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EDR Electrodialysis reversal
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FDEP Florida Department of Environmental Protection
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Abbreviation Definition
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Executive Summary

ES.1 Introduction

ES.1.1 Project Background

Approximately 65,000 septic systems and 35,000 private water wells renth@nJBA service areas of
Duval, St. Johnsand Nassau counties. Over time, the City of Jacksonville (City), with technical support
from JEA, has led multiple septic tank phasemograms in areas without central water and sewer
infrastructure. These infrastructure projects were accomplished through City capital project initiatives
with contributions by JEA. The work continues today with the current JEA septic tank phase ou} (STPO
program.

In 2003, the Water and Sewer Infrastructure Task Force was formed by the City arich@HmAask Force
caused thelevelopnent ofa prioritization system for the phase out@mainingseptic systems. The
prioritization systenmwascreatedy theCity of Jacksonville Regulatory and Environmental Services
Department in consultation with the Duval County Health Department. The 2003 prioritization system
focused on environmental, public health and welfare considerations including the number ¢duskeptic
system repair permits issued, average lot size, soil potential, sehigpnahtertable, sanitary

conditions, proximity to any surface water body and potential for flooding in the areas. In 2016, the City
and JEA collaborated to modify the STPO perg approach to prioritization and allocation of funding to
includecertainadditionalcommunity considerations.

To that end, a STPO project area matrix was jointly developed by the City and B&# bitempdated
annually. The matrix includkdata in two distinct sections. The fisstctioncontaired environmental,
health and welfarparametersvith a maximum of70 pointspossibletowardsanoverall total scoréor
prioritization The second sectia@ontairedcommunity consideratioparameters with a maximum of 30
points possibléowardsthe overall total score.

The most recent 20 matrix updateesulted in therioritization ofapproximately 22,000 residential

parcels with existing septic systefasit of the total 65,000hto 35 STPO project areas. The top tier in

the matrix(meaning the most important to implemeangluded threeareaswith septic conversion

projects alreadynderway at various stagasthe time of this reporincluding: Biltmore Cand Beverly

Hills (under construction) an@ristobel(initiation of preliminarydesignengineering servicés

Historically the STPO program projects have replaced existing septic systems with conventional gravity
collection systems.

This project, thedEA Innovative Wastewater Treatment Program (IWWalintended tassess and

recommend the most appropriadetinologies and approaches (including centralized sewer, decentralized
sewer and treatment, and/ or improved onsite treatment)dhlatlee applied to theemaining 32

prioritized STPQprojectareas. The planning documents developed as part of thistpdgatified

approaches that may also be used in the future for the approximately 43,000 additional septic systems that
remain in Duval County.
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ES.1.2 Goal of Task 8

The purpose dahis Task 8 Master Plan Repaviasto formulate recommended solutiofus
implementation for eacBTPOpriority area.

ES.1.3 Project Objectives
The main objectives of éhoverallprojectwere
1 Identification ofavailable wastewater technologies and management strategies

1 Evaluaton of identified technologies, wastewater magement strategies and institutional
frameworks

1 Characteriation ofthe remaining STPO priority aregeaning the 22,000 parcels recommended
in the most recent matrix evaluaticar)d evaluaon of potential solutions.

9 Determiration ofthe best value ethod of implementing a conversion program.

1 Developnent ofa Master Plan recommending a wastewater management solution for each of the
STPO priority areas.

ES.1.4 Project Scope
The overall IWTP program includdour phases for development of a Master Plan:

9 Phase 1. Literature & Industry Best Practices Review and Screening
1 Phase 2: Geographic Conceptual Master Plan

1 Phase 3: Potential Pilot

9 Phase 4: Public Education Program

In accordance with Contract No. 184401, J&AhorizedHazen and Sawyer to completeaBl 1 and

Phase 2 of the IWTP program. Exhibit B of the Contract provides the Scope of Work. The contract
includedt he option to proceed wi t WhePvemlsseope oBtheaumrent 4 a't
contractencompassed eigtasks:

Task 1: Program Initiation & Management

Task 2: Literature & Industry Best Practices Rev{esported in separate memorandum)
Task 3: Technology Evaluatidreported in separate memorandum)

Task 4: WW Management Strategies & Institutional Frameworks Evaluaéparted in
separate memorandum)

Task 5: Phase 1 Reportifgpnsolidates Tasks 2, 3 and 4)

Task 6: Characterization of STPO Priority Areas

Task 7: Application of Strategies & TechnologiesSSTiPO Priority Areas

Task 8: Master Plan Report

=A =4 =4 =9

= =4 =4 =4
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ES.1.5 Overall Project Approach

The overall project approach is depictedrigureES-1. The following define the major components of
the Phase 1 assessment:

9 Technologies: equipment developed for wastewater collection, treatment, and/or effluent
disposal (such as vacuum sewer system, biological treatametgngineered wetlands)

1 Wastewater management strategies: strategies for managing STPO priority aeeamteash
lieu of existingseptic systems (such as advanced onsite, decentralized, centralized, integrated,
and source separation)

1 Institutionalframeworks: methods used to own, operate, finance, and implement wastewater
management strategies (such adipuprivate,anddesign/build/operate/finance).

Phase 2 specifically evaluate®? STFO priority areas utilizing the results of the Phase 1 assessments
with results detailed in this Master Plan (T&s&f the scope of work).
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Figure ES-1: Overall Project Approach Framework
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ES.2 Literature and Industry Best Practices Review

The literature revievidentified conventional anihnovative wastewater treatment technologies for onsite
and decentralized wastewater treatment facilitiestewater collectiotechnologiesyastewater
management strategjesd instituional frameworks foseptic system conversidiat warranedfurther
investigation Peerreviewed journal articlesonference proceedings, case studies, reports, and technical
information from manufacturers in the US and internationally were synthdesimehtify limitations,
challenges, and lessons learned.

ES.2.1 Identified Wastewater Treatment Technologies

The literature review identifiedastewater treatment technologies for both decentralized and onsite
management strategi€Section2.2). Centralized collection system alternatives were assumed to utilize
JEAOsS existing municipal wastewater treatment fac

Decentralized treatment processese defined aa multisource collection, community or clustered
treatment system used to collect, treat and disperse and/or reclaim wastewater from a small community or
service area. For the purpose of this project, decentralized treatment was coffisideastewater flows
between 5,000 gpd annual average daily flow (AADF) and up to approximately 1 million gallons per day
(mgd) AADF, which coverdthe range of flow projected for the STP@ority projectareas. Onsite

treatment systemsere definedassystems to collect, treat and disperse or reclaim wastewater from a
single dwelling or building at the site where wastewater is generktedhis projectonsite treatment

was considered for properties with wastewater flows less than 5,000 gpd AAb&uld be noted that

future permitting and management of onsite wastewater treatment systeesstreduled to be

transferred to the Florida Dept. of Environmental Protection (FRE®)e time of this repoChapter
2020150, however new regulations hamet been promulgated.

Theliterature review identifiedundamental processes useeachwastewater treatment system to
achievethe effluent qualityikely required for variougnd usesThese includedhysical, chemical
and/or biological unit processes in various combinatimatuding natural systems.

The physical, chemical and/or biological unit procesge®broken down further based on distinct

process variations within a group for both onsigatment and decentralized treatmgrgtemsA

scheme for classifying identified alternatives was created to allow comparisons between the many options
available for onsite treatmerfigureES-2) and decentralized treatmefiqureES-3).
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Figure ES-2: Classification of Onsite Treatment Technologies
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Figure ES-3: Classification of Decentralized Treatment Technologies
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ES.2.2 Identified Wastewater Collection Technologies

The literature review found thabeventional gravity fhw sewercollectionsystemsarethe most widely
used methodbr residentialwastewater collection in tHgS. However,conventional gravitys not always
thebest suitedolutionfor site-specific conditiongrimarily due to costespecially foretrofitting into
existing residential developmenthe literature review identifiefive wastewatesewercollection system
typestypically used for septito sewer conversiomravity, low pressureracuum hybrid and holding

tankas shown ifFigureES-4.

I T T 1
Hybrld HOIdIng i
Septic Tank I— Vacuum Sewer | ™ Conventional Grinder Pump I_ Pump-Out via
\— Ef—ﬂugnt Gravity - Sewer Sy.stem T Vacuum Truck
Sewer with Direct centrifugal and

progressive-cavity

In-line Pumping

Septic Tank
Effluent, Small
Diameter Gravity
Sewer

Septic Tank
=1 Effluent Pump
System

Direct Inline
Pumping

Figure ES-4: Wastewater Collection System Alternatives Summary
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ES.2.3 Identified Wastewater Management Strategies

Wastewater management strategies for thagept were defined as methods for managiagtewater
generated in th8TPO priority areas lieu of the existing septic systenidie literature review identified
two main groups of wastewater management stratégaxgion2.4): traditional wastewater management
strategies and innovative component wastewater management strétiegiesE S5 shows the four
identifiedtraditional wastewater management strategies (i.e., onsite, decentralized, centralized, and
integrated)andtheir subgroups (e.g., collection methods and level of treatment)

m DECENTRALIZED CENTRALIZED

afa a8 T L] A\
[ 1
REPLACE OLD OR CONVENTIONAL INNOVATIVE
(] S =
g = 7 = 9 h i i h
~ N x m DECENTRALIZED
——
ADVANCED TREATMENT CONVEYED TO
CONVENTIONAL | TREATMENT I
{SEPTIC SYSTEM) TREATMENT PR v:%é\g: OUTSIDE UTILITY
REMOVAL q E
REMOVAL
ADDITIONAL CONSIDERATIONS

e

|
|

TE— =
N ! \
1 1
& - '
1 1
1 [~ ] 1
ADV. NITROGEN LT (5% 1 -.;E- L) L) 1
REMOVAL MITROGEN 1 1
REMOVAL 1 BIOSOLIDS 1
1 EFFLUENT MANAGEMENT 1
l MANAGEMENT 1
]
\
N f,

Figure ES-5: Identified Traditional Wastewater Management Strategies Alternatives

In addition, innovative component management strategies could be coupled with overall strategies such
as: community redevelopment, source separation, enhdwater remediation with permeable reactive
barriersas summarized iRigureES-6.
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URINE COMPOSTING INCINERATING FOR SEPTIC
SEPARATION TOILETS TREATMENT

Figure ES-6: Innovative Component Wastewater Management Strategies

SOURCE
SEPARATION

ES.2.4 Identified Institutional Frameworks

Institutional frameworksor this project were defined asethods used to finance, byihd operate the
variouswastewater managemesitategies and includeublic, private and hybrid solutions. Various
approaches were identifi¢8ection2.5) including ownership frameworK&igureES-7), project delivery
frameworkg(FigureES-8), and funding opportunitiggigureES-9).

( wovouaL | [ commumry | [ uea |

TR

CITY OF

PUBLIC/PRIVATE
PARTNERSHIP ERCHOCHIVE 12
DUVAL COUNTY

Figure ES-7: Ownership Frameworks
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Figure ES-8: Project Delivery Frameworks

The components required for each individual fundimigrse were unique due to sowseecific rules,
procedures, and activities. Pursuing each of the identified funding sources will increase the probability of

obtaining financial assistance.
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Figure ES-9: Funding Opportunities
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ES.3 Assessment of Technologies, Strategies and Institutional Frameworks

The identified wastewater treatment and collectemhnologieswastewater management strategies and
institutional frameworks were classifiegljaluated, screened andgpitized for consideration by JEil
Phasel of the project.

ES.3.1 Technology Evaluation

For this project, technologies were defined as equipment developed for wastewater collection, treatment,
and/or effluent disposalhe wastewater treatment techno&sgdentified were evaluated in two steps
(seeSection3): first a preliminary screening (psereening) followed by a detailed screening analysis

ES.3.1.1 Assessment of Wastewater Treatment Technologies

Traditional anl innovative wastewater treatment technologies were evaluated for applicability to the JEA
IWTP programThree criteria were used to judge viability of treatment technologies for further
consideration:

1. Meets Programmatic Goals:The first criterion considerd whet her the alternat
programmatic goals of meeting certain effluent water quality standards. In addition, the
feasibility of using the technology in an urban environment was considered.

2. Technology Maturity and Experience: The second critéwn considered whether the
technology was proven with fuficale applications to clearly demonstrate viability in the
marketplace.

3. Regulatory Considerations:The third criterion considered whether the technology had
precedence of approval in Florida (FDEPOH) or reasonable assurance that it could be
permitted in the current regulatory environment.

The treatment system alternatives that moved forward to detailed evahrasummarizedn Figure
ES-10 (decentralized) andigure ES11 (onsite).
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ES.3.1.2 Assessment of Wastewater Collection Technologies

Traditional and innovative wastewater collection systems were eval(@getion3.5) for applicability to

the JEA IWTP program. Three criteria werged to judge viability of sewer collection system
technologies for further considerationet programmatic goals, regulatory considerations and technology
maturity and experienc&@he remaining collection system alternatives included: conventional gravity
pressure grinder pumps systems, and vacuum sewer

ES.3.2 Assessment of Wastewater Management Strategies

The identifiedwastewater management stragsgverescreened using decision support critamainput
from JEA.Four criteria were used to judgee viability of innovative and traditional wastewater
management sitegies proven strategy, physical implementation feasible, secondary impadts
environmental benefitf.heremainingalternativedor traditionalandinnovative wastewatenanagement
strategiesre depictedn FigureES-12.
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ES.3.4 Assessment of Institutional Frameworks

The results from the literature review led to the development of a scheme for examining institutional
frameworks. Similar to the process used to evaluattewater technologies and management strategies,
institutional frameworks and funding mechanisms underwsnteeninganalysig(Section4.3). The

criteria for instiutional frameworks differed from the wastewater management strategies because it
focused on two criterideasibility and met programmatic goal$ie Ownership and Project Delivery
Frameworks screening results are shawRigure ES13. All identified project delivery methods were
defined as feasible and met the programmatic gBRaisults of the analysis for funding opportunities are
shown inFigure ES14.
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Figure ES-13: Ownership and Project Delivery Frameworks Screening Results
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ES.4 Characterization of STPO Priority Areas Review

The remaining 32 STPO prioripyrojectareas were grouped according to existing JEA wastewater
treatment facility (WWTF) service areas. The STPO priority areas were located within six WWTF service
areas: Arlington East, Buckman, Cedar Bay (District 2), Mandarin, Monterey, and Southwestl\Current

no STPQpriority project areas are within the Blacks Ford, Julington Creek Plantation (JCP), Ponte
Vedra, Ponce de Lear Nassau Regional WWTF service aredte STPO priority area

characterization, whictvasused when assessing alternatiwastewater capital improvemetsTask 7,
included an analysis of existing customers, septic system density, land use, existing utilities, topography,
other existing infrastructure and environmental factors (includinégsehrise).Table ES1 summarizes

certain metrics for the aggregated 32 remaining STPO priority areas considered.

Table ES-1: General Overall Characterization of 32 Remaining STPO Priority Areas

Description Units | Minimum | Maximum | Average | Total
Total Parcels # 35 4,802 896 28,669
Septic Parcels # 34 3,714 719 22,998
Vacant Parcels # 0 324 46 1,475
Proportion Septic Parcels % 49 100 83

Proportion Residential Parcels % 80 100 95

Eqg. Res. Units # 32 4,239 693 22,165
Avg Res. Parcel Acreage acres 0.19 1.82 0.43

Vacant Acreage acres 0 157 27 864
Vacant Government Owned Acreage | acres 0 28 4 133
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ES.4.1 Wastewater Flow Generation Projections

The existing and future land use designations of the septic parcels were considered to enable estimation of
wastewater flow rates for each STPO priogtgjectarea. The combined residential, commercial,

industrial and institutionalastewater flow projection for the STPO priority areas ranged from

approximately 5.3 to 7.3 million gallons per day as summarizédlae ES2 using two different

methodologies.

Table ES-2: Wastewater Flow Generation Projections for STPO Priority Areas

Description Units | Minimum | Maximum | Average Total
Water Meter AADF | gpd 6,650 790,300 164,900 | 5,275,600
Planning AADF gpd 9,650 1,133,200 | 230,000 | 7,357,700

Figure ES15 presents the JEA WWTF service areas which included the 32 remaining STPO priority
areas. The JEA Annual Water Resource Master Plan (2019), included wastewater flow projections for the
WWTF sewice areas through the year 2040 (Sable ES3). However, JEA noted that recent changes to
planned improvements at the wastewater treatment facilities altered tr#0¢8agsrojections. Based on

these projections and the referenced improvements, the ArlingtgiMBastreyand SouthwestVWTFs

may not have available capacity to accommodate the estimated additional STPO priority areas flow by

2040. However, JEA notedthath er e i s ti me to make appropriate ch:

accommodate additional flow if needed.
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Table ES-3: WWTF Available Capacity and Estimated Additional STPO Priority Areas Wastewater Flow
JEA Annual Water Resources Master Plan? Received 8/10/2020
Projected Revised AADF Projected
JEA WWTF RADE AAD.F Permitted Available Projections for Available
Servi of May Projections . I 2 oo
ervice 2018 for 20401 Capacity, Capacity in 20404, MGD Capacity in
Area MGD’ MGD ’ MGD 2040, MGD 2040, MGD
(%) (%)

A B C D E=D-C G H=D-G I= D-(F+G)
Arlington 4.03 0.86 -1.08
East 22.40 20.97 25.00 (16%) 1.94 24.14 (3%) (- 4%)

13.03 22.33 20.52
Buckman 28.33 39.47 52.50 (25%) 1.81 30.17 (43%) (39%)
Cedar Bay 1.33 1.9 1.81
(District 2) 5.66 8.67 10.00 (13%) 0.09 8.10 (19%) (18%)
. 1.26 2.16 0.92
Mandarin 8.03 7.49 8.75 (14%) 1.24 6.59 (25%) (10%)
1.76 1.47 0.17
Monterey 1.32 1.84 3.60 (49%) 1.30 2.13 (41%) (5%)
[18.00% [16.007]
Southwest 11.95 14.16 [1813(.)2% 3.84 0.97 14.27 1.73 (g(;/7)6
: (21%) (11%) .
Total 7.36

'Source: JEA Annual Water Resource Master Plan, September 2019
2Design was planned for expanding the Southwest WWTF treatment capacity to 18 MGD from 14 MGD but was revised to 16 MGD.
SPlanning level wastewater flow projection estimate of 280 gpd per ERC which was compared to water meter data.
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ES.4.2 Representative STPO Priority Areas

The 32 remaining TPO priority areaws/ere categorized based on similar septic system density (i.e. lot
size) characteristicand ningepresentativ&€TPO priority areasere chosefor more detailed planning
level cost analysis for various strategies and technologjiesddition, some STPO priority areas had a
mixture of waterfront parcels which were typically long, narrow, large lots and smaller inland parcels.
The use of severdifferent wastewater management strategies (hybrid) may be most cost effective for
these areas thus were categorized as hybrid. The resulting representative areas by density type are
outlinedin Table ES4.

Table ES-4: Representative STPO priority areas for IWTP Wastewater Improvements Cost Analysis

Housing Density
High Medium Low Hybrid
(<0.25 acre avg. lot (0.257 0.5 acre avg. lot (>0.5 acre avg. lot (highly variable lot
size) size) size) sizes)
Westfield Pablo Point Northlake Mt. Pleasant
Lakeshore Cedar River Holly Oaks Cedar River
Riverview Mill Creek Mt. Pleasant Riverview

Conceptual wastewater improveméayouts and associated cokisthese representative areas were used
in screeningf wastewatecapital improvements

ES.5 Development of Recommended STPO Priority Areas Wastewater
Improvements

Recommendedastewater improvementsr each STPO priority aresereformulated by combining the
characterizationf each STPO priority area with the top ranked wastewater management strategies,
institutional frameworks and technologies identifiedPhmase 1This andysis resulted in recommended
wastewatecapitalimprovemens for each STPOTherepresentative argdanning level cost estimates

were used to estimate costs for the remaining priority areas. These costs, along with an additional eight
criteria, were ugito further evaluatevastewatecapitalimprovement alternativeéer each STPO priority
area. The detailed evaluation resulted in a top ranked wasteaptlimprovement recommendation

for each STPO priority area.

ES.5.1 Pre-Screening of STPO Priority Areas Wastewater Improvements

Using the results of the Task 6 STPO priority areas assessmsitg¢, decentralized and centralized
hybrid collection system astewater improvemeatternatives were precreenedvacuum and low
pressure colleatin systems were assumed to be feasible for all of the STPO priority Bneakask 6
STPO priority area characterization indicated that parcels with a topographic elevation {etowl@

be significantly impacted by future sea level rise, with expegtedndwater rise limiting the unsaturated
thickness of the soil which would hinder operation and treatment efficacy of some onsite wastewater
treatment systems and other technologies. Theradohgthe STPO priority areas not expected to be
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impacted bysea level rise and an average parcel acreage greater than 0.25 acres included onsite
wastewater improvemends a solution alternative in the detailed evaluation.

