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Executive Summary

Background and Project Aims

Ly | | sewa@e has been identified @ major management challenge. Acknowledging
the high risk associated with poor sewage management, recent legislation banned new
OSaalkz2fta ONRBAaa || gl A~ akhdare@aliitingfg®mhdwater ard $ha a L2 2 f
nearshore environmentSome areasn the State are at particularly high risk to the negative
impacts of poor sewage management. The 12,000 homes and community facilities serving an
area population of almost 31,0Qfeope on the west facing slope of Haleakala Volcano, Maui,
USA, referred tas Upcoutry Maui, rely on 10,08 onsite sewage disposal system (OSDS) for
domestic wastewater idposal. Of these, more than D@ are cesspols that release an
estimated 44 milliongallons per day of untreated wastewater containing 697 kg of nitrogen to
the shallow subsurface. Nitrate concentrations of nearly 9 milligrams per liter (mg/L) have been
measured in the groundwater water of Upcountry Maui, prompting the State Department of
Health (DoH) to designate Upcountry Maui as a Priority 1 Cesspool dépdkeea. This
RSaA3aAyl A2y AYLI ASAE (GKIG OSaalLrz2ta Ay GKA& |
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comprehensive analysis of upgrade alternativeseisded to inform a cosgffective strategy.

The aim of this research is to use evidence to help design nutrient pollution solutions that
will reduce the most pollution at a reasonablest, while considering equity. We employ a
structured decisiormaking ajproach to determine how alternative management practices may
influence groundwater nitrogen levels and at what cost; and where nutrient reductions would
be most beneficial to meet botwater quality regulations/objectives, and other social goals.
Specificlly, we 1) identify a range of cesspool replacement options, 2) develop a range of
management alternatives that incorporatéechnical feasibility, 3) analyze environmental
benefit of each alternative; 4) enumerate costs of the alternatives; and 5) provide
recommendations on the alternatives relative to cost, environmental benefit, and stakeholder
identified objectives.

Approach

The structured decisiemaking process involved seven stepsnsistent with a decision
theoretic process:

1) Define the problent, In brief, based on its mandate to protect drinking water, the
Department of Health is empowered to recommend action to the State legislature to address
pollutant levels in the groundater that are nearing safe drinking water standards. In the case
of Upcauntry Maui, cesspools are a major current contributor of nitrogen flux into the
groundwater.
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2) Define objectives and select metricsA stakeholder working group that included
communty members and government officials identified twelve objectives and riceet
spanning cost, nitrogen reductions, equity in cost sharing, and feasibility that they want to
achieve.

3) Identify, cost, and map feasible options (and constraiQtgarious cegsool conversion
options exist, from ossite systems that better reduceitrogen than cesspools to alternative
technologies to sewering. We specified the capital investment and operation and maintenance
costs for each option, as well as their conditions andstraints (e.g., site characteristics).

4) Screen optiong For eaclof the OSDS units in our study area, we assessed the feasibility
of each of the upgrade options considered, using geospatial data corresponding to the
constraints.

5) Develop alternaties¢ During exercises designed specifically to elicit creative thinking
participants of stakeholder discussions and a workshop developed alternative packages of
options to upgrade cesspools. The project team used these inputs to design 41 alternatives to
define, map, and evaluate.

6) Estimate consequences (accounting foalgeferences and valueg)Alternatives were
evaluated using an existing groundwater flow and transport model that predicted how the
various packages of upgrade options would perfavinen deployed across the landscape. The
net present value of all capitand operation and maintenance costs were assessed for each
alternative. A modified codbenefit analysis assessed the nitrogen flux reduction per dollar
cost. Equity was assessed tgiculating the variability in cost burden across the households
with cesspools and by comparing the costs borne by these households to the sewage fees paid
by other Maui homes connected to county sewer systems. Other social objectives, such as
design stadards and maintenance burden, were evaluated using expert opinion.

7) Casider tradeoffs ¢ The final step evaluated how the various alternatives fared for
each of the 10 objectives and considered the traudfs. All alternatives were compared to each
otheNE FyR (2 (GKS GR2 y20KAy3é 0 A dsSamalysisaaiel (i dza
summarized below.

Results

Status quo.Under current conditions, the groundwater model predicted a maximum
concentration of dissolved inorganic nitrogen of over 10 mg/l in one part of the project area
(990 acres) and over 5 mg/L in a largartgnearly 9,000 acres). Cesspools were estimated t
be the second largest contributor (24%) of nitrogen flux to the groundwater after historical
sugar cane production (55%).

Alternatives.
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A strategy evaluation table is designed to serve as a decistbriraie table can be used to
evaluate individual alteatives, or compare across alternativddie first cut are alternatives
that perform poorlyacross multiple objectives, and should thus not be consideresdch as
well-head treatment which fails to deease groundwater riskand consequently also has
costeffectiveness.

Thestrategy evaluation tabler¢vealsan obvious winnercomposting toilets, which megt
the fundamental objectives of reducing cost, impact, and mgk|e ensuring equitybut it does
not meet the cesspool banor comply withcurmrent regulations There are also significant
technical and social hurdles to overcome, which we did not address in this analysis. A number
of septic tank alternatives (Alt 6, 8, 10, 19A) perform well ssnmultiple objectives, as do the
sewering Makawao of Pukalani) combined with septic tank to Presby where possible
alternatives (Alt 222, 23B25B). The key difference between these alternatives is the risk of
exceeding 5 and 10mg/I nitrate standards,iahis quite a bit higher in the former. Alternatse
that only sewer the neighborhoods without attending to the cesspools at all are the cheapest
alternatives, both overall and per household, but they result in potentially unacceptable risk to
aquifers aml low flux reduction benefits.

If decision makers cmot allow any area to reach >10mg/l, then many alternatives are
eliminated. The lowest cost alternative to meet the 10mg/l standard will cost $227 million over
the 60year project timeframe. Relativelpw-cost septic tanlbased alternatives (8, 10) meet
this standard, at a much cheaper cost per household than the sewering alternatives-@4},20
which have similar overall costs.

Alternatives that target the TMKs with the highest nitrogen contributi¢his 19A and 19B)
would cost $116 and $250 milliobut the additional cost for 19B does not buy much result.
19B is far less cosfffective than 19A. Both these alternatives reduce the area at risk of over
10mg/L to about 100 acres, and only affect ~15%auseholds

Recommendations

This study represents the best available science on how different options for upgrading
cesspools in Upcountry Maui would achieve stakeholder objectives. The research took a
structured decision making approach, engaging a largeking group of stakeholders in a
participatory process to identify and assess how these options performed across an array of
objectives using data and staté-the-art modeling. Decisiomakers can now use the analysis
to choose their preferred optionsased on how well they perform against the objectives. It is
up to the policy maker to weigh the various objectives. For instance, deeisiders
concerned solely with mimizing nitrogen fluXprotection of aquifer for drinking wateghould
choose Alteratives 2025 or composting toiletswhilethose concerned with the lowest cost
per household while meetingesspool ban should focus on alternatives 10, 4B arithg
followingabbreviatedrecommendations are provide{onger descriptions are presented thie
end of this report)

1. General
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a.

Aquifers that are designated as potable should be maintained in that state
and preserved for current and future use to the extent that is feasible via
source control. In the case of Upcountry Maui, the only feasibly ctabie
source is OSDSs, which constitute approximately one third of the total
nitrogen inputs which includes cesspools (24%). Cesspool upgrade
alternatives that preserve the groundwater for potable use (nitrBte10
mg/L for 100% of the land area) includ#ernatives3, 4, 7, 8, 118, 2025,
and composting toilets

2. Furtherlnvestigations

a.

Investigateinputs of chloramine into drinking water and thus emissions via
cesspools, and, if appropriate, incorporateénto the groundwater model.
Conduct a stdy on small cluster systems which could have cost efficiencies
but require a detailed study than we were not able to provide.

Investigate the cost of centralized sewering of the entire Upcountry
community including a WWTP and a disposal system.

Conduct gilot study and then develop design standards for passive
denitrifying absorption systems (Alts 9, 10, 17, 18) as well as Nitrex and
Eliminite and Presby (with Brgyte) systems for the same purpose.

Extend the study oAlts 19A/B to determine hownanymore TMKs would
have to be included (in addition to the worst 20%) to achie® acres of
>10mg/L nitrate

Conduct composting toilet study, to gain familiarity, espace

maintenance issues, determine pathogen risks in compost, acceptable
handling practices, and develop regulatory standards including permitting
and maintenance requirements.

Investigate financing options for completing any alternative program of
upgrades, including: individual homeowner pays, state/federal grants, state
tax credits, privatization of individual systems , County owning/operating all
individual systems, and otheptions.

3. Program Management and Efficiency

a.

C.

Conduct a study to determine a program management framework and the
required DOH staffing to regulate all the OSDSs including the 88,000
upgraded cesspools in order to ensure public health is protected in the
State.

Develop design standards for drip irrigation systems, ET systems passive
denitrifying absorption systems, to make approval of such systems routine
instead of oneoff design for each property as is the current situation.
Develop regulations for operativand maintenance of composting toilets
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4. Legislation and Administrative Actions

a. Based on the investigations recommended above, write legislation to
facilitate gray water, composting toilets, drip irrigation, ET systems, passive
denitrifying absorption sysims, program management including issuing
OSDS permits and associated requirements, and financing methods.

b. Criteria are needed to guide homeowner choices to ensure that sufficient
nitrogen is removed, such that cumulatively all groundwater is maintained
with <10mg/I of nitrate. We therefore strongly recommend that DOH
develop such criteria.

The cesspool ban has regulatory efficierftywever,a systems perspective would improve
outcomes, i.e., when the fundamental objective can be met by intervening inopéne
system, these areas are targeted and exemptions to the ban might be considered for remaining
householdsAny systerrscale solution would, of course, require subsidizing homeownérs w
upgrade. We recommend that Oadopt a systems perspective, atelsign collective
solutions and creative funding mechanisms to improve the economic effici#heyproject
team would like to acknowledge the diligent and valuable inputs from the stakeholder working
group participants. It is imptant to flag that they contributed to the process in good faith,
despite fundamental disagreement with some of the keglerlying premises of the project.
This project started from the fact that Upcountry Maui is a Priority 1 area, and its aims were to
identify the most costeffective actions to upgrade cesspools in the area. Many of the
stakeholders strongly disagreed witte prioritization of Upcountry for a number of reasons.
They argued that that nitrogen flux from cesspools is a minor contributor eoeajpto other
42dz2NOSAT YyAGNRISY FNRY OSaalLkz2fta R2SayQid NBIFO
groundwater are bela drinking water standards nearly everywhere; evidence of
contamination is limited to a handful of samples in a discrete area; no Upgorgsidents get
OKSANI 61 0SNJ FNRY (0KS FljdzZA FSNJ a2 RNAY(1Ay3 ¢ aGS
aquifer for drinking water are private feprofit developers who choose not to wait for
municipal water supply; and there is no documenteadence of human health/stream/coastal
impacts. The project team were able to use empirical evidence and modelingctesslisome of
these arguments, but the issue of prioritization remains a thorny one that is outside the scope
of this analysis.
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Background

LY 1 IFgFA~ A &aS¢l3S KIFa 06SSy ARBgkiowm@mgR | a |
the high risk associated with poor sewage management, new cesspools have been banned
FONR&a | ¢l A~ AZ 0 dzind&reéSpallutidggroinfviater dadate dearbliBry | A y

environment(Whittier and ElKadi 2009)In 2017the Hawaii State Legislature passed Act 125
GwSft Ay 3 . ilins Adt &céomnplighedithiieé things. Firsmandatel that all cesspools

in the State beeither upgraded orconvertedby 205Q unless granted an exception for a

legitimate reason, which include small lot sizes, steep topography, poor soils, and accessibility
issuesSecond, the Act expanded the criteria for an existing $10,000 tax credtitytaitizen

with a cesspool within500 meters of a perennial stream, shoreline, or wetlamdthin an area
designated as a source of drinking wataffecting drinking water supplies or recreational

waters or appropriate for connection to an existing sewerage systemrd,Act 125 requirs

the state Department of HealttDoH)i 2 Ay @SadA 3l S GKS ydzyo SNE 4&C
of cesspools statewide that require upgrade, conversion, or connection based on each
0SaalLR2f Qa A YLKDWR2 N OaageniodogeReiSatidn arid

administrative actioa ki parallel, DoH was mandated to assess the feasibility of a grant
program to help property owners comply.

Some areas in the State are at particularly high risk to the negative impgm®osewage
managementlin 2017, DoH publishetts report prioritizing areaacross the Main Hawaiian
Islands based on actual or potential impadtem cesspool$o human hedth, drinking water,
and sensitive waterPue to thedensity of cesspools in the area aglévated groundwter
nitrate concentrations, Upcountry Maui has been designated a Priority 1 Cesspool Upgrade
Area (DOH, 2017Thel2,000homes and community fadikes on thewest facing slope of
Haleakala Volcano, Maui, USA, referred to as Upcountry Mawipmel0,040 onsite sewage
disposal system (OSDS) for domestic wastewater disfo€at, 2018 Of thesemore than
7,400 are cesspools that release untreatedstewater to the shallow subsurfadsitrate
concentrations of nearly 9 milligrams per liter (mg/L) haverbmeasured in the groundwater
water of Upcountry Maui (DOH, 201 7The USEPA healtfased Maximum Contaminant Level
(MCL) for nitrate is 10 mg/L.Hawaii Department of Health investigation into the sources of
the elevated groundwater nitrate concludedét; while not the only source, OSDS, primarily
cesspools, significantly increased the groundwater nitrate concentration in the groundwater of
Upcounty Maui. That study further estimated that the nitrate concentrations downgradient of
the areas with the l[yghest OSDS densities likely exceed the MCL of 10 d@H,(2017 and
2018. Assuming/,400 cesspools in Upcountry Maui required replacement at c@stging
from $20,000 to $6,000 each, the total cost of cesspoeplacement could range from $120
million to $360 million. In addition, there will be ofgoing operation/maintenance costs as well
as the need for dunded,effective management program. This is@erous cost burden on
the residents of Upcountry Maui and a comprehensive analysis of upgradeatitees and a
cost/benefit analysis is needed.

While the DOH report fulfilled the mandate in Act 125 to idngpiriority areas, it
acknowledged the need for further analysis and continued stakeholder collaboragamnding
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the problems and solutionis the reportA Y 2 NRSNJ 2 4GSt AYAYIl 0S8 OSa:
F S &A 0.Ths aina of this researchtis useevidenceto help desigmutrient pollution

solutions thatwill reduce the most pollutiomt the least costwhile considering equityWeseek

to identify and compare options includingrious types otesspool upgradeand installation of

sewess. To adieve thelargest pollution reduction possibkg the lowest cost, decisiemakers

require appropriate analytical tools to determine (i) halternative management practices

may influence groundwatermitrogen levels and at what cost; and (ii) where nuttieeductions

would be most beneficial to meet both water quality regulatibotgectives, and other social

goals.

While thisd 6 S & (i 62-dyNd anag@dlrbdy seem simplananagement of water
j dzI £ A (i & iskhéradtekizéd by Cothplicated decisions under conditions of high
uncertainty and risk. Managers frequently have to choose among complex and often competing
environmental, social, and economic objectivesnd effect of management are often
uncertain(Liu et al. 2012)Consequently, managers often rely ath hocdecision makingwhich
ultimately falls short of ackving desired outcomes. A more structured approach, informed by
decision sciencesanincrease conservation impact, reduce costs, and increase cooperation
across management agencies.

Structured decision making (SDM) collaborative process for decisioraking that
combines analytical methods from ecology and decision science with facilitation/negotiation
and social psychology to develop rigorous, inclusive, and transparent decisions that balance
multiple stakeholdepbjectives It has been applied to solve a spectrum of wicked
environmental management problemSDM draws on etision analysis (D#&)a discipline with
a deep theory and body of practi¢eloward 1988; Pratt etlal995; Skinner et al. 201that
usesestablished methods and tools to formally dissect key aspects of complex decisions in
order to recommend actions that lead to outcomes that ultimately maximize expected utility
(Keeney 1996)

Decision analysis tools can lead to better outcomes for nature and people, stronger
community support for actions, and more cost efficient and impactful chqM#ste et al.
2012) Itis particularly well suited to finding solutions to problems whererthare many
unknowns, or where riss ma be high, asinthease2 ¥ | | ¢ | A A.(hdhe fAce afhighd2 2 f &
levels of uncertainty in cost, benefit, feasibility, and effectiveness of management options,
under accelerating future change, decision modelsimi&e outcomes over long term planning
horizons, while accounting for near term needs, resulting in more strategic dec{&oagory
et al. 2012) A decision analytic approach can evaluate alternate manageared policy
options, assess tradeffs, and identify optimal solutions and strategig$uang et al. 2011,
Linkov et al. 2006; White et &012)

The main project objectives are to: 1) identifguate of cesspol replacemenbptions, 2)
develop a range of management alternagsto upgrade cesspootbat incorporate feasibility,
3) analyze environmental benefit @ach alternatives) enumerate cost®f the alternatives;
and>5) provide recommendations on the afnatives relative to cosenvironmental benefit
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and stakeholdeidentified objectivesOverarchingstrategicgoak areto begin building the
framework for a much better academagency collaborationand to pilot a collaborative
decisionmaking framewaok with communitieghat will have payoffs for agency decision

making far into the futureHopefully recommendations from this report can help the DoH craft
proposed legislation and administrative action to the benefit of the people and environment of
Hawa’i.

Approach

Decision analysis

At the request othe Hawaii Department of Health (DoH), we unae a decision analysis
process to evaluate the utility of proposed actions to addiggsgindwater nitrogerpollution in
Upcountry MauiThis process involvezbnvening a local stakeholderagip (Appendix and
collaboratively engaging in a structured decisinaking process. Stakeholders were identified
via conversatios with the DoHand via emad from public comments on@oHUpcountry
Maui groundwater inestigation report and public peentation(DOH, 2018)TheUpcountry
Maui Stakeholder Grougonsisted of 2&eople, representing the state Dotthe county
department of water supply and environmental managemaegigcted officials, farmers,
ranchers, largégandowners,concerred citizensand environmental groups

The structured decisiomaking process involves seven steps, consistent with a decision
theoretic processBelow we summarize the following steps

Define problem

Define objectivesind ®lect metrics

Identify, cost and map feasible options (and constraints)

Screen options

Develop alternatives

Estimate consequences (accounting for local preferences and values)
Considetrade-offs

NogakwNE

All analysis was conducted in R Version 3(R@ore Team 2018nhd ArcGIS 1R.2 (ESRI
2017) unless otherwise specified.

Step 1.Problem Statemen

A problem statement addresses:

What is the decision what kind of action needs to be taken?

What triggered this decision; why does it matter?

Who is the decision maker?

What is the @cision timing and frequency; are other decisions linked to this one?
What is the scope of the problem (how broad or complicated is it)?

= =4 4 4
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1 What are the legatontext and constraints?

Recentsampling dataesultsand analysiiaveindicated elevated concenttions of nitrate
in the aquifer underlying Upcountry Maurl hese levels are approaching U.S. Environmental
Protection AgencyHPA safedrinkingwater standardsin certain places
(https://www.epa.gov/groundwater-and-drinkingwater/nationakprimary-drinking-water-
regulations) DOH views these nitrate concentrations approaching tleiMumGContaminant
Levels (10mg/L Nitrate measured as Nitrogergs a signifiant groundwater contamination
problem

Because DOH is charged with protecting scarce freshwasewrces, its obligated to
work to correct the source of contaminatioDOHidentified Upcountry Maui as Briority 1
area forcesspootonversion(DOH, 2017).ie DOH report to Legislature recommend
immediate conversionalthoughthere is no legal oregulatory requirement for the cesspools in
UpcountryMaui to be upgraded any sooner than cesspools elsewhere in the State under this
recommendation. Priority 1 designatiafincluding ycountryMaui) havepriority for fundsin
the event thatpublicfundingwasto become available.

Independently,in 2017, he State of Hawaipassed Act 125 whicimandated that all
cesspoolsacross the Statbe eliminated by 2050 to address water quality challenges.

DoHis empowered tomake recommendations for action to thdéawaii State legislature,
regulatecesspoolipgradeoptions and seek funding to address water quality in Upcountry
Maui, andthroughout the Statefrom other government sources, including infrastructure
funds, depending on the actions propos&bH is alo tasked with monitoring and enforcing
any statutory or legislative actions that may be required.

The State of Hawaii is empered to pass new regulation¥hese include regulations that
might assign funding, other incentives such as tax breaks, orfpEnalhey are also
empowered tocostshare national infrastructure project$he County of Maui can also cost
share state andhational infrastructure projects, and is empowered to install sewer, change
zoning, and manage permitting of new infrastructundyich could facilitate or limit future
developments.

The community wishes to ensure that the burden for wastewater managemerguitably
shared among residents, and between residents, developers, and other p&teses do not
all agree on what equytlooks like. Some think that meatieat developers should pay, others
that polluters should pay.

Parties recognize thatptionsfor transitioning from cesspools to alternate waste
management systeman involve largeosts, and result in widely varyingprovements to
water quality depending on their type arsite conditionsSome transition options may take a
long time to realze.Since technology moves fast, and both efficacy and cost change rapidly, i
that timeframe,the landscape of management opti®may change drasticalywith possibly
better managementind moreeconomicabptions available in future. Consequentlgere may
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seem to bdittle incentive, particularly for individual$o act now. However, dealing with the
scale of change mpiired means thatactionand plannings necessaryow, particularly asarge
scale infrastructure optionsay be required, and sonteay become less feasible over time

It is also recognized théihe estimated costs are likely to be significantas@nge of
feasble optionswith different costsare desirabldor affected indviduals as well as optioribat
couldtake the burden from individuals due to eligibilityr public funding or possibly
commercial investment

A range of management options are likely fessilbut those that are possible in
Upcountry Maui have noget been identified or costed.draddress this data gaf¢ University
of Hawaii is leading a process to identggreen and cost options to addregstrate
contamination in Upcountry Maui groadmvater. Existing design regulations and approval
processes based on engineering and regulatory constraints exist for some options but not
others where these are not available, one constraint to implementation is that an approval
phase would be required.

To address this problem, vwapplied astructureddecisiormaking process as a tool to work
through and address the issues associated grtbundwater management in Upcountry Maui
UH worled with a DoHdeveloped groundwater model to evaluate the effects séveral
alternatives and with local stakeholdets develop objectives that reflect their goals, including
protection of public health, antinallyto evaluate the cost effectiveness tbfe alternatives



Upcountry Maui Cesspool Upgrade Analysis FINAL Report

[ Priority One Area
Districts (Upcountry and North Maui)

3

Figurel. Maui study eea; study focuses on cesspool upgras#ions for priority areas in Upcountry
and North Maui. Priority One Area was identified by DOH, based on elevated nitrate concentrations in
the Upcountry Maui groundwater and Statewide analysis (Whittier ad¢edI2014).

Additional Concerns/Considerat&related to the problem statement

It is important to note that the stakeholder working group participants voiced fundamental
disagreement with the key underlying premises of greblem This project started from #n
fact that Upcountry Maui is a Prioyitl area, and its aims were to identify cesfectiveand
technically feasible option® upgrade cesspools in the area. Many of the stakeholders strongly
disagreed with the prioritization of Upcountry for a numbémreasons. They argued that that
nitrogen flux from cesspools is a minor contributor compared to other sources; nitrogen from
OSaalkR2fta R2SayQi NBIFIOK (KS 3AINRBdzyRglF GSNI y AN
drinking water standards nearly everywheraj@ence of contamination is limited @ handful
of samples in a discrete area; no Upcountry residents get their water from the aquifer so
RNAY{1{AYy3a 6FGSNI adlyRFNRA I NByQd LXK AOFoE ST
private forprofit developers who choose not to wait for migcipal water supplyand there is
no documented evidence of human health/stream/coastal impalise stakeholder raised the
concern that municipal drinking water in Upcountry Maui included large amounts of
chloramine a chemical that may lead to increasaittogen under the right circumstances. This
issue was beyond the scope of this analysis, however, disinfectant residuals in drinking water
are generally very low due to cost concerns and regulations (less thang?Ly. 18till, inputs of
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chloramine intodrinking water and thus emissions via cesspools should be further investigated,

FINAL Report

and, if appropriate, incorporated into the groundwater modehe project team were able to
use empirical evidence and modeling to discaeme of thesgalidarguments, but tle issue of
prioritization remains a thorny one that is outside the scope of this analysis.

Step 2.0bjectivesand metrics

Objectives were developdaly the project teanbased on a series of consultations with

membersof the Upcountry MauStakeholder Groupncluding a site visit and oren-one
conversations with many members of the stakeholder groppendix [)We developed
metrics to measure each objectivégblel).

Tablel. Objectives fogroundwater nitrogen managemeuindthe metrics developed tevaluatethem.

Objective Metric
O1. | Minimize costs Costs ( C ) Net present value ofast in U®
2018
02. | Minimizecosts to community (individual Mean ®st (USD 2018) pdr2,000Upcountry
households, anthe community overall) | Maui household over the 60year cost
horizon
0O3. | Meet State and EPA drinking water State and EPA drinking water standards
quality standards. applied to groundwatermaximum
concentrationsimulated by groundwater
model is belowlOmg/L nitrogen measured
as aea under 10mg/L
4. | Minimize aquifemutrient loading Benefit (B) = change in nitrogemass flux
resulting from intervention
05. | Minimize risk to drinking water aquifers| Final groungvater N concentratiorbelow
5mg/L, measured by @a over 5mg/L
06. | Maximize cosefficiency inminimizing Cost efficiency (CE) = B/C
nutrient pollution
O7. | Maximize equity 1: Number ofhouséholdsimplicated in
alternative
2: Worst polluters
08. | Maximize equity Maui wide Difference in cost per household of upgrag
per annum and mean sewer fees per anny
across Maui
9. | Meets existing design standards Proportion of N reduction contributed by
not yet approved technologies? For option
matrix of Yes/No
010 | Minimizes Maintenance Burden Quialitative classification conducted by

engineers (High, Medium or Low levels of
maintenance)
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Additional Concerri€onsiderationselated to Fairness and Equity

In SDM, alternative courses of action are assessed dghmsbjectives to guide the
decision.As noted in the problem statement, this analysis is focused on finding alternatives to
upgrade thecesspools within Upcountry Mauherefore someconcerns andonsiderations
couldnot be adequately captured at thicale We discuss these below.

