizes he estimated O&M costs associated with
several SWS areas or reservoirs where information was available.
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Table7-10:

Project / Project

Feature

Annual O&M
SSNEEEE)

Total Storage
Capacityg one fill
(Acae-feet)

O&M Cost
($/Acre-feet of
Storage Capacity

Estimated Surface Water Storage Operation and Maintenance Costs Summary

Comments

G44 Intake Canal and

¢ one fill)

Tower (Contract #1) $37,022 170,000 $0.2 Operational
G44 Reservoir S401 .
Pump Station $548,260 170,000 $3.23 New;{’vﬂfr"ospgf;t?;iﬁg\'m
(Contract #2) y
G44 Reservoir New Works EstimatesNot
(Contract #2) $490,731 170,000 $2.8 Fully Operational
G44 STACells 16 New Works EstimatesNot
(Contract #3) $802,774 176,000 .72 Fully Operational
3-Year average of
expenditures (FY20189 to
A-1 FEB $219,902 60,000 $3.66 FY202€e1)- This is a Flow
Equalization Basin (FER)t a
Reservoir
Estimate foHectrical and
Peace Riverintake (120 Maintenance Original Pump
MGD) $250,000 18413 $13.%8 Sation (not constructed with
Reservoir No. 2)
Peace RiverResernvoir Aeration System/Monitoring
$500,000 18,413 $27.16 SystemReporting Costs,
No. 2
LandManagement
Peace RiverAnnual EnvironmentaServices and
Maintenance for GonstructionNecessary to
Mitigation Area A/B for $30,000 18,413 $1.63 Maintain Mitigation Areas on
Reservoir No. 2 Property
Recurring Gost for Engineer
Peace River Engineer of Recordo Complete all
of Record Annual Costj $275,000 18413 $14.94 GomplianceMonitoring
Requirements
3-YearAverage of
Lakeside Ranch North ~3,600 Expenditures (FY20189 to
Phase | $416,815 (treatment) $115.78 FY202€e1)- This is a&STAnot
a Reservoir
. New Works EstimatesNot
Lakeside Ranch STA ~1,840 .
South- Phase 2 $185,975 (treatment) $101.07 Fully Operational(Assume 3
Year Average)
Lakeside Ranch STA
Phase Z South New Works EstimatesNot
(Pump Station $275,690 h - Fully Operational
S191A)
McCartyRanch Preserve $180,000 6.832 6.5 Estimated Operating Costs

and Extension General

Project inQonstruction

(1) O&M AnnualCostg$/acreft) is based on the O&M cost associated with one fill of the resefassuming the
reservoir was filled only once in a ygaCosts projected over thddi of the project cannot be calculated withot
knowing thetotal annualstorage througlout the life of the reservoir. This information was not availadti¢he

time of this study.
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7.3 TOTAL COST SUMMARY

A summary of capital costs (in December 2021 dollars) for all SWS areas reviewed in this study are
represented in Table 7-11 in terms of total costs in December 2021 dollars and cost per acfeet.
Annual O&M costs are also included ifable 7-11 where information was available at the time of
this study. Total annual storage was not available or was not provided at the time of this report.
Therefore, a Production Cost Curve could not be produced as annual storage over 20 years would be
needed to estimate tle total production costs as it relates to O&M and capital costs. Annual O&M
estimates were provided by the SFWMD and Port St. Lucies online documentation (where noted).

Table7-11:  Summary of Capital Costs for Reservoir Projectacluded in This Section
Total Cost T(():t:I g(t:?t;ige Total Capital Cost Annual O&M
Surface Watetmpoundment (December 2021 b ($/acre-feet of Estimates
L one fill (acre 3
Dollars) (million) storage, one fill)
feet)
Caloosahatchee River West Ba: Unknown/Under
Storage Reservoir $823| 170,000 $4,841 Construction
Indian River LagoorSouth C44
STACells 1 through 6) $604 50,600 $11,9% $802,774
A1FEB $94 60,000 $1,567 $219,902
EvergladesAgrlcuI.tural Area $1.770 240,000 $7.383 Unknown/In Design
Reservoir Phase
PeaceRiver Reservoir 2 $86.1 18,413 $4,676 $1,055,000
McCarty RancExtension Area 1 $2.5 840 $2,976
McCarty RancExtension Area 2 $34 1,100 $3,04 $180,000
McCarty RancExtension Area 3 $2.6 1,160 $2,241 (This is estimateq
McCarty RancExtension Area 4 $2.6 1,148 $2,265 | based on information
McCarty RancExtension Area 5 $16 312 $3.475 from_C|ty of PSI
McCarty RancExtension Area § ' 160 ' Weps'ti- Slourcci
McCarty RancRreserve Area 7 www.cityofpsl.com
(7A and 78) $16.8 2,112 $7,960
Lakeside Rggﬁ:‘hsm Phase 2 $53.7| 1,840 $29,212 $185,975
Lakeside Ranch STA Phase 2 $423 _ _ $275.690