For STPO priority areas either located far away from existing JEA infrastructure or within an area of the
JEA service area with limited available capacity, a-tmst approach to wastewater treatment could be a
new decentralized wastewater treatment fgcif\ preliminary cost analysis for new infrastructure to the
JEA existing wastewater infrastructure point of connecttfd@ indicated that only the areas with a

POC greater than 4,000 linear feet from the boundary have the potential to offset toaaddist of
decentralized treatment. Hence, only two STPO priority dRiasrview and Northlakejere deemed
suitable for consideration of decentralizedstewater improvements in the detailed evaluation

Using the results of the Task 6 sea level eistimations, the STPO priority areas impacted by both sea
level rise and consisting of a mixture of long, narrow parcels at the riverfront with smaller lots inland
included a hybrid collection system for decentralized and/or centralissdewater improveants
Therefore, sventeen STPO priority aremludedhybrid collection systemvastewater improvements in
the detailed evaluation

Table ES5 presents a summary of the results ofghescreening ofvastewatecapital improvements
Thesewastewater capitanprovementsvereconsidered for the STPO priority areas along gitwity,
vacuum and low pressure collection systems for decentralimbdemtralized (as applicable).

Table ES-5: Results of the STPO Priority Area Pre-Screening of Wastewater Capital Improvements
Decentralized or

Centralized i Hybrid
Sewer Collection

Onsite Decentralized

Champion Forest Northlake Beauclerc Gardens
Lone Star Park Riverview Cedar River
Mill Creek Clifton
Northlake Empire Point
Odessa Holly Oaks

Southside Estates Hood Landing I
Julington Creek
Julington Hills
Lakeshore
Mt. Pleasant
Oak Lawn
Oakhaven
Ortega
Point La Vista
Riverview
Spring Glen
St Nicholas

ES.5.2 Detailed Evaluation of STPO Priority Areas Wastewater Capital Improvements

Prescreening was followed by a detailed evaluation including multiple selection criteria and weighting
factors which were combined for a total score and resulted iwvasiewatecapitalimprovement
recommendation per STPO priority aréae STPO priorif area wastewatémprovemencriteria were
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individually discussed with JEA and edited accordingly. A final consensus hgte¢riteria was agreed
to with JEA {Table ES6). A simple numerical ranking system was developed to prioritize the STPO
priority area wastewat@mprovement recommendatiobased orhecriteria.

Table ES-6: Detailed Evaluation Criteria for Wastewater Capital Improvements

Category Criterion

Regulatory Uncertainty Regulatory Uncertainty

Management of

Operation Ease of Management

Sensitivity to Flooding

Maximize Reliability Power Outages, Emergency Storage, Reliability of

Technology Specific Criteria Equipment

Odor

Aesthetics (noise, visual)
Maximize Public

Acceptance Construction Impacts
Ease Private and Neighborhood Property
Restrictions
STPO Pnog:i): e/-r\ir:a Specific Cost Effectiveness Net Present Value of Costs (NPC)

The project team recognized that the criteria have differing levels of importance in the degiking
process, thus requiring the assignment of weight.
structure Criteria scores were normalizaddweighted to determine a total score for each wastewater
capitalimprovementalternative fora given STPO priority aredable ES7 presens the top ranked

wastewatecapital improvemenfor each STPO priority area based on the results of the detailed
evaluation.
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Table ES-7: Top Ranked Wastewater Capital Improvements

STPO Priority Area

Gravity

Vacuum

Low
Pressure

Onsite

Atlantic Highlands

X

Beauclerc Gardens

Cedar River

Champion Forest

Clifton

Eggleston Heights

Emerson

Empire Point

X| X| X[ X| X| X[ X

Freeman

Holly Oaks

Hood Landing Il

Julington Creek

Julington Hills

X| X| X| X

Kinard

Lakeshore

Lone Star Park

Mill Creek

Mt Pleasant

X| X X| X

Northlake

Oak Lawn

x

Oakhaven

Odessa

Ortega

Pablo Point

X

Point La Vista

X

Riverview

X
(Decentralized)

Sans Pareil

X

Southside Estates

Spring Glen

St Nicholas

X
X
X

The Cape

Westfield

TOTAL

25

June 2, 2021

ES.6 Development of Recommended Wastewater Capital Improvement Plan

The conclusions and recommendations presented in this Master Plan result from a comprehensive 1.5
year study effort, which included evaluations of multiple technologies, wastewater management strategies

and institutional frameworks. An overarching goalt@ study was to identify best value methods for
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accomplishing the largscale septic to sewer conversion progrdfigure6-4 throughFigure6-9 in the
previous Section illustrated the recommended wastewater capital improvement for each STPO priority
area.The septic tank conversions contemplated hesgire evaluated (using weighted criteria) without
consideration of other major construction within the public rfhvay. It is possible that certain
conversion project areas may ultimately include investments in water service, stormwater drainage, or
other infrastructure which, if considered, could affect the weighted criteria analysis concl#sions.
example, if a project area were to include major water and drainage improvements, the entifeuagyht
mayrequireroadway reconstructionin suchan instance, it is possible that a different sewer approach
(e.g. gravity instead of vacuum) may ultimately represent a better value tdVl&Aover, the

technology evaluation presented herein could be affected by changes to legislation, availalge fundin
etc. Hence, review of all such factors during detailed design is recommended to validate the approaches
identified within this Master Plan.

ES.6.1 Wastewater Capital Improvement Planning Level Estimates

A total of approximately 22,998 prioritized umgered parcels in the JEA service area were evaluated for
potential wastewatearapitalimprovementsOf the total parcels, 22,395 (97%) parcels were recommended

to be served by a vacuum collection system, 207 connections were recommended to be served by a
gravity collection system, and 223 connections by a low pressure collection system. The remaining 173
connections were recommended to be served by an advanced onsite treatment system. Planning level cost
estimates were prepared for each STPO priority prajea for the purpose of defining the total
wastewatecapital improvement costs for the JEA STPO Program. A summary of the estimated capital
costs for the STPO priority project areas are summariz&dbie ES13.

Table ES-13: STPO Priority Areas Program Cost! Summary

Phase-Out Cost Phase-Out Cost
Description 32 STPO Priority Per Connection
Areas (Average)
Estimated Total Capital
Construction Costs $743M $37K
Estimated 20-year O&M NPC? $79M $4K
Estimated Total NPC $822M $41K

Preliminarye ngi neer és opinion of probable construction costs (EOPCC) ®kafve been prep
the level of scope development at this stage the estimate is an "Order of Magnitude" estimate as defined by the Association for the Advancement of

Cost Engineering International (AACE) Class 5. The expected range of accuracy for this type of estimate is - 50% to +100%. These costs have been

prepared for guidance in project evaluation and implementation from the information available at the time of the estimate. The final costs of the project

will depend on actual labor and material cost, competitive market conditions, final project scope, implementation schedule, and other variable

conditions. As a result, the final project costs will vary from the estimate presented herein. The capital construction costs do not include new water

services nor new stormwater drainage aspects to the project areas.

2The presented 20-year O&M net present costs (NPC) were determined based on 2.5% discount rate, the current rate for Federal Water Projects.

Total capitawastewater improvementenstruction costs were estimated to equal $743 million with

costs ranging from $1.2 million to over $103 million for the project areas. Costs include estimated costs
for constructing collection systems, vacuum pump stations, lift stations, major traoarsisgems, low
pressure collection systems, and advanced onsite sy3teensapital construction costs do not include

new water services nor new stormwater drainage aspects to the projedCastaassociated with

expanded treatment plant capacitgessary to accommodate additional flows from each service area
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were not evaluated as part of this stuglgsed on the wastewater flow projections and the referenced

wastewater improvements, the Arlington Edbntereyand SouthwestVWTFs may not have avable

capacity to accommodate the estimated additional STPO priority areas flow by Year 2040. However, JEA
noted that there is time to make appropriate chan
neededThese costs will stillneedtobeacooted for in the Utilityds budge
service areas within the JEA study area is included as a capital improvement project.

ES.6.1 Next Steps

This Section provides guidance on the future direction of the STPO Program and thasenddicin are
needed to support that direction. Based on the results of this project, various efforts and @egrams
recommended to &ditate meeting goals and objectives of the STHrogram Suchefforts and programs
include the following:

1. Development d an Implementation Plan The Implementation Plan would identify methods
and strategies to finance tivastewater capital improvemeiscoordination with the City and
provide conceptual plarier thetop rankedecommended wastewater capital improversieht
benefits and cost allocation evaluation of the Program would assist in the development of
financing program policies and procedures. In addition, the ImplementationdRil@nclude
developmenof narrative and graphics as neededdek grant fundifor the program

2. Purchasing Review JEA should consider early implementation of a purchasing strategy
designed to ensure adequate pricing protection recognizimpthaetial for large scale
implementation of vacuum technology and the limited quantity of qualified suppliers.

3. Design Standards As JEA proceeds with the design and construction of wastewater
improvements, updatée current Water & Wastewater Standardmial as it pertains to the use
of advanced onsite, low pressure and vacuum sewer technasgesded

4. Interdepartmental Coordination. JEAshouldcontinue its interdepartmental coordination with
the City as the Program moves forward. These effortsnhegmrticularly critical whenther
capital improvement projecte.g, stormwatergeographically intersect with the SORprogram.
This will result in a cost savings to Jacksonville residents and keep construction disturbance to a
minimum.

5. Funding. JEA $ould continue to aggressively pursue the securing of outside agency grants and
ot her forms of Acost freed capital to minimize

6. Phase 3: Potential Pilot ProjectsJEA should considgrotentialpilot projects todetermine
technical feasibility and as a tool to inform homeownBoientialpilot projecs to facilitate the
evaluation of benefitscludeinnovative wastewater management strategies and/or technologies
such asadvancednsitetreatmentaind managementmote/web based monitoring fonsite
treatmentyacuum and low pressure sewer collecBgatems

7. Phase 4:Public Education Program. Most importantly, he development of a Public Education
Program regarding the wastewater improvements selected fzeatbiged for implementation will
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increase citizen awareness dralp toaddress citizéa concerns regarding the ongofagPO
wastewater improvemesprogram. Various program elements could include:
Stakeholder analysis

Media releases

Web page updates

Surveys

Public information materials

Public presentations

=A =4 =4 =4 -8 =9
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1. Introduction

1.1 Project Background

Approximately 65,000 septic systems and 35,000 private water wells rend&A iservice areast

Duval, St. Johns and Nassau counties. Over time, the City of Jacksonville (City), with technical support
from JEA, has led multiple septic tank phase out inog in areas without central water and sewer
infrastructure. These infrastructure projects were accomplished through City capital project initiatives
with contributions by JEAThe work continues today with the current JEA septic tank phase out (STPO)
program.

In 2003, the Water and Sewer Infrastructure Task Force was formed by the City arich@BEmask Force
caused thelevelopnentof a prioritization system for the phase out@mainingseptic systems. The
prioritizationsystem wasreateddy the Cityof Jacksonville Regulatory and Environmental Services
Department in consultation with the Duval County Health Department. The 2003 system focused on
environmental, public health and welfare considerations including the number of septic tank system repair
permits issued, average lot size, soil potential, seasonal high water table, sanitary conditions, proximity to
any surface water body and potential for flooding in the areas. In 2016, the City and JEA collaborated to
modify the STPO program approach toopitization and allocation of funding to includertain

community considerations.

To that end, a STPO project area matrix was jointly developed by the City and JEA. It is updated
annually.The matrix includes data in two distinct sections. The firsi@ecbnsidersenvironmental,

health and welfare parameters with a maximum of 70 points possible towards the overall total score.
Parameters include

1 AnnualDuval CountyHealth Department{CHD) scoring which considetsie number of septic
tanksystem repair permits issued, average lot size, soil potential, seasonaatégiablethreat
to potable water, sanitary conditiopspximity to any surface watdrody, andpotential for
flooding in the area

1 Impaired tributay exceedance factavhich is a measure of the percentage of sasgdeeeding
State standardsr fecal coliformin the areas determined by the City of Jacksonville

Environmental Quality Division.

1 Percenageof lotsin the areavithin a 150 metebuffer of water bodies

The second sectiazonsidercommunity consideration parameters with a maximum of 30 points possible
towards the overall total scofarameters include

1 Whether @évelgedprior to 1968 the year in which the City was consolidatBdority isgiven to
thoseareas developed prior to 1968.

1 Median home valueandpriority is givento economically challenged areas
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1 Central water disibution coverage in the areand priority is given tareas with no existing
water distribution.

9 Elimination of future proliferation which considers the percent of undeveloped lots within the
area

1 Offsite economic development opportunitiesecognize potential secondagonomic
development benefits that may result from the offsite infrastructure construction

The most recent 20 matrix updataesulted in therioritization ofapproximately 22,000 residential
parcels with existing sept&ystemgout of the total 65,000hto 35 STPO project areas. The top tier in
the matrix(meaning the most important to implementludes hreeareas with septic conversion
projects already underway at various stages including: Biltmared@everly His (under construction)
andCristobel(preliminarydesignunderway. Historically the STPO program projects have replaced
existing septic systems with conventional gravity collection systems.

This project, thedEA Innovative Wastewater Treatment Progi@WTP),is intended taassess and

recommend the maost appropriate technologies and approaches (including centralized sewer, decentralized
sewer and treatment, and/ or improved onsite treatment) that can be applied to these prioritized STPO
areas. The planning documents develagegart of this project will identify approaches that may also be

used in the future for the approximately 43,000 additional septic systems that remain in Duval County.

1.2 Goal of Task 8

The purpose of this Task 8 Master Plan Report is to formulate recorathsalditions for implementation

for each STPO priority area. The Master Plan couples the wastewater management strategies, institutional
frameworks and technologies from the Phase 1 assessment and the STPO priority area characterization.
1.3 Overall Project Objectives

The main objectives of éhoverallproject ardo:

1 Identify available wastewater technologies and management strategies that can be applied to
STPO priority areas.

9 Evaluate identified technologies, wastewater management strategies and inatitution
frameworks for consideration by JEA.

9 Characterize the 32 remaining STPO priority afeasaning the 22,000 parcels recommended
in therecentmatrix evaluationpnd evaluate potential solutions.

91 Develop a Master Plan recommending a wastewater managsohgtitn for each of the
STPO priority areas.

1.4 Project Scope

The overall IWTP program includes four phases for development of a Master Plan:
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Phase3: Potential Pilot Projects
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Phase 4: Public Education Program

June 2, 2021

Phase 1: Literature & Industry Best Practices Review and Screening
Phase 2: Geographic Conceptual Master Plan

In accordance with Contract No. 184401, JEA retained Hazen and Sawyer to complete Phase 1 and Phase
2 of the IWTP programExhibit B of the Contract provides the Scope of Work. The coninelctdesthe

option to proceed wi
contract are summarized Trable1-1.

t h

Table 1-1: Overall Project Tasks, Activities and Goals

Task

Main Activities and Goals

Task 1: Program Initiation & Management

Initiate the project with a kick-off meeting, program
coordination with JEA®&s prc
review.

Task 2: Literature & Industry Best Practices Review

Perform a literature & industry best practices review of
regional, national and international research regarding
innovative technologies, strategies and frameworks for
septic system conversion documented in a searchable
literature reference database, technology database in
tabular format and Technical Memorandum.

Task 3: Technology Evaluation

Classify, prioritize and rank technologies from Task 2
available for consideration by JEA for collection systems,
decentralized treatment, and onsite treatment utilizing a
multi-step decision process.

Task 4: WW Management Strategies & Institutional
Frameworks

Identify viable wastewater management strategies and
institutional frameworks from Task 2 for consideration by
JEA utilizing a multi-step decision process.

Task 5: Phase 1 Reporting

Preparation of a final report documenting the results from
Tasks 1 through 4.

Task 6: Characterization of STPO Priority Areas

Collection of data related to the STPO priority areas to aid
in the detailed evaluation of recommended approaches for
each area.

Task 7: Application of Strategies &
Technologies to STPO priority areas

Assessment of each of the STPO priority areas based on
the top ranked wastewater management strategies,
institutional frameworks, and technologies. Geographic
maps using GIS will be developed indicating the
recommended approach (strategy and technology) for
each STPO priority area.

Task 8: Master Plan Report

Hazenand Sawyer | Introduction
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1.5 Overall Project Approach

The overall project approach is depictedrigure1-1. The Phase 1 literature & industry best practices
review,and screening procesgredeveloped in Tasks 2 through 5. Task 2 identified the world of

options that warranted further investigation in Task 3 (technologies) and Task 4 (wastewater management
strategies and institutional framework®&he following define the major components lo¢ Phase 1

assessment:

1 Technologies: equipment developed for wastewater collection, treatment, and/or effluent
management (such as vacuum sewer system, biological treatment, engineered wetlands, etc.)

1 Wastewater Management Strategies: strategies for man&giPO priority area wastewater in
lieu of septic systems (such as advanced onsite, decentralized, centralized, integrated, source
separation, etc.)

1 Institutional Frameworks: methods used to own, operate, finance, and implement wastewater
management stragiies (such as public, private, design/build/operate/finance, etc.).

The priority STPO project areas were characterized (Task 6) and the priorityvareassessed against
the most feasible wastewater management strategies, institutional frameworksharadbgies from
Phase 1 with the goal of identifying the most feasible, planieivel approaches for implementation for
each area (Task 7).
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Brainstorming Session
(Task 2.1 & 2.2)

Options
(Task 2.3)

JEA stakeholders shall determine
technologies or concepts that
warrant further investigation.

Technologies Strategies Frameworks
(Task 3) (Task 4) (Task 4)
Utilize pre-screening criteria and W W Utilize pre-screening criteria and
eliminate unsuitable technology T imi . e e
classification group process options. h 4 :trategleskand institutional
prior to more detailed evaluation. . A ‘ramework options priorto more
Technologles Strateg|es Frameworks detailed evaluation.
(Task 3) (Task 4) (Task 4)

Perform detailed evaluation and
assessmentof each remaining

Perform detailed evaluatfo? and Detailed strategy and framework relative to
assessment of each remaining Screen each criterion and determine
technology classification process (Task pass/fail rating for viable

group relative to each criterionand
determine rankingof alternatives.

PHASE 1
PHASE 2

alternatives.

33)

PHASE 1
PHASE 2

STPO Priority Areas

Characterization (Task 6)

Collectdata for further evaluation of
STPO priority areas.

Assess each STPO priority area against
most feasible technologies, strategies,
and frameworks from Phase 1.

Utilize pre-screeningcriteria and
eliminate WMA wastewater
treatment approach options prior
to more detailed evaluation.

Perform detailed evaluationand
assessmentof each WMA
wastewater treatment approach
relative to each criterion and rank.

Master Plan (Task 8)

Develop master planwith
recommended technology,
strategy and framework for each
WMA.

Figure 1-1: Overall Project Approach Framework
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2. Literature and Industry Best Practices Review (Task 2)

The purpose dahis section was tdocument the findings of the literature and industry best practices
review performed of regional, national, and international research regarding innovative technologies,
strategies and frameworks for septic system replacement. This assessment idanitifiesd v
manufacturers, viability, limitations, costs, challenges, lessons learned and other aspects of these
technologies, strategies and frameworks through synthegeeafeviewed journal articleconference
proceedings, case studies, reports and naatwiers technical materials both in the US and
internationally.

Two attachmentsiccompaw this assessment

1 Attachment 1a searchable literature reference database, compatible with Effdsoftsvare
format
1 Attachment 2: a technology database, in tabular format.

Both databases incorpordterganizational categories for summary and comparison.
2.1 Overview of Wastewater Treatment

2.1.1 Wastewater Treatment System Sizing

The wastewater treatment technology assesswestrganized by three sizing classifications based on
anticipated annual average daily flow (AADF):

1 Onsite Treatment (<5,000 gpd AADF)
9 Decentralized Treatment (5,006-1,000,000 gpd AADF)
1 Centralized Treatment (> 1,000,000 gpd AADF)

Onsite TreatmeniDefined as dreatment system relying on natural processes and/or mechanical
components to collect, treat and disperse or reclaim wastewater from a single dwelling or buildings at the
site where wastewatés generated. Currently, the Florida Departmentexlth (FDOH) issues permits

for onsite treatment systems for a residence or establishment with an estimated domestic sewage AADF
flow of 10,000 gallons per day (gpd) or less, or an estimated commercial sewage AADF flow of 5,000
gpd or less, which is not mently regulated under Chapter 403.

Decentralized TreatmenDefined as ralti-source collection ancbmmunity or clustered treatment

system used to collect, treat and disperse and/or reclaim wastewater from a small community or service
area.ln addition for the purpose of this project, decentralized treatmweastefined as wastewater flows
between 5,000 gpd AADF and up to approximately 1 million gallons per day (mgd) AADF.

Decentralized treatment facilitiesulduse land treatment technologies andiredtsystems approaches
for the smaller flows. Decentralized treatment systems that use mechanical treatment apyweyaches
someti mes referred weemaketedimralipke avgysasloasnt so and
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1. Off-theshelf packagé A completelyturik ey t r eat ment system (e. g.
provided by the vendor.