Stakeholders raised concerns about fairnastvo scales: within their community and
more broadly at the county level. Stakeholdeerceivedan unfair burden to the bmeowners
compared tatheir other households with cessptsin Upcountry Mauiother Maui residents,
AyOf dzZRAY 3 (K2aS -griarily Kreasasiwelldhausekholddviyo have/tBeygood
fortune to behooked up to the public sewer systeifheseconcernsboil down tothree
questions (1) Why should | hee to pay if my neighbois NSy QG K 6H0 2 K& &aK2dz R
am not the problem? (3) Why should | have to pay more than other people on Maui for my
household waste disposal? We have triedriodrporate all three of these though Objectives 7
and 8.

An additional dimension of equity arose smmestakeholderdelieved that their longterm
use of the ground as a receptacle for household wastewater only became a problem when
developers startingapping the groundwater to provide drinking water to newarhes. Some
felt that these developers should bear some (or all) of the costs of preserving the groundwater
quality, as they were the ones privately profiting from the public good. Many stakehol¥ers a
doubted the relative importance of cesspools as dyimn source, ompared to other
offenders, such aagriculture. Indeed, legacy nitrogen from former sugarcane production is the
largest current contributor to nitrogen in the broader area. However, little can be @toeit
this sourceat this point ¢ the legacy nitrogen iseeds to work its way throughée system,
while cesspools are actively polluting the groundwater.

Step 3.1dentify, cog, map gtions

Various cesspool upgradgptions are available, and these are reviewedniore depth in
Appendixll. The general categories of options include the fwilny:

1 Treatment systemsthese typically provide primary (physical) or secondary
(including biological) treatment of raw household wastewater. Treatment systems
include septic tanks and aerobic treatmentits capable of nitrification and/or
denitrification.

1 Disposal systemghese are paired with a treatment system as the means for
appropriately disposing treated wastewater. Examples of disposal systems are
absorption systems (leach fid), seepage piteandPresby Advanced Eo-Septic®,
which also includea treatment component.

10
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1 Technologies requiring approval under the Hawaii Administrative Rules (HAR):
these are feasible options included in the HAR, but require additional approval of
specific desigsnand specifications. Examples of these options are
evgpotranspiration and recirculating sand filters.

1 Innovative technologiesalthough these are not included in the HAR and will
require more extensive revieand certifications, they have potential assspool
replacementsThese types of technologiesnsis of either treatment and disposal
options such asonstructed wetlands, drip irrigation, and novel commercial
systems such as Eliminite and NITREX.

1 Emerging technologiegshese have been tested expmentally or in pilot field tests
and have promising sults.Many of these options are passive, requiring little or no
maintenance. Methods include recirculating gravel filter systems, layered soil
treatment systems, and nitrification/denitrification Hitiers. More extensive
studies, especially on thgirerformance on Mauiwill be necessary.

1 Alternative toilets: compost toilets are commercially available and incinerating
toilets are in development. Thesge essentially zerdischarge systemsith
proper operation and maintenancd his allows for fiome to setup a graywater
(discharges not from toilets and kitchen sinks) reuse system. A wastewater
treatment disposal system must still be present, howebecause e State of
Hawaii requires graywatdo have an overflow pathwatp prevent spis.

1 Sewering:homescan be connected via sewersdecentralized or centralized
sanitary sewer system. In a decentralized system, groups of homes connected via a
cluster system may have a satellite treatment liagcand/or a common disposal
system. This coulde extended to a centralized sgsh with more homes
connected toa wastewater treatment plant.

Table 2shows thetreatment and disposal options considered in this stgdigscriptions are

found in Appendixl). Table 2also shows the annual operation and maintenance costs which

are considered independent of system size. Operation costs are for electricity and thus only
those systems that require pow&iave an operation cost. Electricity costs are generalty ve

small fa these systems (assumed 100W power draw, $0.35/KWH, thus $25/mo). Maintenance
costs are for inspection by a professional ($150) and for punipéngding/disposabf

accumulatel solids ($250). Most of the systems are assumed to last for egber 60 yars,

11
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at which time they will have to be replaced. This affects they6life cycle cost which is
discussed further below.

Table Annual osts for operation and mainteance of OSDS treatment and disposal systems imgjudi
replacement intervals

OSDS Treatment and Disposal Systems Operation | Maintenance Replacement

interval (yrs)
ATU-N $300 $400 30
g ) ATU-N/DN $300 $400 30
£ S [Septic Tank $0 $400 60
g g— Passive Biofilters (in-ground, medium, FL) $0 $400 60
= Passive Biofilters (in-ground, high, FL) $0 $400 60
Composting toilets (also use for incinerating) $300 $400 30
Absorption System (bed or trench) $0 0 60
Constructed Wetland $0 $400 30
Disinfection $150 $50 20
£ [Drip Irrigation $300 $150 30
B |Seepage Pit (new) $0 $400 60
% Evapotranspiration $0 $150 60
@ [NITREX® $0 $400 30
@ |Presby Advanced Enviro-Septic & De-Nyte ® $0 $125 60
O |Recirculating Sand Filter $300 $400 30
Eliminite ® $300 $150 30
Layered Soil Treatment System (MA) $300 $150 60
Gray Water system $0 $150 30

Additional Concerns/Consideratiomdated to management burden of upgrades

Another concern is program management by the DOH. The DOH WWB is tasked with
approving and managing OSDSs. Currently, OSDSs statewide are managéitnat die
design/approval/installation and there are no resources forgming management of the
approximately 100,000 systems. The cesspool ban will mean that 88,000 systems will be
upgraded and each will have to go through the approval process whiclidexheview and
approval of test data and design submittals from engineers, and keeping of recordwillTbés
a huge task that would require several additional staff. In addition, it will become even more
important for the DOH to implement a more compeatsive lifecycle type management
program for OSDSs. Previous work by the investigeged USEPguidance documents to
establish minimum maintenance, performance and inspection standards for OSDSs in Hawaii.
The recommended model was to issue, monitid enforce 2yr cycle OSDS operating permits
to homeowners, and to certify and license OSDS seprméaders and OSDS inspectors. The
items produced included a model law, a management program framework and roles of all
parties, minimum maintenance requirents, inspection checksheets & protocols, and
application/renewal forms.

12
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Step 4. Screen options

Eachtreatment andeachdisposakystem haits own constraints and necessary site
conditions including groundwater elevation, lot size, soil percolation r&apographic slope,
location in a flood zone, proximity to inland or coastal waters, sundoundng density of
cesspoolgTable). The characteristics and conditions of a site determine the feasibility of
installing a given sysin at that site Forexample, a absorption system can onbe installed in
an area with aslope of<12 percent, anda septic tank should be installed outside a flood zone
and in an area not in proximity to the coalitshould be noted that while the fe#slity of
disposal gstems are typically constrained by site conditions, treatment systeaangenerally
be installed at any sitsndependent of site conditions (WRRC, 2008).

For each of th@roperties (TMKs) containifgSD$ the Upcountry Maustudyarea, we
assessed the feasibility of each of tinegradeoptions considered, using geospatial data
corresponding to the constraint®ublicly available spatial data f@SDSTMKSs, terrain slope,
coastline, streams, and flood zones were obtained from the&ii Statewide GIS Program Data
Portal fittp://geoportal.hawaii.gov/ seeTable 4or dataset details)Data representing each of
the site conditions were attributed to each OSDS point datum. A series of moradit
statements were then applied in order to filter OSDS points by the constraints of a given system
(Table), to determine whether a given upgrade option was feasible for the site conditions of
each OSDS.

13
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Table3. Constraints bsystemoptions Y:Option is feasible, NOption is not feasiblfpermitted; HAR11-62; ‘These are included as options in the

FINAL Report

HAR11-62, but require additional review and approvaATUN/DN and absorption systems used together with UV disinfection sseraed to
be permitted for TMKs that are located < 50 feet from a body of water.

o o £ L o e O
: - : g 7 = s S o8
Site Conditions/Constraints = B A3 S D o N S
— | o= o o © o
o - i g0 Q £
= © 2 5 = 0 © - 0
= = 0o - L S @
Options 2 2 o k=, c 23
P Options L a T
Category
Treatment Septic Tank Y Y Y Y N Y if>50 ft
away
Treatment ATU, N or N/DN Y Y Y Y N Y i1>50 1t
away
: Absorption Systems : vif >minimum Y if60to 1] Y if <12%Trench usec Y if >50 ft
BUETOE (Bed/Trench) Y if>31ft)  absorption area min/in if 8%<slope<12%) N away
required by HAR P
. YA T oandwv H .
Disposal Seepage Pit Y if >3 ft Y vif 6 0. tol absorption system nol N Y iT>50 ft
min/in . away
feasible
Treatment Chlorine Disinfection Y Y Y N Y iT>50 1t
away
Treatment UV Disinfection Y Y Y N Y
. Presby Advanced Enviro Vit >minimum Yif60to 1 Y if >50 ft
Disposal Septic and Dalvte Y absorption area minfin Y N awa
P y requiredby HAR y
Apprgval Evapotranspiration Y Y Y Y if <12% N Y IT>50 1t
Required away
Apprgval Recirculating Sand Filter Y Y Y Y N Yir>50 1t
Required away
Innovatlvg Constructed Wetland Y if >3 ft Y Y Y if<12% N YIF>50 ft
Technologies away
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Q@ ® % Q @ )
E N = ol S s
Site Conditions/Constraints = 5 3 S 2 o N S
< = = I o © Q L=
S £ n o = = S ©
Options = L @ 2 = z 3
P Options L o i
Category
. Y if >minimum .
Tlél:r?r\]ljlgv?es Drip Irrigation Y absorption area Y Y N Y g;:o f
9 required by HAR y
Innovative Eliminite Y Y Y Y N | YIT>S0Tt
Technologies away
Innovatlvg NITREX v v v v N Y if >50 ft
Technologies away
Emerging Recirculating Gravel Filter v v v v N Y if >50 ft
Technologies System (WA) away
. Passive Treatment Units .
TeECrEﬁg?(')”?es (medium and high Y Y Y Y N| Y gv::o ft
9 treatment) (FL) y
. Disposal by Layered Soil .
chrﬁﬁgﬁ’c')”?es Treaty Sy G o6a[ kg Yif>3ft Y Y Yif <129 N ng:aso f
9 Systems (MA) y
: Disposal by .
TeEcnt:ﬁg?(l)n?es Nitrification/Denitrification Y Y Y Y N Y ;‘V::O ft
9 Biofilter (NY) y
Alternative Compost/Incinerating/
Toilets NanoMembrane Toilets
Sewering Decentralized/Centralized Y Y Y Y Y

15



Upcountry Maui Cesspool Upgrade Analysis

Table4. Geo datasets used in feasibility evaluation
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Constraint

Dataset

Geoprocessing

Slope

Hawaii Statewide DEM-mieter

ArcMap Spatial Analy3toolbox:
Slope tool

Streams (distance

Streams (fom DLNR, Division of

Near tool; generates distance of

from) Aquatic Resources) each TMK from stream polylines
Coastline Coastlines MHI (from Office of | Polygon to Polylin€onversion tool.
Planning, State of Hawaii) Near tool; generates distance of
each TMK frm coastline polylines
Lot size Parcel/TMK maps for Neighbor | Calculate geometry: Area

Islands (from Statewide GIS
Program, Office of Planning,
State of Hawaii)

Area available for

Parcel/TMK maps for Neighbor

Calculate geometry: Area.

absorptiontype Islands (from Statewid&1S Subtract house size:
systems Program, Office of Planning, 1 For lotsV5000 sf: house§0% lot
State of Hawaii) size
1 For lots >5000 sf: house = 3000 ¢
Flood zone FEMASpecial Flood Hazard Arei Spatial Join:

for the State of Hawaii

1 Join features: flood data (field of
interest: FLD_ZONE)

i Target features: OSDS

{ Screening: FLD_ZONEI E ¢ 6
outside the tpercent annual
chance floodplain and areas
protected from the percent
I yydzZ £ OKIyOS ¥
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’\ [ Priority One Area OSDS density (units / sq.mi) ’\ Slope (percent)
[ Districts (Upcountry and North Maui) [ | none []o-12

N [ |Low:>0-20 N -2
[ | Moderate: >20 - 40 I

] High: >40 - 100
I Extremely high: >100

Septic system Upgrade feasibility Absorption systems Upgrade feasibility
@ Not feasible @ Not feasible

- Feasible < Feasible
"] Model domain [~ ] Model domain

z)

g

2
e

Figure2. Disposal ptionsevaluatedwere constrained by thsite limitations.

Additional Concerns/Consideratiomtated to technical options

Some options present technicabnsiderations that are quite specific, and outside of the
technical review. For instancephseholds with alternative (zerdischarge: composting or
nano/Gates) toilets will also have to deal wither wastewater flows (other than toilets).
Household waewater consists of black water and gray water. According to the Guidelines for
the Reuse of Gray Water (HDOH Wastewater Branch, 2009), black water is defined as
wastewater discharged from toiletsrinals, and food preparation sinks (kitchen sinks). Gray
water is defined as wastewater discharge from: showers and bathtubs -Wwasting
lavatories, sinks (not used for disposal of hazardous, toxic materials food preparation, or food
disposal), and clbieswashing machines (excluding wash water with humanetzce.g.,
diapers). Gray water reuse is not currently permitted in the County of Maui, and the current

17
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HDOH Guidelines require a wastewater treatment system. As stated in the Guidelines, a
gray wder reuse system must have an overflow pathway to the ¢gwewer system or an
individual wastewater treatment system. Thus, there are two issues for current cesspool
systems that upgrade to zemischarge toilets: 1) kitchen sink water is consideredklaater
that would still require an OSDS, and 2) all gvajer systems require an overflow pathway for
flows in excess of that needed foryard reuse to prevent overflow/spills. It is possible that the
overflow issue (2) could be handled by a seepagécpnverted cesspool). However, the
kitchen sink blackwat issue (1) would necessitate a change in the guidelines in order remove
the need for an approved OSDS system (cesspool upgrade) A gray water system is simply a
storage tank and an irrigationsgsty ' YR R2Sa y20G Ay Of dzRS Flye @ L
of items washed down the kitchen sink. Thus, the sticking point is that kitchen sink use would
have to be strictly controlled (including banningsink grinders) or else the gray water tank
would end up rapidly accumulating every manner of ground upemats discharged and these
materials would be subject to biodegradation, septic conditions, odors, etc. The most practical
solution would be source contralbut this would require a fairly majahange in human
behaviour and that may not happen with timecessary reliably. Maui County would also have
to adopt a rule allowing gray water systems.

Stakeholders were concerned that many of tpepgraphicallgxtensive options would
either not fit on the properties or require destruction of gardens, many ofchprovide
sustenance and income to Upcountry Maui residents. Nearly all of the properties in the study
area have enough space for one or more alternative cesspool upgrade systems, but nearly all
do require significantly more space than cesspools. Howdkiese systems are all located
underground and do not preclude docation of gardens on top if necessary. If a resident had a
health concern in such a situation, a raideetl garden with an impereable bottom liner could
be utilized.
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Step 5.Alternatives

Alternatives ardreatment+disposabptions packaged together that afnl be implemented
across thestudyarea. Creating and evaluating a range of welined internally coherent
alternatives ¢r packages of management and policy actjogsentral to good decision
making. Good alternatives should be collaborative to ensure the full range of stakeholder
priorities are captured in the alternatives developed and evalualexsupport this processve
undertook alternatives development invb phases.

In the initial phase, using feedback from stakeholder consultationsptbgect team
developedsimplel t G SNy I 6t A@Sa GKIFIG Fft26SR adl {SK2f RSNA
needing to specifgxact design details, and a setatlfernativesbased on several discussions
with stakeholderghat captured the suite of options available (s&ppendix [), and ensured
optionsrelevant to thefull range or stakeholdensere incorporated.In the seconghase, to
ensure stakeholder needs were addressed, we conducted a facilitated alternative development
workshop (combined in person and online) with the staieler group.The workshop included
13 participants including members of the upcountry Maui commiyrassociationsMaui
County CounciMaui County Farm Bureau, Agricultural Working Group, and Hawaii
Department of HealthThe University of Hawalnstitutional Review Board advised that human
subjects clearance was not requiréat this processhoweve we handed out informational
sheets to all participants explaining the purpose and approach of the project, with contact
information should participants fe¢he need to follow up with the Principal Investigators or
1 Qa Lw. o

In the stakeholder workshapwe conductedwo focused alternative development
activities where we worked with groups of stakeholders to develop alternatives. The two
activities, (1) Bokends, and (2) Visioning, are described below. Notes from this process are
providedin Appendixill.

1. BookendsTo explore the implications of focusing on each objectiveaskedthree groups
of stakeholders tdhink of and define a strategy thathey believed wouldperform
WMAZINGLSYfar each objectivewith no consideration of other implicatiorgsa modified
FLILX AOFGA2Y 2F | a0 221 Sybseguentipatitid®sivedek 6 DNBS I 2 N
askedto consider how they thought the selected strateor strategies would perform
against other criteria and with that in mind, tmnsiderwhether other options might
perform equally well for the objective under consideratidmt better against other
objectives.

2. Visioning We asked stakeholders to cdnsct alternatives for two situations (A and B)
0St26d t I NIAOALN yi& -obtGeMBEQ 43 IRA ZPA X 21004 2% M
record risks, challenges or barriers, rather than dismissiegs due to perceived barriers or
novelty.
A. Everybody winsHere we asked participants taiild on the first activity todentify
solutions that might impove performance against all objectives, idegtgotential
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barriers or reasons why a solution may not perform well against all criteria, and then
focus on how they might be overcome, or what other options or tweaks might perform
better across the board.

B. Fundng potential Here we asked participants to focus on options that waelduce or
removecosisto the homeowneror leverage opportunities for other funding.

Subsequent to these activities, the project team developed a s88afternatives that

captured the full decision spacésee Table 5)To construct thesalternative options were

screened for feasibilit-(a LISNJ YSG K2 Ra RS atOiNGrm ®dspatial o/ 2y a i
allocation of options within alternatives, such that only options screesetiasible for a

given site could be selected for that site. Alternative development included consideration of
options that would be implemented under a range of feasibility constrairite. results of

the screening process for each alternative for edthK ae shown in Table &\ few things

can be highlighted from Tald® and6 as follows:

1 Alt4B (septic tank + seepage pit) has the least nitrogen removal at only 10%. Other
septic tank Alts have nitrogen removal efficiencies of 47% to 98%

1 The Altghat incorpaate ATUs with nitrification only, have removals from 53% to
71% (plus a zerdischarge option (ET) which gives 100% removal)

1 The Alts that incorporate ATUs with nitrification + denitrification, have removals
from 50% to 71%. These could alsl&T for 10% removal.

1 The data set that was used for this study incluti#®956 TMKs in the study area,
however, only 8,540 have OSDSs and of those, there are 6,198 that have cesspools.
These numbers are somewhat different than the DOH references (1@Q84M05s and
7,400 cesspools)

1 The maximum slope constraint of 12% affects absorption disposal systems for many
of the TMKs with cesspools. Absorptidisposakystems can only be used on 3,394
of the TMKSs. For the oth&,804 TMKs with cesspools, the exigtcesspootan be
cleaned and converted into a seepage (@itt4B) Thus, foseptictank Alts, the
fallback option is Alt4B (septic tank + seepage pit), and for ATU Alts, the fallback
option is Alt16 (ATUN/DN + disinfection + seepage pit).

1 Sewering Makawao will redt in closure of 1,712 cesspools

Sewering the renainderof Pukalani will result in closure of 1,217 cesspools

1 Sewering both Pukalani and Makawao will result in 2,929 cesspools

=a

20



Upcountry Maui Cesspool Upgrade Analysis

Tableb. Alternatives considered
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Code| Name Description
1 Septic Tank to Absption System: 47% 47% uniform reduction in N (mg/L) outputs
Reduction at each Household.
5 Septic Tank to Constructed Wetland: 53% | 53% uniform reduction in N (mg/L) outputs
Reduction at each Household.
Septic Tank to RSF to Drip Irrigation: 69% | 69% uniform reduction in N (mg/L) outputs
3 )
Reducton at each Household.
4 Septic Tank to RSF to Seepage Pit: 47% | 47% uniform reduction in N (mg/L) outputs
Reduction at each Household.
4B 10% uniform reduction in N (mg/butputs
Septic Tank t&eepage Pit: 10% Reduction | at each Household.
5 Septic Tank to Eliminite to Absorption 80% uniform reduction in N (mg/L) outputs
System: 80% Reduction at each Household.
6 78% uniform reduction in N (mg/L) outputs
Septic Tank to Presby: 78eduction at each Household.
7 Septic Tank to NITREX to Absorption Systg 98% uniform reduction in N (mg/L) outputs
98% Reduction at each Household.
8 Septic Tank to Recirculating Gravel Filter | 84% uniform reduction in N (mg/L) outputs
System toAbsorption System: 84% Reducti{ at each Household.
9 55% uniform reduction in N (mg/L) outputs
Septic Tank to "Layer Cake": 55% Reductiq at each Household.
10 Septic Tank to Lined/Sequence D/DN 91% uniform reduction in N (mg/L) outputs
Biofilter: 91% Reduction at each Household.
11 53% uniform reduction in N (mg/L) outputs
ATUNto Absorption System: 53% Reducti¢ at each Household.
ATUN/DN to Absorption System: 71% 71%uniform reduction in N (mg/L) outputs
12 :
Reduction at each Household.
ATUN to Constructed Wetland: 58% 58% uniform reduction in N (mg/L) outputs
13 )
Reduction at each Household.
14 100% uniform reduction in N (mg/L) outpul
ATUN to ET: 100% Reduction at each Househd.
ATUN to Disinfection to Drip Irrigation: 71% 71% uniform reduction in N (mg/L) outputs
15 )
Reduction at each Household.
16 ATUN/DN to Disinfection to Seepage Pit: | 50% uniform reduction in N (mg/L) outputs
50% Reduction at each Household.
Passive FL Units (mediumsground): 71% | 71% uniform reduction in N (mg/L) outputs
17 :
Reduction at each Household.
18 Passive FL Units (high) to Absorption Systg 91% uniform reduction in N (mg/L) outputs
91% Reduction at each Household.
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20

High Impact

Private Company pays forstallation, then
fees

21

O&M borne by users (cost of O&M)

22

Fed infrastructure fund + State + Maui
County- Fees = same as rest of Maui

The 20% worst offenders (by N flux) upgra
to best N reduction option.

Decentralisedlreatment Units are installed
in very high density areas. Elsewhere: the
cheapest feasible traditional option (i.e.
cheapest from alts-18 is applied).
Regulatory changes require any new
developments above same datys(or

lower) to incorporate.

23

Private Company pays for installation, then
fees

24

O&M borne by usergcost of O&M)

25

Fed infrastructure fund State + Maui
County- Fees = same as rest of Maui

Decentralisedlreatment Units are installed
in veryhigh density areas. Elsewhere: the
very effective option is applied (Membrane
Bioreactor). Regulatory changes require al
new developments above same density (0
lower) to incorporate .

26

Private Company pays for installation, then
fees

27

O&M borne by users (cost of O&M)

28

Fed infrastructure fund + State + Maui
County- Fees = same as rest of Maui

Sewer all sites in MAKAWAQO. Estimate co
based on roughly the capcgiheeded based
on that volume/ density + a guess at how
much extra mighappear in build out.

29

Private Company pays for installation, then
fees

30

O&M borne by users (cost of O&M)

31

Fed infrastructure fund + State + Maui
County- Fees = same as rest of Maui

Sewer all sites iRukalaninot already on
sewer. Estimate s based on rough costs
of upgrades.

32

Private Company pays for installation, then
fees

33

O&M borne by users (cost of O&M)

34

Fed infrastructure fund + State + Maui
County- Fees = same as rest of Maui

Sewer all sites iMakawao+ Pukalannot
already on.

35

Well head treatment0% Reduction

No change igroundwaternitrogen
concentration. Water is drinkable at tap.
User mays (no cost to householders for
sewer, but there would be a cost passed 0
to those who use the water).

36-
38

Composting Toilet £€B): 100% Reduction

Everyone gets a composting toilet fas 1-
19).
1. Modify grey water rules and have grey
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water system overflow into existing system
2. Modify grey water rules and have grey
water system overflow int@esspool or
existing unit

3.Modify grey water rules and have grey
water system overflow into the minimum
feasible solution seepage pit.

