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Why this track 1s important

-Alaska 1s leading the way to a new
form of water reuse

- This is not a challenge to be won but a
challenge to be overcome together




This Track’s Agenda




Reuse Regulations and
Challenge of
Regulating On-site Systems

Guy Carpenter, PE
Vice President
Carollo Engineers



There is not a national regulation for
Water Reuse

* In the gap between CWA
and SDWA

* All water is recycled
— De facto
— Intentional

» Regulations tend to be for
centralized systems

Graphic credit:
www. healthywaterways.org
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Traditional centralized types of Water Reuse

Non-Potable Reuse (NPR) or
- - “Direct Reuse” (Purple Pipe)

“‘De Facto”
Potable Reuse
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Reuse Regulations Driven by Local Water
Rights and Water Quality Rules

* Prior Appropriation

* Riparian Rights

- Case Law

- Management of Aquifers (Quality & Quantity)

* Potable Reuse Regulations Based on SDWA Risks

— No greater than 1 per 10,000 persons exposed
annually

— 70 kg person drinking 2 liters/day
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Decentralized Reuse is Gaining Ground
Nationwide

» Greywater Ordinances
* Non-Potable Water Ordinances (SFPUC)

* NSF 350 and 350-1: Onsite Residential and
Commercial Reuse Systems

* But, no Greywater to Potable Water

* Biggest challenge for potable is assurance of water
quality



Status of Greywater Regulations
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SFPUC Non-Potable Water Ordinance

« Developed in context of
watershed management

* On-site vs. centralized

capacity San Francisco

Water

* Integrated across
departments

« Supported by Guidance
Manual

* Clear, concise on-line Services of the San Francisco
information Public Utilities Commission

+ Mandated implementation for
all buildings 250,000 square
feet and larger

10



SFPUC Non-Potable Water Ordinance
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SFPUC Non-Potable Water Ordinance

« Sources cannot include
dishwasher or kitchen sinks.

* None of recycled water would
come into direct contact with
people

— Toilet & urinal flushing
— Landscape irrigation

« Can't be used for washing
food or clothing

* Doesn’t do rural Alaska much
good.

12



NSF/ANSI 350 Only Goes So Far

* Very onerous process to
get certified

« Sources cannot include
dishwashers or kitchen
sinks

* Limited on-site uses
— Urinal & toilet flushing
— Landscape irrigation

* Doesn'’t do rural Alaska
much good

13



Why don’t we just do what NASA does,
and drink our own recycled urine?



So what principles can we apply for on-
site systems in rural Alaska?

* Exposure risk assessments

— Centralized systems: cancer and gastrointestinal
pathogens

— Decentralized systems: Same, but also skin maladies
* Low complexity / loosely coupled systems
* Risk mitigation

— Redundant treatment

— Real time monitoring

— Storage & re-processing of off-spec water

— Homeowner basic training & best practices
— System testing program (like backflow prevention)

15
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Questions/Discussion?

Guy Carpenter
gcarpenter@carollo.com
602-689-2678
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Applying Small Systems and
Premise Plumbing Knowledge to
Household Reuse

Chad Seidel, Ph.D., P.E.
Vice President, Corona Environmental Consulting, LLC
Technical Director, DeRISK Center, Univ. of Colorado Boulder

AWWMA Session on In-Home Water Reuse

~ April 20, 2016
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Discussion Overview

* Current national dialog regarding...
— Small drinking water systems
— Premise plumbing

 How does this apply and where does it leave
us here in Alaska?



Small Drinking Water Systems

* Facts
 Compliance challenges

e Capacity development



EPA definitions

m EPA classifies water systems by:
Size (population served)
Source water

Characteristics of population served

“Improving the quality of life in rural communities™



Size

m From EPA’s web site

Very Small water systems serve 25-500 people
Small water systems serve 501-3,300 people
Medium water systems serve 3,301-10,000 people
Large water systems serve 10,001-100,000 people
Very Large water systems serve 100,001+ people

m The centers are focusing on community water
systems serving a population fewer than 10,000

“Improving the quality of life in rural communities™



Source water

m Ground water (GW)

m Surface water (SW)

m Ground water under the direct influence of
surface water (GWUDI)

“Improving the quality of life in rural communities™



Public Water Systems (PWS)

m \Water for human consumption

m Through pipes or other conveyances

m Atleast 15 service connections or 25 people
m Atleast 60 days a year

m There are over 150,000 PWSs In the US

m EPA has defined three types of public water
systems according to whether they serve the
same customers year-round or on an occasional
basis.

“Improving the quality of life in rural communities™



Community Water System
(CWS)

m A public water
system that
supplies water
to the same
population
year-round.

“Improving the quality of life in rural communities™



Non-Transient Non-Community
Water System (NTNCWS)

m A public water system that regularly supplies
water to at least 25 of the same people at least
six months per year, but not year-round.

m Some examples are
schools, factories, office
buildings, and hospitals
which have their own
water systems.