2. Customized treatment packaigé customized design (process and equipment) provided by
the vendor to treat a specific influent quality and meet a specific effluent quality.

3. Equipment pekagel Design criteria are provided by the engineer with the equipment
provided by one or more vendors.

4. Hybrid approachi The hybrid approach provides a combination of a cudioitt design in
conjunction with one or more package type approaches.

Centrdized TreatmentFor the purpose of this project a centralized treatment fasiigdefined as an
existing JEA wastewater treatment facility (WWTF), traditionally called a publicly owned treatment
works as defined in Title 40 of the CFR Section 122.2.

2.1.2 Pollutant Quantities in Residential Wastewater

Wastewater discharged from single family homes is composed of flows from various water using
activities including toilet flushing, bathing, clothes and dish washing, cleaning activities, and in some
instances arbage disposal and water conditioning brines. The characteristics of the wastewater are
influenced by many factors such as family size, age group, socioeconomic status, and family mobility and
occupation. Large variations in wastewater quantity and gumahty exist between homes in the same
community. Commercial establishments will have different wastewater pollutant loadings based on their
water use. Measured average per capita daily indoor residential water use (a surrogate for wastewater
flows) showedthat it typicallyrangedfrom 40 to 70 gpd per pers¢Brown and Caldwell 1984

Anderson and Siegrist 1988nderson, MulvilleFriel et al. 1993Mayer, DeOreo et al. 199Water

Research Foundah 2014, with lower values in more recent years attributed to water conserving
plumbing fixtures.

Ranges of typical residential wastewater pollutant mass loadings and observed concentrations are
presented iTable2-1. Both the typical per capita mass loadings of pollutants and the concentration of
the pollutants in raw wastewater are presented. The wastewater was typical of residential dwellings
equipped vth waterusing fixtures and appliances that collectively generate approximately 45 gallons per
capita per daygpcd)(USEPA, 2002)howeverJEA typically sees a higher range frampproximatelyd4

to 142gpcd It should be noted that raw wastewater frodividual homes often contains higher
concentrations of these pollutants than municipal domestic wastewater, because infiltration/inflow (I/1)
was typically not present in individual home wastewater. For comparison, the typical Arlington East
Water Reclama&n Facility (WRF) influent concentratiomsalso provided.
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Table 2-1: Typical Pollutant Concentrations in Residential Wastewater

Mass Loading

Typical Concentration,

Projected Influent
Concentration,

. mg/L .
Constituent (grams/person/day) mg/L at Arlington
((USEPA 2002),(Lowe 2009)) «USEP’;OZ&;’)?'(LOWQ East WRF (Hazen,
2018)
5 day Biochemical Oxygen
Demand (BODs) 35-65 155 - 286 244
;I’:;asl’)Suspended Solids 35.75 155 - 330 226
Total Nitrogen (TN) 6-17 26 -75 48

2.1.3

Level of Treatment

When discussing wastewater treatment processes, various levels of treatment were typically defined.
These werelassified aprimary, secondary, advanced secondary and advanced wastewater treatment.
The method of effluent management to be employed arefflnent quality standards pertaining to the
methodshould beconsideredvhenassessing the degree of treatment required for wastewater collected in
the STPO priorityprojectareas.

Table2-2 summarizes the Florida Administrative Code (FAC) Chapter®&dbich defined treatment

levels for onsite treatment systems established by the FDOH. Secondary and advanced secondary effluent
water quality allowed for a reduction inet drainfield size requirements, 25% and 40% respectively

Florida Department of Environmental Protection (FDEP) level of treatment requirements were based on
the method of effluent management as summariz&gation2.4.6

Table 2-2: FDOH Defined Level of Treatment Effluent Water Quality Requirements? for Onsite Sewage
Treatment and Disposal Systems (OSTDS)

. Max.
BODs/TSS TN TP Fecal Coliform .
Level of Treatment Drainfield
(mg/L) (mg/L) (mg/L) (#/100 mL) Reduction
Primary (Baseline) 240/176 45 10 - -
Baseline i _to Groupd_water 5 o5 5 i i
from compliant drainfield
No No 2 o
Secondary 20 Requirement Requirement 200 25%
Advanced Secondary 10 20 10 2002 40%
Advanced Wastewater 5 3 1 Below detection
Treatment (AWT) 75% of samples?®

1The arithmetic mean for the effluent samples collected (whether grab or composite technique is used) during an annual period
shall not exceed.

2Where chlorine is used falisinfedion, the design shall include provisions for rapid and uniform missing and total chloride
residual of at least 0.5 mg/L shall be maintained after at least 15 minutes of contact time at the peak hourly flow

3Where chlorine is used falisinfection,the cesign shall include provisions for rapid and uniform missing and total chloride
residual of at least 1.0 mg/L shall be maintained after at least 15 minutes of contact time at the peak hourly flow

Hazenand Sawyer | Literature and Industry Best Practices Review (Task 2) 2-3



JEA IWTP June 2, 2021
Master Plan Report
FINAL

2.1.3.1 Primary Treatment

Generally, pimary treatmenis used taemove settleable solids, greases, oils and other floatable solids
from the waste stream. Primary treatment pravalpartially clarified effluent, budoesnot remove all
suspended solids, dissolved organic materials, or stieble pollutants from the wastewater stream.

Onsite Treatment A septic tank Eigure2-1) is commonly used as the first treatment step iorsite

system providing primary treatment. Its principal funci®to remove, store, and digest settable and

floatable suspended solids in the raw wastewater. These solids collect as sludge and scum within the tank.
The form of nitrogen in domestic saptank effluentvaried butwas approximately 70 percent

ammonium and 30 percent organic nitrogen. As much as 10 to 15 percent of the influent nigsgen

retained in the tank within the sludge and scum.

A::es:\

Output Baffle]

[N

Sludge

First Compartment Second Compartment

Figure 2-1: Primary Tank (Septic Tank) (Express Septic Service 2016)

Decentralized Treatment In a similar fashion, the role of primary treatment in decentralized sysgtems
to remove rags, sticks, floatables, grit, grease, and a portion of suspended solids and organic matter.
Typically, the first primary unit operation incorporated into decentralized treatment procesargains
coarse and/or fine screens. The specific tyfseieeen selected is based on influent wastewater quality
and the downstream processes. Although not always utilized, decentralized systems sometimes also
incorporate a settling tank into the primary treatment train. The main purpose of thistanteduce the
inorganic and organic suspended solid content of the influent.

2.1.3.2 Secondary Treatment

Generally, scondary treatment provisiurther removal of dissolved organic materials and suspended
solids. Secondary treatment processes generally remove dgheatd®5% of the biochemical oxygen
demand (BOD) and the suspended solids (TSS) from the wastewater stream, but only provide limited
removal of nutrients nitrogen and phosphorus.

2.1.3.3 Advanced Secondary Treatment

Generally, dvanced secondary treatment progitlether removal of dissolved organic materials and
suspended solids and inclabdditional removal of nutrients (nitrogen and phosphorus) which may be
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required to meet more stringent levels of treatment due to the disposal option and/or setback
requirenents.

2.1.3.4 Advanced Wastewater Treatment

Advanced wastewater treatment (AWT) progitiether removal of nutrients, BOD, and suspended
solids. Generally, AWT processes provide removals of greater than 95% for BOD and suspended solids
and greater than 90% foitrogen and phosphorus.

Whether onsite or decentralized, the level of treatment needed will determine the treatment approach
required for the removal of constituents of concern. Examples utilizing mechanical treatment approaches
are shown irFigure2-2 for onsite treatment and Figure2-3 for decentralized treatment. Primary

treatmat is followed by secondary treatment which typically involves biological processes for the
treatment of wastewater. The inclusion of advanced treatment in decentralized wastewater systems is
typically dependent on regulations and the treated effluent dismeshadd.
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Primary Treatment Secondaryreatment

Effluent Discharge

Sedimentation Disinfection

Secondary
Settling

Biological
Treatment

Biological
Treatment

Figure 2-2: Example Onsite Wastewater Advanced Treatment Train
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Advanced

Biological freatment

(e.g., activated sludge)
Wastewater <
_— — EEE————
Screening/
grit removal Sedimentation
Solids
processing

Effluent
discharge

Figure 2-3: Example Decentralized Wastewater Treatment Train
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2.1.4 Wastewater Treatment Processes

The fundamental processes used in allteaater treatment systems to achieve these levels of treatment
consisedof physical, chemical and/or biological unit processes in various combinations.

9 Physical treatmentprocessesThe most typical physical treatment processes inslude
sedimentation (gvitational settling of solids), screening (remove particles larger than internal
diameter of the screen openings) and filtration (uses filtration medium to remove suspended
materials by straining).

1 Chemical treatment processesTypically, chemical treatrant processes utilize a chemical
reaction to alter the state of the wastewatarstituentsso theyaremore easily removed from
the wastewater stream, often by using a physical treatment process. Exdamilfed of
physical/chemicatireatment processes include precipitation, ion exchange, adsorption, and
reverse 0Smosis

9 Biological treatment processesTypically, these treatment processes utilize microbes to alter
the state of wastewater constituents. Microbes utilize organic nisit@mnid nutrients in
wastewater as a food source and break down these materials to harmless end products or
incorporate them into cell tissue.

9 Natural systems consisting of soil, plant and wetland procességatural systems such as
soil, plant and wetlangystems are included as a separate classification because they utilize a
combination of physical, chemical and biological processes that occur naturally in the soil
and/or plant. An example is the soil treatment unit (STU), often referred to as a dtaimfiel
conventional onsite systems, which is typically the last step in the process sequence for final
treatment.

An approach to classify and group identified traditional and innovative treatment system categories by
process type is presentedHigure2-4.

TECHNOLOGIES
CLASSIFICATION

PHYSICAL / SOIL, PLANT AND
CHEMICAL WETLAND PROCESSES
PROCESSES

Figure 2-4: Wastewater Treatment Technology Classifications

BIOLOGICAL

PROCESSES

2.2 Wastewater Treatment Technologies Assessment

This section summarizes identified alternatives for the treatment of wastewater for both onsite and
decentralized wastewater treatment facilities. Centralized wastewater treatment systems were not
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evaluated at all since it was assumed that the existingréaginent processesuld be utilized.
Additional details on related research by process type is provided in Appendix A.

Accompanying this assessment is a technology database which can be used to assess analysis of trends
and differences amorgystems. Equipment suppliers were contacted to obtain process and equipment
information. The suppliers were identified primarily through the technical literature, internet searches,
and conference proceedings. In addition, regulatory database querigevienmed to identify small

flow treatment systems used in the State of Florida.

A scheme for classifying technologies to allow comparisons between the many options that were
available for onsite treatment is provided-igure2-5. A scheme for classifying technologies to allow
comparisons between the many options that were available for decentralized treatment is provided in
Figure2-6.
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Onsite WW
reatment Processg

Classification

Natural Systems
(Soll, Plant And
Wetland
Processes)

Biological
Treatment

Attached Integrated Fixed lon Exchange Evaporation
Suspended Growth Growth Film Activated . P

Sludge Algae
Treatment

lectrolysis; Catio

: ' Exchange; Anion Incineration/ Solar.
Extended Recirculating Fixed Media Exchange Distillation
Aeration/ Media Biofilters Activated Sludge = STU Modification

Activated Sludge

egetative Uptake/

Moving Bed

Single Pass Bioreactor
Sequencing Media Biofilter

Batch Reactors
- Constructed
Wetlands

Denitrification
Biofilter

vapotranspiration

Membrane
Bioreactor

Rotating
Biological
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Figure 2-5: Classification of Onsite Treatment Processes
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Figure 2-6: Classification of Decentralized Treatment Processes

Suspended Growth

Extended Aeration/
Activated Sludge

Sequencing Batch
Reactor

Membrane
Bioreactor

=l Treatment Lagoons

Film Activated

Sludge

Fixed Media
Activated Sludge

Moving Bed Biofilm
Reactor

Hybrid

SBRi MBBR

Literature and Industry Best Practices Review (Task 2)

Temperature Based

Charge Based
Process

lon Exchange

Electrodialysis
Reversal

2-11



JEA IWTP June 22021
Master Plan Report
FINAL

2.2.1 Biological Treatment Processes

The overall objectives of the biological treatment of domestic wastewater are to 1) biologically transform
dissolved and particulate biodedadle constituents into acceptable end products, 2) capture and
incorporate suspended and rseitleable colloidal solids into a biological floc or biofilm, 3) transform or
remove nutrients, such as nitrogen and phosphorus, and 4) in some cases, recifaveapmorganic
constituents and compounds. The removal of dissolved and particulate carbonaceous BOD and the
stabilization of organic matter found in wastewater is accomplished biologically using a variety of
microorganisms, principally bacteria. Mimrganisms are used to oxidiie (, convert) the dissolved and
particulate carbonaceous organic matter into simple end products and additional biomass. The principal
biological processes typically used for general wastewater treatment can be classifispesnded

growth and attached growth (or fixed film) processes. Integrated fixed film activated sludge (IFAS) is a
group of technologies that combine both fixed film and suspended growth microbial communities.

2.2.1.1 Suspended Growth

In suspended growth proeses, the microorganisms responsible for treatment are maintained in liquid
suspension by appropriate mixing methods. Many suspended growth processes used in wastewater
treatment for biodegradation of organic substances are operated with dissolved osgggn)(ar

nitrate/nitrite (anoxic) utilization. Several manufacturers offer suspended growth treatment units for both
onsite and decentralized systems. For onsite systems, most were developed to provide better treatment
than conventional onsite alone, andeduce clogging of the infiltrative surface in the soil treatment unit
(i.e.,drainfield) by removing BOB

2.2.1.1.1 Extended Aeration/ Activated Sludge

The most common suspended growth process used for municipal wastewater treatment is the activated
sludge preoess. The activated sludge prodessamedas suctbecause it involves the production of an

activated mass of microorganisms, generally referred to as mixed liquor suspended solids (MLSS),
capable of stabilizing a waste under aerobic, anoxic and/or &n@aeomditions. Mechanical equipment

is used to provide the mixing and transfer of oxygen into the process. The MLSS then flows to a clarifier
where a fraction of the microbial suspension is settled and thickened. The settled biomass (activated
sludge) igreturned to the aeration tank to continue biodegradation of the influent organic material.
Extended aeration is similar to conventional activated sludge except the hydraulic and mean cell residence
times are significantly longer than conventional systéims reducing waste sluddegure2-7 presents

a process flow diagram for a typical conventional activated sludge or extended aeration treatment process.
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Sludge

Figure 2-7: Extended Aeration Process Flow Diagram

Generally ativated sludge processa® well developedvith proven capabilities to remove total nitrogen
(TN) from wastewater to very low concentrations via various biological nitrification/denitrification
configurations.

The treatment processes described above can be applied to bothrahdigeentralized wastewater
management approaches, however there were differences in application that should be noted between the
two.

Onsite Wastewater Treatment
1 Need to be simpler in operation, sirfeameowners often manage them

1 Mechanical treatmeniystemsaremore energy intensive as compared to conventional septic
systems

1 Mechanical treatment systertend toproduce more sludge as compared to conventional septic
tanks

1 Typical TN removal rangsfrom 40 to 75 percent

1 Pulse or intermitterseration could be an effective way to reduce the loss of organic carbon
during nitrification(Ayres Associates 1998labermeyer and Sanchez 2D05

Decentralized Wastewater Treatment

There were many decentralized treatment unitstiiiksh that incorporate variations on the activated
sludge process which are further described in Appendix A. The type of activated sludge process selected
was often based on the desired treated effluent water quality.

2.2.1.1.2 Membrane Bioreactor (MBR)

Membrane oreactors (MBR), also referred to as submerged or immersed membrane bioreactors, have
gained widespread application in wastewater treatment. Ultrafiltration memieaddas beaused in
activated sludge processes as a substitute separation processfithefinal clarifier. The membranes
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retain the volatile suspended solids in the biological treatment vessel through filtration rather than
sedimentation, which allosdthe process to maintain significantly higher biomass concentrations that
facilitate koth nitrification and denitrification at a smaller footpriRigure2-8 presents a MBR module
configuration diagram.

Biological
Reactor

Figure 2-8: Example MBR Configuration Replacing Final Clarifier Diagram (Suez, 2020)
Onsite Wastewater Treatment

1 MBR technologiedavenot beenwidely applied for onsite treatment. As of 2018, Suffolk
County, NY had two onsite MBR pilot scdtestallations; the systems were seeing acceptable
BOD and TSS removal but poor TN removal and effluent pH, so they were taken offline
(Sohngen 2019).

9 There were more installations Hurope,and they were often in areas with space constraints or
high grourdwater tables and often housed inside a basement, garage or shed.

Decentralized Wastewater Treatment

1 There were several types of membrane systems and configuidgatifed asavailable for
decentralized treatment.

1 MBR systems not only reduce the footprint of wastewater treatment plants by replacing final
clarifiers, but also provide the necessary filtration step required for achieving reclaimed water
quality effluent.

1 The man drawback to MBR systenisthe occurrence and control of fouling on membrane
surfaces via sparging (gas) or chemical cleans.

1 Most, if not all, of the decentralized activated sludge processes described in Appendix A could
be modified to replace the finelarifier with an MBR.

9 Current commercial decentralized MBR systems were modular which facilitated phased
expansions to the treatment capacity of a decentralized system.
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2.2.1.1.3 Sequencing Batch Reactor (SBR)

A sequencing batch reactor (SBR) process providemdecy treatment and clarification within the same
reactor during a period of approximately 4 to 7 hoGenerally, SBRs operate in treatment phases,
which typically consist of fill, react, settling, decant, and idle as showigure2-9. The react cycle
couldbe subdivided to allow for nitrification and denitrification.

Sewage

Excess Sludge Wasting Fill

[S1®)
—

Treated Water

Figure 2-9: Sequencing Batch Reactor (SBR) Operating Principle (Rogers 2016)
Onsite Wastewater Treatment
1 SBRsaremore conplex in operation butanbe easily automated
1 Achieve complete nitrification with extended aeration durations
1 Denitrification require careful management of the organic carbon during treatment
1

Canproduce effluent quality with low BOD, TSS, TN and total phosphorus (TP) with proper
operation and management, ho¢susceptible to process upset

1 Small footprint (one tank operation)

Decentralized Wastewater Treatment
1 SBR systems require oversight andintenance anaresusceptible to process upset
9 Produce effluent quality with low BOD, TSS, TN and TP

1 SBR systems could be beneficial in areas with limited footprint
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2.2.1.1.4 Treatment Lagoons

Another suspended growth process tigamntifiedis aerobic treatmeagoons. There are three types of
lagoon systems: (1) anaerobic, (2) facultative, and (3) aerobic. Aerobic lagoons typically utilize
mechanical aerators to introduce oxygen into the wastewatdfi(gge2-10) and provide mixing to

facilitate the biological degradation of BOD from wastewater and the conversion of ammonia to nitrates
with sufficient hydraulic retention times (HRTS) (typically approximately 30 d@apsoud, Tarhini et

al. 20®). Aerated lagoons teadto be followed by holding ponds for settling prior to discharging the
treated wastewater.

Mechanical
Aerobic /aerator

acteria _ .
f s "-},—L’" g \
N7

Figure 2-10: Typical Configuration of an Aerated Lagoon (Buchanan 2010)
Onsite Technolgies Treatment lagoonsrenot generally used for onsite treatment.
Decentralized Technologies
1 Land availability required for large footprint, suitable for rural areas

1 Not often incorporated into urban environments due to footprint, odor, secondamaasis

2.2.1.2 Attached Growth (Fixed Film)

In attached growth (or fixed film) processes, the microorganisms responsible for the conversion of
organic material or nutrients@w on an inert packing material. The organic material and nutiéeats
removed from thevastewater flowing past the attached growth, also known as biofilm. The noettia ¢

be submerged completely in liquid or partially submerged, with air or gas space above the biofilm liquid
layer. Biofilms from the growth of microorganisms develop on threymedia and retain/accumulate

the biology needed to carry out biological treatment. Air circulation in the void space, by either natural
draft or blowers, provideoxygen for the microorganisms growing as an attached biofilm. Biochemical
transformationgnd physical filtratiorarethe dominant treatment mechanisms within attached growth
processes, but chemical sorption aleald be significant depending on the media selected.

Materials used in attached growth processes include rock, gravel, slagesisvahd, and a wide range
of plastic and other synthetic materials. Three of the more innovative media materials currently available
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todayidentifiedare(1) zeolites,(2) porous granular di3) plastic media and peat which are explained in
further detaiin Appendix A. Theravere various types of attached growth processestified, with the

most common being single pass media biofilters, recirculating media biofilters, denitrification biofilters,
and rotating biological contactors (RBCs). These typedtathed growth processes, along with an
innovative process called membrane aerated biofilm reactor (MABR), are described in more detail in the
following subsections.