South (Pump Station1A)
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PIPELINE SIS ERM S

8.1 DISCUSSION OF ASSUMPTIONS AND APPROACH

This Chapterevaluated construction costs for pipeline projects that were constructed within
the SFWMD service area. Costs were collected from contract8OV documentationfor
projects constructed within Martin, Palm Beach, Broward, St. Lucie, Collier, and Lee Counties
submitted to the SFWMD AWS funding program and from other known pipeline projects
within the SFWMD service area. In general, projects were evaluated by construction setting,
method of construction, size of pipe, and materials used. Construction settinggiude urban,
suburban, and rural; methods of construction include open cut (trench) or horizontal
directional drilling (HDD); and materials used includepolyvinyl chloride (PVC),ductile iron
(DI), and high-density polyethylene (HDPE) as these are the mbégommon materials used in
pipeline construction.

Pipeline construction costs were evaluated fovarying pipe diameters, ranging froml2 to 42

inches (in) and were derived from available contractor SO¥collected from each project

Materials included in the analysis were primarily PVC,DI, and HDPE Pipeline projects

reviewed were limited to those greater than500 linear feet (LF) as shorter runs of pipe are
typically more expensive. Project construction dates rangkfrom 2014 to 2021. Sources for
this information include current and past projects and recent manufacturdsupplier quotes.

Cost of installation is included but is limited tothe following: excavation trenching, pipe

bedding, backfilling and compactiondewatering, and separatelyHDD. All costs will vary

based on construction duration, trench depth, pipe size,length of pipe and dewatering

method (i.e, well points or trash pump). Land surveying was not specifically considered
within this analysis due to cost variability, however, survging may have been included in
general conditions or site restoration costs.

It is important to note that cost data collected from actual construction costs depend on what
the contractor includes in the work description of the SOVand how the Engineer ofRecord
structures the measurement andpayment section (outline of the Bid Form and distribution
of the work the contractor is required to follow during the bidding process)associated with
the project. For the purposes of this evaluation, the SOV for egoitvject was evaluated based
on the work description for pipeline construction costs via open cut trench or HDD. Costs
listed in the SOVs may include dewatering, that is not explicitly noted. It is assumed that
dewatering costs are incorporated into the costruction cost for pipe sizes that are 24n and
greater.
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8.2

In addition to analyzing pipeline cost data from construction projects, RSMeans, a cost
estimating database, was used for a comparative analysis of pipeline costs. To estimate the
material costs asociated with pipeline construction, material costs obtained in November
2021 were collected from wholesale suppliers and industry pipe manufacturers. The material
costs were combined with pipe installation costs from the RSMeans database for open cut
and HDD construction.Ste restoration within the RSMean evaluationwere estimated and
limited to backfilling and compaction. Percentages were applied to the cost of installed pipe
(pipeline material costs plus installation costs) to account for items such aeverhead
expenses and profit for the contractor, bonds and insurance, sales tax, and mobilization and
demobilization.

CAPITAL COSTS

The pipeline construction costs for each construction project evaluated were converted to a
cost per linear foot (cost/LF) to allow for unit comparison between projects. To make a more
direct comparison among all project evaluated, (i.e., similar project scope and line items that
identify the description of work), only the general conditions (typically includes bonds and
insurance, mobilization, demobilization, and maintenance of traffic), piping, and pipe trench
were included in the overall cost/LF. Site restoration, which varies among project type, was
listed as a separate line item in each of the project summary tablesll pipeline projects
include valves, fittings, and appurtenances as part of the construction costs.

The pipelineconstruction costsreviewedET  AAAE 1T ASOWefk aduddd fEdnie s O
date of construction (2014 to 202) to December 2021using CC and MPI (30% increase)
based on the date of constructionThe general conditions addon for each construction
project evaluated was calculated as a percentage of the overall cost of construction. This
percentage was then applied to the pipeline constru@n or line-item costs collected from the
project SOV.

€ "Hi "HATHT "Hi "IATTITITI

AT UIEIT T THEAT T1I'HTED 1 "HEd TEH ".T 181l ——m0 ———e————————————
d ET AR T AT

The following summarizes the construction projects evaluated in this section:

S Martin County Utilities Tropical Farms Reverse OsmosisTEFRQ Wells 6&7 Raw
Water Main Exension
S Broward-PalmBeachReclaimedWatermain Interconnect (AWS LEE300)
S City of Cape Coral Water North 2 Utility Extension Program Reclaimed Water
Irrigation Transmission System (AWS LWQ007)
S City of Naples Reclaimed Water System Expansipiorth of Central Ave (AWS LWC
80)
S PalmBeach# 1 O1 OUB8 O 7 AOA di11e,mdudioniWell 10 RadvIWAtérmain
S City of West Palm Beach Clematis Streetscape Phase llI
For each costtable in the following sections, a brief project description is provided
summarizing the project scope and description of work. The information provided for each
project in the cost tables includes the pipe diameter, municipal utility material, length of pipe,
construction type, cost/LF, total cost, date of construction, CCI, and adjusted cost based on
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the CCI. The CCI, as discussed in Chapter 1, is a fiwetghted index or average of selected
commodity prices. Note, costs have increased significantly (up to 3®increase) on material
costs since August 2020 (due to the coronavirus impacts on material shortages, labor force,
and lead times associated with trucking/deliveries. Other impacts include plastic resin
production factory shutdowns (impacting supply and ¢emand for HDPE and PVC pipe), heat
resin shortages, and iron products (valves/fittings) impacts (elimination of the tax credit on
iron and steel products exported from China, and shortages on shipping container8y of the
date of this study, it has beerreported by contractors, suppliers, and several reputable
reports that this general increase may fluctuate but will continue to increassimilarly to the
last two years. However, CBRE

Martin County UtilitiesTFRO 6& RawWatermain Extension

Table8-1:

The Martin County Utilities TFRO 6&7Raw Watermain Extensionincludes 1,560 feet (ft) of
12-inch (in) HDPE and 1,450 ft of 16in HDPE raw watermain (RWM) replacement
constructed in a trench. The raw watermain extension also include@47 ft of 16-in HDPE
510 ft of 18-in HDPE, and 580 ft of 3dn HDPEwatermain replacement constructed using
HDD. The trench pipe installation was constructedlong SouthwestLost River Road in Stuart
and crosses under both Interstate 95 and the Florida Turnpike via HDD. The consttion
setting for this project can be categorized as a suburban setting. Minimal restoration efforts
were required due to the utilization of the HDD construction method. The open cut portion
of the project was performed in grassy areas where restoration waalimited to backfill and
compaction as well as sodding. Séeable 8-1 below for Cost Summary.

Summary of Costs for Martin County Utilities TFRO 6 & 7 Raw Watermain Extension

Martin County Utilities TFRO 6&7 Raw Watermain Extemsio

Adjusted | Adjusted
Lenath Cost Total Costs to Cost to
Setting Item Material (ng) Type | LF G Date | CCP | August | December
$) 20202 2021
Dollar$®
12-in RWM HDPE 1,560 | Trench | $64 $99,845 $100,353 $130,459
16-in RWM HDPE 1,450 | Trench | $96 | $139,207 $139,916 $181,890
16-in RWM HDPE 947 HDD | $117 | $111,120 $111,686 $145,192
Suburban : March 11397
18in RWM HDPE 510 HDD | $160 | $81,604 2020 $82,019 $106,625
30G-in RWM HDPE 580 HDD | $533 | $309,140 $310,713 $403,927
Site
Restoration $77,250 $84,482
(1) Use CCl at construction date if construction date is before August 2020 )
2 PPl U ! 6COOO c¢mem ##) jpptuvuv AEOEAAA AU O##) AO #1100

(3) Apply 30% increase to reflect estimated costs in December 2021 dollars
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Broward-PalmBeachReclaimed Watermain Interconnect (AWS LEID)

The Broward-Palm BeachReclaimed WaterMain Interconnect project includes 30,460ft of

42-in ductile iron pipe (DIP) and 21,762 ft of 24-in DIP constructed in a trench and1,211 ft

of 42-in HDPE constructed vidHDD. This project was split into two separate bid packagedn

iITA 1 £ OEA AEA PAAEACAOh OEA xI OE AAOGAOEDPOEIT I
used for HDD construction.Therefore, the actual pipe material is assumed to be HDPEne

pipeline runs along Hillsboro Boulevard crosses the Florida Turnpike, and then runs along

South Powerline Road in West Deerfield Beach. Construction methods include both open cut

and HDD The constuction setting for this project is classified assuburban. Site restoration

included roadway restoration, sidewalk reconstruction, removal and replacement of various

fencing, and removal of existing trees. S@able 8-2 below for Cost Summary.

Table 8-2: Summary of Costs for BrowarePalm Beach Reclaimed Watermain Interconnect
(AWS LEE300)

Broward-Palm Beach Reclaimed Watermain Interconnect (AWS-BH&I}

Cost '?%:tsst?g Adjusted to
Setting Item Material | Length| Type Total Cost | Date | CCP December
S AUGUSt | 5021 Dollard
20202
4zin RWM DI 30,460 | Trench | $380 | $11,574,800 $11,548,427 | $15,012,954
42inHDD | HDPE* | 1,211 | HDD | $1,300 | $1574300| $1,570,713 |  $2,041,926
Suburban 24’"'(§WM DI 21762 | Trench| $107 | $2,328449 | 2020 18l g5353144 |  $3,020,086
Site
Restoration $877,898 $105,157

(1) Use CCI at construction date if construction date is before August 2020 )

2 !'DPPI U I 6COOO c¢mnem ##) jpptovuv AEOEAAA AU O##) AO #11 OO0OA(
(3) Apply 30% increase to reflect estimated costs iDecember 2021 dollars