1If the alternative disposal option was not feasible, the second choice was the same
alternative treatment with an absorption system, and the third choice was the same alternative
treatment with a seepage pit. About 150 TMKs are located less than 5@ éeeta body of
water. The upgrade option for these TMKs is ATU N/DN U ttisinfection and an absorption
system.
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Table6. Summary results of alternatives screening

TMKs Type of Upgrade
Alt # Alternative # of TMKs # of TMKs # of TMKS # of TMKs with| # of TMKs
Total in with OSDS: with cesspools | connected a b ®
Area Cesspools| Upgraded to Sewer
0 Baseline conditions with cesspools 11,956 8,540 6,198 6,198 0 N/A N/A N/A
. . . Altl Alt4B
1 Septic Tank to Absorption System: 47% Reduction 11,956 8,540 6,198 6,198 0 3304 2804 N/A
- - Alt2 Alt4B
2 Septic Tank to Constructed Wetland: 53% Reduction 11,956 8,540 6,198 6,198 0 N/A
3394 2804
3 Septic Tank to RSF to Drip Irrigation: 69% Reduction 11,956 8,540 6,198 6,198 0 6)?'938 N/A N/A
4 Septic Tank to RSF to Seepage Pit: 47% Reduction 11,956 8,540 6,198 6,198 0 qugs N/A N/A
; 100 : .
4B Septic Tank to Seepage Pit: 10% Reduction (1.5 BR; 7 11,956 8,540 6198 6,198 0 Al4B N/A N/A
gal/person) 6198
: 100 : .
4B HI Septic Tank to Seepage Pit: 10% Reduction (2/BR; 10i 11,956 8540 6198 6,198 0 Al4B N/A N/A
- gal/person) 6198
- 100, . R
4B LO Septic Tank to Seepage Pit: 10% Reduction (1/BR; 70 11,956 8540 6.108 6,198 0 Al4B N/A N/A
- gal/person) 6198
Septic Tank to Seepage Pit: 10% Reduction (2010 Al4B
4B_Census census/no. BR; 100 gal/person) 11,956 8,540 6,198 6,198 0 6198 N/A N/A
Septic Tank to Eliminite to Absorption System: 80% Alt5 Alt4B
5 Reduction 11,956 8,540 6,198 6,198 0 3394 2804 N/A
. . Alt6 Alt4B
- 780,
6 Septic Tank to Presby: 78% Reduction 11,956 8,540 6,198 6,198 0 3304 2804 N/A
Septic Tank to NITREX to Absorption System: 98% Alt7 Alt4B
7 Reduction 11,956 8,540 6,198 6,198 0 3394 2804 N/A
Septic Tank to Recirculating Gravel Filter System to Alt8 Alt4B
8 Absorption System: 84% Reduction 11,956 8540 6,198 6,198 0 3394 2804 NIA
9 Septic Tank to "Layer Cake": 55% Reduction 11,956 8,540 6,198 6,198 0 AltS Alt4B N/A
D y : 55% : : ' ' 3394 | 2804
Septic Tank to Lined/Sequence D/DN Biofilter: 91% Alt10 Alt4B
10 Reduction 11,956 8,540 6,198 6,198 0 3394 2804 N/A
11 ATU-N to Absorption System: 53% Reduction 11,956 8,540 6,198 6,198 0 AltLl AltL6 N/A
! ’ ' ! 3394 2804
. . Alt12 Alt16
12 ATU-N/DN to Absorption System: 71% Reduction 11,956 8,540 6,198 6,198 0 3304 2804 N/A
13 ATU-N to Constructed Wetland: 58% Reduction 11,956 8,540 6,198 6,198 0 AltL3 AllL6 N/A
3394 2804
- Altl4 | Altl6
| . 0,
14 ATU-N to ET: 100% Reduction 11,956 8,540 6,198 6,198 0 3394 2804 N/A
15 ATU-N to Disinfection to Drip Irrigation: 71% Reduction 11,956 8,540 6,198 6,198 0 (/:25358 N/A N/A
- - . L Alt16 Alt12
16 ATU-N/DN to Disinfection to Seepage Pit: 50% Reduction11,956 8,540 6,198 6,198 0 N/A
2804 3394
Passive FL Units (medium) to Absorption System: 719 Altl7 Alt16
17 Reduction 11,956 8,540 6,198 6,198 0 3304 2804 N/A
Passive FL Units (high) to Absorption System: 91% Alt18 Altl6
18 Reduction 11,956 8,540 6,198 6,198 0 3304 2804 N/A
High impact: Septic Tank to Presby: 78% Reduction Alté Alt4B
194 (highest mass reduction in alt 1-18) 11,956 8,540 6,198 1.839 0 1023 816 A
High Impact: ATU-N to ET: 100% Reduction (smallest Alt14 Alt16
198 with >5 mg/L in alt 1-18) 11,956 8,540 6,198 1,871 0 992 847 N/A
. Alt6 Alt4B Alt12
20-21-22  |Sewer Makawao, ST to Presby (cheapest option) 11,956 8,540 6,198 4,329 1,712 2311 2383 123
Sewer Pukalani, ATU-N to ET (smallest area with >5 n Alt16 Altl4
23A-24A-25A alt 1-18) where possible 11,956 8,540 6,198 4,824 1,217 2320 2870 N/A
Sewer Pukalani, ST to Presby (highest mass reduction| Alté Alt4B
23B-24B-25B 1-18) where possible 11,956 8,540 6,198 4,824 1,217 2048 2320 N/A
26-27-28 |Sewer Makawao only, no cesspool upgrades 11,956 8,540 6,198 4,329 1,712 N/A N/A N/A
29-30-31  |Sewer Pukalani only, no cesspool upgrades 11,956 8,540 6,198 6,198 1,217 N/A N/A N/A
32-33-34  |Sewer Makawao & Pukalani, no other upgrades 11,956 8,540 6,198 6,198 2,929 N/A N/A N/A
35 Wellhead treatment (results same as base model) 11,956 8,540 6,198 6,198 0 N/A N/A N/A
36-37-38  |Compost toilets, no effluent N 11,956 8,540 6,198 6,198 0 N/A N/A N/A
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Step 6. Estimating consequences

Costs

For each cost objectivébjectives1 and 2) we estimated both capital costs and operation
and maintenance costs over a standardizedy6@r time horizon. Capital costs for equipment
were based on manufacturer/vendor price quotes and catalogues. Detailed itemized
installation costdor equipment, labor, and professional services (engineering, plumbing,
electrician) were based on discussions with contractors and service providers with many years
of experience installing all types of -@ite systems in Hawaii. Costs for equipment weased
on quotes from Hawaibased vendors and representatives.

Costs are based on the size of the OSDS system required for the number of bedrooms for
each TMK at a rate of 200 gallons per day (gpd) per bedroom. Individual systems are limited by
DOH rulego 1,000 gpdeach (5 bedrooms). Size requirements for septic tanks, ATUS,
absorption systems, and seepage pits were determined according to the requirements in HAR
11-62 Wastewater Systems. For other types, we used industry standard sizing criteria and unit
costs. Thesize of the absorption systems is dependent upon soil percolation rates. The DOH
WWBranch pulled a large set of permits for several areas of Upcountry Maui and we were able
to determine typical percolation rates by area as follows

Haiku (15 to 30nin/inch)

Kula (10 to 1%nin/inch)

Makawao (15 to 20nin/inch)

Pukalani (13nin/inch)

Design value used for all TMRE: min/inch

= =4 4 4 A

This gives an area requirement of 175 square feet per bedroom assuming that plastic dome
infiltrator units are used which retve al7% area reduction. The values for estimategbital
Oz2ada AyOtdzZRS t102NE YIFIGSNAFIf &Y SldZALISYyas Y2
profit, and construction contingenciesperation and maintenanceosts include electricity,
maintenanceinspections, and tank pumping/hauling/disposadnsidered for a 6§ear lifetime
of the system, including replacements as necessary. Variations in cost may occur due to site
conditions such as soil type (e.g., excavation in rock), site isolatiacceswility, or slope.

Table shows the costs estimated for site work associated with OSDS installation. Additional
costs will be incurred for each system including permit fee ($100), engineering fees ($4,000),
plumber comection fee ($500), and sometimes electrician connection fee ($5G)le shows
the costs for equipment/materials for treatment and disposal options for systems sized for one
to five bedrooms. The costs for ATUs are based on veqauies from Hawaii firms/reps:
International Wastewater Technologies, OESIS, WaiponoPure, Boj&tld Presby for which
there is a fairly large range for 1 bedroom téo&droom sized units. We used reasonable values
rather than only the least expensiveathis gave values of $9,000 for 1BR to $15,000 for 5BR.
Note, it is possible to get a small ufor $5000 and a 5BR size unit for $10,000, however, we
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assumed that not everyone will choose these leass$t options. The costs for septic tanks have

a large range of costs based on the material of construction. There are only two sizes for septic
tanks1,000 gallons (#BR) and 1,250 gallons (5BR). Concrete tanks range from $8 Sl

FRP tanks cost $26{)300, and some light plastic units can be pureta®r around $1,500.
However, the light units are not considered durable enough to last fore@@syas used in this

study. We assumed a range of $3000 to $4,500 for these tanks.

Table9 shows the total installed costs for eactdividual treatment and disposaystem
which includes equipment, additional fees, and site wdikble 2 (aboveghows the annual
operation and maintenance costs for the OSDS options as well as the replacement interval.
Operation costs include electricityhich is based on approximatelpaw continuous draw and
electricity cost of $0.35/kWh. Maintenance costs include annual pumping ($250) and inspection
($150). Systems must be completely replaced after eitheo880-years thus incurring the full
installation cost again at that timeél.able10 shows the installed costs for each alternative
combination of treatment and disposal systeriigble shows the total installation cost for
Upcountry Maui for each @rnative by summation of the cost for each TMK based upon the
number of bedroomsThe data are arranged in lowest to highest capital cost widolge from
a low of $8million to a high of 364 million. We calculated the net present cost (NPV) of
initial installation, replacements in the future, and annual operation and maintenance of all the
cesspool upgrades for a §@ar period (also iffable), in 2018 dollars. We used two discount
factors reflecting the private cost of capli (5% home equity loan rate) and a rate reflective of
public sector investment (2.8%)PMB 2016)In both cases, we applied amnual inflation rate
2F Moy 006FaSR 2y wSIkf D5t F2NJIFglAAQa SO2y?2
2.8% discount ra, the NPV ranges fron2@ million to $785million. For the 5% discount rate,
the range is from 20 million to $51 million.

Forthis project, we did not provide a range of cofis any systems or Altsnstead, we
provide a single best estimate for theighase/installation/operation/maintenance of each
system under typical local conditions. S#gecific non-standard conditionssuch as locally
poor soils, unknown underground utilities, undocumented structures, the need for removal of
large trees, necesty to place systems in traffic bearing areas, contractor availability/scarcity,
etc. could increase costs substantially. Theoants of these increases can be predicted only
with detailed engineering analysis of each property, including site visitsidesearches, soil
tests, etc. that will be required for each property as part of the normal design/permitting
process. It is eghated that costs could increase by up to 50% in the worst case. Itis also
possible that costs could decrease in the futusecasspool replacements ramp up to large
numbers, additional contractors emerge, new technologies become common, and volume
discaunts become possible.

Cost Efficiency

We calculated the cost efficiency (Cibjective 6, as the difference in nitrogen
conantration from baseline (Benefit, B, in kg nitrate) divided by the cost of the upgrades (C,
NPV in $USD20138) i.emdified CostBenefit Analysis, then ranked the options.
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Equity

For objectives related to equitypjectives?,8), we evaluatedequity within the Upcountry
Maui community bycalculating thenumber of households implicated in each alternative (which
can becompared to the number of households in the entire community), and across the
broader community of Maui by looking at the difference betwélea per annum costs borne
by the Maui households for the alternative vs. the standard sewage fees a Maui household

pays.
Costs Summary

Tables 7, 8, 9, and 10 present the costs calculated in this .stBdyeral findings can be
highlighted as follows:

1 Sitework to install treatment systems costs about $6,080d sework to installa
disposal system pludose/convert a cesspool costs about $4,000
1 Installed costs foreptic tanks are$15,000-$17,000 andfor ATUs are $2,000-
$30,000 for 1BR5BR size units
1 Composting toilets cost $2,200 eachstalled The new nano/gates toilets are still
several yearaway, however, it is likely that these toilets will be priced similar or
possibly lower than composting toilets
1 Installed costs forlasorption disposal sfemsare $4,000- $7,000 for1BR- 5BR
size systems (this assumes an average of 175)f/BR
1 Drip irgation disposal systems cost $8,888000and Evapotranspiration systems
which are zeredischarge disposalystemscost $5,00669,000for 1BR- 5BR size
systems
1 Installed costs for gray water systems are $4;88000 for 1BR5BR size systems
1 Total instdled costs for treatment and disposal at a typical 3BR home depend on
the type of system:
0 Septic tankbased systems where good N removal (>60%) is notiredjgan
cost $21,000 to $25,000.
0 The lowest cost package system ($16,000) is septic tank plus sepjpag
which is suitable only where absorptienot feasible(due to slope, soil)
0 Septic tankbased systems with high N removal {88%) cos$25,000
$33000.
0 ATU based systems mostly cost from $27,000 to $32,000, with two
expensive systems that are 0v&40,000.
1 Costs for installing the various upgrade alternatives in all 6,198 TMKs with cesspools
(and thereby meeting the cesspool baapge from $102M t&165M for septic
tank-based systemand from $191M to $231M for AThhased systems. The total

27



Upcountry Maui Cesspool Upgrade Analysis FINAL Report

cost for upgrading to composting toilets is between these two ranges at $186M
(these systems include replacing all toilets, adding a gray water system, and
upgradng the cesspool to a seepage pit)

1 Costs for several alternatives that do not upgrade all cesspools (do not meet ban)
such as wellhead treatment, addition of sewers only in Pukalani/Makawao, and
upgrading only the highest nitrogen emitters, are lower, riaggdrom$18M-$96M

Table7 Cesspool upgrade site work cost estimate

ATU or | Absorption| Cesspoo| Cesspool
Cost Item Septic Tanj System | Closure | Conversion

Clearing and grubbing including small trees (landscaper)
including haul away 1000 incl 0 0

Tree removal (larger trees) cut and hauk away and grind
stump ($1000+) per tree depending on size. Try to avoid. 0 0 0 0

Reseed grass and other replanting by landscaper 500 incl 0 0

Excavation and backfill: back hoe at $1500 per day w/ope
and haul away excess, one day for tank plus one day for
absorption system. If require mini excavator due to acces

issues, requires 4 days at $750 per day 1500 1500 750 0
Granualar bed/backfill material delivered at $20/cu yd 300 600 750 0
Shoring for excavation: Aluminum: $800-1500 per week

delivered and picked-up 1000 0 0 0
Rebuild fence or wall: Wood or moss rock, 8 ft; $500

(carpenter) to $1500 for moss rock wall 750 incl

Vibrator for compaction: $100/day 150 150 0

Laborer to help with installation at $150/day 750 incl 0 0
Water for tank install: Use house water if can at $0; if wat

truck (1000 gal) at $1000 0 0 0 0
Cesspool pump out (500), cesspool clean (500), cesspoog

percolation test (1000) 0 0 500 2000
Total cost 5950 2250 2000 2000
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Table8 Costs for equipment/materials for OSDS treatment and disposal systems

Equipment and Materials
OSDS Treatment and Disposal Systems

1BR 2BR 3BR 4BR 5BR
ATU-N $9,000 $9,000 $10,500 $12,000 $15,000
€ o |ATU-N/DN $10,500 $10,500 | $12,000 $13,000 $17,000
2 & [septic Tank $3,000 | $3500 | $3500 | $4,500 | $4,500
E g— Passive Biofilters (in-ground, medium, FL) $8,600 $11,300 | $12,500 | $14,700 | $15,900
~ Passive Biofilters (in-ground, high, FL) $11,100 | $12,800 | $14,000 | $16,200 | $17,400
Composting toilets (also use for incinerating) $2,200 $2,200 $4,400 $4,400 $6,600
Absorption System (bed or trench) $1,500 $2,200 $2,800 $3,400 $4,900
Constructed Wetland $4,000 $5,000 $6,000 $8,000 $10,000
Disinfection $1,000 $1,000 $1,000 $1,000 $1,000

g Drip Irrigation $4,900 $5,000 $5,800 $5,900 $6,000
B [Seepage Pit (new) $6,400 $10,400 | $14,400 | $18,400 | $22,400
o Evapotranspiration $3,000 $4,000 $5,000 $6,000 $7,000
§ NITREX ® $5,800 $7,400 $8,200 $10,000 $10,800
.% Presby Advanced Enviro-Septic & De-Nyte ® $3,300 $4,700 $6,200 $7,700 $9,200
a Recirculating Sand Filter $3,000 $3,000 $6,000 $6,000 $6,000
Eliminite ® $8,000 $8,000 $8,000 $8,000 $8,000
Layered Soil Treatment System (MA) $6,000 $6,000 $6,000 $6,000 $6,000

Gray Water system $1,600 $2,300 $2,300 $2,300 $2,300

Table9 Total installed costs for individual OSDS treatment and disposal systems

OSDS Treatment and Disposal Systems Total Installed Cost including Fees
1BR 2BR 3BR 4BR 5BR

ATU-N $22,000 $22,000 [ $23,500 | $25,000 [ $28,000

€ o, |ATU-N/DN $23,500 $23,500 [ $25,000 | $26,000 [ $30,000
g & [septic Tank $15,500 | $16,000 | $16,000 | $17,000 | $17,000
g g— Passive Biofilters (in-ground, medium, FL) $21,100 | $23,800 | $25,000 | $27,200 | $28,400
~ Passive Biofilters (in-ground, high, FL) $24,100 | $25,800 | $27,000 | $29,200 | $30,400
Composting toilets (also use for incinerating) $2,800 $2,800 $5,600 $5,600 $8,400
Absorption System (bed or trench) $3,750 $4,450 $5,050 $5,650 $7,150
Constructed Wetland $6,250 $7,250 $8,250 $10,250 | $12,250
Disinfection $2,000 $2,000 $2,000 $2,000 $2,000

g Drip Irrigation $7,900 $8,000 $8,800 $8,900 $9,000
B |Seepage Pit (new) $8,650 $12,650 | $16,650 | $20,650 [ $24,650
O  [Evapotranspiration $5,250 | $6,250 | $7,250 | $8,250 | $9,250
g NITREX ® $8,050 $9,650 $10,450 $12,250 $13,050
% Presby Advanced Enviro-Septic & De-Nyte ® $5,550 $6,950 $8,450 $9,950 $11,450
O |Recirculating Sand Filter $5,250 $5,250 $8,250 $8,250 $8,250
Eliminite ® $10,250 $10,250 | $10,250 | $10,250 | $10,250
Layered Soil Treatment System (MA) $8,250 $8,250 $8,250 $8,250 $8,250

Gray Water system $4,100 $4,800 $4,800 $4,800 $4,800
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TablelOTotal ingalled costs for treatment fois disposal systems for Alternatived 8

Alt Description 1BR 2BR 3BR 4BR 5BR

Altl  |Septic Tank to Absorption System: 47% Redugdtio$19,250 $20,450 $21,050 $22,650 $24,150

Septic Tank to Constructed Wetland: 53%

Alt2 . $21,750 | $23250 | $24,250 | $27,250 | $29,250
Reduction
: —_
Alt3 i‘zzﬂitﬁnkm RSF to Drip Irrigation: 80% $28,650 | $29,250 | $33,050 | $34,150 | $34,250

Alt4  |Septic Tank to RSF to Seepage Pit: 47% Reducti®20,750 $21,250 $24,250 $25,250 $25,250

Alt 4B |Septic Tank to Seepage Pit: 10% Reduction $15,500 $16,000 $16,000 $17,000 $17,000

Septic Tank to Eliminite to Absorption System:

At | o $29,500 | $30,700 | $31,300 | $32,900 | $34,400

Alt6  |Septic Tank to Presby: 78% Reduction $21,050 | $22,950 | $24,450 | $26,950 | $28,450

Alry | Septic Tankto NITREX to Absorption System:| o7 30 | 430100 | $31,500 | $34,900 | $37,200
Reduction

Alt8 Septic Tank to Recirculating Gravel Filter Systg 24500 25700 29300 30900 32400

to Absorption System: 84% Reduction
Alt9  [Septic Tank to "Layer Cake": 55% Reduction $23,750 $24,250 $24,250 | $25,250 | $25,250

Septic Tank to Lined/Sequence D/DN Bidfilter:

91% Reduction 23750 24250 24250 25250 25250

Alt10

Alt1l |ATU-N to Absorption System: 53% Reduction | $25,750 $26,450 $28,550 $30,650 $35,150

Alt12 |ATU-N/DN to Absorption System: 71% Reductjon$27,250 $27,950 $30,050 $31,650 | $37,150

Alt13 |ATU-N to Constructed Wetland: 58% Reduction $28,250 $29,250 $31,750 $35,250 $40,250

Altl4 |ATU-N to ET: 100% Reduction $27,250 $28,250 $30,750 $33,250 $37,250

ATU-N to Disinfection to Drip Irrigation: 82%

Alt15 $31,900 $32,000 $34,300 $35,900 $39,000

Reduction
: __ .
Alt16 ATU N{DN to Disinfection to Seepage Pit: 50% $25,500 $25,500 $27,000 $28,000 $32,000
Reduction
Ay |Septic Tank to Passive FL Units (medium, in | ¢3¢ 500 | g39.800 | $41,000 | $44,200 | $45,400
ground): 71% Reduction
Altig | SePUC Tank to Passive FL Units (high) to $43,350 | $46,250 | $48,050 | $51,850 | $54,550

Absorption System: 91% Reduction
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Table 11 Total installed cost andotal net present value (NPV) foklternatives 1 through 38with
ranking lowestighest based on installed cost

Total NPV, 60 years NPV, 60 years
Alt Description Installation |Rank| 2.8% Discount| Rank| 5% Discount | Rank
Cost ($M) Factor ($M) Factor ($M)

35 Wellhead treatment (results same as base model) $18.0 1 $38.8 2 $30.4 2
29-30-31 |Sewer Pukalani only, no cesspool upgrades $18.2 2 $22.1 1 $20.5 1
26-27-28 |Sewer Makawao only, no cesspool upgrades $55.6 3 $60.9 3 $58.7 3

High impact: Septic Tank to Presby: 78%
19A Reduction (highest mass reduction in alt 1-18) $59.9 4 $118 5 $94.4 5
32-33-34 |Sewer Makawao & Pukalani, no other upgrades  $73.9 5 $82.9 4 $79.3 4
High Impact: ATU-N to ET: 100% Reduction
198 (smallest area with >5 mg/L in alt 1-18) $95.9 6 $250 o $185 !
Alt4B Septic Tank to Seepage Pit: 10% Reduction $102 7 $221 6 $173 6
Altl Septic Tank to Absorption System: 47% Reduction$124 8 $245 8 $196 8
23B_248_25E5ewer'F’ull<alan|, ST to Presby (hl_ghest mass $133 9 $274 11 $242 11
reduction in alt 1-18) where possible
Alt9 Septic Tank to "Layer Cake": 55% Reduction $134 10 $329 13 $250 13
Alt10 Septic Tank.to Lined/Sequence D/DN Biofilter: $134 1 $329 14 $250 14
91% Reduction
Alté Septic Tank to Presby: 78% Reduction $137 12 $278 12 $221 10
- Y
Alt2 Septic Tank to Constructed Wetland: 53% $138 13 $348 15 $261 15
Reduction
Alt4 Septic Tank to RSF to Seepage Pit: 47% Reductio$147 14 $380 16 $285 16
Septic Tank to Recirculating Gravel Filter Syst

Alts to Absorption System: 84% Reduction $153 15 $410 19 $306 19
20-21-22 |Sewer Makawao, ST to Presby (cheapest option) $157 16 $274 10 $245 12

Alt Septic Tank Fo Eliminite to Absorption System: $162 17 $385 18 $293 18

80% Reduction
Alt7 Septic Tank to NITREX to Absorption System| $165 18 $382 17 $292 17
Reduction
36-37-38 |Compost toilets, no effluent N $186 19 $228 7 $210 9
Altl1 ATU-N to Absorption System: 53% Reduction $191 20 $528 20 $385 20
Alt12 ATU-N/DN to Absorption System: 71% Reduction $196 21 $538 21 $393 21
- isi i it: 509
Alt16 ATU N{DN to Disinfection to Seepage Pit: 50 $106 21 $538 21 $393 21
Reduction
Alt14 ATU-N to ET: 100% Reduction $198 23 $560 24 $407 23
Alt13 ATU-N to Constructed Wetland: 58% Reductign ~ $204 24 $631 27 $450 27
) oo
Alt3 Septic Tank to RSF to Drip Irrigation: 80% $213 25 $756 28 $531 28
Reduction
Sewer Pukalani, ATU-N to ET (smallest area
23A-24A-25A S5 mg/L in alt 1-18) where possible $229 26 $584 26 $435 25
Alti5 ATU N.to Disinfection to Drip Irrigation: 82% $231 27 785 29 551 29
Reduction
Septic Tank to Passive FL Units (medium, in
Alt17 ground): 71% Reduction $236 28 $542 23 $415 24
Septic Tank to Passive FL Units (high) to
Alt18 Absorption System: 91% Reduction $264 29 $570 25 $443 26
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Nitrogen Reduction with groatwater model

We obtained a DOHleveloped baseline groundwater model (See Appendix IV:
Groundwater Model) representative of nitrogen concentration in Upcountry Maui aquifers
(aquifer nutrient loadiny The purpose of the numerical groundwater flow and traoi
modeling wa to test the consequences of the 38 cesspool conversion alternatives. The
groundwater flow model that was used, MODFLOW 2005, is an international standard for
simulating groundwater flow. A modular threaBmensional multispecies transponnodel,
MT3DMSwas used to simulate movement of nitrogen due to groundwater flohis
groundwater model was used to calculate reductions in groundwater nitrate concentrations
resulting from the reduction in nitrogen input for the 38 alternatives showmable 5, and
these reductions were then evaluated with tbjectives 3, 4, tn Table 1.

Baseline Groundwater Model Findings

A baseline model using a groundwater and transport m¢Appendix V) was prepared to
representexisting nitrogen level§ he nodeled area isdrger than the Priority One arg&rrort
Reference source not foundlin order for more accurate simulations that are not influenced by
boundary conditionsTable 12 shows the nitrogen inputs into the madeincludes the
assumptions of 1.5 persons per bedrooi0 gallons per person, and an N concentration of 87
mg/L The total number of bedrooms in the study area is 30,750 and the subset of those that
are on properties with cesspools are 22,908. The total nitrogen load @8@Ss is 1064.9
kg/day and the totaflow rate is 3.23 million gallons per day (MGD) from all OSDSs, with 2.4
MGDand 793 kgN/day coming from cesspools. These values just discussed are the baseline to
which all the cesspool upgrade alternatives are coragaand they are based on the DOH
model calibration to data collected from wells. We considered the effects of these assumptions
by considering some higher and lower values. Table 12 also shows that if the load is calculated
from the HAR 162 design stadard (2 persons/BR and 100 gal/pen3othen the loads are
almost double (1551 kg/d instead of 793 kg/d from cesspools) which could be a worst case for
GKS SEAalGAY3 tS@St 2F RSOSt2LIVSyiliod | 26SAHSNE
propertiescould be developed which would add the nitrogen load. The 2010 Census data
indicates a study area population of 30,900, which is very close to an average of 1.0 persons per
bedroom. Assuming that the 22, 908 bedrooms in TMKs with cesspools each hgversoe,
the N concentration is 87 giL, and the average flow per person is 100 gal/d, then the cesspool
load would be 756 kg/é KA OK A& LINBiGGe Ot2asS 2 GKS aOFf Aol
indicates that the calibrated model can be consideredsozable.