2.2.1.2.1 Single Pass Media Biofilters

In single pass processes, wastewater passes throughethmébia only once before being discharged for
further treatment or dispersal (d&gure2-11). The microorganisms in the biofilm absorb soluble and
colloidal waste materials in the wastewater as it percotater the surfaces of the media. The absorbed
materialsareincorporated intmew cell mass or degraded under aerobic conditions to carbon dioxide and
water. This generally resslin good nitrification but may not provide sufficient overall nitrogen

reduction to meet treatment goals. Low hydraulic loading rates and deeper npthisaaigd increase
denitrification in single pass biofilters by allowing the formation of an anoxic zone. Single pass media
biofilters for onsite treatment typically consist of covered or uncovered lined excavations or containers
filled with a bed of poros media that is placed over an underdrain system. The porousistgdiaally

inert with sand and fine gravel being the most common materials, but peat, textile, plastic, and open cell
foam re also prevalent. Other media materialsdretised are cried glass, slag, tire chips, polystyrene,
expanded shale, expanded clay, natural zeolites (hydrous aluminum silicates) and coir (fibrous material

from coconut husks).
Rotary Distributor
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Figure 2-11: Single Pass Media Biofilter Process Flow Diagram
Onsite Wastewater Treatment
1 Simple in operation and maintenance

9 Resulsin good nitrification but sometimafesnot provide sufficient overall nitrogen
reduction to meet treatment goals.

9 Sand filters require maintenance visits to keep the surface of the beds clean and prevent
clogging of the surface layer of the reactor.
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1 Some porous media (expanded clay, clinoptilolite) show capability to accept higher hydraulic

June 2, 2021

loading rates without connpmising nitrification, which allowed for smaller footprint
requirements as compared to traditional sand media filters.

Decentralized Wastewater Treatment

9 For decentralized treatment unitsck-based media wasilized until the early 1950s

1 The introdiction of plastic medias increastbe surface area available for biofilm growth while
reducing the incidence of clogging common in rbelsed systems.

1 Rarely employed in decentralized treatment today, except for smaller facilities (< 10,000 gpd)
due tothe large footprint required and limited nitrogen removal even with simple operation and

long history of use

2.2.1.2.2 Recirculating Media Biofilters

Recirculating media biofilters typically recycle the nitrified filtrate back to a recirculation Eaglré

2-12), which allows the wastewater to pass through the filter several times. The recirculation ptbeide

needed wastewater residence times in the media to achieve gestteent performance including

nitrification. Recirculation providemore control of the treatment process by adjustments that can be
made to recirculation ratios and dosing frequencies. The hydraulic, organic and nitrogen loadarg rates

critical operaing parameters for recirculating porous media filters, particularly as theydraatee

functioning of the physical and biological processes within the media. The mixing of the return filtrate
a thieo mr e cpiargignifjtaatrndregeml tt a n k

wi t h

Primary Effluent ——>

Onsite Wastewater Treatment

fresh

Recirculation

Figure 2-12: Recirculating Media Biofilter Process Flow Diagram

i nfl
removal via denitrification with wastewater carbon. Media filter applications, design, operation and
performance can be found elsewheueh agCrites and Tchobanoglous 199&verenz, Tchobanoglous
et al. 2002USEPA 2002Jantrania and Gross 2006
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1 More complex in operation as compared to single pass operation
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1 Requires oversight and monitoring of treatment process recirculation ratios and dosing
frequencies

1 Typical biofilter effluent concentrations treating domestic wastaveag<10/10 mg/L for
BOD and TSS, respectively, and approximately 50 percent TN removal

1 When the effluents recycled back to the septic tank, TN removal up to 75 percentsoccur

1 Organic overloading to porous media biofilters led to development of exedssinass near
the application surface, reduction in reaeration rates and media clogging that reduced treatment
capacity(USEPA 2002Kang, Mancl et al. 20Q7

Decentralized Wastewater Treatment

1 Decentralized treatment units that were commercially available included botulating
sand and textile biofilters, as well as several other media types

9 Generally used to treat flows in the range of 5,000 gpd to 50,000 gpd

9 Consistently produce effluent with 10 mg/L BOD, 10 mg/L TSS, and 12 mg/L nitrogen

2.2.1.2.3 Denitrification Media Biofilters

Denitrification biofilters are attached growth processes that operate in anoxic conditions to facilitate the
biological conversion of nitrates to elemental (gaseous) nitrogen typically following a nitrification step
(Figure2-13). Two groups of processere identified as beingised for denitrification. Heterotrophic
denitrification uses organic carbon as the electron donor, which may be added as a liquicbbd as a s
reactive medium. Autotrophic denitrification ss#emical compounds for electron donors, which are
added as solid reactive media such as elemental sulfur, ferrous iron or pyrite, as electron donors (Le et al.,
2016; Lv et al., 2017Design factors for denitrification biofilters include filter size, water residence time,
media size and shape, and the fraction of media for alkalinity sulplyo sludge, twestage biological
nutrient removal (BNR) system for household use cansfst septic tank, porous media biofilter
(nitrification), anoxic denitrification biofilter, followed by a soil treatment unit for final treatment and
dispersal. An example of such a system is shovigare2-13.
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Figure 2-13: Onsite Treatment Biofilter Process Flow Diagram with Denitrification Media Biofilter
Onsite and Decentralized Technologies
9 Outperform most other onsiteastewater treatment system for nitrogen removal

1 Requiresan initial nitrification step which addbverall system footprint either as tankage or
soil treatment unit area.

1 The more promising innovative dentification media materials currently avadedle
lignocellulose and elemental sulfur.

1 Sulfur denitrification achievehigh NO; removal rates and lowered excess sludge production
when compared witheterotrophic denitrification but consusraore alkalinity and generate
sulfate as a byproduct.

1 The timescales of media replacement, maintenance and supplementation and the practical
aspects of these activities should be considered.

9 Simple operation anchaintenance

2.2.1.2.4 Rotating Biological Contactors (RBC)

Rotating biological contactor (RBC) is an older technology that was first installed in West Germany in

1960buhad hundreds of installations by the 19700s.

rotating plastic discs, which serve as the biological growth medtignre2-14). The discaremounted
and allowed to turn with the rotatipmwetting the discs andhén exposing it to air before-exposing to
wastewater. The biofilm populatiageawell oxygenated and thus remawarganic matter from the
wastewater. RBCareprimarily used for BOD removal thouglowld be used for nitrification. RBCare
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more efficientwhen several stageseused, and recirculatias sometimes used. The process typically
consiss of a number of units operag in series, requiring up to 6 stages for proper nitrification.

Drive
= To clarifier
—_— ———————
Primary
effluent

Figure 2-14: RBC Process Flow Diagram
Onsite and Decentralized Wastewater Treatment

9 Prone to several operational issues which iredgdcess biomass accumulation on the rotating
discs, media deterioration, and lower performance at design loadings.

1 Few new RBC instaltions have been commissioned in the last 20 years both for onsite and
decentralized treatment.

1 There were proprietary RBC systems identified on the market for onsite and decentralized
treatment with installations globally (see Technology Database).

2.2.1.25 Membrane Aerated Biofilm Reactor (MABR)

Also known as membrane biofilm reactors (MBR), membrane aerated biofilm reactor (MABR) systems
use membranes to both deliver oxygen (or hydrogen) gas to the biofilm on one end while providing a
surface area for the growémd accumulation of biofilm on the other. MABR systearetypically
constructed to maximize surface area with the most common type of membranes utilized being
microporous hollowfiber membranes. In this configuration, the membramersot used to filteput the

MLSS but provide the biofilm with oxygen (or hydrogen) directly rather than through the bulk liquid
layer (wastewater). This all@MABR systems to operate at highlrxes butrequires careful

monitoring of the thickness of the biofilm layer taimtain optimum treatment efficiencies cross

section of a typical process flow diagram for a MABR system is presenkéglire 2-15.
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Figure 2-15: MABR Cross Section
Onsite Wastewater Treatment MABR applications have not been demonstrated for onsite treatment.
Decentralized Wastewater Treatment
1 Demonstrate the ability for simultaneous carbon and nitrogen removal
9 Complex operation which requis®perator oversight
1 Process control related challenges reported for full scale implementation
9 Few manufacturers offered modular MABR systems

1 Installations of this technology have only been reported outside of the US

2.2.1.3 Integrated Fixed-Film Activated Sludge (IFAS)

Integrated fixed film activated sludge (IFAS) processes combine both fixed film and suspended growth
microbial communities. The comlation of these two communitiggeldsvery stable treatment processes

that can achieve more reliable and consistent performance than other single sludge processes. Many of the
medias used in IFAS processes tend to be proprietary.

2.2.1.3.1 Fixed Media Activated Sludge (FMAS)

The fixed media activated sludge (FMAS) procass one of the earliest types of IFAS systems and
utilizes media to grow an attached biofilm in a suspended growth re&itiuré2-16). This processs
typically paired with dedicated coarbebble systems underneath the media progigood mixing,
oxygen transfer, and media agitation for biofilm thickness control.
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Figure 2-16: FMAS Process Flow Diagram
Onsite Wastewater Treatment
1 Small footprint
1 Somewhat complex operation as compared to conventional onsite systems

1 Rely heavily on proper dissolved oxygen (DO) levels within the reactor for treatment
performane

1 Consistently redu@BOD, TSS and TN
Decentralized Wastewater Treatment

1 Commonly used to convert conventional aerobic activated sludge treatment processes to
nitrifying-denitrifying systems

1 Small footprint

9 Typical treatment flow rangfrom 5,000 gpdo 50,000 gpd

2.2.1.3.2 Moving Bed Bioreactor (MBBR)

Moving bed bioreactors (MBBRye made up of two or three anoxic/aerobic regions and use small
buoyant plastic media that are uniformly distributed throughout the reactor through the use of mechanical
mixing or aeation. The medi#s typically held in the reactor, but water and sloughed solids pass through.
MBBR systems remove BOD and nitrogen frarastewater butequire chemical addition for phosphorus
removal.Figure2-17 presents a typical process flow diagram for an MBBR treatment system.

The most common process design imrasiew density bio support media in a portion of the reactor tank
through which the reactor conteiat® recirculated vertically down through the media. The recycle
operation also mixe&the contents of the reactor to keep the unattached biomass in suspension.
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Figure 2-17: MBBR Process Flow Diagram
Onsite Wastewater Treatment
1 Small footprint
1 Somewhat complex operation as compared to conventional onsite systems
9 Consistently redueBOD, TSS and TN.
Decentralized Wastewater Treatment
1 Small footprint

9 Simple operation whichaks notequire manual sludge wasting, solids retention time (SRT)
control, or sludge recycle.

9 There were several commercially available MBBR systems identified for small communities.

2.2.1.3.3 Hybrid SBR- MBBR

A relatively new concept by one vendor for a decentralizednrent uniidentifiedis a hybrid SBR

MBBR system. The system retaitihe mixing of both attached and suspended growth processes in an
SBR operational configuratigicarthTek Wastewater Treatment Solutiorishis reducethe number of

tanks required as the entire treatment process ®itcane tank. Similar to MBBR systems, this hybrid
process alseelieson adequate primary treatment tinimize influent TSS into the reactor tank

(EarthTek Wastewater Treatment Solutiosnother study explored the combination of SBR witBR/
technology and showed that the hybrid system was flexible, robust, and resilient to changes in operating
conditions(Vuono,Henkel et al. 2013

2.2.1.4 Aerobic Granular Sludge (AGS)

The aerobic granular sludge (AGS) process utilizes operating strategies and equipment to cultivate and
retain AGS granules for the purpose of achieving biological mitreanoval. AGS granules prowd
differing layers of microbiological growth and activity, whereas the presence of oxygen and electron

Hazenand Sawyer | Literature and Industry Best Practices Review (Task 2) 2-24



JEA IWTP June 2, 2021
Master Plan Report
FINAL

acceptors decrease towards the center of each granule. AGS granules also display excellent settling
characteristics thaequire less area and time to perform solids separation by gravity. Rapid settling
facilitates operation with a high solids inventory and nutrient removal within a more compact footprint
relative to activated sludge systems. As a result, AG®marged aa costeffective alternative to
activated sludge processes for meeting nutrient limits. Aqua Aerobics Systems, IncAgkgbe)was
identified asan AGS process provider in North America. Aeferobic licensethe AquaNereda
technology, an AGS procetigat utilizes proprietary equipment and operating strategies within sequential
batch reactors (SBRs) to retain AGS granules fegare2-18). The use of SBRs consoligathe
infrastructure by performing secondary biological nutrient removal and solids separation in the same
tankage. Considerations for the process indudstrumentation reliance to successfully perform BNR in
SBRs as well as upstream screening requereém

1 Simultaneous fill/draw

Aerobic Zone

Nitrification Reactions

Anoxic Zone
Denitrification Reactions

AquaNereda®

Cycle
y Anaerobic Zone
VFA Uptake
Phosphorus Release

Figure 2-18: AquaNereda® Process Flow Diagram
Onsite Wastewater Treatment AGS applications have not been tested for onsite treatment.
Decentralized Wastewater Treatment
1 Small footprint
1 Relatively complex operation, with several process controls required
9 Consistently redueBOD, TSS and TN

1 Applicable to larger decentralized treatment systems (>0.5 mgd).

2.2.1.5 Deammonification

An alternative approach for biological nitrogen remadahtified is the use of the deammonification
processigure2-19). This processs mostly used for high strength (ammonia) wastewaters such as the

liquid stream of the centtifg at i on dewat ering process (ficentrateo)
plants as a sidestream treatment. The deammonification processseqouersion of approximately
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50% of the influent ammonia into nitrite by ammonia oxidizing bacteria (AOB) usintation, followed

by the simultaneous removal of ammonia and nitrite by anammox bacteria. Anammox bacteria, short for
anaerobic ammonia oxidizing bacte@aethe catalyst behind the deammonification process. Under

anoxic conditions, anammox bactehn@ve the ability to simultaneously reduce nitrite and ammonia to

nitrogen gas.
1/2 mol Nitrite (NO,-N)

nitritation 37.5% 02 ﬂ
\j

1 mol Ammonia (NH3-N)

1/2 mol Nitrogen gas (N,)

&
Small amount of Nitrate

NH

Aerobic
Simultaneous
in biofilm
Anoauc

Conceptual Model of MEd'a

Biofilm on Carrier

Figure 2-19: Deammonification Process
Onsite and Decentralized Wastewater Treatment

The deammonification process has not yet been considered for development of an onsite or decentralized
treatment unit. However, the resultant energy and chemical savings associated with incorporating this
treatment technology and research directed towarddle and mechanisms of the specialized media

could lead to lower cost, scalable installations. Constraints to this process include operational oversight
requirements, low temperature sensitivity, pH sensitivity, and slow growth rate of anammox bacteria.

2.2.2 Physical/Chemical Treatment Processes

Physical/chemical (P/C) processes use-biochemical approaches for wastewater treatment. Though

P/C processes were initially equally acceptable compared to biological processes, they have been found to
be moreexpensive and more problematic when treating dilute waste stréhass there were limited

municipal applications identified.he more suitable P/C options for community/househotditenuse
identifiedwerel) membrane separation, 2) ion exchange, ard&)orationP/C processegrenot

typically used for onsite treatment; howewagoccasionally used in decentralized systems primarily as
tertiary treatment processes, side stream treatment or sludge proddssitiyane separation requsre
substantiabnd costly pretreatment, and therefiargenerally used for drinking water treatmeft.

summary of potentidP/C process options for onsite or decentralized wastewater treatment are

summarized irFigure2-20.
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Figure 2-20: Treatment Technology Categories for Physical/Chemical Processes

2.2.2.1 Evaporation

Solar evaporation and distillatiovere identified asemerging options for householdscinerationis also
referred to as advanced thermal oxidation (ATO) processvasdnostly used for the treatment of sludge
and biosolids.

2.2.2.2 lon Exchange

lon exchange for removal of either Nibr NO3 nitrogen from wastewviar has been studied by several
investigators using various media. However, without prior treatment, the rmedisily fouledThe

added cost of the pretreatment would likely make ion exchange impractical for onsite applications. Due to
the extensive pteeatment required, resin integrity, and the complexity of regeneration systems, ion
exchange systenaenot commonly used for decentralized treatment.

2.2.2.3 Electrolysis

Electrolysis is an electrohemical process that can be used to remove ionic compoonusdfution. At
least two inventors have developed electrolysis processes to remove ammonium (and/or nitrate) from
wastewatergJeon, Kim et al. 201 5pielman and Summers 2Q01Zhe systemaresuccessful at

reducing nitrogen and phosphorus but not TEB&ctrolysisis still in development stages t#chnology,

but provides promise for nutrient removal, specifically phosphorus.
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2.2.2.4  Electrodialysis Reversal (EDR)

The electrodialysis reversal (EDRas identified as relatively common membrane desalination

technology used for water reuse. While EDR dffety remove charged constituents from wastewater,
various operating issues such as membrane fouling and clogging have limited the use of this technology
for decentralized treatment. The expected total nitrogen removal rate for an EDRisygiproximaely

75 percent

2.2.3 Natural System Processes

Natural systems such as soil, plant and wetland systems are included as a separate classification because
they utilize a combination of physical, chemical and biological processes that occur naturally in the soil
and/or plantNatural treatment systemsydieavily on the assimilative capacity of the receiving

environment to yield the required treatment. These systems tend to be passive, relatively simple in
operation and mechanics, but typicallwbaéarger land eea requirements. Natural systemsitemabsorb
fluctuations in influent flows with little operator attention or loss of performaBategories of

technologies that are practical for onsite and decentralized wastewater treatment are preSguied in

2-21.

NATURAL SYSTEM
PROCESSES

SOIL TREATMENT & VEGETATIVE CONSTRUCTED
UPTAKE / ALGAE TREATMENT
INFILTRATION WETLANDS
EVAPOTRANSPIRATION

HETEROTROPHIC /
AUTOTROPHIC FREE

NITRIFICATION / SURFACE
DENITRIFICATION

SUBMERGED

Figure 2-21: Categories of Natural Systems for Nitrogen Reduction

2.2.3.1 Soil Treatment Unit (STU)

Soil Treatment Unit (STYsystems are typically the last step in the process sequence of conventional
onsite systems for final treatment and dispersal of effluenfHigere2-22) (Briggs, Roeder et al. 2007
Otis 2007. In conventional onsite systems, the STU protesssponsible for the myriad of physical,
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chemical, and biological processes that mtevmost of the treatment. The level of treatmeniegavith
soil characteristics, climate, and method of wastewater application.

Soil Treatment Unit (STU)

Perforated Pipes
and Gravel Trenches

. . VV _;1
Main Line I
From Home

Septic Tank Filtration

Soil Absorption & Purification

Ground Water

Figure 2-22: Conventional Septic System showing the Soil Treatment Unit (Minnesota Pollution Control
Agency 2020)

Onsite Wastewater Treatment

1 Complete nitrification generallgccursin the first 30 cm of depth for unsaturated, aerobic soils
with adequate permeability.

1 The capacity of the soil to denitrify vasidepending onhe specific environmental conditions
at the particular site, as well as the design and operation of the STU.

Decentralized Wastewater Treatment Three major applicable land treatment processes idenéfied
for decentralized treatment, generally used up to 250,000 gpd.

1 Slow rate (SR) The SR process is the application of wastewater to a vegetated land surface
with the applied wastewater being treated as it flows through thequdambatrix. A portion of
the flow percolates to the groundwater and some is used by the vegetation. The SRyrocess
capable of producing the highest degree of wastewater treatment and was similar to rapid
infiltration except wastewater application rates were typically much lower.

1 Rapid infiltration (RI) : With RI most of the applied wastewater percolates through the soil,
and the treated effluent drains naturally to surface waters or joins the ground water. The
wastewater is applied to moderately and highly permeable soils adspgen Rapid
Infiltration Basins (RIBs) or by sprinkling and is treated as it travels through the soil matrix.
Removals of wastewater constituents by the filtering and straining action of theesoil
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excellent. Suspended solids, BOD and fecal colifaaresimost completely removed. The
extent of nitrification of the applied wastewater was dependent on the hydraulic loading rate
used More recent RIB designs incorporated the addition of media for enhanced nitrogen and
phosphorus removal.

9 Overland flow: With overland flow, the wastewater is applied at the upper reaches of grass
covered slopes and allowed to flow over the vegetated surface to runoff collection.ditches
Overland flowis best suited for sites having relatively impermeable soils. The wastasvat
renovated by physical, chemical and biological processes as #ifiaathin film down the
length of the slopeBiological oxidation, sedimentation, and filtratiarethe primary removal
mechanisms for organics and suspended soils. Nitrogen résaoga combination of plant
uptake, denitrification and volatilization of ammonia nitrogen.