(4) Dewatering is assumed to be included in the pipeline due to pipe size

City ofCape Coral Water North 2 Utility Extension Prografeclaimed Water
Irrigation Transmission System (AWS LV2G07)

The City of Cape Coral North 2 UtilitfExtension Programz Reclaimed Water Irrigation
Transmission System project (Lee County) includes 6,600 ft of 46 DIP reclaimed
watermain, and 2,900 ft of smallersized Dlreclaimed piping (less than 12 in). The pipe that
is less than 12 inches was not itluded in this analysis, but it is noted here as part of the
description of the project scope only. The pipeline was constructed in an open trench. The
North 2 Utility Extension was constructed in an urban construction setting. Site restoration
includes roadway replacement, sidewalk reconstruction, miscellaneous clearing and
grubbing, and landscaping repair. Se€able 8-3 below for cost summary.
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Table8-3: Summary of Costs for City of Cape Coral Water North 2 Utility Extension
(AWSLWG2007) Program

City of Cape Coral Water North 2 Utility Extension Program (AWS ¢ 20D7)

Adjusted | Adjusted Cost
: . Length Cost Total ) Cost to to December
Setting Item Material (LF) Type LF (9) Cost Date | CCt August 2021
20202 Dollar$®
16-in RWM DI 6,600 | Trench| $82 | $544,198 $560,794 $729,033
Urban ZQin RWM DI 5,200 | Trench| $138 | $719,109 23(;1% 11116 $741,040 $963,352
Stte $183,917 $206,220
Restoration

(1) Use CCl atonstruction date if construction date is before August2020 o B
2 ! PpPI U 1 0COOO ¢mgm ##) jpptuvuv AEOEAAA AU O##) AO #110000.
(3) Apply 30% increase to reflect estimated costs in December 2021 dollars

City of Naples Reclaimed Water Systéirpansiorng North of Central Avenue
(LWE80)

The City of Naples Reclaimed Water System Expansion includes approximately 12,506f
12-in PVC reclaimed watermain constructed via open cut trench and approximately 2,0®0
of 16-in HDPE reclaimed watermairutilizing HDD. The setting for this construction project
is classified as urban. Site restoration includes repaving roadways, reconstructing sidewalks,
and miscellaneous landscaping repaiiSeeTable 8-4 below for cost summary.

Table 8-4: Summary of Costs for City of Naples Reclaimed Water System ExpangldivCz 80)

City of Naples Reclaimed Water System Expansion (Ic\8@

Adjusted gty

. . Length Cost Total o Cost to Costto
Setting Item Material (LF) Type LF (9) Cost Date C August December

20202 2021

Dollas®
Urban | 12inRWM | PVC | 12,500 | Trench | $49 | $372,876 2“’5‘1'2 0835 | $434,205 $564,584
16-in RWM HDPE 2,00 HDD $203 $618,154 $719,975 | $935,967

Site

Restoration $86,772 $109,967

(1) Use CCl atonstruction date if construction date is before August 2020 ) o
@2 !' PPl U 1 6COOO0 c¢mem ##) jpptuvuv AEOEAAA AU O##) AO #110000A0
(3) Apply 30% increase to reflect estimated costs in December 2021 dollars
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tlfY .SI OK |/ 2dzyﬂ éQéll@ﬂocquiMWEll\[LEERa\'NYSy[j t f
Watermain

OAT T "AAAE #1 Ol OUBldt 1Y Ardodction Well A1ARaW Wate@main(Belle
Glade, Florida) includes approximately 1,725 ft of 16n HDPE dimensional ratio (DR) 11
constructed in an open cut trench and 535 ftioHDPE DR 11 utilizing HDD. This project was
constructed ina rural setting. Site restoration costs for this project include sod, imported fill,
and asphalt driveways with limerock base. Sample points and bacteriological testing are
included in the cost/LF. Seelable 8-5 below for cost summary.

Table8-5: 30i 1 AU 1T & #1 000 & O 0o0Al T "AAAE #1 01 6usC
Watermain

Palm Beach County Water Treatment Plant 11 Production Well 11 Raw Watermain

Adjusted | Adjusted Cost to

. . Length Cost Total 1 Cost to December 2021
Setting Item Material (LF) Type LF ($) Cost Date | CCF August 2020 Dollars®

@
16-in RWM HDPE 118 Trench | $119 | $204,795 $238,528 $310,087
Rural 1§-in RWM HDPE | 2,088 HDD | $141 | $75,502 2381154/1 9835 $75,627 $98,316
Site $50,165 $54,674
Restoration

(1) Use CCl at construction date if construction date is before August 2020 o o
2 !'DPPI U I 6COOO c¢mnegm ##) jpptovuv AEOEAAA AU O##) AO #11 0000A
(3) Apply 30% increase to reflect estimated costs iDecember 2021 dollars