In the baseline model theighestunderlying groundwateconcentration in the modeled
area is 13.8 mg/(Table 14 and Figure.3There are 8,972 acres with concentrations above 5
mg/L, and 991 acres with concentrations above 10 nigéble 14 andrigure 4. Historical
sugarcane an@SDSs contrilbe the majority(56%)of nitrate in the baseline modéTable 13
andFigureb) while OSDSs contribute 33%ote: cesspools are 24.3% and other OSDSs are
8.7%)
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Table 12 Nitrogetoading values used in the model

Alt4B Persons/BRFlow/person N Conc | Bedrooms | Load kg/d
Baseline Total 1.5 70 87 30,750 1,064.9
Baseline
15 70 87 22,908 793
Cesspools
Baseline
Other 15 " o e
High Estimate] 5 100 87 30,750 1,995.3
Total
High Estimate > 100 87 22,908 1551
Cesspools
High Estimate|
Other 2 100 o “
Low Estimate 1 70 87 30,750 698.4
Total
Low Estimate 1 70 87 22,908 529
Cesspools
Low Estimate
Other ! 0 o o
2(_)10 Census 1 100 87 30,900 1,019.3
Estimate Totg
2010 Census
Estimate 1 100 87 22,908 756
Cesspools
2010 Census
Estimate 1 100 87 263
Other

FINAL Report
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[ Priority One Area Existing Nitrate Gradient (mg/L)
[ ] Districts (Upcountry, North Maui)
|| Model Domain

0-3
3-5

5-9
9-10

| R

Figure3. Mapgroundwater concentrations for baseline model

[ Priority One Area Existing Nitrate Conc. (mg/L)
[ | Districts (Upcountry, North Maui)
|| Model Domain 5 <5

5-10

| R

Figured. Areas above 5 and 10 mg/L in baseline model
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Tablel3. Summary oBaseGroundwater Model Findings

Percent
Source Mass Fluxkg/d) Hux
OSDS 1,064.8 33%
Historical Pineapple 67.2 2.1%
Historical Sugar Cane 1,813.9 56%
Pukalani Golf Course Recycle Water 3.5 0.11%
Golf Course (recycled water not applied) 7.8 0.24%
Hgliimgile and Pukalani Wastewater Treatment Pla 191 0.59%
infiltration ponds/beds
Natural/Background (including ranchlands) 287.5 8.8%
Total Flux 3,263.7 100

0OSDS
Historical Pineapple
Historical Sugar Cane

m Pukalani Golf Course Recycle
Water

m Golf Course (recycled water
not applied)

M Haliimaile and Pukalani
Wastewater Treatment Plant
infiltration ponds/beds
Natural/Background
(including ranchlands)

Figure5. Pie Chart showing a summary of the contribution of each potentiedte source across the
entire area of studyccording to the baseline model

Groundwater Model Results for Upgradieratives

Table 14 shows the adeled effects of the cesspool upgradéernatives.For each alternativeit
shows the baseline N load, the reduced load due to treatment, the amount of reduction (in kg and in %),
the baseline maximum groundwater concentration, the reduced maximum grwatet concentration,
and the areas with concentrations above 5 mg/L and 10 m§fgures showinghe areasaffected for
each alternativeare shownin Appendix Figures ARA through APE7). Several highlights can be
described for the information in Tabll4 and Figures APS5to AP527 as follows:
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I The status quo situation results in 991 acres of the study area having nitrate concentrations
in excess of 10 mg/lthus making wells in these areasusable for drinking water unless
treatment systems are inslied. Adding wellhead treatmet might sound easy, however,
Qiue to d[inkigg water regula}tion§, other area wells may also bg reguired to Qrovide )
u NS I UYSYU, AT UKSe | NL LJI NI 2F UKS al YS daeadu
have groundwaterwii K & KA 3 Ke Y AeanNaDand9.9img/dSt a 0SS0 &
1 There areb6 alternatives whichinclude septic tanksfor treatment that eliminate the areas
with >10 mg/L of nitrate (Alts 3, 7, 8, 107, 1§ and there are 6 which do not achieve this
goal of keepingll of the groundwater safe forrihking purposes.
1 All 6 of the ATU alternatives (Alts 11, 12, 13, 14, 15, 16) achieve the goal of kaéepfribe
groundwater safe for drinking purposes.
1 The sewepnly alternatives for Makawao and Pukalani (Alts328 do not significantly
decrease thareas of unusable groundwater ardsentiallycontinue the status quo.
1 The alternatives(Alts 19A and 19Byvhich only address the worst offender§20% with
highest N dischargedo not quite eliminate the areas >10 mg/L of mite, but they do
reduce these arealy about 90% to between 109 to 129 acréghe criteria were changed
to the worst 25 or 30% offendefgxact value not determined in this stugyhen all of the
groundwater could be improved to <10 mg/L of N.
1 Compostng toilets which could achieve zedischarge of nitrogena the groundwater
would achieve the goal of keepiad] of the groundwater safe for drinking purposes.

Step 7. Consider Tradeffs
The final step infte SDM process is to confront the tradés acoss all objectives and all

alternatives. We factiate this analysis by displaying results in a summarized strategy evaluation
matrix (Table 15).
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Table 14. Change in nitrate mass flux due &ach alternative and the areas with groundwater
concentrationsgreater than 5 and 10 mg/L for each alternative

Mass Flux Maximum Concentration Areas
. Baseline | Resulting| Delta Baseline |[Modeled Alt. Area > 5| Area > 10
it aleipalive Mass Flux Mass Fluy Mass I';A:(:lec't:ilc;]n Max Conc| Max Conc. g:zuc(;zﬁ mg/L mg/L
(kg/d) (kg/d) Flux (mg/L) (mg/L) (acres) | (acres)
0 Baseline conditions with cesspools 1064.8 N/A N/A N/A 13.7 N/A N/A 8,972 991
1 Septic Tank to Absorption System: 47% Reduction 1064.8 676.0 |388.7| 37% 13.7 11.3 17% 4,173 109
2 Septic Tank to Constructed Wetland: 53% Reduction 1064.8 648.1 |416.6| 39% 13.7 11.1 19% 3,764 76
3 Septic Tank to RSF to Drip Irrigation: 69% Reduction | 1064.8 499.3 |565.5| 53% 13.7 7.8 43% 1,497 0
4 Septic Tank to RSF to Seepage Pit: 47% Reduction 1064.8 676.0 |388.7| 37% 13.7 11.3 17% 2,689 0
- oo - 1
4B gS:r/)s;I::)k 1o Seepage Pit: 10% Reduction  (LSBRy 156, 0 | 10290 | 358 | 3% 137 127 7% | 7210 | 610
- 100 - )
4B_HI j:l'/);';:::)k to Seepage Pit: 10% Reduction (2/BR; 10{ 1595 3 | 18233 | 1720| 9% 238 22.0 8% | 26,237 | 4250
- PN - )
4B_LO j:l'/);';ls:)k 1o Seepage Pit: 10% Reduction (IBR; 70| gqq 4 | 5385 | 602 | 9% 8.7 8.0 8% | 1,813 0
- 100 -
4B_Census |>CPtiC Tank to Seepage Pit: 10% Reduction (2010 10193 | 9314 | 87.9| 9% 124 115 8% | 5661 | 86
census/no. BR; 100 gal/person)
- T N P
5 Fszzgﬂcct?;”k o Eliminite fo Absorption System: 80% | ) o | 5305 |s5345| s0% | 137 10.1 26% | 2,707 7
6 Septic Tank to Presby: 78% Reduction 1064.8 429.0 |635.8| 60% 13.7 10.2 26% 2,813 7
- - 7080
7 2253;?;”" 10 NITREX 10 Absorption System: 98% | 1yc 5 | 4479 |616.8| 58% | 13.7 9.4 31% | 1912 | ©
Septic Tank to Recirculating Gravel Filter System to o o
8 Absorption System: 84% Reduction 1064.8 513.8 |551.0 52% 13.7 9.9 27% 2,547 0
9 Septic Tank to "Layer Cake": 55% Reduction 1064.8 640.2 |424.6| 40% 13.7 11.0 20% 3,706 68
- - P T——ry
10 zeeztt:it?';nk to Lined/Sequence D/DN Biofilter: 91% 1064.8 2807 |5840| s55% 137 96 30% 2183 0
11 ATU-N to Absorption System: 53% Reduction 1064.8 638.5 |426.3| 40% 13.7 9.1 33% 2,332 0
12 ATU-N/DN to Absorption System: 71% Reduction 1064.8 560.1 | 504.7| 47% 13.7 8.5 38% 1,857 0
13 ATU-N to Constructed Wetland: 58% Reduction 1064.8 613.7 | 4511 42% 13.7 8.9 35% 2,213 0
14 ATU-N to ET: 100% Reduction 1064.8 429.4 |635.3 60% 13.7 7.8 43% 787 0
15 ATU-N to Disinfection to Drip Irrigation: 71% Reductioy 1064.8 484.4 |580.4| 55% 13.7 7.8 43% 1,380 0
16 ATU-N/DN to Disinfection to Seepage Pit: 50% Reductjori064.8 560.1 |504.7 47% 13.7 8.5 38% 1,857 0
" - - - R
17 :23?‘0’50? Units (medium) to Absorption System: 71% 16 5 | 5601 | 504.7| 47% 137 85 38% | 1,857 0
" o - o0
18 ;ZZSJZ:;L Units (high) to Absorption System: 91% | 6 o | 4686 |506.1| 56% 137 7.9 42% | 1,048 0
o . . a0 )
19a  |Highimpact: Septic Tank to Presby: 78% Reduction | 15,4 | 7789 |2g59| 27% | 137 118 14% | 4125 | 129
(highest mass reduction in alt 1-18)
. i ) . N .
108 o0 Im pmzclt e T;OB)ET 100% Reduction (smallest| 10648 | 780.6 |284.1| 27% | 13.7 120 12% | 4051 | 109
20-21-22  |Sewer Makawao, ST to Presby (cheapest option) 1064.8 352.0 | 7128 67% 13.7 7.5 45% 817 0
23A-24A-25A [SSWeT Pukalani, ATUN to ET (smallestareawith >5m o, o | 3565 | 7056| 66% | 13.7 7.8 43% | 703 0
alt 1-18) where possible
23B-24B-258 Sewer Pukalani, $T to Presby (highest mass reduction 1064.8 3633 | 7015 66% 137 75 5% 752 0
1-18) where possible
26-27-28  |Sewer Makawao only, no cesspool upgrades 1064.8 8424 |2223| 21% 13.7 13.7 0% 7,139 926
29-30-31 |Sewer Pukalani only, no cesspool upgrades 1064.8 898.3 | 166.5| 16% 137 13.7 0% 6,238 991
32-33-34  |Sewer Makawao & Pukalani, no other upgrades 1064.8 675.9 |388.9 37% 13.7 13.7 0% 4,386 926
35 Wellhead treatment (results same as base model) 1064.8 | 1064.8 | 0.0 0% 13.7 13.7 0% 8,972 991
36-37-38  |Compost toilets, no effluent N 1064.8 0.0 1064.8 100% 13.7 6.3 54% 2 0

37



Upcountry Maui Cesspool Upgrade Analysis FINAL Report

Tablel5. Strategy evaluation table. Each row represents an alternative, while each column is an objectivhjécile is colocoded with a 2
-point color gradient from yellow (worst), togen (best). QTY denotes the number of OSDS systems upgraded in each alternative.

Objective Number-> Policy
01 02 03 04 05 06 0O7. 08. 09. 010. Screen

% of total Diff

Area > Area households| from Meets
Cost per 10 Mass Flux| >5 (OSDS) in| Maui design Meets
Alt Alt Total Cost| HH for mg/L | Reduction| mg/L | CE index| community | mean criteria Maintenance | cesspool
# | Alternative 2.8% DF 2.8% (acres) (%) (acres) | (1=best) | affected | ($/year)| already? burden ban?
N/A | Base Model NA NA 991 37% 8972 NA 0% NA
Septic Tank to Absorptio
1 | System: 47% Reduction 39% 0.21
Septic Tank to
Constructed Wetland:
2 | 53% Reduction 53% 0.16 moderate

Seytic Tank to RSF to Dri
3 | Irrigation: 69% Reductior] $755,938,758 $121,965 0.10 611 moderate

Septic Tank to RSF to
Seepage Pit: 47%

4 | Reduction 50% 0.14 moderate
Septic Tank t&eepage
4B | Pit: 10% Reduction 610 60% 7210 0.02

Septic Tank to Eliméte
to Absorption System:
5 | 80% Reduction 0.18 moderate

Septic Tank to Presby:
6 | 78% Redction 0.30

Septic Tank to NITREX t
Absorption System: 98%
7 | Reduction 0.21
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Objective Number-> Policy
Ol 02 03 04 05 06 0O7. 08. 09. 010. Screen
% of total Diff
Area > Area households| from Meets
Cost per 10 Mass Flux| >5 (OSDS) in| Maui design Meets
Alt Alt Total Cost| HH for mg/L | Reduction| mg/L | CE index| community | mean criteria Maintenance | cesspool
# | Alternative 2.8% DF 2.8% (%) (1=best) | affected already? burden bar?
SepticTank to
Recirculating Gravel Filte
System to Absorjxn
8 | System: 84% Reduction moderate
Septic Tank to "Layer
9 | Cake": 55% Reduction
Septic Tank to
Lined/Sequence D/DN
10 | Biofilter: 91% Bduction

11

ATUN to Absorption
System: 53% Reduction

$528,144,567

$85,212

12

ATUN/DN toAbsorption
System: 71% Reduction

$538,108,994

$86,820

13

ATUN to Constructed
Wetland: 58% Reduction

$631,249,165

$101,847

14

ATUN to ET: 100%
Reduction

$560,110,309

$90,370

15

ATUN to Disinfection to
Drip Irrigation: 71%
Reduction

$784,859,709

$126,631

16

ATUN/DN to Disinfection
to Seepage Pit: 50%
Reduction

$538,108,994

$86,820

17

Passive FL Units
(medium) to Absorption
System: 71% Reduction

$541,943,660

$87,438
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Objective Number-> Policy
Ol 02 03 04 05 06 0o7. 08. 09. 010. Screen
% of total Diff
Area > Area households| from Meets
Cost per 10 Mass Flux| >5 (OSDS) in| Maui design Meets
Alt Alt Total Cost| HH for mg/L | Reduction| mg/L | CE index| community | mean criteria Maintenance | cesspool
# | Alternative 2.8% DF 2.8% (acres) (%) (acres)| (1=best) | affected | ($/year)| already? burden bar?
Passive FL Units (high) t
Absorption System: 91%
18 | Reduction $570,130,010, $91,986 moderate
High impact: Sgtic Tank
to Presby: 78% Reductio
(highest mass reduction
19A | in alt 1-18)
High ImpactATUN to
ET: 100% Reduction
(smallest area with >5
19B | mg/L in alt 118) $133,749
Intheory, low to
Sewer Makawao, ST to but major | homeowners,
Presby (cheapest option engineering high to
20 | where possible required society
In theory, low to
Sewer Makawao, ST to but major | homeowners,
Presby ¢heapest option) engineering high to
21 | where possible

required

society
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Objective Number-> Policy
Ol 02 03 04 05 06 0O7. 08. 09. 010. Screen
% of total Diff
Area > Area households| from Meets
Cost per 10 Mass Flux| >5 (OSDS) in| Maui design Meets
Alt Alt Total Cost| HH for mg/L | Reduction| mg/L | CE index| community | mean criteria Maintenance | cesspool
# | Alternative 2.8% DF 2.8% (%) affected already? burden ban?
In theory, low to
Sewer Makawao, ST to but major | homeowners,
Presby (cheapest option engineering high to
22 | where possible required society
Sewer Pukalani, ATN to In theory,
ET (smallest area with >§ but major
mg/L in alt 118) where engineerng
23A | possible $584,279,863| $96,719 384 required high
Sewer Pukalani, ATN to In theory,
ET (smallest area with > but major
mg/L in alt 218) where engineering
24A | possible $584,279,863| $96,719 384 required high
Sewer Pukalani, ATN to In theory,
ET (smallest area wit>5 but major
mg/L in alt 118) where engineering
25A | possible $584,279,863] $96,719 384 required high
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Objective Number-> Policy
Ol 02 03 04 05 06 0O7. 08. 09. 010. Screen
% of total Diff
Area > Area households| from Meets
Cost per 10 Mass Flux| >5 (OSDS) in| Maui design Meets
Alt Alt Total Cost| HH for mg/L | Reduction| mg/L | CE index| community | mean criteria Maintenance | cesspool
# | Alternative 2.8% DF 2.8% (%) (1=best) | affected already? burden bar?
Sewer Pukalani, ST to In theory, low to
Presby (highest mass but major | homeowners,
reduction in alt 118) engineering high to
23B | where possible required society
Sewer Pukalani, ST to In theory, low to
Presby (highest mass but major | homeowners,
reduction in alt 118) engineering high to
24B | where possible required society
Sewer Pukalani, ST to In theory, low to
Presby(highest mass but major | homeowners,
reduction in alt 118) engineering high to
25B | where possible required society
In theory, low to
Sewer Makawaonly, no but major | homeowners, In
cesspool upgrades engineering high to sewered
26 | elsewhere required society area
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Objective Number-> Policy
Ol 02 03 04 05 06 0O7. 08. 09. 010. Screen
% of total Diff
Area > Area households| from Meets
Cost per 10 Mass Flux| >5 (OSDS) in| Maui design Meets
Alt Alt Total Cost| HH for mg/L | Reduction| mg/L | CE index| community | mean criteria Maintenance | cesspool
# | Alternative 2.8% DF 2.8% (acres) (%) (acres)| (1=best) | affected already? burden bar?
In theory, low to
Sewer Makawaaonly, no but major | homeowners, In
cesspool upgrades engineering high to sewered
27 | elsewhere 926 100% 7139 required society area
In theory, low to
Sewer Makawaaonly, no but mgor | homeowners, In
cesspool upgrades engineering high to sewered
28 | elsewhere 926 100% 7139 required society area
In theory, low to
Sewer Pukalaranly, no but major | homeowners, In
cesspool upgrades engineering high to sewered
29 | elsewhere 991 NA 6238 required society area
In theory, low to
Sewer Pukalaranly, no but major | homeowners, In
cesspool upgrades engineering high to sewered
30 | elsewhere 991 NA 6238 required society area
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Objective Number-> Policy
Ol 02 03 04 05 06 0O7. 08. 09. 010. Screen
% of total Diff
Area > Area households| from Meets
Cost per 10 Mass Flux| >5 (OSDS) in| Maui design Meets
Alt Alt Total Cost| HH for mg/L | Reduction| mg/L | CE index| community | mean criteria Maintenance | cesspool
# | Alternative 2.8% DF 2.8% (acres) (%) (acres)| (1=best) | affected | ($/year)| already? burden bar?
In theory, low to
Sewer Pukalarinly, no but major | homeowners, In
cesspool upgrades engineering high to sewered
31 | elsewhere 991 27% 6238 required society area
In theory, low to
Sewer Makawao and but major | homeowners, In
Pukalani, no cesspool engineering high to sewered
32 | upgrades elsewhere 926 27% 4386 required society area
Intheory, low to
Sewer Makawao and but major | homeowners, In
Pukalani, no cesspool engineering high to sewered
33 | upgrades elsewhere 926 66% 4386 required society area
In theory, low to
Sewer Makawao and but major | homeowners, In
Pukalani, no cesspool engineering high to sewered
34 | upgrades elsewhere 926 66% 4386 required society area
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Objective Number-> Policy
o1 02 03 04 05 06 07. 08. 09. o10. Screen

% of total Diff

Area > Area households| from Meets
Cost per 10 Mass Flux| >5 (OSDS) in| Maui design Meets
Alt Alt Total Cost| HH for mg/L | Reduction| mg/L | CE index| community | mean criteria Maintenance | cesspool
# | Alternative 2.8% DF 2.8% (acres) (%) (acres)| (1=best) | affected | ($/year)| already? burden bar?
low to
Wellhead treatment homeowners,
(results same as base high to
35 | model) society No
Compost toilets, no
36 | effluent N high No
Compost toilets, no
37 | effluent N high No
Compost toilets, no
38 | effluent N high No
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Interpretation of results

The aim of this researcliasto use evidence to help design nutrient pollution scuis
that will reduce the most pollution at the least cost, while considering equityid&fetified and
compare alternativesincluding various types of cesspool upgrades and installation of sewers.
To acleve the largest pollution reduction possible at the I@weost,we examinedi) how
alternative management practices may influence groundwater nitrogen levels and at what cost;
and (ii) where nutrient reductions would be most beneficial to meet both wateality
regulations/objectives, and other social goalge interpret the results of the analysiand
provide specific recommendatiorelow.

Comparison across objectives.

As illustrated in the Strategy Evaluation Taflakle), somealternatives perform better at
each one of the idividual djectives

1 Cost

The60-year NP\islowest forthe partial sewering Pukalani only alternati{&22.1
million at 2.8% discount rate), followed kmellhead treatment($38.8million), sewering
Makawao ($60.9 milliorgand sewering bothThe bwestcost partial seweringnd wellhead
treatment alternativesdo not perform well in terms of other objectives, add not meet the
cesspool banAdding cesspool upgrades to thgsartial sewering projects raised the total cost
by 300%e.g., 74 million conbined for Pukalanbr Makawaaopartial sewering with septic
tanks + Preshy disposdlpgrading the worst offenderto aseptic tank taPresbyor ATUN to
ET arghe least expensive of the upgraamly alternatives(A19A and 1985118/$250 million,
which taget the worst20% ofpolluters). The least expensivdtarnatives that upgrade all the
cesspools are Alt4B (septanks to seepage pits, $221 million), Altl (septic tanks to absorption
beds, $245 million), At (septic tank to Presby, $274 million), Adi®d Alt10 (septic tank to
layer cake or lined sequence DN biofilter, both are $329 milliérdernatives thainclude ATUs
are all over $500 million because these systems have power requirements, greater
maintenance requirements, and have lifespans @fy8ars (unlike septic tanks with §@ life),
thus requiring the expense of a replacement during they6@nalyis period Applying a higher
discount rate does not change the relative ranking ofdliernatives although the costs are
slightly lower irmost cases.

2 Cost per househald

Least cost per household are tpartial seweringonly withupgradingof other cesspools
($1835.5k; A2634), and the composting toilets (3R, A3638)alternatives Partial sewering
plus low cost option (septic tank @WPresby) is aboudbk, and advanced option (ATWto ET)
runs about $100k (AR25). Targetinghe worst polluters (A19A, B) would cost the households
$63-133k, depending on the system choice. The range of per household cost for the various
individualalternatives (A%18) is 81-133k over the 6Byear time horizon
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3 Drinking water standard

Thenitrate-N standard of<10 mg/l isnot achieved irseveralalternatives, includingthe
partial sewering Makawao and Pukalani with no conversion for the other cesspki2fis36)
(when nearly 1,000 acres will be above themi@/l standard, the alternatives that just address
the 20% worst emitters (Alt19A/19B) which leave 1® acres above the standard, as well as
some ofthe lowest cost alternatives that replace all gegsls (Alt4B, Altl, Alt2Alt9, and two
others that are very closAlt5 and Alt6) Alternatives that do meet the drinking water standard
for the entire area and also meet the cesspool ban include Alt3, Alt7, Alt8, at@Mti8,
which are the more expensgs alternatives with ATUS.

4 Flux reduction

Max flux reductionwas highest with compost toilet§A36-38), but would requirea
blackwater system for kitchen sink waste and change in |Raially ewering Makawao and
Pukalani with no cesspool upgradesesihiere (A3234)results in 37% reduction in flux;
partially sewerirg Makawao or Pukalani and convediall other cesspools to either ATU or
septic results in 667% reduction in fluxA20-25). Looking at individual solutionspme achieve
slightly lower esults, e.g., ST + Presby (6@%, ST to NITREX to absorptiontegs (58% A7),
ATUN to ET (60%A14.

5 Risk

The area that iss55mg/l islowest in the options thapartially sewer Pukalarand
convert cesspools to ATN + ET or Septic tank + Preskseaihere (703 and 752 acresmain
above 5mg/i A2325); similar result@re obtainedf partially seweing Makawaocoupled with
septic tank to Presby everywhere where possible (22)) or convert all cesspools #sTUN
with ET(787, AL4). All the other idlividual alternatives leave much larger areas contated
(1,000 to 4,000 acres)

6 Cost efficiency

(B/C, or N flux reduction per dollar spent over 60 yearfank of the highedtang for
buckis (1) partially seweringonly Pukalan{A2931), (2)partially sewering Makawao and
Pukalani{A3234), then (3)partially sewering only Makawa@A2628), allwith no cesspool
upgrades anywherelhe most cosefficient option amongst those that address (most)
cesspools is septic tank to Presby (1&9tably, wellhead treatment has zero cosfficiency
because it delivers no environmental benefit to the fundamental objective of reducing nitrogen
flux to the aqufer.

7 Equity¢ Community

Why should I have to pay if | am not the probl/2Rrom one perspective, equitan be
considered to be that the cost is borne those who are the most egregious emitters, and thus
the fewest peoplébear the cost for reducing tnogen. Alternatives 19A and Bwhere only the
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20% worst emitters of effluent, and the sewer alternasweithout additional upgradesffect
the fewestpeople.

Why should | have to payhenY @ y S A 3 K 6 PoNify colildNasg 1 doisidered as the
number of households implicated in each alternative, where a higher number would spread the
cost across moref the community.There are quite a few options where nearly everyone is
involved.

8 Equity¢ Maui wide

Why should | have to pay more than other people on Maui for my household waste
disposal?Theaverage annuatost of sewer fees paid by other residerdf Mauiis $816 per
household.The cost to individual households from the alternatives considered waaiB40
535 below this average (for the sewering only alternatives), $395 less (composting), and $300
less- $6 more (individual septic systems). Hoxee, ATUspassive units, combined sewAiTU
alternatives can costom $220 moreup to double what the average househapends on
waste diposal over the 6§ear time horizon.

9 Design standards

Only a few of the alternativesave existinglesignstandardsfor wastewatertreatment
anddisposal systemimicluding alternatives 1, 6, 11, 12, I®A/B, 2621-22, 23B34. Some of
the other alternatives do not have design standards, but can be approved without them
including wetlands, drip irrigation, and Eyistems. The other systems do not have design
standards which will require the state to develop design standardsobethey can be
approved and installe(Alts 5, 7, 8, 9, 10, 17, 18)his represents a time delay and likely
additional costs. Wllhead teatmentdoes not address the cesspool issue gtsaivering would
require major engineering.

10 Maintenance burden

The lowest maintenance burdes associated witkome of the septic tank options. The
partial sewering options (with no cesspool upgrajlpsse a low maintenance burden to the
homeowners once they are hooked up, but transfers this burden to society ghrthe
required operation and maintenance of the centralized system.

A comment on theasspool ban

Alternatives 125 meet the cesspooldn, however, options 284 only meet the ban in
the sewered areas, and the wellhead treatment does not meet the he.composting toilets
may meet the ban, if the cesspools are decommissioned or turned into seepage pits for kitchen
sink water onlywWhichwould requirechanges in current regulations
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Towards decisiongabout alternatives

The final decisiormaking poweiis in the hands of landowners, the stdésyislature and
DOH, not the decision analyst3 e approach taken in this stuadyan supporimore transparent
decisionmaking by clearly identifying objectives, how each alternative performs, and-trade
offs, but the ultimate decisions rely on normative judgments that are the responsibility of
public officials The next stepowards making a decisids to decide which objectives are most
important, and how much the achievement of certain objectives can be givem agler to
achieve other objectives. This normative weighting of objectives is beyond the scope of this
analysis. Notably, there are tecigues in decision science to elicit weighdamake some
objectives moe important which may be something theM wants to engage ias they move
forward. That said, we are able to pull out some highlights present a fewillustrative
scenarioswhere there are key tradeffs.