2.2.3.2 Soil Treatment Unit Modification for Nutrient Removal

Modifications to conventional STUs can entail the addition of a reactive media that supports
denitrification through the release of a carbon or electron détranary treatd wastewater initially
pasgsthrough an unsaturated layer or zone (of sand or other porous media for example) where
nitrification occurs. Following passage through the unsaturated zeneagtewater pagsthrough a
denitrification layer or zone which consists of a mixed denitrification m@baertson and Cherry 1995
Robertson, Blowes et al. 2000

Figure2-23 presents a typical process flow diagram for a STU that has been enhanced with denitrification
media for nutrient removdRobertson, Blowes et al. 2000)

Layered, unsaturated soil treatment system cross section
(not to scale)

J \) N Y \ R
<— From septic tank effluent (STE) Pump tank
Low profile distribution o o) Q gl o) Fo) Q ]
B ]
system for low pressure i i i
STE dosing (such as :
GeoMat system) >18" unsaturated nitrification media (sand)

" 4

12” lignocellulose/silt loam soil mix, denitrification media

v v ¥ v v

Percolation into natural soil

Figure 2-23: Enhanced STU Process with Denitrification Media (Hazen 2015)
Onsite Wastewater Treatment

1 Simple operation and maintenance, similar to conventional septic systems
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1 Nitrogen reduction resulted in TN below 10 mg/L

9 Issues of cocern include media longevity, replacement intervals, and hydraulic issues related
to preferential flow paths.

Decentralized Wastewater Treatment Similar modified STU applications could be applied to smaller
decentralized treatment facilities.

2.2.3.3 Evapotranspiration and Vegetative Uptake

Lined evapotranspiration beds and vegetative uptake are two other methods that have been promoted for
nitrogen removal. Both rely on plants to either transpire the water or uptake nitrogen for incorporation

into the plant matrials. However, the loss of water through evapotranspirkgawes a nutrient and salts

rich liquid thathasto be removed periodically to prevent toxic conditions for the plants. Also, the plants
arecontinually harvested to remove the nutrients takefram the system. Studies have found that

nitrogen removalvas achieved by these systems, but that other systems perform as well or better in
removing nitrogen from the wastewaféitkins and Christensen 200Rarton, Schipper et al. 2005

Taylor 200§. Whil e promoted heavily in the 19706s and
permeable soils or shallow water tables, evapotrarigpiraedswere infrequently usechore recently

and seem to have been replaced by constructed wetlands.

2.2.3.4 Constructed Wetlands

Constructed wetlands are wastewater treatment systems consisting of shallow ponds or channels that are
usually less than a meteregeareplanted with aquatic plants; and rely upon natural biological, physical,

and chemical processes to treat wastewdetlandsaredefined as free water surface wetlands (i.e.,

water surface that is exposed to the atmosphere) or subsurface flow wetlands (i.e., constructed bed or
channel containing appropriate media) showRigure2-24. They typically have impervious clay or

synthetic liners, as well as engineered structures to control the flow direction, liquid detention time, and
water level.

Marsh Plants

Qutlet

Coarse Gravel Impervious Liner Slotted Pipe Swivel Outlet
(Depth Control)

Figure 2-24: Typical Configuration of a sub-surface wetland system (Kadlec and Knight 1996)
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Onsite Wastewater Treatment

9 Subsurface flow constructed wetlands have been used for single family and commercial
applications for several years.

9 Nitrification seldom exceextl 50 percent, which lim#denitrification.

1 Denitrification redued nearly all the nitrate available if adequate electron domerspresent.

Decentralized Wastewater Treatment

9 FreeSurface wetlandaretypically used as a tertiary process in decentralized treatment
installations for polishing secondary effluent.

1 FreeSurface wetlands kathe potential for vector attraction and public health concerns
because of the readily accessible standing water.

1 Hyacinths have been used in pilot and sraedlle constructed wetland systems as tertiary
treatment for further removal of nutrients which achieved reclaimed water o\ebtyg and

Calderon 201p

2.2.3.5 Hybrid Constructed Wetlands

Hybrid systems such as recirculating wetlands and systems combining anaerobic treatment with
constructed wetlands have been explored with relative success for decentralized treatment. While most of
thesewere emgineered systems, thenere a few vendor&lentifiedthat provide packaged hybrid

constructed wetlandEigure2-25 presents a process flow diagram for a proprietgtyid constructed

wetland system capable of removing TSS, BOD, nitrogen, and phosphorus.
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Figure 2-25: Proprietary Hybrid Constructed Wetlands System Process Flow Diagram (Organica)
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Onsite Wastewater Treatment Hybrid applications have not been tested for onsite treatment.

Decentralized Wastewater Treatment

1 Systems like the Organica Food Chain Reactor combine IFAS processes with constructed
wetlands which providefull treatment of domestic wastewater within package plants
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1 Shows capability of blending into urban environments
9 Producsreuse quality efflueniOrganica
1 Have not been widely commercialized in the United States

1 Proprietary systems typical flow rargjgetween 50,000 gpd and 125,000 gpd

2.2.3.6 Algae Treatment

Algae has also beengyen to remove hitrogen and phosphorous from both water and wastewater while
providing the benefit of producing oxygen. Originally patented in 1982 by Dr. Walter Adey, the Algal

Turf Scrubber® (ATS) was developed based on natural algal mats over casaltgatis considered

an emerging technology which could be considered more as a wastewater polishing process with
sustainabl e, energy recovery features. Shallow ra
have since been improved by includinglpke wheels. The paddle wheal®used to keep the microalgae
suspended for sunlight exposure and the shallow depths allow for light peneFfiza2-26 presents a

proprietary process illustration for an algae system treating wastewater effluent or natural water.

— . ——

- ==(dl:

Figure 2-26: Algae Treatment System Process Flow Diagram (Water Environment Federation 2016)
Onsite Wastewater Treatment

1 The application of algae treatment for onsite treatment has been explored aisiteddabut
not demonstrated in the field.

Decentralized Wastewater Treatment
Algae decentralized treatment systems pravide

9 low cost solution
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energy efficiency

thealgae nutrient removalas typically seasonal

systems require large lamgearequirements

efficiency of treatmentvaslargely dependent on the sun and temperature

=A =4 =4 =4

2.2.4 Disinfection

The organisms of concern in domestic wastewater include enteric bacteisesyand protozoan cysts.
Disinfectionis considered a primary mechanism for inactivating/destroying pathogenic organisms and
preventing the spread of waterborne diseases to downstream users and the environment. Some of the
commonly used disinfectants faastewater applications included chlorine, iodine and ultraviolet
radiation (UV).

2.2.4.1 STU Fecal Reduction

The drainfield (STU) and underlying soils are the most critical components of conventional septic
systems for the treatment of wastewater. Conventamsite systems that meet current regulatory
requirementsregenerally not significant sources of bacteria to water bodies because teasoil
excellent removal mechanism when the wastewsatdtowed to percolate through a sufficient depth of
unsaturted soil (> 2 feet) before reaching the groundwater. Many studies confirm the high and nearly
complete removal of fecal coliform bacteriaaiproperly functioning drainfield. A failing septic system
doesnot function in a sanitary manner and may result in the transport of untreated or partially treated
wastewater to surface waters. The Jacksonvillelz®a relatively high ground water table, which could
potentially transport fecal coliforms through Bba ground water into the creeks.

Aging septic systems have been identified as contributing to fecal coliform loading, in addition to
nitrogen loading, to the St. Johns River and tributaries as documented in Basin Management Action Plans
(FDEP). Many oftie aging septic systerdsd not meet current code requirements. In the Lower St. Johns
River Basins (LSJR) and its tributaries watersheds, special concesbexatise of the high number of

septic systems and the fact that the water tabdeoften highsometimes resulting in a very thin

unsaturated zone (< 2 ft). Generally, the water table in most of Duval Geastyithin 5 ft. of land

surface andouldbe less than the 2 ft. in areas adjacent to water bodies. These concerns led to the FDEP
studyEvaluation of Septic Tank Influences on Nutrient Loading to the Lower St. Johns River Basin and
Its Tributaries(Belanger, et al., 2011), which concluded that clear evidence of septic system nutrient and
bacterial impact downgradient from drainfields vaking. Furthermorenutrient and bacterial plumes

were notdocumented as reaching the adjacent surface water. In most cases, tiachertiancrease
downgradient from the drainfieldather,bacteriaweregreatly reduced within short distances of the

drainfield (< 10 ft.). In the study, no significant relationships were found between the nutrient or bacterial
plume migration distances and particle size, hydragi@uctivity,or hydraulic gradients.

2.2.4.2 Onsite Treatment Disinfection

Disinfection systems for oite systemsver e r egul ated per FAC 64E. 6. 0181(
shall be disinfected by chlorination or other dis
minimum disinfection level equivalent to a free chlorine residual of 0.5 mgésured at the point of
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discharge after a minimum chlorine contact time of 15 minstesjuired for injection well disposal.
Ultraviolet (UV) light disinfectionis the second most common wastewater disinfection process in the
United States. The effectimess of a UV system depsmh the characteristics of the wastewater, the
intensity of UV radiation, the amount of time the microorganianeexposed to the radiation, and the
reactor configuration (UV LEDarecoming into the market soon).

2.2.4.3 Decentralized Treatment

Disinfection success in any decentralized systedirectly related to the concentration of colloidal and
particulate constituents in the wastewater. Alternative compounds/techniques to chlorine and UV
disinfection include:

1 Ozonei ozone gagO3)is generated by imposing a high voltage alternating current (6 to 20
kV) across a dielectric discharge gap that contains an oxyganing gas. Ozornistypically
generated onsite because it was unstable and decomposed to elemental oxygen in a short
amount of time after generation.

1 Peracetic Acid (PAA) an equilibrium mixture of acetic acid and hydrogen peroxide and
water. Commercially available, PAA $ia stabilizer to increase its storage life. Typically, a
pumpis used to transfer the PAA from the storage vessel into the secondary effluent. First
commercial use of PAA for wastewater disinfection was in 1980.

9 Chlorine Dioxidel generated by mixing anéacting a chlorine solution in water with a
solution of sodium chlorite (NaClp Chlorine dioxidds also generated aite because is
unstable and decompasapidly.

9 Pasteurizatioii the process of heating water at a specified temperature anfbtithe
purpose of killing microorganisms. Three different operational metaadgpically used:
batch, hightemperature short time, and uttigh temperature.

2.2.5 Wastewater Treatment Technologies Summary

A summary of identified alternatives for the tirmant of wastewater for both onsite and decentralized
sized wastewater treatment facilities is providedable2-3.
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Table 2-3: Wastewater Treatment Alternatives

Wastewater Treatment

Onsite Treatment Decentralized Treatment

Process
1  Small footprint
1  More energy intensive
as compared to
conventional
1 Mechanical treatment . .
1 Many options for varying
systems could produce
. flows
Extended Aeration/ more sludge as :
: 1 Designed to meet
Activated Sludge compared to desired treatment
conventional septic .
tanks effluent water quality
1 Effluent quality good,
low BOD & TSS.
Typical TN removal
. . ranged from 40 to 75%
Biological, 1  Small footprint
Suspended Growth T Potential for membrane
. fouling
Membrane Bioreactor 1  Not applicable 1  Modular design for
(MBR) . .
phased implementation
1 Effluent quality good,
low BOD, TSS, TN
1 Complex operation
. 1 Energy intensive
(Sseéq;c;nC|ng Batch Reactor 1 Require oversight
1  Small footprint
1 Effluent quality good, low BOD, TSS, TN
1 Large footprint
Treatment Lagoons 1 Not applicable 1 Secondary nuisances
including odor
1 Simple operation
1 Low energy use
_ _ 1 Effluent quality good, 1 Rarely used except for
Single Pass Media smaller systems
oS low BOD & TSS. -
Biofilters L 1 Large footprint
Limited TN removal 1 Limited TN removal
f  Maintenance of media
surface req.
1  More complex in
Biological, Attached operation than single . .
Growth pass 1  Typically designed for
Recirculating Media 1 Required oversight and 5,000 to 50,000 gpd
Biofilters monitoring i Effluent quality good,
1 Effluent quality good, low BOD, TSS, TN
low BOD & TSS. TN
removal ~50%
1 Required nitrification step prior which adds to footprint
Denitrification Media 1 Simple O&M
Biofilters 1 Low energy use
1 Effluent quality good, low BOD, TSS, TN
1  Small footprint
Biological, Attached Rotating Biological 1  Prone to operational
Growth Contactors (RBC) issues
1 Few new installations
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Table 2-3: Wastewater Treatment Alternatives

Wastewater Treatment

June 2, 2021

Nutrient removal is

Category Onsite Treatment Decentralized Treatment
Process
1 Complex operation
- 1  Operator oversight req.
Membrane Aerated Biofilm .
1 Not applicable 1  Process control
Reactor (MABR) PP challenges
1 No US installations
1 Numerous installations | §  Typically designed for
. . . 1  Small footprint 5,000 to 50,000 gpd
gll)lj?jd évl(e':dl\'/lig():t'vated 1  Complex operation 1  Small footprint
9 1  Effluent quality good, 1 Effluent quality good,
low BOD, TSS, TN low BOD, TSS, TN
Biological, Integrated . 1 Typically designed for
Fixed-Film Activated L e 5,000 to 75,000 gpd
Sludge (IFAS) Moving Bed Bioreactor T Cons?é/tent effluent 1  Small footprint
(MBBR) : . 1 Consistent effluent
quality with low BOD, Lo
TSS. TN quality with low BOD,
' TSS, TN
Hybrid SBR-MBBR f  Not applicable T {\‘ez‘t’ivnzoncem' pilot
1 Applicable for >0.5 mgd
. . Aerobic Granular Sludge . 1  Small footprint
Biological, AGS (AGS) 1 Not applicable 1 Effluent quality good,
low BOD, TSS, TN
1 Large footprint 1  Applicable for <250,000
. . 1 Simple operation gpd
Soil Treatment Unit (STU) 1 Effluent quality good, 1 Slow rate effluent quality
low BOD & TSS good, low BOD & TSS
e 1 Simple O&M
STU. Modification for 1 Effluent quality good, 1 Not applicable
Nutrient Removal low BOD. TSS. TN
Evapotranspiration and
Vegetative Uptake 1 Infrequently used
1 Complex operation to
Natural Svstems optimize performance 1 Large footprint
Y Constructed Wetlands 1 Large footprint 1  Secondary nuisances
1  Secondary nuisances including vector
1 Effluent quality good, attraction
low BOD & TSS
. 1  Applicable for 50,000 7
Hybrid Constructed 1  Not applicable 125,000 gpd
Wetlands
1 Few US installations
1 Large footprint
Algae Treatment 1 Not applicable ]I]I Low energy

inconsistent (seasonal)

*Listed advantages and disadvantagemnot all inclusive

2.3 Wastewater Collection Technologies Assessment

Applicable collection and transmission technologies for the conveyance of wastewater to decentralized or
centralized wastewater treatment facilitvesre evaluatedrhree main categories of wastewater collection
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systemswereidentified: gravity, low pressure and vacuum systems Fégere2-27). Hybrid alternatives
and a nesewer alternative consisting of holding tanks at individual points afexdion with pump out
via vacuum truck and transport to a treatment faaigye also included

Collection Systems

|
1 1 1 1

Conventional Grinder Pump Pump-Out via
Sewer System Vacuum Truck
centrifugal and
progressive-cavity

Septic Tank L Vacuum Sewer
Effluent Gravity
Sewer with Direct

In-line Pumping

Septic Tank

Effluent, Small Septic Tank

Effluent Pump
System

Diameter Gravity
Sewer

Direct Inline
Pumping

Figure 2-27: Wastewater Collection System Alternatives Summary

2.3.1 Gravity Sewer Systems

Conventional gravity sewelystems werelentified aghe most widely used method of wastewater
collection for residential and other developed areas iklfhe

2.3.1.1 Conventional Gravity Sewer

Conventional gravity sewer systems rely on slope and gravity to convey wastewater fromwéaeh ser
connection to a gravity sewer. Due to the presence of suspended solids in raw wastewater, gravity lines
generally maintain a minimum flow velocity of 2 feet per second (fps) to avoid clogging due to

particulate deposition on the pipe wdllsSEPA 2000. Manholesareplaced on the sewer lines at

intervals of 300 to 400 feet and at all intersections and changes of tl@llesvaccess for inspection,

cleaning and repair. Because of the continuous slope, the depth of gravity sewers in areas of relatively flat
topography increase with distance downstream until the deptimieetoo great for economical

construction. Typially, this depthis 12 to 14 feet below land surface, at which point a lift statidmuilt
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to pump wastewater to a shallower graaggwer manhole, through a force main to another lift station, or
directly to a wastewater treatment facility.

2.3.1.2 Direct Inline Pumping System

A more recent technology in collection systedentifiedis the direct inline pumping system (Direct IP).

The Direct IP technology was developed in France and few US installations exist with long term
operational data. Direct IP systefifsgravity effluent directly at the point of entry without the need for
storage (wet well). Typical operatigmbased on continuous pumping but depehah inlet flow.

Traditional gravity collection often required a wet well or a separate chamberdtr twaaccumulate in

prior to being pumped into a force maidirect IP could be retrofitted into existing lift stations. The
elimination of the wet well reduced the excavation depths, odor issues and corrosion, and provided safe
access (little to no opdm exposure to wastewater) to lift station componéntustrial Flow Solutions

SIDE Industrie3. Figure2-28is a schematic of a Direct IP installation.

Immersible IP67 IE3 motors o
Sectioning valve

for easy
maintenance

Modular concept in
all stainless steel

=T Stainless
Modulated pumping Stf?::]::"
driven by variable ‘ supplied for

speed drives for —e . m

energy savin . il ol
gy saving |p.. H| I | ¢ operation
. r
Optional DIPCut® i 2
impeller for self-
cleaning operation Qf
- Stainless
OmniDiP® allows _—* steel Level
remote management Sensor

Figure 2-28: Direct IP System Schematic (Overwatch 2020)

2.3.1.3 Small-Diameter Gravity Sewer

An identifiedalternative to traditional gravity sewers that also relies on gravity for the conveyance of
wastewatewas small diameter gravity sewer (SDGS). Also known as septic tank effluent gravity (STEG)
sawers, the collection systeutilizes septic tanks at the wastewater source to remove solids and floating
materials, such as oil and grease. Effluent from the septiggaidcharged to the SDGS. Since sohds
removed in the septic tanks, SDGS dianmssieereduced (as small as 3 inches) and tteybe laid with
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inflective gradients in some areas, as long as the overall grégiegative Figure2-29 depicts the
general components and layout of a SDGS system.

COLLECTION
MAIN

FATS, GREASE
AND OILS

INTERCEPTOR

BUILDING
SEWER

SETTLEABLE
SOLIDS

SOLUBLE
BOD EFFLUENT

INFLECTIVE
GRADIENT

SERVICE
LATERAL

Figure 2-29: SDGS Diagram

2.3.2 Low Pressure Sewer Systems

Low pressure sewer systems utilize pumps to convey wastewater at sufficient flow velocities to deter
particulate settlingTwo main types of low pressure collection systeveseidentified septic tank
effluent pressure (STEP) sewers and grinder pump sewergSEPA 2002.

2.3.2.1 Septic Tank Effluent Pump Systems (STEP)

Septic tank effluent pump (STEP) savsystemsvere similar to SDGS systems in that they rely on septic
tanks at the wastewater source for removal and decomposition of settleable and floating solids. However,
instead of using SDGS lines to convey septic tank effluent to the wastewateetretatoility (WWTF),

STEP systems utilize small septic tank effluent pump stations and pressure Bgyuee2-30 presents a

STEP sewer system diagram with major comgnts highlighted.
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Septic/
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Figure 2-30: STEP Sewer Diagram (Orenco 2020)

Based on STEP systems tiaagreoperated in Florida, the maximm size of the local area served by an
interconnected STEP pressure sewer system was about one squabmogithis maximum service area
was reached, the STEP pressure sewer system discharged to a lift station tleatyastgwater to the
WWTF.

2.3.2.2 Grinder Pump Systems (GP)

Grinder pump (GP) sewer systemere identified asnother type ofow pressure sewer collection

system Specialized pumps that turn on at specific intervals (based on water level invendksised to
process the entire waste streaonira home into a fine slurry prior to pumping the effluent to a low
pressure sewer maiA.typical GP sewer system utilisa small grinder pump station at each wastewater
source (home), and smaliameter, lowpressure sewetsansmi the wastewater toftistations or directly

to a WWTF. Stations serving single residential units typically utilize fiberglass wet wells 24 to 30 inches
in diameter located in the rigbf-way. Two common types of grinder pumpsbmersible centrifugal

grinder pumps and subns#sle progressiveavity grinder pumpsarein widespread usé&igure2-31

presents a GP sewer system diagram with important components highlighted.
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Figure 2-31: GP Sewer Diagram

2.3.3 Vacuum Sewer Systems

The components ofwacuum sewer systeidentifiedincludevacuum station(s), collection system piping
and isolation valves, and vacuum sewer valve pits and air terminals. Vacuum collectionsdipingl to
typically be 4-inch to 10inch solvent weld or pusbn, rubbergasketed PVC pipe laid in a s@eoth

patern, with an overall minimum 0.2 percent slope. Tlasthree main components to a vacuum

system: (1) the valve pit, (2) the vacuum main, and (3) the vacuum station as detitedaa-32.