City of West Palm Beach Clematis Streetscape Phase Il

The City of West Palm Beach performed a streetscape project that included modifications to
roadways, landscaping, public use areas, and utilities. The utility improvements included
replacement of 905 ft of 12in DIP watermain. This construction setting carbe classified as
urban. Site restoration and general conditions were not included in the cost/LF calculation
for this project, due to the utility construction being a subcomponent to the streetscape
project. SeeTable 8-6 below for cost summary.
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Table 8-6: Summary of Costs for City of West Palm Beach Clematis Street Streetscape Phase IlI

City of West Palm Beach Clematis Streetscape Phase lll

Adjusted | Adjusted Cost tq
: . Length Cost Total ) Cost to December 2021
Setting | Item | Material (LF) Type LF (9) Cost Date | CCt August Dollared
2020
12-in May
Urban RWM DI 905 | Trench| $120 | $108,600 2020 11418 | $126,488 $164,435

(1) Use CCl at construction date if construction date is before August 2020 .
@ !'PPI U 1 6¢CcOOO c¢mecmn ##AO0; ppt OOOCAEOERRASADADAH)
(3) Apply 30% increase to reflect estimated costs in December 2021 dollars

Glades Cutoff Road 2¢¥h Force Main Extension Phase 3

The City of Port St. Lucie Glades Cutoff Road Force Main Extension project includes
approximately 8,240 ft of PVC sanitary force main in a rural construction setting.
Construction costs for this project were developed by averaging bid costs from fourteen
different bidders. The bid tabulation also included two different bid alternative items,
Alternate Bid Item 1being 30-in HDPE HDD and Alternate Bid Item Being 24-in fusible PVC
HDD. The cost per linear foot of each alternate bid item includes adjustments to account for
an accurake general condition cost percentage. Restoration costs for this project include
minor asphalt and sidewalk repairs, significant sodding, seeding, and mulching, replacement
of barb wire fence swale regrading, and clearing and grubbin§eeTable 8-7 below for cost
summary. Since the data was provided in November 2021, only a 30% escalation was added
to be consistent with escalatingconstruction costs provided afterAugust 2020.

Table8-7: Summary of Costs for City of Port St. Lucie Glades Gtifeoad Force Main Extension

City of Port St. Lucie Glades Cutoff RoadirR&xtension Phase 3

Setting Item Material Length(LF) Oan_sr';rsgtion CCIJ_S;/ Total Cost Bid Date
24in RWM PVC 8,240 Trench $342 | $2,818,080Y | Now21

Rural 24in;\évl'\t"$')t(§mate Fusible PV( 1,790 HDD $530 | $948,7009 | Now21
soin ;\(,jvilli('rg;t(gmate HDPE 1,790 HDD $592 $1,059,680Y | Now21

(1) Apply 30% increase to reflect estimated costs in December 2021 dollars
(2) Dewatering is assumed to béncluded in the pipeline due to pipe size
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A summary of pipeline construction costs for varying diameters, material, and method of
construction is presented inTable 8-8. Constructions costs presented in the table below reflect a
summary of the projectdata presented in the previous sections. The cost/LF for each pipe diameter
wasescalatedto December 2021 dollars. If a cost/LF for a given pipe size/material/construction was
not represented in the construction cost study group, a cost/LF of pipe was ietpolated from
available costs to develop a unit cosAn Opinion of Probable Construction Cost (OPCC) per LF was
derived from the available projectinformation provided an average obbserved construction costs
based recent construction bids

Table 8-8: Summary of Pipeline Capital Construction Costs

Capital Construction Cost Summary Table

Diameter . Method of Construction Cost
(incheg MELENEL Construction per LRY OIS pEr 5
12 DIP Trench $157 $114
12 HDPE Trench $84 $113
120 HDPE HDD $105 $105
12 PVC Trench $75 $110
16 DIP Trench $110 $144
16 HDPE Trench $150 $150
16 HDPE HDD $182 $144
18 DIP Trench $104 $165
18® HDPE Trench $169 $169
18 HDPE HDD $209 $162
20 DIP Trench $185 $180
200 HDPE Trench $174 $174
200 HDPE HDD $174 $174
24 DIP Trench $139 $216
240 HDPE Trench $225 $225
24 PVC Trench $344 $275
240 HDPE HDD $209 $350
300 DIP Trench $173 $173
300 HDPE Trench $261 $261
30 HDPE HDD $696 $400
360 DIP Trench $422 $422
360® HDPE Trench $338 $338
360 HDPE HDD $1,045 $1,045
42 DIP Trench $493 $505
420 HDPE Trench $394 $394
42 HDPE HDD $1,686 $1,260

(1) All construction project costs areescalatedto December2021 dollars
(2) All construction project costs include installation

(3) Denotes cost was derived from an available cost

(4) PVC costs are for information only

214



8.3 RSMEANS ANALYSIS

To verify the pipeline construction costs, RSMeangor the South Florida area)was used
along with material piping costs provided by pipe suppliers. RSMeanis an online cost
estimating tool that assists with estimating current construction costs including materials,
labor and equipment. Material costs are provided based on manufacturers, distributors and
contractors to determine national averages for materiacosts. Labor costs are calculated
based on a national average for construction labor costs and calculated based on actual
normal working conditions when determining productivity. Equipment costs includes
average rental costs as well as normal operatingosts, which accounts for equipment parts
that are affected by normal wear and tear and labor costs associated with repairs.