“Improving the quality of life in rural communities™



Transient Non-Community
Water System (TNCWS)

m A public water
system that
provides water in
a place such as a
gas station or
campground
where people do
not remain for long
periods of time.

“Improving the quality of life in rural communities™



Data from SDWIS 2013

AllPWS

Ground Water
Surface Water

CWsS
NTNCWS
TNCWS

Private

Local gov't
Federal Gov't
Native American
Public Private
State Gov't

Private
CWS
NTNCWS
TNCWS

<=100

79,881
53%

77,077

2,753

12,264
8,576
59,041

66,591
5,465
2,255

236
2,856
2478

10,326
7,142
49,123

101-500
41,814
28%
38,943
2,858

15,511
6,534
19,769

29,417
7,924
930
323
1,800
1,420

9,341
4,041
16,035

501-1,000 1,001-3,300 3,301-10,000

9,269
6%

7,942

1,326

5,524
1,636
2,109

3,748
4,336
168
129
408
480

1,962
723
1,463

9,574
6%

6,935

2,637

8,094
879
601

2,016
6,431
156
155
402
414

1,324
401
291

5,151
3%

2,890

2,260

4,920
137
94

620
4,088
98

66
133
146

519
72
29

Total small
systems
145,689

133,787
11,834

50,452
17,778
81,627

102,392
28,244
3,607
909
5,599
4,938

23,072
12,379
66,941

% of small
system
97%

92%
8%

35%
12%
56%

70%
19%
2%
1%
4%
3%

% of Private
23%
12%
65%

“Improving the quality of life in rural communities™



Size (SDWIS 2013)

m 97% (145,689) serve fewer than 10,000

m 949 serve fewer than 3,300

m 81% serve fewer than 500

m 53% (79,881) serve fewer than 100

“Improving the quality of life in rural communities™



Other characteristics

m 92% (133,787) use ground water
m 8% (11,834) use surface water or GWUDI

m 34% CWS
m 12% NTNCWS
m 54% TNCWS

m /0% Private (HOASs, camps, restaurants, etc.)

“Improving the quality of life in rural communities™



Does everyone have water
service in the U.S. ?

m RCAP’s 2004 Publication, based on the U.S.
2000 Census: Still Living Without the Basics

m 1.7 million people in the U.S. do not have indoor
plumbing!

“Improving the quality of life in rural communities™



“Improving the quality of life in rural communities™









Small vs. Large
What are the Characteristics?

___ smal | lage

Operations
Part-time or contract operator Many full-time staff
Low level of certification High level of certification
Treatment and distribution combined High degree of specialization

Reactive maintenance Preventive maintenance



Small vs. Large
What are the Characteristics?

____ smal | lage

Equipment

Maybe only disinfection Can be complex (filtration, etc.)
High capital cost per connection Low capital cost per connection
Manual sampling and monitoring Automated sampling and monitoring

Management
Board does other things, often volunteer  Board specific to the water utility
Minimal capital improvement plan Complex asset management program
Rates set by politics Rates set by analysis ... and politics

Others???



Compliance issues

“Improving the quality of life in rural communities™



Health- Based Violations

(All systems in SDWIS)
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Health Based Violations
PWS serving < 10,000
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TCR Violations by System Size

Population % M+R % MCL

violations | violations
<500 11% 4%
501-3,300 7% 3%
3,301-10,000 4% 4%
10,000- 3% 4%
100,000
>100,000 3% 1%

“Improving the quality of life in rural communities”



SDWIS Sanitary Survey Data

“Improving the quality of life in rural communities™



Significant deficiencies — Systems

serving <10,000 (SDWIS, 2013)
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Table of top deficiencies
by category

“Improving the quality of life in rural communities™



Capacity development

m Emphasis on managerial and financial strengths
of systems, as opposed to just technical

m Capacity assessment tools
m Training and technical assistance
m Facilities improvement

“Improving the quality of life in rural communities™



U.S. EPA Request for Assistance

Center’s mission to:

identify, develop, demonstrate and facilitate
widespread acceptance and applicability of
novel and innovative technologies and
approaches to measure or treat groups of
microbiological or chemical contaminants, or
their precursors;

apply novel new information technology systems;
and

improve the sustainability of small drinking water
systems.




% University of Colorado
Boulder

83560301

U.S. EPA STAR NATIONAL CENTERS FOR INNOVATION IN
SMALL DRINKING WATER SYSTEMS

Design of Risk Reducing, Innovative Implementable
Small System Knowledge (DeRISK) Center

http://www.colorado.edu/deriskcenter/

—t

e




DeRISK Center Approach

Through the utilization of a new cumulative risk
assessment methodology, the Relative Health
Indicator (RHI), we have identified
—two contaminant groups:
— pathogenic microorganisms — acute risk
— disinfection by-products (DBPs) — chronic risk
—one inorganic compound:
— nitrate — chronicrisk

which collectively pose the greatest risk to drinking
water consumers.