Vacuum stationgreusually comrete block buildings on concrete foundations with part of the structure
located below grade to accommodate entry of the vacuum sewer. Vacuum stations utilize pumps to create
a vacuum (suction force) in the vacuum main. Pneumatic valves within the \slveepé senser

activated and alloadfor the suction of the wastewater into the vacuum main and to the vacuum station.
Once thewvastewatearrived at the vacuum station, the collection tank filled, and-clog wastewater

pumps removed waste from the cotlen tank for transmission either to lift station(s) or directly to a
WWTF.
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Valve Pit Package Vacuum Main Vacuum Station

Figure 2-32: Major Components of Vacuum Sewer Systems (Airvac)

2.3.4 Hybrid or Mixed Systems

Combinations of thaentified alternative wastewater collection systems discussed in this section are
possible and, in many cases, lower the overall costs of the collection system. The primaryveoecern
combining systemss for the wastewater characteristic of an upstream system to be compatible with the
downstream system into which it dischesgAn example of a compatible combinatierfSDGS and

STEP systems since both waste streams employ septic tank pretreatntemedod solids content.

Any of the alternative collection systermuldbe discharged to a conventional gravity system, as long as
precautionsretaken to prevent poteaticorrosion and odor problems caused by more anaerobic
upstream systemse.g.,.SDGS or STEP). Examples of incompatible combinatamesacuum or grinder
pump systems discharging to SDGS or STEP systems, since the latter two systeshdesigned to
convey wastewater with high solids or grease.

2.3.5 Wastewater Collection Technologies Summary

Table2-4 summarizes the advantages and disadvantages of the discussed c@{estém alternatives.
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Table 2-4: Collection System Alternatives Comparison*

Collection System Type Advantages Disadvantages
1 Deep excavation or frequent lift
1 Well established technology stations required in areas of flat
. o topography
1 Collectors contained within the -,
S 1  Scour velocities could not be
public right-of-way (R/W) L
—_— . : maintained at low flows
Gravity T Conventional 1 Entire waste stream conveyed -
1  Manholes required
from property
. . 1 I/ common through manholes
1  No power required except at lift : .
. 1  Typically installed under
stations s
roadway pavement, requiring
restoration
U . . . 1  New technology
Gravity i Direct Inline Pumping 1 No wet well required 1 Long term O&M requirements
(Direct IP) 1 Shallow lift station g g
unknown
1  Shallow and small diameter 1 Interceptor tanks located on
o . . pipe reduced excavation private property, req. easement
(Gsrg\(/;t%/)l Small Diameter Gravity 1 Cleanouts in place of manholes | §  Settleable solids retained on
1 Ul reduced by fewer manholes private property that req.
1  Usually installed in R/W periodic removal
1  Collector mains could be laid at | 1 Interceptor tank located on
constant depth to conform to private property, req. easement
topography 1 Power reg. at each connection
. . 1  Primary treatment req. reduced supplied by property owner
Pressure i Septic Tank Effluent hol limi d leabl lid ined
Pump (STEP) Systems | qu oles e!m!nate 1 Sgtt eable solids retaine on
1 Infiltration eliminated private property that require
1 Usually installed in R/W off of periodic removal
road pavement 1 Individual service lost with
1  Major lift stations eliminated power outage
1  Collector mains could be laid at
constant depth to conform to 1  Vault with grinder pump located
topography on private property with
1 Entire waste stream conveyed easement required
Pressure i Grinder Pump from property 1 Power reg. at each connection
1 Cleanout in place of manholes supplied by property owner
T I/l eliminated 1 Individual service lost with
1  Manholes eliminated power outage
§ Lift stations eliminated
Collector mains could be laid at
nearly constant depth to 1 Collector mains had to be
conform to topography . i
) installed to grade in a sawtooth
1 Entire waste stream conveyed pattern
from_ p'f"pe”y 1 Standby power req. at central
T Ul eliminated .
L vacuum station to prevent
 Manholes eliminated . .
. service loss during power
Vacuum 1 Collector mains and valves outages
installed in R/W off road utag
1 Limited number of
pavement .
. manufacturers of equipment
T No power req. at connection 1 Pipe diameters were greater
1  Standby power typically P 9

provided at central vacuum
station prevents service loss
during power outages

*Listed advantages and disadvantages not all inclusive
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2.4 Wastewater Management Strategies

Wastewater management strategies for this project were defined as methodsalgingthe wastewater
generated in th8TPO priority aream lieu of the existing septic systemsséheme for classifying
wastewater management strategies to allow comparisons between the alternatives was identified. This
scheme consisted of two main gps: traditional wastewater management strategies and innovative
component wastewater management strategies. The traditional wastewater management strategies
included onsite, decentralized, centralized, and integrated management (i.e., a mixturestfttined)t
Figure2-33 shows the four main traditional wastewater management strategies along with their
subgroups.

DECENTRALIZED

= — ADDITIONAL CONSIDERATIONS
X / —r

N
— T i -
Aov. wmOGEN [, reum’e

i

=) (=

Figure 2-33: Identified Traditional Wastewater Management Strategies Alternatives

In addition, innovative component management strategies could be coupled with overall strategies such
as: biosolids management, effluent management, community redevelopmentssparegion, and
groundwater remediation with permeable reactive barfégsire2-34 shows the three innovative
component wastewater management strategies alonghaittstibgroups (if applicable).
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Figure 2-34: Innovative Component Wastewater Management Strategies to be Screened

2.4.1 Onsite Management Strategies

As discussed in Sectidhl.], onsite treatment was defined as a single unit used for collection, treatment,
and dispersal or reclamation of wastewater generated by a single dwellinglordgouii general, onsite
treatment systenmarelocated at or near the site of wastewater generatiocaridclude conventional,
advanced or innovative treatment systems (see S&fprOnebenefitof the onsite management

strategyis the elimination of costs related to centralized sewer collection and transmission to either a
decentralized or centralized treatment facility. A depiction of a conventional onditessegem is

shown inFigure2-35.
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Figure 2-35: Example of Onsite Management with Conventional Septic System (USEPA 2019)

Often owners were unawaretbiir septic system specifications and tleeessityfor periodic

ma i

ntenance or

repair. I

n

this Aunmanagedo

condi

and manyhadoperational problem@JSEPA 200%. The USEPA reviewed state and local management
approaches and revealed that many programs relied on the individual homeowner for the operation and

maintenance of the onsite treatment systgd®EPA 200%. Homeowners (both those with and without

experiece dealing with onsite systems) were not trained and provided the required information needed to
operate and maintain their systems. Howeutdities alsooften lacked the legal authority to hold
homeowners accountable for properly maintaining thenresatt system. Thus, public education balanced
with proper legal authority for the utility was necessary for a successful onsite management system.

To implement a successful onsite management strategy, a thoroughcpldmgfactors linked to the
operatio, maintenance, and efficiency of the onsite system should be devdtaptats such agesign
options, site conditions, operation and maintenance requirements/training, periodic inspections, repair and
upgrade, monitoring, and financial suppootld be includedOne core element identified was
establishing the legal authority for the utility and/or private responsible management entity (RME) to
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enforce the plan. Ownership and management entities are discussed in ZBchstitutional
Frameworks.

One potential onsite management straieigntifiedfor JEAwasto consider the aging and/or failing

systems and replace/repair them in phabBleis. strategyould allow JEA to focus on replacing only

failing units versus all units within STPO priority arehewever, political hurdles (i.e., public reaction,
fairness perception, eteright beassociated with this approadfurthermorefailing unitscouldbe

somewhat difficult to define/identify. The STPO prioritization analirsitudedan annual review of

existing septic systems by the Health Department and the City wcicidedanalysis of repair permits.
Example parameters thigpically areused to estaish whether a univasdefined as failing includkan
inspection of the structural integrity of the tank, meeting current code, hydraulic/physical parameters, age
of system, height of groundwater table in the vicinity of effluent dispersal, etc.

Upgradirg conventional septic systems to advanced onsite treatment systems could {oest low
approach to wastewater treatment if planned, designed, installed, operated, and maintained properly.
Onsite treatment unithat hadwastewater treatment performanceiggler to centralized wastewater
treatment plants and historical data for proven performance (see S2linere identified If nitrogen
reductionwasa goal for a STPO priority area, advanced onsite nitrogen reducing systems would be
applicable solutions. The advanced systemsld likely require additional oversight for operation and
maintenance when compared to traditional septic systems. Identiidd management strategies are
summarized irfFigure2-36.

7 Py
Nroges.

:é -
W/OUT ADV.
A B 7 e i
% TREATMENT
ﬁ 28n »fha
= é

<=b>‘

REPLACE OLD AND
REPLACEALL FAILING SYSTEMS

ONSITE

CONVENTIONAL
(SEPTIC SYSTEM)

Figure 2-36: Onsite Management Strategies Alternatives

Utiliti es that have incorporated-site systems into their management strategies included:

Broad Top Township, Pennsylvania (discussed in Appendix B)
Jamestown, Rhode Island

Monroe County, Florida

Hamilton County, Ohio

=A =4 =4 =9
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2.4.2 Decentralized Management Strategies

As discussed, decentralizedatmenivas defined aa multi-source collection and community or

clustered treatment system (not an existing JEA WWTF) used to collect, treat and disperse or reclaim
wastewater from a small community or serviceaadn example of a decentralized management strategy
is shown inFigure2-37.

Treatment and
Dispersal Components

Groundwater

Well = e

Wastewater
Wastewater Flow
Treatment in Soil

Groundwater

Bedrock

Please note: Septic systems vary. Diagram is not to scale.

Figure 2-37: Example of Decentralized Management Strategy (USEPA 2019)

Thereweremultiple alternatives to deceatized management strategies identified for JEA to consider
(seeFigure2-38). As previouslydiscussedhothcollection system alternatives and treatment system
alternaiveswereidentified When considering various decentralized management strategies, it

important to consider the volume of wastewater generated from the connected parcels, land area available

for conveyance network and treatment facilitesdeffluert management options with consideration to
environmental constraints.ddentralized treatment units may include advanced treatment specifically
aimed to target nitrogen removal.
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Figure 2-38: Decentralized Management Alternatives

Many utilities, including those listed below, have developed decentralized management strategy
approaches.

Rutherford County, Tennessee (discussed in Appendix B)
Loudoun, Virginia

Hampton Roads, Virginia
Fairfax Couny, Virginia

Keuka Lake, New York

The Sea Ranch, California

Otter Tail Lake, Minnesota
Blacksburg, Virginia

Phelps County, Missouri
Shannon City, lowa

Prince George County, Maryland

=4 =8 =8 =8 -8 —f a8 99

2.4.3 Centralized Management Strategies

For the purpose of this project, a centralized treatment facility was defined as an existing JEA wastewater
treatment facility (WWTF), traditionally called a publicly owned treatment works as defined in Title 40 of

the CFR Section 122.2. The centralizechagement strategy alternatives included the collection system
alternatives and transmission to an existing JEA WWOikrently, JEA owns, operats andmaintairs 11

WWTFs in Duval, St. Johns and Nassau counties with three additional facilities planneehtralized
management strategy assessments of the STPO prior
WWTFswould need to be considered. Many utilities, including JEA, Sarasota County, Charlotte County,
Monroe County, and the Loxahatchee Rivéstiict, have begun or completed the transition to a

completely centralized sewer system within their urban service area.
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2.4.4 Integrated Management Strategies

Integrated management strategiese defined as a mixture of the previously mentioned wastewater
management strategies (onsite, decentralized, and centralized) as well as additional management and
treatment processes that provided community benefits such as water reuse, satellite systems, and biosolids
management. An example of a theoretical communiplémenting integrated management is shown in
Figure2-39. In this example, osite systems with drip irrigation were provided to remote custowieos

were located far away from the centralized sewer netaogeneratesvastewater volumes too small for

a decentralized systermhe bulk of the wastewater was handled via centralized collection and treatment

with decentralized systems installed in tdsweloped parts of the community that were detached from

the centralized sewer system.
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Figure 2-39: Integrated Wastewater Management Visual Example (Gikas and Tchobanoglous 2009)
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Some difficulties of an integrated management strategy included complexity in managing different
technologies, collection systems, solids handling methods, and effluent management practices. Each
technologycould have differeinoperation and maintenance needsguiring different training and skills.
Overlapping maintenance schedules, unknown conditions of remote systems, and variable water quality
between systems were some factors that presented challenges when managhggeaednvastewater
system.

The following utilities have developed an integrated management system

9 Loudoun County, Virginia
0 Mixture of septic systems, decentralized, and centralized treatment
9 Upland Hills Country Club Golf Course, Upland, California
0 Centalized and decentralized systems for reclaimed water production used at a
golf course
1 Hampton Roads, Virginia (Hampton Roads Sanitation District, HRSD)
o0 Centralized sewer, decentralized regional facilide&lonsite systems
1 Broad Top Township, PA
o0 Centralized sewerptvnship owned and operatedsite systemwith some
systems discharging the effluent to surface water.

2.4.5 Biosolids Management Strategies

JEA advised that the processing of biosolids from its WWTFs, except Blacks Fokdicamerrey is

planned at the Buckman Residuals Management Facility (RMF) for the foreseeableltuuBeickman

RMF is centrally | ocat ed wdintthe primandidEe®iondduterer vi ce ar e
biosolids processingndwastewater management strategies.

J E Adursentbiosolidsoperations includérucking to sludge storage tanks where it is pumped to the
gravity belt thickeners, pumped to the Buckman Water Retian Facility (WRF) then directly into the
gravity belt thickeners, or pumped directly to the sludge storage tanks. Following the belt thickeners, the
biosolidsaredigested in one of three anaerobic digesters. Biogas from the digestion jscegssed

and used for energy production. The digested sligig@ved into a centrifuge to reduce the water

content to about 20% solids. The 20% solids éaki@en processed through thermal dryers to obtain a
solids content of approximately 95%. The thermaiigdibiosolidsarestored until used for land

application. The current proposed FDEP rule changes on land application of biosolids may impact the
availability of sites for land application

The Buckman RMF was undergoing major upgrades to accommodate dapacity demands and to
maintain an efficient process by replacing or upgrading aging infrastructure/equipment. The design of
these modifications was underwaywkisrecommended that the potential additional biosolids generated
through strategies in#hWTP Master Plan be incorporated into the ongoing facility improvement plan.
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2.4.6 Effluent Management Strategies

Treated wastewater must be delivered to an ultimate endpoint. Effluent management options identified
span land application and othen-potable water reuse alternatives, subsurface applications, potable
reuse, and as a last resort, surface water discharge. The feasibility of each effluent management option
was dependemtn site specific conditions including effluent flow rates and quality, soil types, surface
water availability and sensitivities (i.e., proximity and receiving water quality requirements), land
availability, and potential local reuse opportunities. Thati@hship between effluent management

strategy and effluent water quality highlighted the interdependence between effluent management and
treat ment . In general, the greater an effluent
stringent theeffluent water quality requirements. When inadequately treated wastewater was managed
through any disposal and/or reuse strategy, there was the potential for environmental degradation and
human health ramifications. Alternatively, when high quality efftugas managed through these

pathways, there was the potential for improved environmental servictheswhservation/augmentation

of other water supplies. Individual effluent management strategies are discussed below with associated
site and effluent wiar quality requirements.

2.4.6.1 Land Application Water Reuse

Wastewater effluertouldbe applied to land in various ways to achieve improved water quality, disposal,
and/or irrigation benefitslable2-5 describes various methods of land application, including associated
Florida Administrative Code regulations and discharge limits. The stringency of discharge limits was a
function of the potential for human contact with #pplied wastewater.
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Land Application
Method

Table 2-5: Land Application Requirements in Florida

Description

Florida
Administrative
Code Chapter

June 2, 2021

Discharge Limits

Slow-rate land

9 Application of reclaimed water to a
vegetated land surface for treatment
through the plant-soil matrix

9 Water percolated to groundwater and

1 Secondary treatment and
basic disinfection

application with was used by vegetation 62-610.400 9 Total suspended solids
- . . through .
restricted public 9 Offsite surface runoff was generally less than 10 mg/L, if
. 62.610.426 -

access avoided subsurface application

1 May be applied to pastures; areas to was involved
grow feed, fodder, fiber, or seed
crops; tree irrigation

1 Secondary treatment and
high-level disinfection
Slow-rate land 1 Filtration
application with public 1 Irrigation of re&dgntlal lawns, golf 62-610.450 9 Chemical feed facilities
courses, cemeteries, parks, for coagulant, coagulant
access areas, : through .
. A landscape areas, edible crops, and aids, or polyelectrolytes
residential irrigation, . i 62.610.491 )
. highway medians (can be idle)
and edible crops
1 Pretreatment program
1 Total suspended solids
less than 5 mg/L

1 Rapid infiltration basins (RIBs) and
adsorption fields 1 Secondary treatment and

1 RIBs involved spreading effluent basic disinfection

. over a system of basins that may be | 62-610.500 1 Nitrate less than 12 mg/L
Rapid-rate land A . .
application underlalln WIFh subsurface dralns through as nitrogen .

9 Adsorption fields involved high rates | 62.610.525 1 Total suspected solids
of effluent application and loading to less than 10 mg/L for
subsurface adsorption fields, and adsorption fields
was distinguished from drip irrigation

1 Carbonaceous
biochemical oxygen
demand less than 40-60
mg/L

i Total suspended solids

9 Pretreatment to surface water less than_40 t0 60 mg/L
discharge 1 Fecal coliforms less than

. 2,400 per 100 mL
9 Treatment of domestic wastewater 1 Proposed preapplication
met effluent limitations for discharge | 62-610.600 P preapp
N treatment levels shall
Overland flow to surface waters by sprinkling or through rovide reasonable
flooding upper reaches of terraced, 62.610.525 P

Hazen and Sawyer

sloped, vegetated surfaces, such as
sod farms, forests, fodder crops,
pasture lands, and similar areas.
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assurance that long-term
performance of the land
treatment system, at a
minimum, resulted in an
effluent meeting the
secondary treatment and
basic disinfection levels
before effluent released
to surface waters.
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2.4.6.2 Non-Potable Water Reuse

In addition to the land application options describe@lidble2-5, other applications of beneficial reuse of
wastewater effluentere identified as being allowed by FDEP The FDEPO6s Reuse Progr
with encouraging and promoting reuse in Floridd aith protecting the public health and environmental

guality. Some of the newly noted rrpotable reuse opportunities Trable2-6 were held to the sagn

water quality requirements as sloate land application with public access ar8ab(e2-5). Whereas

industrial reuse opportunitiesly required seandary treatment and basic disinfectionrbgulation,

while industrial reuse customers may require treatment beyond these minimum requirements for

satisfactory use.

Water reuse also has its challenges, particularly if enhanced treatment and/or substevayaince

infrastructure were needed to achieve acceptable water quality and reach targeted customers. Water reuse
generally required higlevel disinfection facilities, water storage facilities, and high service pumping

facilities to deliver reclaimed ater from the treatment plant to customers. Reclaimed water transmission

and distribution piping systems would also be required. An initial step in determining the feasibility of
expanded water reusetime Cityand the surrounding areas would be to condbenefit/costinalysis

for the different service areas. This analysis should explore anticipated reclaimed water demands,
willingness to pay, treatment and conveyance requirements, and potential risks.
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Table 2-6: Summary of Reuse Activities and Associated Water Resource Implications (Water Reuse Work

Group Water Conservation Initiative 2003)

Desirability
in Terms of
Potable
Watt;rn(gffset Reuse Activity Waﬁac:tg?flget a Efa(:cr:iirr?%
Groundwater
Recharge

Indirect potable reuse (groundwater augmentation) 100 100
Indirect potable reuse (surface water augmentation) 100 100
Industrial uses 100 0
Toilet flushing 100 0
Rapid infiltration basins (where groundwater is used) 0 90
Efficient agricultural irrigation where irrigation is needed 75 25
Efficient landscape irrigation (golf courses, parks, etc.) 75 10

High Efficient residential irrigation 60 40
Cooling towers 100
Vehicle washing 100
Commercial laundries 100
Cleaning of roads, sidewalks, and work areas 100 10
Fire protection 100 10
Construction dust control 100 0
Mixing of pesticides 100 0
Inefficient landscape irrigation (parks and other landscaped 50 50
areas)
Inefficient agricultural irrigation 50 50
Surface water discharge with direct connection to groundwater 0 75

Moderate Wetlands restoration (when additional water is needed) 75 10
Inefficient residential irrigation 25 50
Flushing and testing of sewers and reclaimed water lines 50 0
Rapid infiltration basins where groundwater is currently not used 0 25
Aesthetic features (ponds, fountains, etc.) 75 10

Low Sprayfields (irrigation of grass or other cover crop where 0 50
irrigation would not normally be practiced)
Wetlands (when additional water is not needed) 0 10

a Percentage of reclaimed water that replaces potable quality water; depending on local conditions, the offset and
recharge may not be of equal importance.
b Percentage of reclaimed water that augments potable quality groundwater or augments Class | surface water;
depending on local conditions, the offset and recharge may not be of equal importance.