For pipe material costs, two industry recognized pipe suppliers and two pipe manufacturers
were contacted for material pricing for OP and HDPE. Due to the current market volatility,
pipe manufacturers will only guaranteed material prices for a maximum of 20 to 30 days. This
volatility is discussed in detail inChapter 1 of this study. Pipe suppliers have noted a material
price increase of over 30% since August 2020. Prior to August 2@2 the pipe supplier
identified a typical yearly increase of approximately8 to 12%. The significantincrease over
the last year is unprecedented andskews overall results when comparingto construction
costs for projects that were bid in early 2020(and earlier). The CCI did not appear to account
for this increase. However, the MPI did reflect a 30% increase since August 2021. The MPI
appeared to be more representative of the cost increase the constructiondustry was seeing

in 2021. The bare material costs collected from the pipe suppliers were paired with RSMeans
ET OOAI 1 AOETT AT OO0 O1 EI 1 OOOOAOA A O1 @Ad ET OO0A
assumed are, 15% for overhead and profit (O&P 2% for bonds and insurance, 5% for
mobilization/demobilization, and 7% for sales tax which are based on typical percentages
observed within the industry.

Open Trench Construction

To assist in developing costs for open trench construction, a typical opemt trench detalil

was used to quantify volume in cubic yards for excavation, bedding, and backfill and
compaction. RSMeans unit costs for this work were then applied to the calculated volume to

determine the overall open trench construction costs. As disissed in the previous section,

the material costs were then added to the typical trench construction costs. A Palm Beach

#1 01 OuU 7A0AO0 50EI EOU $APAOOI AT OO jo"#75%$q OU
(Figure 8-1) was used as a reference to standarzié the trench construction for this

evaluation.
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Figure 81: PBCWUD Typical Trench Restoration Standard Detail
The trench dimensions determined were based on the following assumptions:

Pipe bedding material= 6 inches plus haélbf pipeline diameter

Trench width = Pipe diameter plus 3 feet

Pipe cover = 3 feet of cover (typical for cover over a pipeline)

Total trench depth = 6 inches below bottom of pipe plus pipeline diameter plus 3 feet

of cover

Additional considerations to deermine excavation, bedding fill, and backfill and compaction
are listed below:

ORONON

S Excavation

4-ft to 6-ft excavation of common earth soil with a % cubic yard excavator (typical
size for shallow trench, listed in RSMeans)
6-ft to 10-ft excavation of common earth soil with a 1 cubic yard excavator
(typical size for moderately deep trench, listed irRSMeans)

S Fill for utility bedding is crushed or screened bank run gravel

S Backfill and compaction with &in lifts and a vibrating plate compactor

Pipe materials for pipeline construction are commonly Class 50 (or Class 250) DIP (Class 350
for 12 inches andbelow) and DR 11 HDPE. Multiple pipeline contractors were contacted to
develop an understanding of the cost variations based on construction setting (rural,
suburban, or urban) for open trench pipeline work. Typically, a pipeline in a rural setting can
be constructed up to three times faster than a construction project in an urban setting.
Therefore, savings are realized proportionally in equipment, maintenance of traffic, labor,
and restoration costs It was determined that constructing a pipeline in an uban setting is
three times the installation costs of constructing a pipeline in a rural setting. Based upon this
determination, the unit cost per linear foot of pipe, using RSMeans under varying
construction settings equated to the following factor:

S Rural Settingz base installation cost
S Suburban settingz 2 times the base installation cost
S Urban settingz 3 times the base installation cost
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Tables 8-10 and 8-11 summarize the construction cost/LF for DIP and HDPE pipe based on
construction setting for open trench construction.

Table8-9: Summary of Unit Costs for DIP Pip&rench Installation (RS Means)

RURAL SUBURBAN URBAN
Diameter {nches) | (Cost/LF of Installed (Cost/LF of Installed (Cost/LF of Installed
DIP Pipe) DIP Pipe) DIP Pipg
12 $100 $103 $108
16 $142 $146 $153
18 $175 $182 $190
20 $196 $204 $213
24 $258 $265 $275
30 $442 $459 $477
36 $593 $615 $637
42 $679 $705 $732

(1) Pipe material costs from pipe suppliers and installation is from RSMeans

Table8-10:  Summary of Unit Costs for HDPE PipErench Installation

RURAL SUBURBAN URBAN
Diameter {nches) (Cost/LF of Installed (Cost/LF of Installed (Cost/LF of Installed
HDPE Pipe) HDPEPipe) HDPE Pipe)
16 $143 $147 $154
18 $176 $181 $189
20 $216 $221 $230
24 $305 $312 $322
30 $381 $398 $416
36 $469 $491 $513
42 $550 $576 $603
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Horizontal Directional Drilhg

Costs for pipelines constructed via HDD were also collected from RSMeans foriti218-in,

and 24-in pipe sizes, as these sizes were the only pipe sizes included in the RSMeans database.
The remaining pipe sizes were determined by interpolation using this:formation. HDPE DR

11 was evaluated for HDPE pipe material as this is the most common pipe material (and
pressure class) used during HDD construction.