Table 15 is cldd a strategy evaluation table arids designed to serve as a decision aid.
The color scheme in Table 15 helpsnitifiy alternatives thaperform well across many
objectives (lots of green), or poorly (lots of yellow)mix of colors illustrates tradeffs across
objectives presented by a given alternatiVide table can be usdd evaluate individual
alternatives, or compare across alternatives.

The first cut can be alternativelsat perform poorlyacross multiple objectives (many
yellow cells), and sjuld thus not be consideregisuch as welhead treatment(Alt 35),which
fails to decrease groundwateisk,and consequently also has zero castectiveness.

We canhighlight ®me alternativeghat seem to be winners (i.e., thayeet most
objectivesillustrated by lots of greenThestrategy evaluation tablerévealsan obvious
winner, composting toilets, which mesthe fundamental objectives of reducing cost, impact,
and riskwhile ensuring equitybut it doesnot meet the cesspool bamor complywith current
regulations There are also significant technical and social hurdles tocovee, which we did
not address in this analysM/e discusghesein our recommendations section.

Anumber ofseptic tank alternatives (Alt,®, 19 19A perform wel across multiple
objectives as do the sewering Makawao (or Pukalaoinbined with septic tank to Presby
where possiblalternatives(Alt 2022, 23B25B) The key difference between these alternatives
is the risk of exceeding 5 and 10mg/| nitrate stard¥amvhich is quite a bit higher in tHermer.
This may or not be an eeptable riskThe sewering plus upgrade alternatives (Ak2ZB) all
eliminate the area at risk of >10mg/L, but leave -BID acres susceptible to >5mgAll these
alternatives will ost around $250 million to install, operate, and maintain for the réfxyears.
Notably,in the sewering alternatives, more advanced upgraitethe cesspools outside the
sewage aredAlt 2022 upgrade cesspools with the cheapest option where possila@pt
deliver much additional benefit, but cost quite a bit more. Asitérnativesthat only sewer the
neighborhoods without attending to the cesspools at all are the cheapest alternatives, both
overall and per household, bthey result in potentially unaceptable risk to aquiferdow flux
reduction benefitsand do not meet the ban
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If decison makers are hoping to get the most nitrogen reduction benefit per dollar
spent, then sewering Pukalani with no cesspool upgrades elsewhere are the best alternatives
(Alt 2931), but & the yellow cells indicate, the area at risk of being >5mg/L or >10mitrate
is quite high (~6000 and ~1000 acres, respectivitlghes notmeet the banthe mass flux
reduction is quite low (16%), and only a small number (10%) of households in the area would be
participatingin the solution, although the cost per affected household would beegow
($18k). This would also be the selection if decision makers want the cheapest solution

If decision makers cannot allow any area to reach >10mg/l, then many alternatives are
eliminated. The lowest cost alternative to meet the 10mg/l standard witce227 million over
the 60year project timeframeRelatively lowcost septic tankbased alternatives (8, 10) meet
this standard, at a much cheaper cost per household than the sewalteigpatives (Alt 225),
which have similar overall costs. Anothemledit of the septiebased alternatives is more
households in the community participate (increasing equity), though the sewering alternatives
reduce nitrogen flux more.

Only omposting toilets (at $228millionyill ensure that all the area meets the more
strict 5mg/l standards; tha@ext best will restrict exceedance to J@cres at a cost of
$584million (Alt 23A&25Asewering Pukalani and installing ATUs with ET where possiblé52
acres at a cost of $274mih (Alt 23B25B sewering Pukalani and installing septic tank to
Presbywhere possible)All of these alernatives meet the cesspool ban

Alternatives that target th& MKs with the highest nitrogen contributions (Alt 19A and
19B) would cost $116 and $250 million, Il additionalcostfor 19Bdoes not luy much
result. 19B is far lesosteffective than 19A. Both these alternatives reduce the area at risk of
over 10mg/L to about 100 acres, and only affect ~15% of househeldsh may be perceived
as attractive or inequitable, depending on therspectie. These alernatives meet the
cesspool ban

Notably, most alternatives will cost less per annum over the lifetime of the upgrade
than other Maui residents payo8ie of the gwering alternatives would have the Upcountry
householdgaying about $500/year less than the average wastewdigposalkcost, though
others are $400/year moreThis offers a potential opportunity for cost recovery by charging
residents across the county equally for municipal wastewater services. Some alternatives have
residents paying similar costs as the averitgaii houséold (Alt 78), while others would have
them pay far more.
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Recommendations

General

Aquifers that are designated as potable should be maintained in that state and preserved
for current and future use to the extent that is feasible via soura@rod. Inthe case of
Upcountry Maui, the only feasibly controllable source is OSDSs, which constitute approximately
one third of the total nitrogen inpute/hich includes cesspools (24%esspool upgrade
alternatives that preserve the groundwater for pdiie use ae those that minimally provide
nitrate-N concentrations <10 mg/L for 100% of the land area. This results in a subset of
acceptable alternativesSome DoH reports aim tmaintain all groundwater nitraté\
concentrations below 5 mg/INotably becaise the on-cesspookources are very large, no
alternativesevaluated here, even zesdischarge, can achieve that objective.

Further investigations

We recommend to investigateputs of chloramine into drinking water and thus emissions
via cesspools, andf appr@riate, incorporateit into the groundwater model.

Small cluster sewer systems were not investigated in this study because they require a
more involved design process that is too expensive and time consuming for this project and
would normally bedone by gprofessional A/E design firm. The process would include dividing
up neighborhoods into drainage sdtfasins, predicting flows, finding land to locate treatment
and disposal facilities, and establishing mini sewer districts to collect fees, preasemert,
procure operator services, apply for and maintain government permits, etc. It is recommended
that such a study be conducted as there are examples of such system solutions on the
mainland. Itis also recommended to investigate the cost nfraBzedsewering of the entire
community including a WWTP and a disposal system.

We recommend to pilot study and then develop design standards for passive denitrifying
absorption systems (Alts 9, 10, 17, 18) as well as pilot study of Nitrex and ElaniciRresl
(with Denyte) for the same purpose.

We recommend to extend the study ddlternatives 19A/B to determine homanymore
TMKs wouldhave to be included (in addition to the worst 20%) to achize acres of
>10mg/L nitrateandto find the cost

We recommend to conduct composting toilet study, including literature, current practice
data from mainland, and pilot studies in Hawaii to gain familiarity, experience maintenance
issues, determine pathogamsks in ompost, acceptable handling practices, and develop
regulatory standards including permitting and maintenance requirements.

Program management and efficiency
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We recommend resourcele dedicated to program management, as upgrading 88,000
cesspools will reqre each togo through the approval process which includes review and

approval of test data and design submittals from engineers, and keeping of records. This will be

a huge task thatvould require several additional staff. In addition, it will become enveme
important for the DOH to implement a more comprehensive-difele type management
program for OSDS%/e recommend to determine a framework and the required DOH staffing
to regulate all the OSDSs including upgraded cesspools in order to ensurehaalitiicis
protected in the state.

We recommend to develop design standards for drip irrigation systems and ET systems to
make approval of such systems routine instead of-offelesign for each propéy as is the
current situation.

Financing

We recommendto investigate financing options for completing any alternative program of
upgradesEvery effort should be made to capitalize on economies of sEalancing options
would include individual homeowner pays, state/federal grants, state tax credits, [zai#in
of individual systems similar to rooftop solar systems, County owning/operating all individual
systems, Community association formation followed by assessment for cepétal and billing
of O&M costspublicprivate partnershipsand other optiors.

Legislation and administrative actions

Based orthe investigationgecommendedabove, write legislation to facilitate gray
water, composting toiletsrip irrigation, ET syshes, passive denitrifying absorption systems,
program management including isag OSDS permits and associated requiremeantd,
financing methodsComposting toilets in fact achieve the fundamental objective of reducing
nitrogen pollution to the groundwate but do not comply with current regulations. Composting
toilets also wouldequire homeowners to take an active and regular role in their own sewage
treatment (clean bulking agent has to be added to the units regularly and dirty compost
removed and disaaed with refuse) which may not be realistic on a large scale. Depending on
tKS 02ad 2F (GKS TFdzidzZNE aDFdSa¢ G2AfSta oyz2i
function the same as the composting toilets yet require less homeowner maintentdmeenay
become an important optioto consider and allow by law

One concem aboutexclusivelyelying onthe banto control cesspoolss that it does not
specifywhat technologies to usenstead as our analysis highlight, most homeowners will have
multiple options, each with its own costs and nitrogen removal efficiencieteriarare needed
to guide homeowner choices to ensure that sufficient nitrogen is removed, such that
cumulatively all groundwater is maintained with <10mg/| of nitrate. We themrefirongly
recommend that DoH develop such criteria.

The cesspool bahas regulatory efficiency, and proffers a mechanism for the DoH to

engage with all homeowners in any funding and technical assistance. While on its face the ban
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seems equitable as albmeowners have to comply equally, there may be solutions that have
greater eonomic efficiency and/or environmental benefits that better achieve the
fundamental objective of the ban (i.e., cesffectively reducing nitrogen inputs into drinking
water sour@s and sensitive waters). For example, our analysis revealed that the wbjetti
10mg/l can be achieved by targeting only certain areas and/or certain cesspools. This suggests
that a systems perspective would improve outcomes, i.e., when the fundamebj@attive can

be met by intervening in part of the systeniese areas are tgeted andexemptions to the

ban might be considered for remaining households.

Any solution that differentially impacts some homeowners would raise equity concerns.
Indeed, in sme scenarios, some homeowners might be faced with installing an even more
expensive system than they would have if they were just responsible for upgrading individually,
because the more elaborate system would remove much more nitrogen and thereby achieve
system goals more efficiently. Any systsgale solution would, of course,qeire subsidizing
homeowners who upgrade. We recommend that DoH adopt a systems perspective, and design
collective solutions and creative funding mechanisms to improve the ecanefinciency.

Conclusions

The projectachieved albbjectives namely, it 1) identifed a suite of cesspool
replacement options, 2) develep a range of management alternatives upgrade cesspools
that incorporate feasibility, 3) analydenvironmental benefit of each alternative; 4)
enumeratal costs of the alternatives; and pyovided recommendations on the alternatives
relative to cost, environmental benefit, and stakehold@entified objectives. The approach to
evaluate the utility of proposed actions via a participatory and structured decision making
process was successfalengaging a diverse set of stakeholders over a sustained period,
bringing agency officials, academic experts, and thaipuogether to integrate social values
and science. As such, the project achievedtitategic goalso build aframework for acadmic
agency collaboration, and to pilot a collaborative decigiwaking framework with
communities The project team hopehat this frameworkwill provide pay-offs for agency
decision making far into the futurdeading to decisions that are more transeat, robust, and
publicly acceptedWe recommend committing to a participatory and structured decision
making process fouture environmental problems.

Stakeholders strongly challenged the prioritization of Upcountry Maui cesspools. The 2017
report spurral strong public pushback, and subsequent response to comments published by
DoH only addressed some of the concerns. Thogept tried to handle these objections by
highlighting concerns that the stakeholders raised in various sections throughout the.repor
That said, most were outside the scope of this analysis. We recommend continuing a good faith
process of responding tdakeholder concerns and claims with science, where appropriate, and
open communication. We understand that the DoH is constraineledg! mandate, but we
furthermore recommend that, insofar as it is possible, future prioritization processes follow the
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structured decisiommaking framework piloted here. We believe this would lead to more
economically efficient, equitable, and sociallgegtable outcomes.
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Appendix I. Stakeholder group

Table . Stakeholder group

Stakeholders
Agawa, Shayne
Baisa, Gladys
Baltizar, Brendan
Blumenstein, Eva
Coleman, Stuart
Jacintho, William
Kau, Helene
Mayer, Dick
Meidell, Scott
Nakagawa, Eric
Nakahata, Mae
Niles, Annette
Nishoka, Miles
O'Keefe, Sean
Pang, Lorrin
Pearson, Jeff
Prucer, Sina
Reynolds, Christin
Seto, Joanna
Strand, Darren
Sugimura, Yukilei

Thompson, Theresa

Thomson, Richelle
Uehara, Norris

Watanabe, Warren

Department/Agency/Company
Maui Dept. of Environmental Mgmt
formerly Maui CountyWater Supply

Maui Dept. of Water Supply
Surfrider

Maui Cattlemen's Association
Maui County Water &ply

UH Maui, Retired

Real Estate and Land Managemen
Maui Dept. of Environmental Mgmt
H&S/A&B

Maui Cattlemen's Association
Hawaii Dept. of Health

HC&S

Hawaii Dept. of Health

Maui County Water Supply
Hawaii Dept. of Health

One World One Water
Hawaii Dept. oHealth

A&B

Maui County Council

Maui Cattlemen's Association
Maui County

Hawaii Dept. of Health

FINAL Report

Title/Position
Deputy Director
former Director
Farmer
Planning Director
HI Islands Mnager
President
Deputy Director
Economics Professor
Senior Vice President
Division Chief
Farmer
Rancher
Cesspool Coordinator
Environmental Manager
Maui District Health Officer
Director
Chief, Wastewater Branch
Water advocate
Chief, Safe Drinking Water Branch
Pineapple
Courtilmember
Rancher
Corporation Counsel
Pollution Prevention Section Supervis
Farmer

Al



Upcountry Maui Cesspool Upgrade Analysis FINAL Report

Appendix Il: Options

1. Introduction

ThisAppendix describes the treatment and disposal technologies that are considered in the
main report.¢ KS F2ff2gAy3 aSOGAz2ya NB &adzyYFINRIT SR ¥
{ dzZNIBSe | yR | i &edReESDyfae ResddiBhiaiexdind Engineering Solutions,
Inc., 2008) Therefore, citations of the material are not repeated throughout. For more detalils,
please reference the report.

2. Importance of Nitrification and Denitrification

The main pollutant of concern fro sewagedispersed orsite is the fully oxidized fom of
nitrogen (ritrate, NQ@’) because it is high mobile in the subsurface (does not sorb). Thus it
readily travels to underlying groundwater. Nigjen in raw wastewater is present as
combination of organiccbound N and ammonia(reduced forms) These are converted
aerobically via ammorigation (OrgN -> NH) and then nitrification converts the NHnto
nitrate. In order to remove nitratérom the water, denitrificatiom is required¢ which converts
nitrate into nitrogen gas which is released to the atmosphere and is inert-(Gid(®).

3. Wastewater Treatment Methods

The following describes various -gite wastewater treatment methods that have been
reviewed for adaptability in Upcountry Maui. Thegechnologies convert household
wastewater constituents into erngroductswhich then must be disposed into the ground via a
separate disposal system. Section 3, describes the TREATMENT methods and Section 4
describes the DISPOSAL methods.

3.1. Aerobic Treatment Uniw/Nitrification

An aerobic treatment unit (ATU) is an individual wastewater system that is designed to
retain solids, aerobically decompose organic matter over time, and allow effluent to discharge
into an approved disposal system. There are many tydeATds$, and the following will
describe the most commonly used: suspendgdwth flowthrough ATUs and combined
attached and suspended growth ATUs. ATUs also typicaliyde primary treatment plus
biological secondary treatmenin different compartments These units typically include
nitrification.

3.1.1. Suspendedsrowth FlowThrough ATW/Nitrification
A suspendedyrowth flowthrough ATU is a biological treatment system where

microorganisms are kept in suspension by mixing air with wastewater influent and
concentrated uncerflow or sludge (from a clarifigin an aeration tankFigure AP). If there
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is no integral primary settling basin, a separate septic tank oflgader should be installed
upstream of the ATU. The purpose of this additional tank iemeovereadily settleable solids
and floating matter that will reduce suspded solids loading

From the aeration tank, the mixture is passedto a secondary clarifier where
microorganisms settle to the bottom, forming a layer of sludge. dhsfiedliquid effluent is
passed to a disposal system. Some of the sludge solids in the settling basin will decompose,
while the remainder accumulates and must periodically be removed (pumped out) and
properly/legally disposed of offsite.

WASTEWATER—r> T > 10 EFFLUENT
FROM DISPOSAL
PRELOADER OR DIFFUSER SYBTEM
SEPTIC TANK OR MIXER

PRIMARY AERATED SECONDARY

SETTLING CHAMBER SETTLING
BASN BASIN

FigureAP21 Schemats of Suspendedsrowth FlowThrough ATU
Advantages

1 This type of ATU can achieve effluent quantif BOD concentrations 0fZ6 mg/L and
TSS concentrations ofZ5mg/L. ¢ KA a A& SljdzA @l £ Syd G2 (GKS
treatment level specified in the Fedé@lean Water Act for publicaltpwned
wastewater treatment plants across the USA.

1 Since the biological process takes place in a aerobic environment where free oxygen is
available, complete nitrification of ammonia is able to occur in the ATU.

Limitations

1 Consderation should be given to determine how best to use available grades to allow
gravity flow from the preloade(if present) to the ATU to the disposal system.

1 Power is requied to operate the blowers, pumps, controls, and monitoring and alarm
systemsn the ATU.

1 Denitrification does nobccur due to absence of an anaerobic environment. Therefore,
effluent quantities ofmitrate-N rangefrom 10 to 60 mg/L. Because this typefafU
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alone canot remove nitrogenthe pairing with alenitrifying dispsal metha may be
necessary

1 ATUs are sensitive to high and low temperatures, heavy loading of solids, toxic
chemicas (including chemical cleansers), power failures, Emdeinfluent flow
variability.

Trained professionals shouldspect the system ewg four to six months, along with
sludge/scum pumping, as needed.

3.1.2. Combined Attached and Suspended Growth WlNitrification

This setup allows microorganisms to form a slime layer on the surface of submerged or
semisubmerged medidFigure AP2). Wastewater isreated as it passesver the media The
system is similar to the suspeed-growth flowthrough ATU, except thdhe aerated chamber
containssubmerged media.

BLOWER
GROUND
_______ T %= waMEBEED_( 7 T 1%@,\ -
MEDIA §
WASTEWATER—n> : —\> 10 EFFLUENT
< = DISFPOSAL
PRELOADER OR SYSTEM
EEPTIC TANK SCLM FILTER
/-ELUDC'JE

PRIMARY AERATED SECONDARY

SETTLING CHAMBER SETTLING

BASIN BASIN

FigureAP22 Schematic of Combined Attached and Suspended GréviU
Advantages

1 This type of AU can achieve effluent quantiof BOD concentrations 0fZb mg/Land
TSS concentrations ofZ5 mg/L.

1 Since the biological process takes place in a aerobic environment where free oxygen is
available, complete nitrificatio of ammonia is able to occur ithe ATU.

Limitations

1 Consideration should be given to determine how best to use available grades to allow
gravity flow from the preloade(if present) to the ATU to the disposal system.
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1 Power is needed to operate the blowgrcontrols, and monitoring arelarm systems in
the ATU.

1 Denitrification does not occur due to absence of an anaerobic environment. Therefore,
effluent quantities of nitrateN range from 10 to 60 mg/L. Because this type of ATU
alone cannot remove nitragn, the pairing with a denitrifpg disposal method may be
necessary

1 ATUs are sensitive to high and low temperatures, heavy loading of solids, toxic
chemicals (including chemical cleansers), power failures, and large influent flow
variability.

Trained prdessionals shouldnspect the sgtem everyfour to six months, along with
sludge/scum pumping, as needed.

3.2. Aerobic Treatment Un#Nitrification/Denitrification

Some ATW include both nitrification and daitrification capabilities.  Flowhrough
varieties include a recirculation pump tptoen nitrified water to the front of the system where
it mixes with raw wastewater under anaerobic conditions and it is held to allow denitrification.
Another tpe of systm is the sequencing batch reactor (SBR) described below

3.2.1. Sequencing Batch ReactoflA w/Nitrification and Denitrification

Ina SBRype ATU, all the aerobic, anaerobic, and clarifying processes occur within a single
tank. The operating sequence includes at least the four following gtepare AP3), which
can be cycled several timper day (e.g. one cycle every 4 hours):

1. Fill: tank is filled with raw wastewater to a predetermined volume.

2. Aeration: air is added for mixing and suspension of the microorganisms and the
wastewater and for microbial oxidation of the waste including conearsf N into
nitrate via nitrification;

3. Settle aeration is turned off and the microorganisms/sludge settles to the tank bottom;
concurrently, the contents become anaerobic which allows denitrification of the nitrate
into nitrogen gas;

4. Decant: clarified prtion is decanted as effluent. Cycle repeats.

These ATUs are designed to operate continuously using a control system of times, level
sensors, and microprocessors.
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Figure APB Cycles of an SBfpe ATU

Advantages

T

This type of ATU that can achieve @diht quantity of BOD concentrations 0f2b mgL
and TSS concentrations 625 mg/L.

An SBR can provide both nitrification and denitrification through cycles of an aeration
step and settling and decanting steps.

Up to 50% of influent nitrogen can normaltig removed (or possibly higher under ideal
conditions).

Limitations

T

Consideration should be given to determine how best to use available grades to allow
gravity flow from the preloader (if present) to the ATU to the disposal system.

Power is needed to opate the blowers, controls, and monitoring aathrm systems in

the ATU.

Accumulated sludge and scum must be removed on a regular basis to prevent carryover
of these materials into the downstream disposal system.

ATUs are sensitive to high and low temperats, heavy loading of solids, toxic
chemicalgincluding chemical cleansers), power failures, and large influent flow
variability.

Trained professionals should inspect the system every four to six months, along with
sludge/scum pumping, as needed.
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3.3.SepticTank

A septic tank serves as botlsattling and skimming tan&ind partial anaerobic treatment
The baffles in the tank cause solids settle to the bottom and create a layer of sludge, while fats,
oils, grease, and other floatables rise to the top andatgea layer of scunfFigure AP2).
. FASR 2y 1l gFrAAQa RSaAdy NBIdzZANBYSyitaz | aONB
enhance solids removal dnprevent clogging of the downstreamisposal system. If high
quality effluent is desired, a sapttank could be used to pretreat wasvater prior to a
secondary treatment step, such as an ATU.

Septic Tank

Access
Risers

Inlet
Qutlet

_ Seum N | ; ) =>
] R
Z \Bafﬂe S To treatment
1 or dispersal
system.

Effluent

FigureAP24 Septic Tank with Two Chambélénited States Environmental Protection
Agency, 2018)

Advantages
1 Power is not requed to operate a septic tank.
Limitations

1 Accumulated sludge and scum must be removed on a regular basis to prevent carryover
of these materials into downstream processes.

Maintenance costs are based on periodic pumping of solids and scum, as well asgclean
the effluent filter.
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4. Wastewater Disposal Methods

The following describes various -gite wastewater disposal methods that have been
reviewed for adaptability in Upcountry Maui. Thesgstems are required téollow &fter the
wastewater treatment step.

4.1. Absorption Systems

Absorption systems are designed to percolate liquids into the ground in consideration of
the hydraulic permeability of the soil mediaThe percolation area is measured as the
summation of the bottom area of all the trenchéhese sysgms are generally shallow arde
in the aerobic soil layer which provides oxidation of organic wastes and nitrification. The extent
of such treatment is dependent upon the characteristics of the native soil, the loading rate, and
other factors which carause treatment to vary from 0% as high as 90%.he absorption
system also provides filtration of suspended solids and microorganisms.

4.1.1. Absorption Trenches and Gradess Systems

This disposal system is a subsurface wastewater infiltration systemtneitbhes typically
between 18and 36 inches wide and 3 to 5 feet below gra@fegure AP5). Graveless
trenches use materials such as plastetne-shaped segmentedhamlersas substitutes for the
traditional method of gravel bedding. This modificatioetains structural stability and
hydraulic flowwhile reducing thecosts for gravel fill.

As wastewater percolates out dhe trench, oxygen transfefrom the air canmaintain
aerobic conditiongn the trench

Treatment system

Distribution
box

100 feet, max

Maxslope 12%

Trenches

Observation Pipe
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FigureAP25 Trench Disposal System

Advantages

1 When useddownstream of a septic tank, absorption trenches can achieve levels of less
than 30 mg/L of BOD, 30 mg/L of TSS, and 13 CFU/100 mL of fecal coliform.

1 When deployed downstream @in ATU, absorption trenches can achieve levels of 4
mg/L of BDD, 1 mg/L of TS8nd 13CFU100 mL of fecal coliform.

1 No power is required and maintenance is generally not possible.

Limitations

1 Trenches should not be used in terrain where the natural slope is too $t€8%6 in HI)

1 These systems cannot be usedrbundwater is to close to the surface (minimum
vertical separation of three feet is desirable)

1 Large amounts of land may be needed, since the effective absorption area is at the
bottom of each trench.

1 Root intrusion can adversely impact trench performanc

1 Overloading, ainfall, orunsuitable soils may cause contaminants to spitliato the
surrounding sojlor surface water.

Periodic inspection obbservation ports(if provided) can be used to determine whether
water is accumulating in the trenches fead of percolating out. Upstream processes must be
properly maintained to prevent excessive solids coming in and causing cloggimg \adids in
soil and adversely impacting tlienctionality of the absorptionrench.

4.1.2. Absorption Beds

These are subsurfacwastewater infiltration systems with beds at least three feet wide.
They are similar to absorption trenches, but the area for disposal is excavated and a layer of
gravel is installed with the distribution pipendop (Figure AP5). An absorption trert system
has a distinct section of undisturbed soil between the absorption trenetiesreas the bed

type system is continuousThe percolation area is the area of the bottom of the absorption
bed.
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;
. / : / Perforated PVC
Distrbution g 5

box N ‘-/—— Bed bottom level
N - .

—“r e

End of laterals
connected

pipe

Untreated bullding paper
or drainage fabric

FigureAP26 Absorption Bed Disposal System
Advantages
1 Same as absorption trenches
Limitations

1 Same as absorption trenches
4.2.Seepage Pit

A seepage pit is similarly constructed to a cesspool, but it receives treated wastewater,
whereas a cesspool receivastreated wastevater. These systems are generally consted
from reinforced concrete ringsvith a diameter of8 or 10 feet and a height of 2 feet, that are
stacked in order to achieve the depth required (usuallyB03t). Each ring has large openings
the sides and looks like Swiss cheese. A concretgitida 4inch inspection port is placed on
top. Water percolates out from the sides and the bottom of the unit into the surrounding soil.
The effective percolation area is measured as the pit sideavah

Advantages

1 Seepage pits arthe simplest and mdssompact method to percolate water into the
ground.

1 They areviable options when the available land area is insufficient for absorption beds
or trenchesthe terrain is steep, or when an impermeabégy/er overlies more suitable
soil.