2.4.6.3 Potable Reuse

Potable reuse, in which high quality reclaimed water is used for potable water applications, may be
separated into various sghtegories, as shm in Figure2-40. Potable reusis not a new concept arfis
been intentionally practiced in the United States since at least thE9®03; however, theecurrenty

Hazen and Sawyer |
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no federal regulations that specifically govern potable reuse in the US. Despite the lack of federal
regulation, the USEPA Batated that the production of drinking water from wastewatarpermissible
approach, provided all generally applicable Safe Drinking Water Act (SDWA), Clean Water Act (CWA),
and state requirements were r(ig6EPA 2017. To date, several states have depetbregulations and
guidelines for indirect potable reuse (IPR), but no stad&l@eeloped comprehensive, final regulations

for direct potable reuse (DPR).

1. Groundwater Augmentation
Urban Water Wastewater Advanced Groundwater Disinfection
Use Treatment Treatment Basin

® O @

"Includes advanced treatment through soil aquifer treatment

2. Reservoir/ Surface Water Augmentation

Urban Water Wastewater Advanced Raw Water Water
Use Treatment Treatment+ Reservoir Treatment

DO ® 0 0,

3. Raw Water Augmentation \
Urban Water Wastewater Advanced Blending w/ other Water
Raw Waters

Treatment Treatment++ Treatment

Advanced
Treatment+++

VELRVEIGTY Wastewater

Treatment

/Direct Potable Reuse\ ﬁldirect Potable ReusA

Figure 2-40: Types of Potable Reuse
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2.4.6.3.1 Groundwater and Reservoir Water Augmentation

Groundwater augmentation and reservoir/surface water augmentation were considered forms of IPR due
to the involvement of an environmental buffer, as defined below.

1 Groundwater augmentatiavasdefined aghe plaaned use of reclaimed water for
replenishment of a groundwater basin or an aquifetididibeen designated as a public water
system. Groundwater augmentation in Floigleontrolled and informed by several existing
regulations, as described below. JEAsvexploring a groundwater replishment feasibility
study to supplement its potable water supplies.

1 Reservoir and/or surface water augmentatvasdefined ashe planned placement of
reclaimed water into a raw surface water supply used as a source ofidaimieking water
supply for a public water system. Surface water augmentiatiwt yet regulated in Florida as
a form of potable reuse, biitwas a topic of interest for the Potable Reuse Commission (see
Section 4.6.3.2). Since JEfesnot have anywgface water drinking water systems, this
approachs not applicable to JEA.

Groundwater augmentation regulations and associated regulations incltge.620 F.A.C.

Classification of Ground Water, Usage, Reclassificati#610.560 F.A.CGround Water Recharge by
Injection 62.610.562 F.A.CSalinity Barrier Systemsnd 62610563 F.A.C Waste Treatment and
Disinfection The extent to which groundwater augmentation could be pradidegpendent on the
classification and water quality of the receiving groundwater, as well as the water quality and nature of
the water being infed into the aquifer.

2.4.6.3.2 Deep Well Injection

One additional form of aquifer recharge identifa@ipracticed in Florida was deep well injection. From
a regulatory perspective, deep well injectionot defined as groundwater recharge, but rather effluent
management, because the injeciatenretrievable as water supply. Deep well injection regtiirat the
receiving groundwater be classified asliGor G-1V, and have a total dissolved solids concentration
greater than 10,000 mg/L. The pract@mnot cause a violation of standards for adjacent Cla$s@l

G-l groundwaters or surface waters under the influence of groundwater.

2.4.6.3.3 Raw and Treated Water Augmentation

Raw and treated water augmentation were considered to be forms of DPR because obftamlack
enviornmental buffer, as defined below.

1 Raw water augmentatioathe intentional discharge of reclaimed water into a system of
pipelines or aqueducts that deligdraw water to a drinking water treatment plant that
providedwater to a public watesystem.

1 Treated drinking water augmentatirthe planned placement of reclaimed water into the
distribution system of a public water system.
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While potable reuse was gaining viability as a potential source of water supply in Florida, there was still a
need for a regulatory framework to permit new facilities that would treat and deliver the supply. For DPR
to be implemented successfully, state requirements for pilot testing, monitoring, reporting, and operator
licensing needetb be establishedhccordindy, Florida has developed a framework for potable reuse
implementation. The Florida Department of Environmental Protection and the Water Management
Districts actively promoted and funded this initiative through the creation of the Potable Reuse
CommissionPRC).

The PRC worked with the Water Research Foundation and the WateReuse Association to produce the
framework guidance document for the 2020 legislative session, along with fact sheets and public

education materials thabuldbe used by stakeholderatwide. The PRC released the final guidance
document to the public in January 2qE&brida Potable Reuse Commission 20Ihe

recommendations included the reorganization of the custate IPR regulations, and the inclusion of

new state DPR regulations under Chapter 62 of the Florida Administrative Code, which governed
drinking water. The PRC also recommended the use
pathogens and emgging constituents in reclaimed water, whantrasted witliequiring the use of a

specific treatment process or treatment train to achieve water quality goals.

2.4.6.4 Surface Water Discharge

Federal, state, and local regulations prohiihe disposal of unteged wastewater into storm drains and
surface waters. In some cases, however, a W@l discharge treated wastewater into surface waters
with a permit. The National Pollutant Discharge Elimination System (NPDES) program set requirements
and issued permits for surface water discharges. The major surface water body in the JEA service area
wasthe St. Johns River. Historically the Riveadexperienced periodic algae blooms that were

associated with the presence of excess nutrients. Accordingly, total nitrogen TMDLs were developed by
the FDEP to limit nutrient loading into the River, therebyaesg and protecting the River. The final

Total Maximum Daily Load for Nutrients for the Lower St. Johns River Rghdyt 2008) stated that the

river was verified as impaired by nutrients based on elevated chloregmd Trophic State Index

levels.

Wastewater to Wetlands

The water quality improvements achieved by the passage of water through wetland systems have long
been acknowledged, thus leading to the development of constructed wetlands as an attempt to replicate
water quality and habitat benefiss previouslydiscussed, the discharge of wastewater effluent to

wetland systems allowed for the natural biogeochemical processes in wetlands to further improve effluent
guality in a low energy manner, ultimately supporting environmental enhancemeastggnadation. The
treatment provided by wetlands included nutrient assimilation and storage, heavy metal retention, organic
matter decomposition, sediment filtration, and hydrologic storage and dispersion. Taken together, effluent
management via wetlandsgharge improved water quality, flood control, and water supply via recharge.
The FDEP, through Chapter621, F.A.C., provided state regulations and standards for domestic
wastewater discharges to wetlands.

Specific limits for wastewater discharged teatment and receiving wetlands are summarizdcbie2-
7.
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Table 2-7: Discharge Limits to Treatment and Receiving Wetlands (62-611.420 F.A.C.)

Wetland Type Discharge Limits
1  Secondary treatment with nitrification
Treatment Wetland 1  Maximum monthly average concentrations of:

2 mg/L total ammonia as nitrogen

1 Maximum monthly average concentrations of:
2 mg/L total ammonia as nitrogen
1 Maximum annual average concentrations of:
5 mg/L carbonaceous biochemical oxygen demand
5 mg/L total suspended solids
1 mg/L total phosphorus as phosphorus

Receiving Wetland

2.4.7 Community Redevelopment Strategies

Onsite,decentralizedand centralized wastewater management strategy approaches could incorporate
opportunities for community redevelopment. For exampleem infrastructure and Low Impact Design
(LID) aimedto lower the environmental footprint for wastewater treatment. Ebaprpjects identified
include surface water augmentation, constructed wetlands, community parks that integrate treated
wastewater and stormwater treatment/storage, floating vegetative islands, rain gardemaldsp
subsurface retention facilities, agteen roofs. The level of treatment required for incorporatiomd

likely be based on current regulations discussed in Sezdob The benefits of LID included additional
nutrient removal via natural systems, flood control, neighborhood improveeegnti{eautification,
recreation, increased property value, etc.), and improved community health.

Another radical community redevelopment approach identified wadithimation of wastewater
generatingnfrastructure that requidgthe existing septic system for treatmedntplementation of this
approach could result inchange in Land Use. For example, there may be multiple benefits associated
with relocating a school or large facility with an operationally failing wastewatemntesd unit to a

location served by the centralized sewer network.

2.4.8 Source Separation Strategies

The separation and targeted treatment of different domestic waste dtagdivesn recognized as a
promising concept for minimizing the cost and energy intgmditvastewater treatment and maximizing
resource recovery. Motivatisiemmedrom the fact that individual waste streaomld have largely
disproportionate impacts on the treatment requirements of combined wastewater, as well as a higher
potential for éective resource recoverfFor example, less than 1% of municipal wastewates

typically attributable to urine on a volumetric basis, yet ucimetributedgreater than 75% of the nitrogen
load to combined wastewater; the remaining 25% of the nitrageiwlasdistributed between greywater
(~5%) and blackwater (~20%)Vilsenach and Loosdrecht 2008 he disproportionate contributions of
urine to the nitrogen content of combined wastewaterKgpge2-41) indicated that efforts teemove
nutrients were being applied to larger than necessary volumes of liquid when the entire flow was treated,
thus resulted in increased energy and resource consumption, as well as reduced effectiveness.
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Figure 2-41: Percent Contributions to Municipal Wastewater from Greywater, Feces, Toilet Paper, and Urine
(Jonsson 2005 and Rose 2015)

Wastewater source separation sglijuiredeither onsitegdecentralizedor centralized treatment to treat

the separated waste streams. Traditionally onsite treafowersed on systems that receive the entire
combined stream of household waste discharges. Future trends are likely to place increasing emphasis on
concepts of wier sustainability and resource recovery, entailing water infrastructure that maintains
segregation of individual waste streams for treatnrengvery,and reuse. Wastewater segregation of
greywater for reushadbeen practiced predominately in water $taweas for some time. More recently,
recovery of urine for its nutrient content through the use of urine separatingwaikgaining attention

as a sustainable solution to reported worldwide shortages of nutrients, particularly phosphorus. However,
souce separatiorequiredhomeowners to replumb their home to accommodate the multiple waste
streams (i.e., yellow, black, brown, and greywater) with multiple parallel.dipgasmore difficult to

retrofit existing infrastructure as compared to new deprakmt.

Another identified alternative was incinerating toilets, whictdussat from either an electric coil or
propane torch to incinerate human waste products (urine, solids, paper) into an inert ash. Mestainits
self-containedandoperate either slely on electricity or both electricity and propane gas. The
incineration procesdestroyechutrients in the waste; thus, the &sluldnot be used as fertilizer or soil
amendment andiastypically disposed in normal household solid waste (i.e., to [@ndfdditional

details on source separation methods and strategies are provided in Appendix B including urine
separation, greywater source separation, blackwater/brownwater source separation, and incinerating
toilets.

2.4.9 Groundwater Remediation Strategies

A strategy thadid not include new wastewater infrastructwasremediation of wastewater impacted
groundwater. This strategy relates primarily to nitrogen contamination from aging and/or failing septic
systems, with approaches to treating groundwater pwireaching surface watefidhe in-situ addition of
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a permeable reactive media barrigiglire2-42) that supports denitrification through the release of

carbon or dter electron donorisas been used to intercept wastewater plumes both in the vadose zone and
in shallow water tables.

. =

Water Table

Treated Water
GW Flow ——&~

Permeable R eactive Barrier

Figure 2-42: Schematic of a Permeable Reactive Barrier (Powell and Associates 2016)

Table2-8 provides a summary of potential substrates for denitrification. It should be noted that the
frequencies of injection givemere approximate; true injection frequenciesre site specific and

depena@don local biological activity, substrate retention by soil, and hydraulic loading. Additional details
are provided in Appendix B including details on incorporating-z@tent iron as reactive media. Issues

of concern for permeable reactive barrieorporating reactive denitrification media included media
longevity, replacement intervals, and hydraulic issues related to preferential flow paths.

Table 2-8: Substrates (Electron Donors) Used for Enhanced Anaerobic Bioremediation of Groundwater

Classification

Substrate

Typical Delivery
Techniques

Approximate Frequency of Injection

Lactate and

Injection wells or

. . ntin monthl
butyrate circulation systems Continuous to monthly
Methanol and Injection wells or .
. : Continuous to monthly
ethanol circulation systems

Soluble Substrates

Sodium benzoate

Injection wells or
circulation systems

Continuous to monthly

Molasses, high-
fructose corn syrup

Injection wells

Continuous to monthly

Whey (soluble)

Direct injection

Monthly to annually

Slow-Release

HRC or HRC-X

Direct injection

Annually to biennially for HRC, every 31 4
years for HRC-X, potential for one-time
application

Substrates

Vegetable oils

Direct injection

One-time application

Vegetable oil
emulsions

Direct injection

Every 2 to 3 years

Solid Substrates

Mulch and compost

Trenching or
excavation

One-time application

Hazen and Sawyer
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Trenching or injection
of chitin slurry

Annually to biennially, potential for one-time
application
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2.5 Institutional Frameworks

Institutional frameworksveredefined as methods used to finarwaild, and operate the various

strategies and include public, private and hybrid solutions. These included owner frameworks, project
delivery frameworks, and funding opportunities. The various potential approaches were explored in this
phase of the program, batdepth details on public/private strategies will be explored in the next phase
of the program.

2.5.1 Ownership Frameworks

Within the ownership framework, théentified options for JEA included individual, community, JEA
(i.e., selfownership), publigrivatepartnerships (P3s), and City of Jacksonville/Duval County. Closely
linked with the owner/operator frameworks, the project delivery methods included-tesigumild,
construction manager-ask, desigrbuild, and desigibuild-financeoperate Figure2-43 shows the
ownership frameworks alternatives identified.

A ~aa JEA

[ INDIVIDUAL ] [ COMMUNITY ] [ JEA ]

ks
CITY OF
PUBLIC/PRIVATE
PARTNERSHIP JACKSONVILLE/
DUVAL COUNTY

Figure 2-43: Ownership Frameworks
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25.1.1 Homeowner/Individual and Community Ownership

Typically, onsite systems were owned and managed by the property owners where the wastewater was
generated (residential or commercial). The property owners were responsible for the costs of installation,
operaton (e.g., solids removal and electrical costs for pumps, if needed), and maintenance. -Téreriong

costs to operate and maintain a conventional septic system may not seem high, but if the system fails, the
owner 60s repair bill repairscoblerangexfrore fullgeplacement Sf¢hp deptic t a n k
tank and drainfield to the less costly unclogging of septic system pipelines. While the owner should

implement ongoing preventative maintenance, tieye shown toften wait until septic system prans

were evident beforakingaction A summary of the advantages and disadvantages of individual

ownership is provided later in this section.

Community ownership of wastewater systems tended to develop as communities grow and maintenance
costs increasésome neighborhoods converted to community ownership to reduce maintenance costs
through economies of scale. An example of communi
(HOA) takes on the costs and responsibility of maintaining the communitgwetstr

collection/treatment and effluent management system. Another example of community ownership

occurred when a developer installed and sold the wastewater management system back to the community
(typically a management firm or HOA). Both individual asammmunity ownership frameworks have

similar advantages and disadvantages as summarized below.

Advantages of Individual/Community Ownership:

9 Costs and risks accrdiéo the owner instead of to JEA.
9 Repairs lacked the complexity of a decentralized/centchtizatment plant.
9 Such ownership did not require costly installation of a centralized collection system.

Disadvantages of Individual/Community Ownership:

9 Communication delays and misinterpretations between JEA and private owner
9 Systems could beconmglected and operate with inefficiencies (reduced effluent quality).

1 Owners sometimes did not follow manufacturer guidelines for maintenance which shortened
the systembs | ifespan.

Some utilities were transitioning away from individual/community ownerga@to the desire to control
the treatment assets, reliably maintain the systems, and simplify communication protocols.

2.5.1.2 JEA Owned and Operated

JEAwascontracted as the utility provider for the City of Jacksonville lzainterlocal agreements to
provideutilities for portions of St. Johns County, Nassau County and Clay CountyplaBiedo

continue its role as the primary utility provider for the City of Jacksonville and portions of the

neighboring counties andould work in conjunction with these muipalities for their wastewater

collection, treatment, and effluent management needs. Specifically, Chapter 751 of the Jacksonville

Ordi nance Code states that fAthe owner of a septic

Hazenand Sawyer | Literature and Industry Best Practices Review (Task 2) 2-65



JEA IWTP June 2, 2021
Master Plan Report
FINAL

365 days afterwrittt noti fication [from JEA] that the system
system was still functioning as designed, the owner may defer this requirement until the sale of the

property. Chapter 751, which is similar to Section 381.00655 FtS.a$65day limit for the landowner

to connect to the sewer system once it is available. Section 381.00655, F.S. also requires the utility to

contact the owner one year prior to the availability of sewer service.

Under a selowned model, JEA would havelf ownership of all new systems including an expanded

collection system network, decentralized treatment plants, and/or onsite treatment systems. Owning the
entire system allows JEA to control all aspects of the project and processes (i.e., colleatime i,

effluent management, design, construction, operation, and maintenance). Fulbwiiléyship and

control translate into higher risks [direct to JEA] and greater levels of manpower needed to operate and
maintain the systems. For example, decdin&rd treatment plant(s) would require additional staff with
varying | evels of training to operate each facildi
logistical staffing requirements to operate and track the water quality and quantityhefutffiacilities per

State requirements.

Onsite ownership and operation by municipal utilities was not well documented. An example was the
Broad Top Township (discussed in Appendix B and Se&idri) which has implemented this approach
where the utility owned, operated, and maintained the onsite systems and assessed a monthly fee to the
property ownersThe Broad Top Township (Township) introduced this new forrmafiagement (i.e.,

utility -ownership and operation) through a Wastewater Management Plan that was written in the early
1990s. PPoperty owners who voluntarily participaltan the onsite management program tedover

ownership and control of their systefos a monthly fed¢o the Township in return fdong term
maintenanceepairandbr replacement of the system. Alhnualinspections, pump oufsvery 3 to 5

years) maintenancearepairs and water quality performance monitoohthe systemsverethe

resmnsibility of the TownshipThe monthly fee for each equivalent dwelling unit (EDU) was initially set
near $10 antlasincreased o t o d ay 6 $he Taavhshkip had a fl§& &ate structure; each EDU was
charged $22 per month for either onsite or ceimgdlwastewater management. The Township owned
approximately 750 onsite systems, which were accessed via easements. The Township collected fee
revenue and federal/state grants to continue expanding the onsite management program and to maintain
the centralzed facilities.

2.5.1.3 Public-Private Partnership (P3)

Public private partnerships (P3) involve collaboration between a government agency and -a¢xteate
company to design, build, finance, operate and/or maintain projects. There were three common P3
structues as listed below indicating the responsibilities of the prsatéor company

1 DBF: design, build and finance
1 DBFO: design, build, finance and operate
1 DBFOM: design, build, finance, operate and maintain

In 2016, Deloitte compiled a list of publicly amumced P3 transaction®eloitte 2016 A list of the
projects including the utility, ownership framework, and project budget (if available) is presented belo

9 Claude "Bud" Lewis Carlsbad Desalination Plant, CA, DBFOM, ~$1 billion
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Emerald Coast Utilities Authority, FL, DBFO, $53 million

South Miami Heights Water Treatment Plant, FL, DBFOM

East/West 84nch Force Main, FL, DBF, $180 million

Miami-Dade Water Ditribution System Storage Tank and Main Replacements, FL, DBF, $70
million

M Northwest Wellfield Water Treatment Plant, FL, DBFOM, $450 million

1 Peak Flow Management Facilities, FL, DBF, $310 million

1 South Dade Wastewater Treatment Plant, FL, not specif28f), iillion

=A =4 =4 =4

The Carlsbad Desalination Project, serving San Diego County, was one of the firscime
desalination plants in the United States and one of the largest-ptilstite partnerships in the water
industry and is discussed in more detail jppAndix B. The plant was designed to produce over 50 mgd
of drinking water sourced directly from the Pacific Ocean. The P3 project had a capital cost of $980
million and funding contracts were completed within the last quarter of @0d@re 2013) TheP3
structure used in the project was dedigiild-financeoperatemaintain (DBFOM) and placed the

majority of the risk on the thirparty project management firm (i.e., Poseidon Water).

2.5.2 Project Delivery Frameworks

The project delivery method should fiettimeline, risk, and quality requirements of the STPi@
chosen project delivery method establishes the
design, biddinggconstructionand operation. Utility managers should consider the followingwhe
evaluating a project delivery method.