Table8-11:  Summary of Unit Costs for installed HDD HDPE in RSMedgh2-inch
through 20-inch)

HDD HDPE, RSMeans Construction Costs

Pipe sizeltiches) 12 16™ 18 20®
Raw Material Cost (LF) $75 | $101| $126 | $156
Directional Drill (includes Labor and Equipmen  $45 $56 $62 $70
O&P (15%) $18| $24| $28| $34
Bonds and Insurance (2%) $2 $3 $4 $5
Sales Tax (7%) $5 $7 $9 $11
Mob/Demaob (5%) $6 $8 $9 $11
Unit cost CostLF) $151 | $199| $239 | $287

(1) Costs calculated by interpolation

Table8-12:  Summary of Unit Costs for installed HDD HDPE in RSMedg4-inch
through 42-inch)

HDD HDPE, RSMeans Construction Costs

Pipe sizelfches) 24 300 360 42©
Raw Material Cost (LF) $222 $278 $342 $400
Directional Drill (includes Labor a&gjuipment) $89 $125 $176 $248
O&P (15%) 47 $60 $78 $97
Bonds and Insurance (2%) $6 $8 $10 $13
Sales Tax (7%) $16 $19 $24 $28
Mob/Demob (5%) $16 $20 $26 $32
Unit cost CostLF) $395 $511 $656 $818

(1) Costscalculated by interpolation

Table 8-13 summarizes the unit costs/LF of material costs received from suppliers and unit
cost/LF of installed HDD HDPE pipe which includes material costs and data from RSMeans
data. Data are organized by size, material, and method of construction.
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Table8-13:

Summary of Unit Costs for Installed HDD HDPE in RSMeans

RSMeans Cost Summary Table

Diameter Material Method qf Material Cost, | InstalledCost InStsgfﬁEOSt InstalledCost
(Inches) Construction per LF per LHRural) (Suburban) per LHUrban)
12 DIP Trench $70 $100 $200 $300
12 HDPE Trench $75 $106 $212 $318
12 HDPE HDD $75 $151 N/A N/A
16 DIP Trench $100 $142 $283 $425
16 HDPE Trench $101 $143 $285 $428
16 HDPE HDD $101 $199 N/A N/A
18 DIP Trench $128 $175 $350 $525
18 HDPE Trench $126 $176 $352 $528
18 HDPE HDD $126 $239 N/A N/A
20 DIP Trench $143 $196 $392 $588
20 HDPE Trench $156 $216 $432 $648
20 HDPE HDD $156 $287 N/A N/A
24 DIP Trench $186 $258 $516 $773
24 HDPE Trench $222 $305 $610 $915
24 HDPE HDD $222 $395 N/A N/A
30 DIP Trench $325 $442 $883 $1,325
30 HDPE Trench $342 $464 $927 $1,391
30 HDPE HDD $342 $594 N/A N/A
36 DIP Trench $439 $593 $1,187 $1,780
36 HDPE Trench $490 $660 $1,320 $1,980
36 HDPE HDD $490 $847 N/A N/A
42 DIP Trench $599 $806 $1,612 $2,418
42 HDPE Trench $862 $1,145 $2,291 $3,436
42 HDPE HDD $862 $1,414 N/A N/A

N/A = Not Applicable. Costs for HDD construction is not typically impacted by construction setting.
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Valves and Fittings

6 Al OA b1 AAAT AT O OAOEAO Au AAAE 1 01 EAEDPAI EOQUBO
common practice to assume a valve at each tie location (connection to existing pipeline)
and a valve placed every 2500 feet of pipe.

Due to the variability of maternal costs associated with valves included in the collected
construction cost data, costs associated with valves are discussed in this section based on a
direct purchase from a local supply house with contractor general conditions addns. The
general condtions add-ons were assumed to be 15% for O&P, 2% for bonds and insurance,
5% for mobilization/demobilization, and 7% for sales tax, based on typical percentages
observed within the industry. Table 8-14 summarizes the costs for gate valves typically used
for isolation valves on a pipeline project.