1 These units can be amtained (accumulated solids from pooflynctioning upstream
treatment units can be accessed and pumped out) unlike absorption trenches/beds.
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Limitations

1 Seepage pitgenerally canot provide the sameevel of treatment as absorption bed
and trench gstems, but there have been few studies.

Proper functioning of a seepage pitelies heavily on maintenance of the upstream
treatment process. This prevents cloggioigthe seepage pit. @erwise, periodigpumpingof
any accumulated sludge will be required

4 3. Disinfection

Disinfection is the killing of pathogens in wastewater. It is a form of additional treatment
that is not often incorporated into OSDS systems and is placed here with disyssams even
though it is not a form of disposal. Most ATUs havedptgon of adding disinfection if desired
by the owner or required due to proximity of the system to either groundwater or surface
water. There are two main methods of disinfection: dl@tion and ultravolet (UV) light
disinfection

4.3.1. Chlorination

Chlorineis a powerful oxidizing chemicélequently used for disinfection of water or
wastewater. Its common forms include chlorine gas, solid or liquid chlorine (calcium
hypochlorite and sodim hypochlorite), and chlorine dioxide. Powder or tabletssofid
hypochlorite are the form that can be used amsite treatment systemm All forms of chlorine
aretoxic and corrosive, and require careful handling and storage.

Advantages

1 The main advatages of chlorine areeady availability, low cost, and effectiveness
against a wide range or pathogenic organisms. Chlorine can reduce fecal coliforms by
99 t0 99.99% and can continue to exist as a residual in wastewater effluent.

Limitations
1 Chlorinechemicals need to be stored ah@ndled carefully.

A tablet system wilfequire tablet storage andreplenishments,nspection, and repair of
system components as needed

4.3.2. UV Disinfection

UV disinfection employs mercutype lamps separated from the water layquartz sleeve
contained in a flow through stainlesteel reaction essel (pipe)UV light acts as a physical
disinfection agent due to the germicidal properties of UV in the range of 240 to 270
nanometers. The radiation penetrates the cell wallnoicroorganisns and causes cellular

A-11



Upcountry Maui Cesspool Upgrade Analysis FINAL Report

mutations that preventeproduction. BHectiveness of UV disinfection depends on the clarity of
the treatedwastewater, UV intensity, time of exposure, and reactor configuration.

Advantages

1 UV successfully inactivates mdistcteria,viruses, spores, and cysts.

1 In contrast to chlorine chemicalthis method does not involve handling or storing of
hazardous or toxic chemicals.

Limitations

1 A continuous power supply is required to operate the bulbs.

1 Periodic cleaning of the quartz sleeves is required to ensure transmission of the UV
radiation irto the wastewater (monthly minimally).

1 Bulbs must be replaced (typically annually)

1 UV treatment is rendered ineffective in wastewater with low cladue to bacteria
being shielded by high turbidity and total suspended solids.

4.4.Presby Advanced EnvisBeptc and DeNyte System

The Advanced Envi®eptic® Treatment System is a network offddt long pipes for
further treating and percolating septic tan&ffluent. It consists of speciplpes embedded in a
specific type of System Sand. The pipes contagesdperforations with skimmers, geotextile
fabric, green plastic fiber mat, and Béaxcelerator® fabric. These work together to treat
wadewater asdepicted in Figure AP2 (Presby Environmental, 2018)Without using any
electricity or replacement media, the Advanced Env@eptic® system can remoOD, TSS,
and provide full ntrification Coupled withthe addon De-Nyte®unit, conversion of nitrate to
nitrogen gas is possible (Figures AP2and APZ) (Presby Environmental, 2018)
Interconnected DeNyte® cells can b@aced 6 to 12 inches below the Advanced Enieptic®
system. These He capture and treat nitrified wastewater using patented denitrification
products(Presby Environmental, 2018)
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Ridges Skimmers at Each Perforation

»Increase surface area » Prevent grease and suspended solids from
» Improve cooling leaving the pipe

» Provide more bacterial growth » Protect green fibers and geo-textiles from

areas clogging

Black Geotextile Bio-Accelerator” Fabric
» Surrounds the pipe » Quickly develops treatment biomat
and fibers » Screens more solids from the
» Provides protected  Green Plastic Fiber Mat wastewater
bacterial treatment  » Filters more suspended » Ensures distribution of wastewater
surface solids along the entire length of the pipes
» Protects outer geotextile » Provides additional treatment
bacterial treatment surface
surface » Enhances and accelerates

» Creates a i i
bacterial treatment area » Facilitates quick start-up
» Further protects outer layers and
the receiving surfaces

FigureAP27 Presby Advanced Envieptic® Treatment Systgidresby Environmental,
2018)

o

\

Advanced Enviro-Septic™ ’]
\‘
o 1 =

/ ----- I

De-Nyte® Installation

De-Nyte®Cells

FigureAP28 Presby Advanced Envifeptic® Treatment System and-Bge® for
Nitrogen RemovalPresby Environmental, 2018)

- N
( De-Nyte Cell Diagram

FigureAP29 Presby DéNyte® CellPresbyEnvironmental, 2018)

Advantages
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1 With DeNyte®, total nitrogen removal is expected to be up to 75%.

1 Passive system that doest need electricity. There are no moveable parts and no
replaceablemedia.

1 Enhancedreatment and disposal of wastewater atembined in this system.

Limitations

1 This technology is relatively new to Hawaii, so a robust inspection and sampling program
would be necessary.

Virtually no maintenance of the system is needed, but routine inspections and pumping of
the upstream septicank will be necessary.

5. Approval Required under Hawaii Administrative Rules

5.1. Evapotranspiration

Evapotranspiration (ET) combinedirect evaporation and plant transpiration for
wastewater disposal. Pretreated effluefisually an ATU) is conveydéd a porous bed
containing wateftolerant plants(Figure APA0). Wicking, or capillary action, draws water to
the surface, where it igither taken up by the plants and transpired, or evaporated from the
surface Effluent that is not transpired or evaporated will percolate from the bottom of the bed.
This type of system is known as evapotranspirafidfiitration (ETI).

These systems caalso be designed with aanderlyingA YLISNY S 6f S rm-AySNJ T
RA & O KdystdhS €In this casedisposal is strictly dependent on evaporation and plant
transpiration. Additionally, the liner allows the system to be placed abaovéiaderground
Injection Control UIQ line or where there is shallow groundwater or proximate sedavater
such as a stream, lake or the ocean.

Other components that are typically included are drip or distribution lines, flushing or
filtering mechanism, controller to automatdosing cycles, distributionump, and alternating
ET beds
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FigureAP210 Profile of Typical ET System

Advantages

T LT Yy AYLISNXYSIoOofS (-RYSQKAHNESY O dRGEBYI2HKEY
removal is achieved.

Limitations

1 Large surface arease needed for yearound disposalThe size is controlled by a water
balan® based on rainfall and pan evaporation rates

1 ET systems are more effective in arid elies where evaporation rates arsuch higher
than precipitation rates.

1 Recordkeeping of Iymeter (soil pore water sampler) data is required to ensure proper
functioning.

O&M tasks will include simple inspection of observation wells, electrical costs for pumping,
as needed, minor landscaping, and maintaining upstream processes to avoid ovarolids
into the ET bed.

5.2.Recirculating Sand Filter

Treated effluent is presure distributed (such as by gfyr nozzles) to the top of a bed of
sand which is biologically treated @spercolates throughl{Figures AR21 and AP22). Carbon
oxidation nitification and denitrification can all occur.p8rtion of the water is pumpetack to
the pump chamber or the treatment process, and another portion passes$o a dispersal
system such as drip irrigation or a seepage fihe nitrae in the recirculatedvater undergoes
denitrification under anaerobic conditiongBarnstable County Department of Health and
Environment, 2018)
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Sand Filter
Septic System

Wastewater To Dispersal
Treatment in Soil System

Groundwater

Bedrock

FigureAP211 RSF with Primary Treatment by Septic T@hkted States Eimonmental
Protection Agency, 2018)

Bark Mulch
i Cleanout

—leastone

Pressure Distribution Filter Fahq:
Line and Manifold

PVYC Liner or
- Concrete Container
From Pump
Chamhb
am “é-s-_? RN
- - - aggregate wit
cover of peastone
Return to Pump
Chamber
FigureAP212 Profile of RSF
Advantages

1 RSFsanremove up ta50% total nitrogen

Limitations
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1 Large land area may be required.

1 Filters need to be covered to protect against odor, debris, algae fouling, and
precipitation.

1 A pump is needed for recirculating the wastewater.

Operational osts include electricity and labor. The filter should be inspected every 3 to 4
months, and the top layer of the filter media should be remoaed replacedgeriodically.

6. Innovative Te&ehnologies

6.1. Constructed Wetland

A constructed wetland recreates the mresses that oag in their natural environment
They may have visible wat@ools, however, those used as OSypically keep wastewater
flow beneath the media surface. This limgstential contact withwastewaterand associated
public health concerns In general, the constructed wetland is an earthen basin or cell
containing microorganisms, porous media, and plafigure AP2A3). The influent may be
gravity-fed or pressuredosed The wastewater flows througthe wetland and undergoes
filtration, nitrification, denitrification, and adsorption. Longer detention times help to improve
quality of the leaving effluenfTexas A&M AgriLife Extention Service)

T\
{ |

Constructed
Wetland Septic
System

Drainfield

Further Wastewater
Treatment in Soil

Groundwater

Bedrock
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FigureAP213 Constructel Wetland with Primary Treatment by Septic Tédkited States
Environmental Protection Agency, 2018)

Advantages

1 A constructed wetland provides suitable conditions for denitrification to occur.
1 Power is not required to operata wetland.

Limitations

1 Large land area may be required.

1 Itis important to maintain an even crosgctional flow throughout the constructed
wetland.

1 The water level should be maintained in the cell during-loino-flow periodsso that
the plants do not die

The constructed wetland should be properly maintained to prevent surface ponding.
Frequent inspedbn of the vegetation, inlet distributor, liner, berms or retaining walls, pumps,
if present, and drainfields required

6.2. Drip Irrigation

This method of wastewater disposal usaspump dosed system of pipes containing
emitters (generally spaced every 12 inches) to deliver treated wastewater into the shallow root
zone of the soil for dispers@Figures AR24 and AP25). Ths dlows for rates to be sw and
controlled, as the dispersalystem serves dsoth a slow rate biofilterand an ETsystem The
loading rate depends on soil characteristics, such as permeability, rainfall, evaporation,
evapotranspiration rates, and lelvef nutrients(Sinclair, Rubin, & Otis, 1999)
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Drip Distribution
Septic System

roundwater
= Well e e ‘

Drmkmg Water Was':ewater
To House From House —__ ‘ __ Access

Risers  pump
Septic
Tank ‘“ / Tank
p

Supply Drainfield

Air Relief
Valve

Wastewater Wastewater Flow

Treatment in Soil

Groundwater

Bedrock

FigureAP214 Drip Irrigation System Shownittv Septic Tank Treatmeiinited States
Environmental Protection Agency, 2018)

air-release valve followed by a check valve

return manifold

lateral

supply
manifold

supply line

zone 2 by

supply line
zone 1

FigureAP215 Drip Frigation ZonegJarrett, 2008)

Advantages

1 Relidle alternative for areas wittow permeability seasonal high water tables, or

severe slopes.
1 Ability to control dose/rest cycles allows for even spacing or dosing of efflueht an

facilitates wastewater infiltration by spreading it spatially and temporally.

Limitations
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1 In some cases, a large dose tamkeeded to accommodate timed dose delivery to the
drip absorption area.

6.3. Eliminite

This is a denitrifying septic system with ti@b00-gallon concrete tanks. As depicted in
Figure APZA6, the Eliminite system uses patented, proprietary treatment medadled
MetaRocks® to remove nitrogen. MetaRocks® provide a surface for nitrifying and denitrifying
bacteria to thrive. The first 300-gallon tank is used as a septank, and the second tank has
two chambers tohouse the MetaRocks® and provide BOD, &8& nitrogen removal The
Eliminite system is followed by a disposal system such as absorption or seepd@eizuards
Bay Coalition, West Falmouth Village Association, Barnstable County Department of Health and
the Environment2017)(Eliminite, Inc., 2018)

State Approved
Dual Compartment
Concrete Tank

Cutlet to Dranfield

.....

u»
¢

FigureAP216 b A U N2 I SY w dzOU A 2y (EBminge IAcY 2098} (1 SQa
Advantages

1 Average total nitrogen removal is expected to be 62%.
1 If ahome already has a 1,5@fallon septic tank, then only one additional treatment
tank is needed.

Limitations

1 Pump operation and electridgpowerare needed.
9 This technology is new to Hawaii, so a robust inspection and sampling program would
be necessary.
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6.4.NITREX

bLEwW9:-u NBIOGADGS YSR Amtrecéivas nibileyivastewvateteuedt.y G|

As depicted in Figure ARZ, a typicalsetup includes wastewater sequentially passing through

a septic tank,a nitrifying sand filter, the b L ¢ w @eniirifying filter tank, and then an
absorption bed or trenchor disposadb ¢KS bL¢wW9-u YSRALF d@ly |
excavation instead od tank The sand filter serves as a necessary nitrification step so that the
bLewW9- - n O y LISNF 2 Nate-rieh@fuent(NinFaid®Assosdiadey, Ing. \201§) A

Septic Sand Nitrex File Bed
lank Filter Filter

-

Figure APA7 b A G NP 3Sy wS RdzO (i A(Poyhbaml@ Assotiaten; he., 2018 A £ (G S
Advantages

1 Average total nitrogen removal is expectexlie up to 97%.
1 There is no pumping or chemical addition requirement.
T ¢KS bL¢w9: n YSR pérforiddnce pdrigif 58 fehi$ O G S R

Limitations

1 This technology is new to Hawaii, so a robust inspection and sampling program would
be necessary.

Virtually no maintenance of the system is needed, but routine inspections and pumping of
the upstream septic tank will be necessary.

7. Emerging Tehnologies for Wastewater Treatment and Disposal

Various alternative mthods have been investigatedavextensive studies inther states.
While these have been tested in limited setups and show potential in usability and
effectiveness, their adaptabilitto Hawaii in general andUpcountry Maui conditions
specificallyneed to be assessed. Based on th@bmising results in preliminary studies, they
are included as cesspool conversion options. Assumptions for site constraints and costing are
based on tle test study conditions and may vasignificantlyfor Upcountry Maui.

7.1.Passive NitrogemReduction

The Washington State Department of Health and the Uniseisf Washington Florida
Department of Health, Barnstable County Deparithef Health,the New Yok State Center for
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Clean Water Technology and Stony Brook University completed investigaif systems that
operate relatively passively, with limited reliance on pumping, controls, and forced aeration
(Hazen and Sawyer, 20145ection 71.1 includes the technologies developed in Wagton.

The following Seatns 7.1.2, 7.1.3, 7.1.4, and 7.1.5 describe methods based oscaid
prototype systems tested by the Florida Departmenft Health. Section .1.6 introduces
another passive system designed by Barnstable County Department of Health. Sétcfiohs

and 7.1.8 include setups by the New York State Center for Clean Water Technology and Stony
Brodk University that are currently being tested. Sectiorl.9 presents a seléon of
proprietary methods developed by onsite wastewater system manufacturers.

7.1.1. Recircudting Gravel Filter Systems

Each of these systems is based on a-st&p process:

1) Under aerobic conditions, the effluent undergoes nitrification.

2) Under anaerobic contlons, denitrification occuréWashington State Department of
Hedth and University of Washington Civil and Environmental Engineering Department,
2012)

7.1.1.1.Recirculating Gravel Filter with Vegetated Woodchip Bed System

This systenwould be placed following a septic tank. Effluent could be transferred to
an absorption bed or trench. There are three zones in this system, with effluent
continually circulated through the first two zones. With each circulation cycle, a portion of
the nitrified effluent is released to the third zone for denitrification. Thded#nt zones
are denoted byhumbers in circles in Figure ARZ

Zone 1: The septic tank effluent flows into the recirculating tank. As the effluent level
rises in the tank, #loat activates a timer to control a pump. The pump sends timed doses
of effluent to the recirculating gravel filter in Zone 2.

Zone 2: The wastewater flows down through the gravel, and ammonia is converted to
nitrate. The nitrified effluent exits throdga slotted pipe at the bottom and about 80%
flows back to the recirculating té& in Zone 1 with 20% flowing to Zone 3.

Zone 1 (repeated cycle): The nitrified effluent from Zone 2 mixes with additional septic
tank effluent. Serving as a carbon sourceHacteria, the septic tank effluent allows for
some denitrification to occur her The effluent is then pumped to Zone 2 to repeat the
process.

Zone 3. This is a vegetated woodchip bed with constant submergence of the
woodchips to create an anoxic zone.heTbed can also be described as an anoxic
subsurface constructed wetland. Deitfication occurs as the effluent flows horizontally
through the bed. Plants such as cattails can also provide increased nitrate removal, as well
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as provide another carbon soee. Finallyeffluent from this zone would be transferred to
a water level cotrol basin and then a leach field (absorption bed or tren@hashington
State Department of Health and University of Washington Civil and Envirdamen
Engineering Department, 2012)

Recirculating Tank

Recirculating Gravel Filter

RGF

-/‘

ST Z

SN AT

SIS TN T TR

NSV 3 USA NGNS 514
Gl SR
SN SIS
L TS To

; drainfield

Vegegated Woodchip Bed Water Level Control/
Sampling Basin

FigureAP218 Recirculating Gravel f&l with Vegetated Woodbed SystefWashington
State Department of Health and University of Washington Civil and Environmental Engineering
Department,2012)

Advantages

1 Average total nitrogen removal was 92%.
91 Local materials may be used for the woodbed media.

Limitations

1 Pump operation and electricitpre needed for the recirculation system.
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Routine inspections should include the pump and control paagdguacy of dosage
frequency, and effluent filter on the septic tank outlet. The septic tank should also be
maintained to ensure proper functioning of the subsequent treatment and disposps ste
(Washington State Department oHealth and University of Washington Civil and
Environmental Engineering Department, 2013)

7.1.1.2.Enhanced Recirculating Gravel Filter System

This system is also designed to follow a septic tankdastharge to an absorption bed
or trench. It can also be dadeed of as a recirculating vertichbw constructedwetland.
As shown in Figure ARD, nitrification is to take place in the oxygeich top layer, and
denitrification is to take place in thoxygerfree bottom layer. There are three zones, as
shown ly thenumbers in circles in Figure ARQ

Zone 1 (beginning cycle): Septic tank effluent enters a mixing chamber at the bottom
of the filter system. This chamber contains an anoxic gravel layd organics in the
wastewater are oxidized. The effluerdgrtinues to travel upwards through a slotted pipe,
entering Zone 2.

Zone 2: This is a recirculating basin with a laativated timer that controls a pump to
send times doses to the filter bed Zone 3.

Zone 3: In this oxygench zone, wastewater idigributed into an oyster shéllayer,
which serves as a food source for Zone 3 bacteria. The wastewater continues to percolate
down into a fine gravel layer, where nitrification occurs. Thafrat effluent then passes
through a slotted pipe and is pured back to the mixing chamber in Zone 1.

Zone 1 (repeated cycle): The mixing chamber now contains septic tank effluent and
nitrified effluent. This mixture continues into the anoxic gravel taye Zone 2 and
denitrification occurs under these circumstaasc

Zone 2 (repeated cycle): The process is repeated with doses sent to Zone 3, and as the
recirculating tank fills to a certain level, the denitrified effluent is discharged to a leach field
(absorption bed or trenchYWashingbn State Department of Health and University of
Washington Civil and Environmental Engineering Department, 2012)
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FigureAP219 EnhancedRecirculating Gravel Filter Syst¢Washington State Department
of Health and Univeity of Washington Civil and Environmental Engineering Department, 2012)

Advantages

1 Average total nitrogen removal was 82%.
1 Localmaterials may be used for media.

Limitations

1 Pump operation and electricitpare needed for the recirculation system.
1 Cloggingccurred in the anoxic zone feed distribution piping. Further studies are
needed for methods to prevent this.

Routine inspectionshould include the pump and control panel, adequacy of dosage
frequency, and effluent filter on the septic tank outlet. Téeptic tank should also be
maintained to ensure proper functioning of the subsequent treatment and disposal steps
(Washington State Department of Health and University of Washington Civil and
Environmental Engineering DepartnteB8013)

7.1.1.3.Vegetated Recirculating Gravel Filter System

This is similar to the enhanced recirculating gravel filter system, wittlification
occurring in the oxygenich top layer and denitrification occurring in the oxyeeee
bottom layer. There aréhree zones, as shown in Figure ARR Denitrification takes
places after a complete cycle and effluent flows a second timeutjfiniZone 1.

Zone 1(beginning cycle): The system recesegdic tank effluent The effluent enters
a gravelless chamber abe bottom of the filter system and then continues into the gravel
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layer of the anoxic Zone 1. Organics are oxidized, and wastewrateels horizontally
across to an outlet pipe leading to Zone 2.

Zone 2: This is a recirculating basin with a laativated time that controls a pump to
send timed doses of effluent to the filter bed in Zone 3.

Zone 3: Wastewater is distributed intodtoxygenrrich root zone of this vegetated bed.
The effluent percolates down through a fine gravel layer, where nitrificabiocurs. The
effluent then flows across a liner and down into an uncovered portion of the bottom gravel
layer at the inlet end othe filter in Zone 1.

Zone 1 (repeated cycle): Here, the septic tank effluent and nitrified effluent from Zone
3 mix togetherand horizontally flow back through the anoxic gravel layer for denitrification
to occur.

Zone 2 (repeated cycle): The procesemeated in the recirculating basin, and when it
fills to a certain level, the denitrified effluent discharges to an absorpbed or trench
(Washington State Department of Health and University of Washington Civil and
EnvironmenthEngineering Department, 2012)
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g?\:dj fine gravel media §
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Recirculating Basin

FigureAP220 Vegetated Recirculating Gravel Filter Sys{@ashington State Department
of Health and University of Washington Civil and Environmental Engineering Department, 2012)

Advantages

1 Average total nitrogen removal was 69%.
1 Local materials may be used for media.

Limitations
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1 Pump operation and electrity are needed for the recirculation system.

1 Clogging due to plant root growth occurredorifices of the aerobic bedistribution
system. Therefore, plarselection is an important consideration

1 Clogging also occurred in the anoxic zone effluent bethis was addressed using a
filter.

Routire inspections should include the pump and control panel, adequacy of dosage
frequency, and effluent filter on the septic tank outlet. The septic tank should also be
maintained to ensure proper functioning oféhsubsequent treatment and disposal steps
(Washington State Department of Health and University of Washington Civil and
Environmental Engineering Department, 2013)

7.1.2. Treatment by IATank Unsaturated Biofilter with Recirculatiand Disposal by Soll
Treatment Unit

This mehod is anin-tank approach that treats septic tank effluemtith a Stage 1
unsaturated biofilter with recirculation to a recirculation tank, and a soil treatment unit, such as
an absrption trench or bed (FigurdAP221). Stage 1 is a porous media Hiefi that is
unsaturated allowing for nitrifcation to occur Media that was used in the studies included
expanded clay, sand, and oyster shells. Septic tank effluent is applied to the top of the media,
resulting in a downward percolation of wastewater ovend through the porous media biofilter
bed. Due to nitrification, most of the wastewater nitrogen is converted to nit(étezen and
Sawyer, 2015)

With recirculation back to anrmxic holding tank, the nitrateich effluentis mixed with
incoming wastewater. This provideavbrable conditios for denitrification, prior to the
disposal stefHazen and Sawyer, 2015)

Advantages

1 Total nitrogen removal isxpected to be 50 to 70% prior thscharge to the disposal
unit.
1 Local materials may be used for biofilter media.

Limitations
1 Pump operation and electricitpre needed for the recirculation system.

Routine inspections (twice a year is required by Flocdde) include pump operation and
electrical connections, hydraulic inspection, flushing and cleaning of distribution lines, biofilter
media life, and the recirculation system. The septic tank should also be maintained to ensure
proper functioning of thesubsequent treatment and dispossteps.
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FigureAP221 Treatment by IrTank Stage 1 Unsaturated Biofilter with Recirculation and
Disposal by Soil Treatment Ufi{azen and Sawyer, 2015)

Primary Treatment Dispersal

Mineralization of most Effluent discharge to
organic N to ammonia the soil or landscape
(ammonia - NH,)

Stage 1 Stage 2
(Nitrification) (Denitrification)

TKN (ammonia and Nitrate converted to
organic N) oxidized to No-gas anoxic
nitrate (NO5) by nitrifying environment; requires
bacteria, requires oxygen supply of electron donor

FigureAP222 Two-Stag Biofiltration Systems for Nitrogen Reductigtazen and Sawyer,
2015)
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7.1.3. Treatment by IrfGround Unsaturated Biofilter in Native Soil Underlain by Saturated
Biofilter in Liner and Disposal by Overflow into Surrounding Soil

Smilar to the previously described system, this is angiound (nontank confined)
variation that treats septic tank effluent whichdssed at low pressure to an-ground Stage 1
unsaturated biofilter in native soil. The Stage 1 biofilter is undedgiaStage 2 ligacellulosic
biofilter in a lined bed The effluent is allowed to overflow the liner into surroumgl soil. As
shown in Figure AR23, nitrification occurs in Stage 1. té&fwards, the nitraterich water
travels to the Stage 2 biofiltewhichis saturated and therefore an anoxic environment suitable
for denitrification. Studies have identified fine sand and lignocellulosic materials from woody
plants as candidate media for Stage 2enfig#ntal sulfur was also tested as a meddthough
this type of media is more difficult to obtain and manage.

Ground Surface

Wastewater
from Home

Y

Pr.rﬁep’%m{‘nﬁ e Verticaliltggt}:clgdzBiofiIter
(Primary Treatment)  Ta (Nitrification & Denitrification)

FigureAP223 Treatment by IrGround Unsaturated Biofilter in Native Soil Underlain by
Saturated Biofilter in Liner and Disposal by Overflow into Surrounding-Héaiénand Sawyer,
2015)

Advantages

1 Total nitrogen removal is expected to be 50 to 70% prior tohdisge from the system
into the underlying soil for percolation disposal
1 Local materials may be used for biofilter media.

Limitations
1 Pump operation and elecicity are needed for the low pressure dosing system.