9 Desired level of owner input.

9 Design or construction complexity.
9 Allocation of risks.

1 Schedule requirements; and

1 Change order exposure.

Primary project delivery approaches discussed herein irtDdsignBid-Build (DBB), Construction
Management ARisk (CMAR), DesigrBuild (DB), and DesigfBuild-FinanceOperate (DBFO). As
mentioned in Section 5.1.3, DBFOMasa subset of DBFO thatcludedthe maintenance of the new

project. DBBwasa traditional @livery method while the other threeereconsidered alternative delivery
methods. The owner interactions with the designer and builder (shown with orange arrows) are depicted
in Figure2-44.
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Figure 2-44: Project Delivery Frameworks (Traditional and Alternative)

25.2.1 Design-Bid-Build

The desigrbid-build (DBB) project delivery method Hauccessfully served the utility industry for many
years. Procedures were well established to promote competitive bidding and to define the responsibilities
of the ownergngineerand contractor to provide a quality product which met the needs of the. utility

With DBB, the design of the project was typically completed before the bid documents were released.
Following the acceptance and selection of the final bid, the utility enters a constamiiaontract with

the winning contractor. General interactlmetween the Owner, Designer, and Contractor are shown in
Figure2-45.

' Third Party |
OWNER #: inspection i

AJE

Contract
Design Engineer ontractor

Engineer Subcontractors Suppliers
Subconsultants

Figure 2-45: Design-Bid-Build Framework
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Relative to he other project delivery methods, the advantages and disadvantages of the DBB framework
are presented ihable2-9.

Table 2-9: Advantages and Disadvantages to DBB

Advantages Disadvantages
9 JEA selects designer 9 Compared to other project delivery methods, DBB
1 JEA controls the design process through 100% can have longer overall project schedule (because
completion design and construction do not overlap)
9 JEA has more input on equipment/system inputs 9 JEA manages design and construction
(retains more control) 1 No incentive for designer and contractor to
9 Most common project delivery method collaborate
9 Delivery model is well understood between 1 Limited equipment selection because project
participants (i.e., owner, designer, and builder) awarded based on lowest bid
1 Final cost not known until the end of the project

2.5.2.2 Construction Management At-Risk

Construction Management Risk (CMAR)wasan alternativgroject delivery framework where there

wasa deliberate overlap between the design and construction phases of the project. This overlap typically
shortened the overall duration from design to opamnaif the project. Similar to DBB, thereeretwo

separate contracts between the designer and the contractor; however weegemcouraged to

collaborate during design to reduce unanticipated costs and design errors once construction begins.

As with aher delivery methods, designers were typically selected based on qualifications associated with
their services. Under a CMAR agreement, while final design/contract documents were still underway, the
contractor could be selected based on qualificatioms ualificationsbased selection, QBS) without a

hard bid for the project. In addition to the qualifications, contractors supplied price estimates for the
proposed work along with overhead and fees for service. Typically, the Owner and Contractedfaaliz
maximum construction price as design was completed. A typical CMAR framework is shbignrie

2-46, and a summary of advantages and disadvantages to the CMéd’pare presentedTable2-10.
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Figure 2-46: Construction Management at Risk Framework

Table 2-10: Advantages and Disadvantages to CMAR

Advantages

Disadvantages

9 JEA selects designer

1 Integrates constructability early in the design phase

1 Collaboration between designer and contractor can
reduce unanticipated costs and design errors once
construction begins

9 Reduces risk and responsibility on JEA

1 Potential for fewer change orders

9 Reduces design versus construction
misunderstandings

1 Reduces project timeline

TAl |l ows experience to det
selection and not just the price

1 Additional pre-construction contractual costs with the
CM

1 Contractor selected without knowing full extent of
project costs

9 JEA oversees both designer and contractor,
sometimes at the same time

2.5.2.3 Design-Build and Design-Build-Finance-Operate

The desigrbuild (DB) process was marketed as a system with reduced schedule requirements and
potentially reduced change order risk when compared to dbaigwuild. Quality of the desigbuild

project was typically controlleby the 30 percent design drawingpecificationsand the proposal

drawings. The desighuilder and its engineer had an incentive to reduce project costs as long as their
designdid not conflict with the 30 percent documents. Under the DB system, ther t\ad more

protection from errors or omissions change order issues relative to the DBB framework. Alternatively,
under the DBB framework, the owner could receive credits for reduced construction costs while under the
DB framework, the savings could beloegtirely to the desigbuilder. Common DB formats identified

include progressive and lump sum approaches:

1 A progressive DB was similar to a CMAR, but controlled by a single entity (i.e., the design
builder). The term progressive was based on the iterdévelopment of design, scope, and
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construction costs at set milestones. The result was the progressive definition of the project and
itscostsonanopeamo ok basi s and, | i ke ¢ onsbtirduoc tfieoen wwaasn a
applied to reach a mutugplhgreeable guaranteed maximum or lump sum price.

9 Under a lump sum DB approach, an indicative design was taken to a preliminary level (usually
20-30% completion) before the design criteria package, or bridging document, was issued. The
designbuilder competed the detailed design upon selection (qualification and price based), often
in parallel with an early start on certain construction activities, and then finished construction
activities and commissions the facilities.

Similar to DB, DBFO had a similapproach, but the contract included a private party to manage the
financing and operation of the final constructed project. DBFO passed risk to the private sector (e.qg.,
designhbui | der, financer, or both) whyihthedesignand r i ct ed
construction. This delivery method is the newest of the options identified and was commonly used in the
transportation industry (e.g., toll roads). If the project was delivered via P3 or DBFO, the operations
contract could be defined thia specific time frame prior to transferring operation and maintenance
responsibility back to JEALhe advantages and disadvantages for DB and DBFO are shdahl@p-

11.

Table 2-11: Advantages and Disadvantages to DB and DBFO

Advantages Disadvantages
1 Potentially quickest project turnaround (compared to 9 Compared to DBB and CMAR, JEA has less control
DBB and CMAR) over the designer with lump sum DB or DBFO
1 Allows for innovation by design-builder 1 In lump sum DB, JEA has less control during the
1 For lump sum DB, project costs (design and design
construction) are known prior to design 9 During lump sum DB, limited collaborations between
1 JEA manages a single entity (design-builder) JEA and the design-builder
1 Performance guarantees can be included within the 1 In lump sum DB, JEA has limited participation in the
contract prior to design selection process for subconsultant or
1 Release of funding requirements by JEA (DBFO subcontractors
only)

9 Progressive DB has more collaboration between JEA
and the design-builder as compared to lump sum DB

2.5.3 Funding Opportunities

Projects are financed through bonds, utility rates, devefepsr grants, and/or loans. All but grants and

devel oper fees need to be repaid by the utilityds
design, construction and operati on, public percep
Regardless of the types of funding to be secured for the project, project incentives should be considered to

aid public acceptance of the project. Some incentives identified include:

1 Reduced or eliminated large assessments augign

9 Established early hoeltp incentives and discounts;

1 Included credit for recent repair or replacement;

9 Provided infrastructure upgrades such as water service, roads, sidewalks, and landscaping; and
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91 Developed affordable payment methods.

Funding opportunitieslentifiedfor JEA include EPA/FDEP grants and loans, USDA loans, SIRWMD
grants, variable rate schedule, homeowner special assessments, and/or private bank financing as shown in
Figure2-47 with their subgroups (if applicable).
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2.5.3.1 St. Johns River Water Management District Grants

The St. Johns River Water Management District (SJIRWMD) identified two funding opportunities to

receive financial assistance that could be applied to water conservation or improvement projects. These
two programs were called (1) Districtwide &&&hare Funding and (2) Rural Economic Development

Initiative (REDI) and Innovative Projects CeShare FundingSJRWMD 2020. Projects that qualify for
funding from these opportunities must satisfy at
include the following.

1) Water Supply

a. Projects includedlternative water supply investigation or implementation, general water
conservation, and water resource protection and development

b. Projects that reduced water usage to increase process efficiency

c. New systems that increased available water sources (efgseason storage to equalize
water supply in the dry season)

2) Water Quality

a. Projects aimed to improve water quality or reduced the nutrient loading on the
environment

3) Natural System Restoration
a. Projects that can measurably benefit surface or groundwaters
4) Flood Protection

a. Projects that addressed flood concerns and ways to mitigate them on a local (i.e., REDI
communities) or regional scale

25.3.1.1 Districtwide Cost-Share Funding

Projects seeking Districtwide CeShare Funding satisfied at least one of the fotg oussions but funds

from the Districtwide CosBhare Program did not cover O&M costs and/or innovaiibe. program was

a competitive process so strong applicatioadthe best chance of successh e SJ RWMD6s Govern
Board allocated available fundsgor oj ect s. Each project was eligible
award of $1.5 million, or 10% of the total available funds. Projects that secured permits and were ready to
begin construction received a relatively higher score and were more likely to bedgadatger award. A

project could be awarded no more than 33% of its construction costs. If the proposed project specifically

aimed to help water conservation, the project received up to 50% of the constructiohheosts.

SJRWMD6s Chi ef wject MahagemBrooted thatithecelemeRts of a strong application

for a septic conversion project include:
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1 Written commitments from at least 50% of the affected property owners;

1 A plan to be implemented through a local ordinance or enforceable legal nsechan
9 Location within 0.25 mile of a water body or a springshed; and

1 Completion of the project within 2 years.

Project activities funded by Districtwide CeShare Fundingould notinclude planning, design, or
operation and maintenance costs. Only constnucosts within the rightf-way were covered using
Districtwide CostShare Funding.

2.5.3.1.2 Rural Economic Development Initiative (REDI) and Innovative Projects Cost-Share Funding

To qualify for the REDI portion of the program, the applidaad to bedefinedas a rural community.
Rural communities were defined in Florida Statute 288.0656(2)(d) as the following:

1 A county with a population of 75,000 or fewer.

1 A county with a population of 125,000 or fewer which is contiguous to a county with a
population of 75,00 or fewer.

1 An unincorporated federal enterprise community or an incorporated rural city with a population
of 25,000 or fewer and an employment base focused on traditional agricultural or resource
based industries, located in a county not defined as rural

Through these definitions, Jacksonville/JEA would not qualify as a REDI community. Thus, to receive

this funding opportunity, JERadtop r ovi d e @i n n cAxianovativeprojeat wajs éefinedsad .

one that proposes t heologysmethoo br méaterialsin aauniqueox moswidelyn g t e ¢
us ed (SYRWD 2020. Innovative projectiad tocontain a construction component in the project

and fundscouldalso be used towards O&M costs. Projects using technologigatatready been

permitted at fulscale under the same or similar operafngr a met er s wer e not consi d
technol ogyo and were not cShareeFunglidg-of qualifyiig projects,at i ve P
Innovative ProjectsCo§ har e Funding provided up to 50% of the
maximum ontribution of $500,000 per applicaf8IRWMD 2020.

2.5.3.2 USEPA and FDEP Financial Assistance Programs

In general, th&JS Environmental Protection Agency (USEPA) awards financial assistance to individual

state governing agencies. The state governing agency (i.e., FDEP for the state of Florida) allocates those
funds accordingo state statues and financial assistance programs. For large Florida communities, such as
JEAOS service areas, available funds for wastewat
Section 106 Grants, and Section 319(h) GrdRBEP 2020

2.5.3.2.1 State Revolving Fund

The State Revolving Fund (SRF) depictedrigure2-48 has two main progranisClean Water SRF

(CWSRF) and the Drinking Water SRF (DWSRF). The CW8BHdbe used on wat conservation,

water resources, wastewater, and stormwater related projects and was typically funded by federal grants.
The DWSRF has been focused on drinking water projects and therefore was not applicable. The
Arevolvingd port i mAgure2f48 t he fund i s shown i
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Figure 2-48: State Revolving Fund Diagram

The CWSRF has used federsthte, and other prograftndsto provide lowinterest loans to

communities for water qualitgrojects. The CWSRF was available to local governments (city and

county) and speci al di st r i c tusgradenvastewater stormwatev,aamdd s i d
nonpoint source pol (FDBEPi2a2h These activities havedantludpdrexppnsiantofs o
sewer, expansion/upgrades of existing wastewater facilitiescegpl@ater meters, and design of new

facilities (onsite, decentralized, or centralized). The application process starts with a Request for Inclusion
which has rolling admission (i.e., no deadlines). During a public meeting, the FDEP selected projects off

the Priority List and moved them to the Funding List. The terms of the loan (interest rate and payback

period) would be agreed upon during the loan application process. In general, interest rates were

significantly lower than the market ra(€DEP 2020

2.5.3.2.2 Water Pollution (Section 106) Grant and Section 319(h) Nonpoint Source Grant

Section 106 of the Clean Water Act (3% Code §1256) grants the USEPA the ability to provide Water
Pollution Grants to eligible ate agencies, interstate agencies, and federally recognized tribes. For JEA,
funds would be awarded to the FDEP and the FDEP would be responsible for allocating the available
funds. Through FDEP, Section 106 funds were typically awarded via Nonpoint &rarte/Funds, also
known as Section 319(h) Grants and State Wgelity Assistance Grants (stormwater specific).

(USEPA 2013 The State WateQuality Assistance Grant (SWAG) Grant (formerly known as the TMDL
Grant) was a State grant for projects that reduced stormwater pollutant loadimgsired waterbodies.

In 2019, the USEPA, with the aid of local state agencies, provided $165.4 million in the form of Federal

Clean Water Section 319(h) GraftsSEPA 202). For Florida, the FDEP was the local government
agency that oversawgh pr ocess and provided funding on the US
around $8 to $9 million annual(fFDEP 2020. Section 319(h) funding can be applied to projects that aim

to control pollution from nonpoint sources. Eligible projects included the following:

1 Septic to sewercéntralized or decentralized);
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Public education programs for nonpoint source management;

Ground water protection;

Green infrastructure;

Nonpoint pollution reduction vieest management practice (BMP) implementation; and
New technology implementation formediation of impaired groundwater.

=A =4 =4 =8 =4

A grant coordinator stated that funding for septic to sewer projects was limited to the homeowner
infrastructure (i.e., abandonment of septic tanks, lateral installations, and connections to sanitary sewers).
It was suggsted that the 319(h) grant funds be combined with WMD grants, which fund the

infrastructure within the righdf-way, to fully fund a septic to sewer project. In additimmding was not
available for upgrades to existing septic systdras @dvanced sdijg installations).

2.5.3.3 Owner Special Assessments

When a significant upgradeasrequired to a neighborhood or individual home, part of thatamdt be
passed to the owner(s) via special assessments or feeschlkel®e collected as a permitting fee,
hookup fee, surcharge fee, usage rates, and/or assessment through local taxes.

Assessment/Fees Case Studysarasota County, Florida

The assessment amountildbe split into several fees and rates to help recover the expense of repairing,
replacing, or expanding the existing wastewater management strategy. An example of this replacement
was septic to sewer. During the conversion from septic to sewer, thehailtifigh costs associated with

the expansion of their centralized sewer network as well as the connection to each dwelling unit and
removal of the individual septic systems. These costs varied depending on the project type, location, and
size.

As previotsly mentioned, there were several ways to collect assessments and fees. One example would be
a connection fee or capacity fee collected by the utility. This fee was often paid in full or financed at the
time the customer received new wastewater serviceth®n fee that encouraged individual owners to

connect was a ReadinessServe fee. The ReadinessServe fee was established once sewer service

was available. This fee was charged even if the homeowner was not connected to the new system and was
the sare across the service area. Once the customer connected or switched to the new system, the fee
became the base usage fee. A Sewer Surcharge fee could be added to the Re&#nassee to help

cover the additional expenses of the new system withinregabn. A Nonad Valorem Assessment is a

fee paid through property taxes and offsets the costs associated witkspawifit land use. The final

type of assessment was typically a-tinge Demolition or Removal fee. This fee would be paid directly

to thecontractor or utility that completed the removal of the previous system (e.g., removal of septic tank
and drainfield). An example structure used in Sarasota County is summarizdae-12 for septic to

sewer conversiofBSarasota County 2015
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Table 2-12: Sarasota County Septic to Sewer Fee Summary (Sarasota County 2015)
Item Description Amount Details/Notes
Financing was available for up to
Sewer Capacity 20 years at 3.0% interest, billing is
L Fee $2,627.16 separate from the monthly utility
bill and is billed monthly.
For households connected to the potable water .
Once connected, sewer service
Sewer system, the monthly charge was $34 to $53 based .
; was billed monthly at $14.89 per
2 Readiness to on water usage of 3,000 to 5,000 gallons.
- . month plus $7.54 per 1,000
Serve Charge Customers who obtain potable water from private allons capped at 10.000 gallons
wells paid a flat fee of about $46 per month. 9 P ' 9
3 Sewer $19 billed monthly As of 2015, there was. no lump
Surcharge sum payment alternative.
Non-ad $165 billed annually through taxes for minimum of | This fee was not required to be
4 Valorem 20 years or $2,345 one-time payment if paid in full | paid in full as it is an automatic
Assessment at time of application assessment.
. Plumbing costs vary so it was
Demolition . . o
5 Varied (site specific) recommended that several quotes
Expenses i
be obtained.

2.5.3.4 Variable Rate Schedule

The main concept behind a variable rate structure is to establish different fees basatiffamahe
operationand maintenance costs associated with thgtewater systems across the community. However,

despiteofsensviicesdtjustificati on,

neighbor might be on a centralized system and pay $40 per month for wastewater management. Another

neighbor may be connected to a decentralized system and pay over $70 a month for wastewater services.
Even though the customers are in proximity and obtain similar services, they pay different rates. Variable

rate structures typically required high levels oblic education and coordination with communities. The

utility should clearly communicate how the fees were defined and the payment timeline.

Hampton Roads Sanitation District (HRSBas identified as a utility which incorporates variable rates
HRSD ownel and operated six largeentralized facilities and seven decentralized wastewater treatment

t Horeexample, e pot ent i al

facilities. Two of the seven decentralized facilities were operated by a third party via an operational
contract (i.e., publicgprivate partnership, P3). A variabtate structure accounted for different operating
and maintenance costs associated with the regpenific treatment facilities. A summary of the rates per
region are shown imable2-13 (HRSD 2019.
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Table 2-13: HRSD Decentralized Customer Rate Schedule

Minimum Bill
Community Name Wastewater Rate (6,000 gallons bi-
(% per 1,000 gallons) monthly water usage)
$)
King Williams 13.82 82.92
Surry 13.43 80.58
Urbanna 15.48 92.88
West Point 15.71 94.26
Other 13.43 80.58

2.5.3.5 USDA Loans

The United Stated Department of Agriculture (USR@ministers the Water and Waste Disposal Loan
Programalso known as the Water and Environmental Program (WEP). The goal of the program was to
provide funds used for projects that improve drinking water sources/systems, sanitary sewage disposal
systems, sad waste disposal systems, and storm water drainage sy$t#sixA 2020 The program is

open to public/government entities, private nonprofits, and federally recognized tribes and has the ability,
depending on project structure, to provide up ta0%@dlion dollars per projedfJSDA 202Q.

Other requirements for the program identified inctlide

9 Borrowershad tohave the legal authority to construct, operate and maintain the proposed
services ofacilities.

All facilities receiving federal fiancinghad tobe used for a publipurpose.

Partnerships with other federal, state, lopekate,and nonprofit entities that offer financial
assistancavereencouraged; and

1 Projectshad tobe financially sustainable.

1
1

Funds from the prograitmadbeen delivered using two techniques: direct and indirect. Direct loans were
processed between the utility and USDA directly. Direct loans could only be applied to project sites with
less than 10,000 population. Indirect USDA Isaaiso called USDA guaranteed loans, were received
when the utility interfaced with a private bank to oversee the allocation process. The private bank
interfaced with the USDA on behalf of the utility. Indirect loans were secured for project sitesswith le
than 50,000 population. Both direct and indirect USDA loans have up tyead@mortization period

with a fixed interest rate below the market value. The program has also granted borrowers 1926(b)
protection against annexation from an outside utiitgomparison between direct and indirect loans is
shown inFigure 2-49.

Hazenand Sawyer | Literature and Industry Best Practices Review (Task 2) 2-79



JEA IWTP

June 2, 2021

Master Plan Report

FINAL

Figure 2-49: Comparison Between Direct and Indirect USDA Loans

2.5.3.6 Community Development Block Grants

TheUS Department of Housing and Urban Development (HUD) operates the Community Development
Block Grants (CDBG) Entitlement program to provide grants for-temgn needs to repair, construct, or
buy public infrastructure. The program has assisted water and sewer system improvement projects and
applies to cities with populations of at least 50,000 or counties with population of at least 200,000.
(USHUD 2020 In addition to the population requirement, over a 1, 2;yea8 period, as selected by the
grantes, not less than 70 percent of CDBG funds must be used for activities that benadndow
moderatencome personglUSHUD 2020

CDBG funds have been used for activities which include, but are not limited to:

=8 =4 =8 =8 =4 -8 -8 -8 a1

Hazen an

Acquisition of real property

Acquisition of property for public purposes

Construction or reconstrioh of water and sewer facilitiestreetsand other public works
Relocation and demolition

Rehabilitation of public and private buildings

Public services, within certain limits

Planning activities

Activities relating to energy conservation and renewahkrgy resources

Assistance to nonprofit entities for community development activities

Assistance for profitnotivated businesses to carry out economic development and job
creation/retention activities.
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