Table8-14:  Summary of Cost for Gate Valves

Cost per Gate Cost Per Gate Valv

Gate Valve Size

(Inches) Valve (From (Wi.th General
Supplier) Condtions Add-ons)
12 $3,380 $3,887
16 $8,400 $9,660
18 $18,400 $21,160
20 $19,000 $21,850
24 $28,600 $32,890
30 $60,200 $69,230
36 $84,000 $96,600
42 $128,000 $147,200

All pipeline projects will have varying types and numbers of fittings depending upon the pipe
alignment and conflicts that are encountered. Fittings used are typicallyl. Urban areas with
congested utility corridors may require significantly more fittingsas compared to a rural area
setting. For the construction projects evaluated in this study, the cost @l fittings is an
additional 15 to 18% of the pipeline costs.
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8.4 TOTAL COSSUMMARY

It was determined that cost of construction of pipeline projecs depend upon a wide range of
variables such as: construction setting, pipe material, length of construction, and construction
method. Pipelines of the same diameter, constructed at longer lengths, showed an overall
lower cost/LF. Site restoration is a primary cost factor of construction, specifically in urban
areas. Urban areas also present challenging construction conditions due to congested utility
corridors and a more extensive maintenance of traffic requirements and therefore have
higher cost of constuction. Urban construction projects will also see increased fitting
guantities, further increasing the cost of construction.

At the time of this evaluation, material prices have increased by as much as 30% since August
2020. It is unknown when or if costimpacts from COVIBR19 will end or plateau. Contractors
and suppliers do not anticipate a sudden or drastic drop in material prices in the near future.
The supplier representative noted that a yearly increase of 10% is expected in material costs
for pipeline projects.

Table 8-15 summarizes OPCEonstruction costs based on collected cost information and
recent construction bids and calculated costs using RSMean$he RSMeans evaluation
includes construction setting costs to assist with pipeline project planmg in rural, suburban
or urban settings.Generally, estimates from the RSMeans database/supplier/manufacturer
guotes are slightly higher than the observed construction costs and estimated construction
costs.RSMeans and quoted material costs do not account economy of scalelt alsoappears
that the variation of costsmay bedue to the higher material costs providedy the suppliers,
at the time of this analysis.
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Table8-15:

Overall Summary of Unit Costs

Overall Cost Summary Table

B _ Method of RSMeans RSMeans Cost | RSMeans Cos
(Inches) Material Construction OPCQ®er L Cost per LF per LF per LF
(Rural (Suburban® (Urban)2
12 DIP Trench $114 $100 $200 $300
12 HDPE Trench $113 $106 $212 $318
12@® HDPE HDD $105 $151 N/A N/A
16 DIP Trench $144 $142 $285 $425
16 HDPE Trench $150 $143 $285 $428
16 HDPE HDD $144 $199 N/A N/A
18® DIP Trench $165 $175 $350 $525
18® HDPE Trench $169 $176 $352 $528
18 HDPE HDD $162 $239 N/A N/A
20 DIP Trench $180 $196 $392 $588
200 HDPE Trench $174 $216 $432 $648
200 HDPE HDD $174 $287 N/A N/A
24 DIP Trench $216 $258 $516 $773
241 HDPE Trench $225 $305 $610 $915
240 HDPE HDD $350 $395 N/A N/A
300 DIP Trench $173 $442 $883 $1,325
30® HDPE Trench $261 $464 $927 $1,391
30 HDPE HDD $400 $594 N/A N/A
36® DIP Trench $422 $593 $1,187 $1,780
361 HDPE Trench $338 $660 $1,320 $1,980
36® HDPE HDD $1,045 $847 N/A N/A
42 DIP Trench $505 $806 $1,612 $2,418
42@® HDPE Trench $394 $1,145 $2,291 $3,436
42 HDPE HDD $1,260 $1,414 N/A N/A

(2) All construction project costs areescalatedto December2021 dollars using CCI

(3) Material prices in "RSMeand otal Installed cost per LF" are manufacturer prices

(4) Denotesinformation was derived from available construction cost information
N/A = Not Applicable. Costs for HDD construction is not typically impacted by construction setting
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To assist the reader in estimating cost for a proposed pipeline construction project, it is
recommended toselect acost per linear footfor the respective pipe diameter/material in
Table 8-16 and add the following:

S 15totallinear foot cost for fittings. It is recommended to use &8% for urban settings

versus rural settings
S Cost per valve as noted ifable 81. As mentioned, it is recommended to account for

a valve at eacltonnection to existing pipeline, and aalve every 500 feet.
S Add 15% for a construction contingency

An example of this application is represented below ifable 8-16:

Table8-16:  Example Pipeline Construction Cost Estimation (Rural Setting)

Total Estimated
Size of Total Fittings = Number | Cost Cost of Pipeline

I\g?tpeigzl cl\(glr?;?rﬁ((j:t?(:n S?;[ﬁ‘elz PiIE)FeI?r]:e C_ost_of Add-on of per Construction,vv_ith
Pipeline  (15%) Valves | Valve 15% Construction

Contingency
3,000 | $330,000| $379,500 $10,920 $474,099

pipeline
(Inches)
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