Routine inspections (twice a year is required by Florida code) include pump operation and
electrical connections, hydraulic inspection, flushing and cleaning of distribution lines, biofilter
media life,and the recirculation system. The septic tank should also be maintained to ensure
proper functioning of the subsequent treatment and disposal steps.
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7.1.4. Treatment by Single Pass or Recirculating Unsaturated Biofilter and Saturated Biofilter
and Disposal byo# Treatment Unit

This system also treats septic tank effluent via secondary treatmena iBtage 1
unsaturated biofilter and Stage 2 saturated biofilter. Demitrified effluentis then disposed of
in an absorption bed or trench.

The Stage 1 biofilter hydutics canbe eithersingle pas®r recirculation (Figure AP223,
AP224, and AP25). In Figure AP23, the pump tank can be run either with single pass or
with a recycle stream for internal reculation to spray nozzles located above the surface of the
Stage 1 media. If topography allows for flow through the biofilters by gravity, then the system
canbe setup as in Figure AR2.

The Stage 2 biofilters can contain single or dual media, sucgnagdllulosic/sand mixture
and elemental sulfur.

Ground Surface

Wastewater| e — — .
fan Hame P g NO, Recycle i
o STU Subsurface
Dispersal
i Stage 2
Septic Tank Unsaturated Biofilter St eg A
(Primary Treatment) (Nitrification) (Diﬁtrificalt?or:fr
Pump tank

FigureAP223 Treatment by Recirculatingnsaturated Biofilter and Saturated Biofilter and
Disposal by Soil Treatment Ufi{azen and Sawyer, 2015)

Wastewater
from Home

L R A A

i Stage 1 W it

S*(?gr‘i'; ;'f;‘k Unsaturated Biofilter R ¥y
(Nitrification) R S
Treatment) STU Subsurface

Dispersal
Stage 2
Saturated Biofilter
(Denitrification)

FigureAP224 Treatmentby GravityFlow Single Pass Unsaturated Biofilter anai$éed
Biofilter and Disposal by Soil Treatment Uklazen and Sawyer, 2015)
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FigureAP225 Treatment by Recirculating Unsaturated Biofilter and Saturated Biodittdr
Disposal by Soil Treatment Ufifazen and Sawyer, 2015)

Advantages

9 Total nitrogen removal is expected to be 85 to 95% prior tohdisge to the soil
absorption system
1 Local materials may be used for biofiltaedia.

Limitations
1 Pump operation and electricityill be needed i recirculation system is included.

Routine inspections (twice a year is required by Florida code) include pump operation and
electrical connections, hydraulic inspection, flushing andruleg of distribution lines, biofilter
media life, and the recirculion system. The septic tank should also be maintained to ensure
proper functioning of the subsequent treatment and disposal steps.

7.1.5. Treatment by Unsaturated and Saturated Biofilter ireL#nd Optional Second
Saturated Biofilter and Disposal by Soil Tmeent Unit

This is an wground variation of the previously describadtank based system. Here,
septic tankeffluent is treated ima Stage 1 unsaturated biofilter stacked on a Stagat@ated
biofilter. The effluent can continue to another Stage fusated biofilter for further
denitrification, or to a soil absorptiogystem. Figure AP26 shows the additional Stagefiter
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and a drip irrigation soil treatment unfHazen and Sawyer, 2015)

Pump
Ground Surface |—>‘ -
Wastewater|  Ji tenmeonnd Lo _I e !
from Home L Drip Zone for
Treated Effluent
t 1 & 2a Lined Biofilte: igati
Septic Tank STE Dose Stage 2b A0S 3 ' ¥ ¥regation
(Primary Tank Saturated Biofilter
Treatment) (Denitrification)

FigureAP226 Treatment byUnsaturated and Saturated Biofilter in Liner and Second
Saturated Biofilter and Disposal by Drip Irrigat{plazen and Sawyer, 2015)

Advantages

1 Totalnitrogen removal is expected to be 85 to 95% prior to luksge to the soill
sbsorption system

1 Local materials may be used for biofilter media.

Limitations
1 Pump operation and electricityill be needed if a recirculation system is included.

Routine inspedbns (twice a year is required by Florida code) include pump operation and
electrical connections, hydraulic inspection, flushing and cleaning of distribution lines, biofilter
media life, and the recirculation system. The septic tank should also be ma&itteo ensure
proper functioning of the subsequent treatment and disposapst

716.5AaLk2altf o6& [F@SNBR {2Af ¢NBFGYSYyd oa[ &SN

The layer cake sysin treats septic tank effluent in a modifieabsorption bed or trench
(Figure AP27). hemodifiedf SI OK FASt R A& I afl &SN OF1Sé TFA
and 18 inches of a sand and savaiyor woodchips) mixture.The sand supplies oxygen for
nitrification to occur, and the sand and sawdust mixture createaaaerobic environment for
denitrification (Hilsman, 2016)
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Standard Sand Fill
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FigureAP227 5 A all2 al f o0& a [(Bugz&dsBaylChaftion, Wedtaainodth
Village Association, Barnstable County Department @litHeand the Environment, 2017)

Advantages

1 Total nitrogen removal is expected to be at least 50% wmtb 90%.
1 Local materials may be used for filter media.
1 Low operating and maintenance requirements.

Limitations

1 Pump operation and electricity may lrequired for conveyingvastewater to the
modified leach fieldf gravity cannot be utilized

1 The replaceent intervalof the sawdust/woodchips isnknown, butestimated at 5670
years

The septic tank and pump should be routinely inspected for propetrtifomag.

7.1.7. Disposal by Lined Nitrification/Denitrification Biofilter

Septic tank effluent is transferred ibugh a low pressure distribution system comprised of
a low energy pump and parallel, low pressure dosing pipes with drilled orifices (similar to an
absorption bed). As the wastewater percolates down, it infiltrates the lined nitrification/
denitrification biofilter underlying the pipes. Nitrification and denitrification occur in the sand
and sand/lignocellulose layers, respectively.

One configuratiorof the biofilter is a 6to 8-inch soil cover, followed by a 18 18-inch
nitrifying sand layer, and #n a 12to 18inch sand and sawgt layer, as shown in Figure AP2
28. The system is lined to maintain saturation conditions and to adiffluent discharge to a
dispersal system. An alternative configtion is presented in Figure AR®, where the
denitrification step is designed ian upflowmode. This removes the need for an underdrain
for effluent collection, and the effluent is sinyptlischarge through overflow of the systdifhe
New York State Center for Clean Water Textbgy, Stony Brook University, 2016)
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FigureAP228 Disposaby Lined Nitrification/Denitrification BiofiltgfThe New York State
Center for Clean Water Technology, Stony Brook University, 2016)
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FigureAP229 Disposaby Lined Nitrification/Denitrification Biofilter with Denitrifigan
Upflow Step(The New York State Center for Clean Water Technology, Stony Brook University,
2016)

Advantages

Total nitrogen removal is expected to be up t&®0

Lined bottom provides more controllable system for sampling rauoditoring.

Processes are primarily driven by gravity and capillary forces.

Saturated nature of sand and sawdust layer should minimize oxidation and degradation
of the wood source over time

1 Local materials can be used for the biofilter media.

= =4 =4 A

Limitations

1 Pump operation and electricity needed for conveying septic tank effluent to the system
1 The replacement interval of the sawdust/woodchips is unknown, but estimated-&050
years
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The septt tank and pump should be routinely inspected for proper functigni

7.1.8. Disposal by Sequence Nitrification/Denitrification Biofilter

This setup was designed to address the uncertainty of the wood material lifespan in
biofilters. Literature reviews and calations have indicated that the wood sources should
persist for may decades; however, passive nitrogen reduction biofilters have not been in
existence for more than a decade. Therefore, the lifespan of these wood sources remains an
open question.

Septictank effluent is transferred through a low pressure distributigistem comprised of
a low energy pump and parallel, low pressure dosing pipes with drilled orifices (similar to an
absorption bed). As the wastewater percolates down, it infiltrates the eaqe nitrification/
denitrification biofilter underlying the pipesin this biofilter, the sand layer is coupled with an
upflow woodchip biofilter in a tank that can befilled as needed. As Figure AB2shows,
there is a 12to 18&inch layer of nitrifing sand, which funnels the nitrified effluent into a
collection pipe. Either by gravity or a low pressure pump, the effluent continues into the
bottom of a tank filled with saturated woodchips. The effluent is allowed to flow up through
the woodchipbiofilter and then to a disposaystem(such as absorption bed or seepage .pit)
The woodchip biofilter tank has a lid at the groundfaoe for easy accessibility to sample or
replace woodchips (The New York State Center for Glewater Technology, Stony Brook
Universty, 2016)

8" Top layer
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12 # 18 #

Nitrification layer
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(to Denitrification biofilter)

B 15
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FigureAP230 Disposal by Sequence Nitrification/Denitrification Biofilter A) Front View of
Nitrification Layer Configuration B) Plan VigMae New York State Center for &ieNater
Technology, Stony Brook Univigys 2016)

Advantages

1 Total nitrogen removal is expected to be up to 90%.
1 Processes are primarily driven by gravity and capillary forces.

i Saturated nature of sand and sawdust layer should minimize oxidation ameldgpn
of the wood source over time

M Local materials can be used for the biofilter media.
1 Woodchip biofilter tank allows for convenient replacement of woodchips.

Limitations

1 Pump operation and electricitpeeded for sending wastewater to the woodchip
biofilter tank.

The septic tank and pump, if included, should be routinely inspected for proper
functioning.

8. Alternative Toilets

Recently alternative toiletswith zero discharge of watdnave been developetbr use in
remote locations lacking water and/oreditricity. It is important to note that in the State of
Hawaii, household graywatddischarges that ar@ot from toilets and kitchen sinks) systems
are currentlyrequired to have an overflow pathway toveastewater treatment and dispes
system, as showm Figure AP31 (Hawaii State Department of Health, 2009Therefore, a
household with an alternative toilet and a graywater reuse systenother sources of water
must still have a wastewater treatment and disposal system.

Alternative pilet options include composting, incinerating, chemical, and oil flush toilets.
The most commonly seen are compost toilets and incinerating toilets,hwaire discussed
below. There has also been a recent exponential growth in alterndilets research and a
promising candidate is presented in this report.
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FigureAP231 Onsite Wastewater Treatment and Disposal Requirement for Graywater
System(Hawaii State Department of Health, 2009)

8.1. Composting Toilet

A typical compostingoilet (Figure AP32), is comprised of a composting reactor tank or
bin connected to one or more waterless toilets in the house. For very smalldantiiere are
selfcontained units with the compositing bin immediately under the dbikeat. Daily
residential use may overload these smaller systems, so extra capacity may be necessary.
Alternatively, a centralized tank reactor could be located imasement or underground
structure adjacent to the house. This may contain a rotatingrdor could be built on a slope
with fresh wastes at the top as the bottom of the pile ages. The reactor tank or bin contains
and controls the decomposition of excrente toilet paper, and carboiased bulking agents
such as wood chips, straw, hay, origrhulls. Bulking agent materials break down quickly to
prevent buildup of aerobic bacteria and fungi. Composting reactor tanks or bins may be single
chambered, contiuous process, or muithamber batch units(National Small Flows
Clearinghouse, 2000)The owner must remove and dispose of aged compost, turn the
composting waste, and replenish bulking agents and odor control fluid (ifedgsir

No other liquid besides urine is present in the bin, allowing for aerobic decotigrosif
waste. Temperature should be properly maintained between 78 and 113° Fahrenheit for
optimal de@mposition rates. An exhaustystem driven by a fan vents odorgrbon dioxide,
and moisture from the reactor bin to the outdoofghe fan could be elgricity-driven or a
swamp cooler type) The decomposing material needs to be turned periodically to break up the
mass and to keep the pile porous and aerated. Thal fimaterial is about 10 to 30 percent of
its original volume and nsi be properly dispsedin accordance with health and environmental
regulations(National Small Flows Clearinghouse, 2000)
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FigureAP232 Composting ToilefNational Small Flows Clearinghouse, 2000)

Advantages

Asa zeradischarge system, nitrogen will not be released into the groundwater.
Since water is not needed for flushing, household water consumption is reduced.
System consumes very littte nopower.

Residents may be able to install a reduesrk wastewatetreatment and disposal
system, minimizing costs and disruption to the landscape.

= =4 =4 A

Limitations

1 A high level of maintenance is requirbyg the owner such as eriodic turning of the
compost daily addition of bulking agentsandling anddisposalbf compost,and
preventing too much liquid in the composter.

1 A power source igenerallyneeded.

1 Composting toilets musturrentlybe used in conjunction with a grayveatreuse system
and wastewater treatment and disposal systemHawaii

1 Composting excrement may vésible in some systems.

1 There can b objectionable odors emitted from these systems.

Owners must be committed to properly maintaining the composting tosgstem.
Otherwise, removing the endroduct and cleaning may be difficult and also cause health
hazards and odor problem®ational Small Flows Clearinghouse, 2000)
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8.2.Incinerating Toilet

These types of toilets use electricityi], natural gas, or propane to burn waste to a sterile
ash. A typiclasetup is depicted in FiguraP233. A papeilined upper bowl holds newly
deposited waste. The paper liner is replaced after each use. Flushing using a foot pedal causes
an insulatedchamber cover to lift and swing to the side while the bowl! halves separate. The
paper liner andts contents deposit into the incinerating chamber. When the foot pedal is
released, the chamber cover reseals and the bowl halves c{bdsgional Small Flows
Clearinghouse, 2000)

Il aadlFNIé¢ odzidz2y 2y ibtgKpBocess2vlhichS dccurs SfBriescéh (0 K S
individual deposit. An electric heating unit cycles on and off for about an hour while a blower
motor draws air from tle incinerating chamber over a heattivated catalyst to remove odors.

A fan then distributes thair through a vent pipe to the outdoors. The fan is also used to cool
the incinerating unit. The entire cycle takes from about 1.5 to 1.75 hbd&NJ & T & d&i Kza S
(National Small Flows Clearinghouse, 2000)

If the incineratng toilet runs on gas, then a toilet bowl is not present, and the waste drops
directly into a holding chamber. Prior to the burning process, anfaath agnt is added to
reduce the risk of liquid wastes boiling over. The toilet seat is lifted, ansgex ptug is inserted
to act as a fire wallNational Small Flows Clearinghouse, 2000)

toilet bowl

v
\
- vent haust fan

{ l r, [ incinerating chamber
S =4
|| e ash pan
L D

FigureAP233 Incinerating Toilet Shown with Seat Cover Up, Seat Cover Down and
Incinerating Chamber Opened, and Seat Cover Down amntkehating Chamber Closed (Left to
Right)(National Small Flows Clearinghouse, 2000)

Advantages

1 As a zep-discharge system, nitrogen will not be released into the groundwater.
1 Since water is not needed for flushing, householtter consumption is reduced.
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1 Residents may be able to install a reduegze wastewater treatment and disposal
system, minimizing cés and disruption to the landscape.

Limitations

Care must be taken to minimize electrical hazards.

A power source is needed

The toilet cannot be used during the incinerating cycle.

Incinerding toiletsmust currently be used in conjunction with a graywateuse system
and wastewater treatment and disposal system in Hawaii

= =4 4 A

Maintenance includes regular cleaning and monitorfighe blower, mechanical parts, ash
collection pan, upper bowl, and odoemoving catalys{National Small Flows Clearinghouse,
2000)

8.3.Nano Membrane Toilet

In 2011, the Gate Foundation launched the Reinvent the Toilet Cingiée where
scientists, universities, and companies created new toilets that did not require a sewer system
to treat human waste. The various inventions were presented at an exposition in November
2018, and one of the promising candidates is the Nano Meama Toilet(Yu, 2018)

This toiletreportedly will operatewithout water or a power sourceAlthough it is not clear
how it will be self poweredWhen the toilet lid is clos® a rotating mechanism processes the
deposited wash ® I ayly2ai0NHzOGdzNBE YSYOoNIySéeé TAfGSNRE
The processed liquid can then be stored as reusable water in an underlying tank. It could be
reused at the household level washing or irrigation applications. Solids are \aéd to
separate through sedimentation and then burned via a combustor and converted into
electricity. More specifisteps are detailed in Figure AB2. The prototype is in progress and
field testing wil begin in 2019Yu, 208) (Perry, 2018) If testing is successful, approval will
need to be granted by the U.S. Environmental Protection Agency and HDOH prior to use in Maui
residential homes.
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FigureAP234 Nano Membrane ToilgiBill & Melinda Gates Foundation, Cranfield

Advantages

=

University, 2012)

As a zerdalischarge system, nitrogen will not be released into the groundwater.

Since water is not needed fllushing, household water consumption is reduced.

Residentgnay be able to install a reducesize wastewater treatment and disposal
system, minimizing costs and disruption to the landscape.

Limitations

T

The system is pending completion of a prototype, fielsting, and federal and state

approval.

Composting toiletsnust still be used in conjunction with a graywater reuse system and
wastewater treatment and disposal system.

9. Sewering

A sanitary sewer systemwonnected to a wastewater treatment plant @ alernative to
individual onsite wastewater treatment and disgal systems. Sanitary sewer systems are
broadly categorized as decentralized or centralized, and these are described further below.
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9.1. Decentralized Sewering

Groups of homes can be connected vialaster system like the one in Figure AB3 A
common areas designated as a satellite treatment facilityjost a common disposal system.
Typically, a cluster may have each residence on a septic tank, combine the effluent from those
septic tanks in @& equalization tank, and discharge to a common soil absampsystem.
Additional treatment may be included by a large, common aerobic treatment system or
denitrification system. A cluster could also have a single, large septic tank to collect each
housK 2 f RQa ¢ (Watdr Rédouic® Rdsearch Center and Engineering Solutions, Inc.,
2008)

Cluster Septic

Septic
= Tanks

Treatment and
Dispersal Components
Groundwater e
Well —

Drainfield

Wastewater
Wastewater Flow
Treatment in Soil

Groundwater

Bedrock

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

FigureAP235 Cluster SysterflUnited States Environmental Protection Agency, 2018)
Advantages

1 Contaminants are transferred from each residence tsimle treatmentand disposal
unit that can be more economical and better controlled and monitored.

1 If thetreatmentand/or disposal components include denitrificatidontal nitrogen
removal should be deast 50%.

9 Literature review has indicated that for total flows beten 5,000 and 15,000 gallons
per day, cluster systems are more economical than individual onsite systems.

Limitations
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Contaminants are placed in a single confined space, rather than dasyex area that
individual systems would use.

Caution must be taketo prevent groundwater from ponding under the cluster system.
Continuous monitoring must be performed using groundwater wells upstream and
downstream from the final disposal site.

Reguléions also require alternating absorption beds and reserving laadesjor

backup in case an absorption bed fails.

Regulations would require employment of a stditeensed operator to monitor and
maintain such systems.

9.2.Centralized Sewering

Decentralized ewering can b extended to centralized sewersFor this option, aakger
number of homes are connected by a more extensive sanitary sewer network. The combined
wastewater effluent is managed at @ntralized wastewater treatment plardas depicted in
Figue AP236.

Centralized
Wastewater
Treatment Plant

FigureAP236 Centralized SysterfD'Amato, 2016)

Advantages

T

Contaminants are transferred from each residence to a single treatment and disposal
unit that can be more economical and better controlled and monitored

Depending on the specific treatmecomponents at the wastewaterdatment plant

total nitrogen removal could reach 100%.

Limitations

T

Large collection systems are expensive to construct and maintain and may also involve
pump stations with associated poweosts.

Wastewatertreatment plants require higkevels ofcost power, labor, and

management.
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10. Point of UselTreatment

Instead of treating wastewater prior to dispersal into the ground, it is possible to continue
the status quo and furthecontaminate the underlying ground water. If that groundwater is
needed as a potablsupply, pointof-usetreatment can be implementedt the wellhead prior
G2 RAAGNROdzIAZ2Y & RNRAY{1AYy3 41 G§SN® ¢tKAa GNBI
Water Act to ensure quatly drinking water. The specific treatment processes requiredulb
include at least a process to remove nitrate such as ion exchange, a process to remove trace
organics such as activated carbon and a disinfection process such as chlorination. Regular
sampling/analysis/repomg as well as obtaining renewable permitewid be required. State
certified oparators wouldl be needed. The costs of treatment would include construction and
operation and maintenance including chemicals, labor and electri€itis option woud not
meetAct 125, which requiresll cesspools to beeplaced.

Advantages

1 Expense of upgrading cesspools is avoided.
1 Drinking water quality remains protected.

Limitations

91 Does not meet Act 125 regulation. Cesspools will still need to be replaced or upgraded.
1 Doesnot prevent nitrate contamination in groundater.
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Appendix lll: Stakeholder Workshop Groupiés (transcribed and un
edited)

March 12, 2019
Upcountry Cegsool Stakeholder meeting/G

Look into factor of chlorination (chloramines?) l@agito nitrates in groundwater
Phone group:

91 Sina Pruder

T {SIy hQYSS¥S
1 Joanna Seto

1 Lorrin Pang

Bookends

What is a good option for the cost alternative (lowest cost)

- A

Stayawayfry¥y G KS aaz2vyS2yS StaS LI eAaydé¢ A0Syl NR2a
{SIYY ¢S R2y Qi KI@S b AyT2

1 Theoptions document sent out was helpful to understand the different technologies
F gFAflof ST o6dzi GKSNB gl a y2 02adGd AyF2T GKS
they are l&king cost info

1 Important information is lacking in order to be able to adskdhe cost objective

1 Cost estimates are challenging, from engineering standpoint, without details of each
given case

T wtky3aS yR | @SN 3S ¢g2dz R 0 ®stsiwvil beldifatentTrons K I (G Q&
Oahu

52y Qi gkyd (2 2dzal etbadfieapakiS buckedy nidterdals Will fal2 dzf R
run risk of collapse with pumping

Septic and leach field might be the cheapest; the question is whether this is the solution?
1 Greatto keep in mind for future exercise on comparing across objectives

Isthis fair? Pineapple pollution example. Pineapple fields have pesticides and chemicals in
the soil that will last a very long time; not fair to future landowners, Nearby landowners,
downhill landowners
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1 We talk about how upcountry drinking water is not frahe aquifer; it comes from
elsewhere (east Maui); 1 solution regarding fairness = bring in water for the downhill
people. Bring in water for the people that have alregubjluted waterfrom the
plantations.
T CHANYySaay LRff dziAy3 oHuR idaffaRts pedpe NOWRNEL.S Ay QG | F

/| SNI Ayt ez gaBdmerd i ihe soil; that impats future; takes 25 years to
get to the aquifer.

1 Want to protect; avoid expense, avdigrther polluting

Source reduction options? Separating N in wastewaseurce separation toilets; urine is
where majority of the nitrogen in wastewater comes from.

1 Where does it go?
Current Tax credit incentive has limitations:

9 pmnInnn Y| E thBRIGasyoQdisysem &S NJ

1 Max # of available creditstatewide limit covers barely a fraction of cesspools in
upcountry alone.

1 Option that could make $ easier to bear: no / low interest loan programs

1 How does cost compare to sewer fees? Over lifetime, thigrcost could be similar to
sewage fees; what woulB0 years of sewage fees look like?

Clean Water Act loan programs; could be an underutilized source of financial assistance
Need a support system to implement upgrades
Composting toilets are cheaper; 1@¥st of septic system

1 Could be attractive to fundersyho may be more inclined to subsidize cheaper options
AT GKSB@QNB 2dzaid a STFAOASY

f LaaddzSa G2 O2yaAARSNY 3N} &gl GSNI NB3Idz I GA2yax
GKSANI ¢ aidSe

Thinking outside théox¢ graywater N from soaps

1 Soap regulations?
1 Keepimg your waste on your land, instead of it going elsewhere

G!d €SFHad @2dzNJ aGdzZFF Aa 2y @2dzNJ f | yRE
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Everybody wins
Presby system reduces N; meets NSF 40, maybe even 2457 (50% N redxn)

T R2y Qi ¢ | y énarfcé\(Adchaiidalpafts, pumping every few years)
1 Warts something with low maintenance
1 System that reduces volume of wastewater (smaller system, keep costs low, divert other
water)
o Could drastically reduce volume to be treated
1 Considerations:
o Change in @Bnates / regulations: Estimates are still based o0 &al / bedroom
1 Roger: still have to have a leach field for Presby system

Focusing on high density areas

1 Composting toilet considerations: pathogens in hagnsity areas (Haiti example;
LIS 2 LI S contposthy fOll)

Funding
Need to consider thérue valueof a system; could be delayed; slow return on investment

1 Beneficiary of true value could be 40 years down the line; should be willing to pay for
investment
1 Willingness to pay: other costs (cuttingo ag production, etc)

Timelines! Must consider the timeline of benefits and costs

Somebody has to give $ up front; County has to be willing to go in and pay for it (in
discussion of decentralized systems)

Connecting to decentralized system would requestablishing easement
Needto find vacant area to put system in; need 100%-buy

/| 2ya0NHzOGA2y (2 O2yySOG G2 aeaidsSy O20SNBR 0:
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Notes¢ Kula workshop
3/12/19 Group: Kirsten
Minimize cost

- ONE:
- Get chloramines out of drimkg water if goroblem
o Issues identified: may be really expensive to fix? May not be cost effective
compared to other options
- Need to really understand what the N source &eneed a study
- RISK: depends on the outcome of the studies whether this minimsdes
- EQUITY: if major issue, will spread cost across larger population inexpensively
- TWO:
- Fix the worst offending cesspools
- Improve the standards and maintenance of existing
o This would require getting rid of the 2050 ban
- RISK: somewhat
- EQUITY: fixers pagp ohers are happy unless you spread the cost across the entire
community somehow
- THREE:
- Change the law banning cesspools (extend past 2050), only ban for new
homes/buildings
- RISK: Poor, maintains status quo
- EQUITY: great now, but pushes onto future gatiens.
- FOUR:
- Innovative technology; solgrowered; fits into the cesspool hole so it fixes the hole
l b5 R2Say Qi RA3I dzLJ 4KS &I NRO®
- RISK: good as central treatment if tech works
- EQUITY: everybody pays themselves
- FEIVE:
- community facilities district (tax fgsublic infrastructure)c use park or community
center area for treatment
- RISK: Good
- EQUITY: shared with everyone across the tax district; tax shows up on real property bill
- Issue: requires law/regulatiogh & G KA & NBFff& aLldzotfAO AYTFNI &

Minimize rik to aquifer

- ONE: Build wastewater treatment plant (centralized in upcountry Maui)
0 Issues with level of treatment? What would happen with discharge? Reuse?
o EQUITY: everyone in county would pay through taxes
o0 COST: very expensive
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- TWO: Ban cattléarming
o Issues: note VERY controversial, said mainly as a hypothetical bo&egadted
as an option for inclusioMNOT included.
- THREE:
- Fix chloramine, if needed
- Gauge for nitrogen at the household level to find worst offenders; find lava tubes
Maximizeequity and fairness

- Share the cost across all users of the aquifer not just the polluters
- Have feds pay for it (EPA?)

- Increase the credit available

WINS

- Get chloramines out of the drinking water, if they are an issue. Study the impact and
figure out costeffectiveness

- Innovative technology within cesspool?, at household level

FUNDING

- Pukalani WWTP model at Kula: serves the high density communities (Kula, Haiku, Olina,
Haliimaile). Costs would be for construction of pipelines and o and m. construction
coud be fnanced via a civil improvement district. Maybe we can get the water pipes at
the same time! This would be a huge incentive! Developers should pay for the pipelines.
Maybe put the pipelines in the gulches, but watch out for flooding. Put the WWWA do
where there is enough solar energy to run it. Then for the households NOT connected,
the state/county should pay x%.

Final thoughts:

- Find common solutiong hui up households to achieve some economies of scale
- We may need regulatory change to allow lseholdsto collectively treat waste
together (cross property lines)

Kula (312-19) Meeting Notes: MB

Overall minimum cost
Minimum cost alternative

What is the lowest cost option?
Somebody else pays?

Private investment?

State-> Maui
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LJI

Fed-> State
Lorrin:

Would like to see the cost to society overall firstthen depending on that partition who
eax

Janna:

Meg: regulatory = cheap?

bSg O2YLIRadAy3a G2AaftSiax K

Sean: Document listed all the technologies was Wetpful ¢ send same with cost.

Kind of let with replacing a cesspool with the cheapest unit feasible for each TMK? [that

g2y Qi FILAf YR SYyR dzLJ ySSRAYy 3 NBLX I OAy3 aidNT

Cost SOOO important to maw the scope

RogerA how much is a

l +9w! DOHHH ! LILISNk [26SNk 2KIGQa tA]1Ste Ay

Plastictg { & F2 NJ P wmp ngvalue ded lifdiakdSisk@f failurefate Anfportant too
Sina (wastewater branch)

In Upcountry Maui, there is a lot of soil from theound to where the aquifer is at?

Sina is looking at the alternatives and thinking that septleach = most economic ?
Would that be a solution though?

There are 7000 cesspools => would centralized management be cheaper?

Canwe RANK>makeashoppy 3 f Aa0K LOQA y20 Fa aiayYLx s

Could we weight based on what we thinking is contuting to risk?
ALTERNATIVE: FOCUS ON DENSITY!!!!

Whether it is being used is IRRELEVANT

I FyQil 2dzad LIRffdziS GKS 3INPgeyiR¥EONG2NI 6 SO dz

In lower areas, water is already ploited because of pesticide.
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IS IT FAIR?
Put aside lhe amines?
[ SGQa aleée GKS 0O0SaalkRz2fa INB LRffdziAyd R24YyK;

Upcountry water is brought in from East Mawt not crapping in own water?> but
influencing downhill.

. NAyYy3IAYy3 61 GSNK k 52y Q0 RN &itWorks forpeédielsi G KS
0 R2SayQi KStLI gA0K bAFISNNEST/Qly 50 2335 &22Fdz eSSzt (iRY
ae G2 GNBFG LAYSFLILIES LISEAGAOARSax®

Joanna:

5hbQ¢ gl yld G2 1565

DO want to PROTECT, DO want to AVOID expense
Possible reduction in volume of groundwatgfair for future?
OUT of the BOX> SINA?

Looking at the sources?

KK Aa LINRolofe | oA3 O2yiGNAOdzi2NK { 2dz2NDOS NB
the wastewater. Wastewater treatment plant?

SOURCE SEPARATION: Urine Separating Toilets!!! §/096 o Urine)

C Question re: what we dawith it?

The only current program for helping to fund is the tax credit program
Because priority one, everyone in Upcountry qualifies!!

Tax credi for the WHOLE amount? (10,000 is undbe cost)

There is also a cap on the total amount:

C Only 2500 cesspools that could be closedthis is way not enough
C Low or no interest loan program!! (like the solar panels in 0z)
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(0]

(0]

If you could pay back the loaan a 25000 septic tank installation ov&5 years,
its similar to a monthly sewer bill with a base charge + gallon charge
l SN} 3S cnn3i k RI&X

Environmental loan programs?

Clean water state revolving fund loans program.

L a

@ ATl 0fS FT2NJ LINPOARAY3I 26 AYyidSNS

do broad scale for loads of homeowners

What about a water loans program? Needs a suppod financial support

system.

Drinking water-> 15% set aside for local projects, has been used in the past
in places where wells are> Joanna is open to ideas, but needs to know

priorities.

Cost2 G KSNJ GKIYy PbP K hiKSNJ O2yaARSNI .

Cost reduction: SERIOUS LOOK AT COMPOSTING TOILETS/ WATERLESS

Grey water management?!! Outside thigox!!! So good!!
Could be the best!

Would need tochange the grey water rules!
Composting toilets need work?

Maintenance cost?

Auditing and monitoring needs and requirements

Health risks, and infectious diseases, especially in high density areas
Lorrin has read a bunch of info about Haiti

Berkley has anicrochip

SOURCES!!

C

C

C

C
0o
0o
0
0
0
0o

wL{YY tlIGdK23Sya 6SNBE NBO2NRSR SilLX

C Main N in grey water are shampoos and stuff
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o What about a shampoo regulation?
o0 Your stuff goes on your lanqinstead of elsewhere.
o Send laundry to the plants

Sina:

Likes systems that are PASSK/Eresby system?
Equivalent to NSF40

Low cost for O&M??

Divert laundry away fromindividual wastewater-> only put water from
kitchen (black water) and toilet. Size system smalleuld reduce costs by a lot!!!
Reducing the flow by 50% could reduce the cost.

Department is open to evaluating the regulations for system sizes?

Programs care about cosffectiveness

The true valudor all of society? Are we getting aheael more clean water is
good

When do you get the clean water takes 30 years> slow return
-> TRUE VALUE
TIMEINES FOR COSTS AND BENEFITS ARE IMPORTANT
AND/OR Willingness to pay,JNB2 A RAY 3 A0Q& (KS OKSI LIS
Pretty

525ay Qi avyStft oFRO®

[ 2304 20KSNJ GKIFY PbP K hiKSNJ O2y&ARS
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TREES FOOD
SMELL
SPACE
PRODUCTION

MB: suggested to the group that land footprint could be documented as a cost
in the strategyevaluation.

LOW COST LOANS ARE GOOD?

Photovoltaics?

DEENTRALISERQ?Zan ¢ but needs land easement and everyone has to be
onboard. Would work if aanty did it because they can require everyone to tie in.
Hard if a private company did.

In big island, the county put in a sewer line, and the properties in tine of
contribution received funds to make that connection from the drinking water.

SEWER?> cost only, permanent commitment. Maintaining it is really
expensive. Lifetime of sewer fees.

LOGISTICALLY CHANGING?
At the end:

Dick Mayer suggested that some common solutions might reduce Gasts
a 4 home treatment system, that can go across boundaries.

It was noted that to residents, some objectives are more important than
others¢ how will we decidéintegrate the information. We will be able to say for
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this goal, Alt X is better than AY, for this goal XXX is true. KO explained that
aAYyOS OKIFIG A& + y2NXIFGAGS OFftdzSs AdQa vy

Sharing:

| noted that KOgroup wanted to know the impact of Nitrates from
chloramines and whether switching to sorhetg more expensive would drop the
N in the system.

GaLIQa y20G thbh G2 L}t fdziSé

KO group also suggested something like community centralized systems in
high densityareas, with a focus on innovative low tech, low power solutions. They
liked the idea of solgpanel = balance.

AF group wanted to know about regulatory reform. Wanted a focus on
contributors. Also | had a note about risk mapping re: N from leachfieldaich
h{5{k¢aY o6FaSR 2y RSLIGKX 38z €t @I {dzm

Notes¢ Kula workshop

3/12/19

Graup: Phone In (Whitney)

Bookends

What is a good option for the cost alternative (lowest cost)?

52Ay3 y20KAy 3 OKSI LIS gioandwatdzibecahseyt Might (@ deeded L2 £ €
¢cLiQa y2G thbho Ly 2SN I NSI a Eticide,bit&wh so,d | £ NJ
want to protect; avoid expense, avoid further polluting, not add.

Possible reduction in volume of groundwatewhat is neeled/fair for future?

52y Qi ¢tyld G2 2dzadG o0dz2 GKS OKSILISadT ,02dz R
run risk of collapse with pumping
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Septic and leach field might be the cheapest; but likely not a solution to the contamination.

There are 700@esspools => would centralized management be cheaper? Especially in high
density areas?

NAY IAYy I ddrle $ TG4t the wdie? (Fcivated carbor it works for pesticides,
0dzi R2SayQi KSfLI 6A0K bAIGNRISYRBERY Sz 142Idzf R
easy to treat pineapple pesticides with a filter, but not the Nitrogen.

Alternative to see if it makes any difference:

wSLX | OS O0S&aalkR2f gAGK GKS OKSIFLISad dzyAd TSt
needing replacing straigt away.

Alternative: Focus on High Density areas

Either sewer or decentralized systems in high density aresjnitely for new
developments, and something simple, like the Presby system in other sites.

Barriers:
Connecting to decentralized system wouéquire establishing easement
Need to find vacant area to put system in; need 100%ihuy

Would work if coaty or coordinated it because they can require everyone to tie in. Hard if
a private company did it. lif the community all asked for it, thenybgasome public land
easement could be used for the site.

Somebody has to give $ up front; County has to dengito go in and pay for it.

Sewer connection costs $: On big island, the county put in a sewer line, and the properties
in the zone of conthution received funds to make the connection.

SEWER?2 permanent commitment. Maintaining it is expensive. tirfie of sewer fees.

Alternative - Everybody wins: Low Maintenance
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Something like e.g. th@resby systent Low Maintenance, reduces N; meets NSF 40,
maybe even 2457 (50% N redxn)

1 Low maintenance. Mecltmcal parts, pumping every few years increase costs and
reduce compliance.

1 System that reduces volume of wastewater (smaller system, keep lowsgtslivert other
water)

1 Could drastically reduce volume to be treated. Reducing flow by 50% could reduce the
cost.
1 Considerations:
o Change in estimates / regulations: Estimates are still based on 200 gal / bedroom

o Leach field still required for Presby system

High Density Alternativewas again suggested, could include highly effective system
upgrades as a tweak

Alternative - hdziT 2F GKS . 2EY 2KIFG AF ¢S aSLI NI GSR

wastewater?
SERIOUS IaIX AT COMPOSTING TOILETS/ WATERLESS SOURCES

C Barrier: Grey water management
o0 Would need to change the grey water rules
o Regulation wise, you would still e¢ an overflow leach field for the grey water
F2N) g KSy GKS g1 GSN) AayQi dzaSR
C Barrier:
o Composting toilet need work?
0 Maintenance cost?
o Auditing and monitoring needs and requirements
o RISK: Health risks, and infectious diseases, especially in high deeagy
especially if management required.
C Barrier:
0 Sociaka2YS LIS2LX S R2yQi fA1S GKS
C Main N in grey water are shampoos and stuff
o0 What about a shampoo regulation?
0 Your stuff goes on your larginstead of elsewhere.
0 Send laundry to plants?
C SOURCE SEPARATION: Urine Separating Toilets is another option (70% of N is in Urine)

ax
<
u»
w»

FUNDING

Current Tax credit incentive has limitations:
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T pmnIsnnn YIFIE R2SayQi O2&kdfolvih8e amdant? O2 & i

1 Max # of available credits; statevadimit covers barely a fraction of cesspools in
upcountry aloneOnly 2500 cesspools that cdube closed (7000 in UC Maui)

1 Option that could make $ easier to bear: no / low interest loan programs

0 How does cost compare to sewer fees? Over lifetime, Mgntbkt could be
similar to sewage fees; what would 20 years of sewage fees lookflike@
could pay back the loan on a 25000 septic tank installation over 25 years, its
similar to a monthly sewer bill with a base charge + gallon charge

Clean Water Acloan programs; could be an underutilized source of financial assistance,
but it doesRi KI @S (GKS O LJ OAGe& TF2N) @N& laReae t S
institution, and bringing one in (e.g. a bank has high costs).

Drinking water fund has 15% of thetal amount can be used for local projects, and has
been used in the past in placeghere wells are, but priority locations need to be identified
before this could be available in UC Maui.

Need to consider thé&rue valueof a system; could be delayedpw return on investment

1 Beneficiary of true value could be 40 years down the liheukd be willing to pay for
investment
1 Willingness to pay: other costs (cutting into ag production, etc)

Timelines! Must consider the timeline of benefits and costs
Additional Notes:

Timelines for costs and benefits important, and/or willingness to pagyiging cost
effective.For instance;- 30 year delay on clean water, = slow return

Costs other than $$ to consider:
TREES FOOD

SMELL

SPACE

PRODUCTION

C Maybe landfootprint could be documented as a cost ?
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Appendix V: Groundwater model

Groundwater and Transport Modeling

The purpose of the numerical groundwater flow and transport modeling was to test
various cesspool conversion alternatives. The groundwater flowlemnthat was used is the
USGS groundwater modeling code MODFLOW 2005,teamational standard for simulating
groundwater flow. The model is represented by a grid of cells in three dimensions, and
groundwater flow is calculated as water movement basedymyundwater flow paths between
adjacent cells. A modular thredimensionaimulti-species transport model, MT3DMS, was used
to simulate movement of nitrogen due to groundwater floMT3DMS uses the flow solution
from MODFLOW to simulate the movement of dised contaminants in groundwateZkieng
and Wang 1999 and 20)1.2This modkng code is capable of simulating dissolved contaminant
movement by advectionttje movement with groundwater flow), diffusion (the movement of
contamination due to a concentrationgradient), and dispersion (the spreading of
contamination due to multipleléw paths of differing characteristics in the aquifer). MT3DMS
also simulate the reductionin dissolved contaminant mass due to processes such as decay or
transformation and sorpon (attachment) to the aquifer matrixzbeng and Wang 1999 and
2012.

¢tKS Y2RStf FTNRY (KS a! LJO2dzyiNE al dzA DNRdzy RS |
| I 6 A Asedasgthedbasdor this project, with update®ased on new data and community
feedbackdescribed below. Overall, data in this model were drawn from Commission on Water
Resources Management (CWRM) well and pumping records, previous Source Water
AssessmenProgram (SWAP) and onsite sewage disposal system (OSDS) models of east Maui
(Whittier et al., 2004; and Whittier and Hladi, 2014), the USGS groundwater flow model of
central and west Maui (Gingerich, 2008) and various GIS coverages from the Statdh&i& we
(http://planning.hawaii.gov/gis/downloaehisdata/). Selected assumptions and components of
the model are included in subsequent sections.

Updates to 2018 Groundwater Model

To improveagreement between model results and field sampling results, and in response
to UpcountryMaui community concerns, the following updates have been made to the 2018
groundwater model:

w Added the Haiilimaile Wastewater Treatment Plant infiltration pon28 fg/L) and
Pukalani Wastewater Treatment Plant infiltration beds (10 mg/L) as additiomafert
sources.

w Increased former pineapple nitrogen source from 1.5 mg/L to 2.5 mg/L to better match
the measured groundwater nitrogen values.
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Decreased Pukalani Golb@se recycled water source from 7.0 mg/L to 3.0 mg/L,
based on data provided by the Pudmai Golf Course and Pukalani Wastewater
Treatment Plant (WWTP).

Added nitrogen source from golf courses without recycled water application (1.5 mg/L).
Increased natually occurring nitrogen in soil from 0.3 mg/L to 0.5 mg/L.

The resolution of the rechargeverage was revised so the largest recharge polygon no
larger than a square 300 m on each side. In many cases, the squaredsided
where there is a transitioto difference N source types.

Updated the groundwater recharge to reflect the latest a@lakeleased by the USGS
(Johnson 2016).

Based on a literature review, the percentages of nitrogen removal rates of OSDS Classes
| (any system receiving soil treatmentl),(septic tank to seepage pit), and Ill (aerobic
treatment unit to seepage pit) havesal been revised: Class | has a removal rate of
47%, Class Il has a removal rate of 10%, and Class lll has a removal rate of 20%.

Nutrient transport modeling

The distribution of nitrate in groundwater was simulated using the transport code
MT3DMS (Zheng & &vig, 1999; and Zheng, 201The various forms of nitrogen in wastewater
are converted to nitrate in the upper layers of the soil by aerobic nitrification, resulting i

nitrate as the stable end species, as showifrigure AP4L. Nitrate remains the stabléorm of

nitrogen under oxidizing conditions, as it is travels vertically through the vadose zone to

groundwater, and then follows groundwater paths to the receivimglyp of water. Therefore,
the transport model focuses on simulating nitrate. The model aB® run with a 5ear
simulation to allow nitrate to reach steaehjate.

Decay of organic
matter,
Wastewater, and
animal wastes

ki

Organic Nitrogen |

( » Ammonium
' (NHy)
Mineralization
Microbial transformation of
organic nitrogen,
or fertilizer ammonium

VA

N

Nitrate mam V>
(NO»y)
Nitrification
Microbial transformation
of Ammonium
when oxygen is present

Diagram modified from WERF (2009a) Figure 2-1

FigureAP41 Chemical transformation of organic nitrogen

The primary sources of nitrate modeled are listed belodP41 lists the source
concentrations used for the model and thasis for the values selectebigures AP2, AP43,
and AP4 illustrate the locations bthe various sources.

1 Legacy fertilizer leached from former sugar cane and pineapple cultivation
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Onsite sewage disposal leachate
Application of recycled wastewater Rukalani Golf Course
Fertilizer at golf courses not using recycled wastewater

Leachate from Haiilimaile Wastewater Treatment Plant infiltration ponds and Pukalani

Wastewater Treatment Planmfiltration bed
1 Natural/background levels (including ranchlands)

FINAL Report

TableAP41: Nitrate Sources and Basis for Modeled Concentrations (mg/L)

Nitrogen Source

Nitrogen
Concentration
(mg/L)

Basis

OSDS

Effluent rate assumed 70
gal/day/person, 1.5 persons per
bedroom (USEPA 2002).

Cesspool (Class 1V)

87

Based on householeffluent
concentrations (WERF 2007).

Septic to Seepage Pit (Class Il)

58

Assumes 33% nitrogen removal rate
septic tank (WERF 2009).

Septic to Soil Treatment (Class

34

Assumes 41% nitrogen removal rate
soil (Tasato and Dugan 1980)

HistoricalPineapple

2.5

Calibrated to simulate concentrations
in wells located in onear former
pineapple fields.

Historical Sugar Cane

5.0

Calibrated to concentrations in
groundwater beneath former sugar
cane fields as indicated by
concentrations in Consolidated
Maintenance Base Yard Wells.

PukalaniGolf Course Recycle Wateg

3.0

Accounts for golf course fertilizer ang
additional nitrogen in recycled water.
Includes application and leaching da
from golf course.

Golf Course (recycled water not
applied)

15

Accounts for golf courseertilizer and
assumptions for application and
leaching rates.

Haliimaile Wastewater Treatment
Plant infiltration ponds

29

Based onnfiltration rate andcesspool
level of treatment.

PukalaniWastewater Treatment
Plantinfiltration bed

10

Based on nitrate test results of efflug
from Pukalani Wastewater Treatmen
Plant.

Natural/Background (including

0.5

Approximate average value for wells
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ranchlands)

for groundwater with no
anthropogenic influence.

[ Priority One Area - 0SDS
N Districts (Upcountry and North Maui)
[] Model Domain

FigureAP42. Groundwater modetlomainandlocations of OSDSs
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[ Priority One Area
[ | Districts (Upcountry and North Maui)

Historical Pineapple

istorical Sugar Cane

FigureAP43. Groundwater model domain and locations of historical pineapple, historical sugar cane,
PukalaniGolf Course, golf courses (without application of recycled water), and naiitnate sources
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Figure AP44. Groundwater model domain and locations of Haliimaile and Pukalani wastewater
treatment infiltration ponds and bed
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Appendix V- Areas with greater than 5 and 10 Milligrams per Liter
(ma/L) Nitrate Concentrations for each Alternative

[ Priority One Area Existing Nitrate Conc. (mg/L)

-

[ | Districts (Upcountry, North Maui)
[ | Model Domain e
5-10

I > 10

Figure APH.. Exishg Nitrate Concentrations of Base Model
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| Priority One Area Alt. 1 Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui)

<5

=10

[ | Model Domain

5 mi

N 0 5km

Figure AP2. Nitrate Concentrations of Alternative Cesspools Upgrade ®eptic Tank tc
Absorption System and Alternative @esspools Upgrade ®eptic Tank to Recirculating Sa
Filter to Seepage Pit. Thesesults are equal because tax map keys (MKe®re absorption
systems are not feasible, seepage pits are allowed. TMKs where absorption systel
feasible, seepage pits are not allowed.
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[ prority OneArea Alt. 2 Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui) : -
| Model Domain |

0 Smi
N 0 5km

Figure APB. Nitrate Concentrations of Alternative 2: CessigdJpgrade to Septic Tank @pnstructed
Wetland
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[ riority One Area Alt. 3 Nitrate Conc. (mg/L)
[ | Districts (Upcountry, North Maui) B
| Model Domain E <5
5-10
o

0 5mi
e
N 0 5km

Figure APEL. Nitrate Concentrations of Alternative @esspools Upgrade ®eptic Tank tc
Recirculating Sand Filter to Drip Irrigation
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Priority One Area Alt. 4B Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui) _
| Model Domain 5 o
5-10
| B

e

) 5 mi
=
N 0 5km

Figure AP%a. Nitrate Concentrations of Alternative 4B: CesdpdJpgrade to Septic Tar
to Seepage Pit with calibrated loading (1.5 persons/BR and 70 gal/person)
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] Priority One Area _ Alt. 4B (High Loading) Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui) ) A
[ |Model Domain <5
[ _]5-10
-0

o

- -
-

> M
e e SO

N 0 5km

Figure AP5%b. Nitrate Concentrations of Alternative 4B_HI: Cesspools Upgrade to ¢
Tank to Seepage Pit with higher loading (2 persons/BR and lpergah)
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Priority OneArea Alt. 4B (Low Loading) Nitrate Conc. (mgl/L)
Districts (Up'counﬁxi:.Nor(bM'aﬁi); : o N :
[ |Model Domain '

N ' 0 5km

Figure AP5%c. Nitrate Concentrations of Alternative 4B_LO: Cesspools Upgrade to ¢
Tank to Seepage Pit with lower loading (1 persons/BR and 70 gal/person)
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! P"O"‘Y OneArea Alt. 4B (Census-Based Loading) Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui) ‘ )
[ | Model Domain <5
[_15-10

N 0 5 km

Figure AP5%d. Nitrate Concentrations of Alternative 4B_Census: Cesspools Uptpe
Septic Tank t&eepage Pit with 2010 Censssed loading (1 persons/BR and 70 gal/person
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[prorty oneaea - Alt.5 Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui) E |
| Model Domain '

N ' 0 5km

Figure AP%. Nitrate Concentrations of Alternative 5: Cesspools Upgrade to Septic Te
Eliminite to Absorption System
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[Jpriority OneArea Alt. 6 Nitrate Conc. (mg/L)
Districts (_U;ieoﬁnt[}{,li North M"alfli) B '

| Model Domain ' <5
[_]5-10

Ry

) 5mi
I—]f
, . I !

N 0 5km

Figure APY. Nitrate Concentrations of Alternative 6: Cesspools Upgrade to Septic T
Preshy
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e iugone s 0 Alt. 7 Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui) g i
[ |Model Domain ' <5
1 5-10
i >10

- # -
< A ) B

Smi

N ‘ 0 5km

Figure APB. Nitrate Concentrations of Alternative 7: Cesspools Upgrade to Septic Te
NITREX to Absorption System
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| Pronty One Area , Alt. 8 Nitrate Conc. (mg/L)
Districts (_Upcoﬁr‘ltr_)(,ﬁ North M'atii) N N :
[ | Model Domain ' ="""5
5- 10
=10

S5mi

N ' 0 5km

Figure AP®. Nitrate Concentrgons of Alternative 8: Cesspools Upgrade to Septic Tar
Recirculating Gravel Filter System to Absorption System
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[prioriy oneArea Alt. 9 Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui) e ’ ‘
[ Model Domain ‘

N ‘ 0 5km

Figure APA.0. Nitrate Concentrations of Alternative 9: Cesspools Upgrade to Septic
to "Layer Cake"
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| oty One Area ) Alt. 10 Nitrate Conc. (mg/L)
Districts (Upcountry, North Maui) ) :
[ | Model Domain ' <5
5-10

- ¥ v
PRL e L b

N 0 5km

Figure APA.1. Nitrate Conentrations of Alternative 10: Cesspools Upgrade to Septic -
to Lined/Sequence Nitrification/Denitrification Biofilter
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[ Priority One Area Alt. 11 Nitrate Conc. (mg/L)
[ Districts (Upcountry, North Maui) ,,
N [ | Model Domain <5

[ ]5-10
-0

0 5km

Figure APH2. Nitrate Concentrations of Alternative 11: Cesspools Upgrade to Ae
TreatmentUnit-Nitrification to Absorption Sstem
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\ [_] Priority One Area
[ | Districts (Upcountry, North Maui)
N | | Model Domain

Alt. 12, 16, and 17 Nitrate Conc. (mg/L)
[ <5

. ]5-10
I > 10

5 mi

0 5km

Figure APH3. Nitrate Concentrations of Alternative 12: Cesspools Upgrade to Ae
Treatment UnitNitrification/Denitrification to Absorption System, Alternative 16: Cesspi
Upgrade to Aerobic Treatment Usititrification/Denitrification to Dsinfection to Seepage Pi
and Alternative 17: Cesspools Upgrade to Septic Tank to Passive Florida Units (mec
ground). Alternatives 12 and 17 are equal because the nitrate reductions and feas
constraints fo Aerobic Treatment UniNitrification/Denitrification and passive Florida uni
(medium, in ground) are the same. Alternatives 12 and 16 are the same because TMKzs
absorption systems are not feasible, seepage pits are allowed; and TMKs where alms
systems are feasible, seepagésmre not allowed.
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Figure APH4. Nitrate Concentrations of Alternative 13: Cesspools Upgrade to Ae
Treatment UnitNitrification to Constructed Wetland
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