DeRISK Center Approach

Innovative technology selection criteria:

a)

b)
C)

their potential to provide quantifiable risk reduction
in these key contaminant groups

the lack of required chemical addition

the likelihood of being successfully implemented
and sustained by small systems



Project 1. Assessment and
Implementation

Goal

To develop, refine and disseminate a risk
reduction based strategy that will facilitate
improvementsin the effectiveness and
sustainability of small drinking water systems by
focusing on the implementation of innovative

water treatment technologies

Jim Malley, CoPI -
C
Chad Seidel, Co-Director @T o versty of olorado



Assessment and Implementation -
Activities

Develop and apply

1) arelativerisk-based index, RHI, to evaluate how treatment
decisionsimpact overall risk reduction and avoidance

2) a sustainabilityindexin orderto comprehensively evaluate
treatment technologies

3) a methodologyto evaluate systemsand technologies with
the purpose of determiningif an innovative technology is
feasible, appropriate and implementable fora specific small
system’s needs

4) a trainingdesign supporttool

Case study — utilize above assessmentapproach and implement
innovative polychromatic UV technologies

Evaluate a regional alliance strategy for very remote rural
communities




Project 2: Photon-based Treatment

Goal

To explore the applications of photochemical

processes, including both sunlight and engineered light
sources

Activities

evaluate shallow pretreatment basins for disinfection
efficiency and control of DBP formation

field-test a small-system sized UV - LED disinfection
module containing UV - LEDs of varying wavelengths
evaluate photocatalytic reduction of nitrate in IX brines
evaluate an innovative UV-membrane hybrid process

Prof. Karl Linden, Co-PI @]’ University of Colorado

Boulder



Photon-based Treatment - Activities

Evaluate an innovative UV-membrane hybrid process

Approach

* Using a prototype parallel flat ceramic membrane UV
system compare low pressure UV and vacuum UV at
varied cross flow rates (1-5 m/s), UV fluxes at
membrane surface (pathlength 1.5—-3 cm), and UV
transmittance (0.05 — 0.5 cm-1) in the presence of
reactive solutes

* Applyin field

Prof. Aaron Dotson



Project 3: Extended Biofiltration

Goal

Control of microbial contaminants, particles and
DBPs by novel biotreatment processes

Activities
* evaluate novel roughing filter pretreatment
configurations (horizontal and upflow)

e evaluate innovative filter modifications and
operations with the goal of extending the EBCT to
somewhere between conventional—and slow-
sand

Prof. R. Scott Summers Pl @]’ University of Colorado

Boulder



Project 4: Distribution System
Technologies

Goal
To explore, develop, and model technologiesthat will offer
a better understanding of the distribution system and will
reduce preformed DBPs at the most problematiclocations

Activities

* evaluate the efficacy of using a readily adaptable horizontal
diffused aeration system to remove THMs

e evaluate the use of GACin the distribution system to
adsorb and biodegrade preformed DBPs and DBP
precursors

* developreal-time analytics and protocols to better manage
distribution system resources - residence times, chlorine
residuals, non-revenuelosses and pipe break detections

Prof. Robin Collins - CoPl



Moving from small systems to
premise plumbing...



Premise Plumbing

* The point from the service
connection line from the
public distribution system to
the private supply

* Utility no longer legally
responsible for WQ in pipes
(exception is the Lead and
Copper Rule)

* WQ responsibility becomes
that of building owner-
individual, business, property
manager

* Some buildings with
treatment may be subject to
regulation under the SDWA



Premise Plumbing Challenges

* Premise plumbing has all of the same water quality
issues as the distribution system...

...ONLY TO A FAR GREATER EXTENT!

* Lack of knowledgeable professionals to recognize,
prevent or mitigate water quality problems

* Unclear and changing regulation of water quality
after it enters a building



Water Quality Deterioration in
Distribution Systems

Modified from EPA, 2009. Best Practices for Simultaneous Compliance



Premise Plumbing Challenges:
Presence of Different Materials

Main Materials Premise Plumbing Materials

<



Premise Plumbing Challenges:
Unit Processes in Premise Plumbing:

GAC Filters:
I e Remove chemical contaminants
D rt t 1
Departmen but also remove chemical
(2013) disinfectant

Water heaters:

* High temperatures cause rapid
disinfectant decay

From

Prudenctal * Can create ideal conditions for
pathogen growth



Premise Plumbing Challenges:
High Surface Area to Volume Ratio

e ~10 times more surface area per unit length compared to
distribution mains

* 25% of the total surface area in the distribution systems

e <2% of the total volume of water in the system

* The greater surface area increases microbial growth,
chemical leaching and ultimately disinfectant residual decay
rates

National Academy of Science, 2006



Premise Plumbing Challenges:
High Water Age

Every building is a dead end:

* Disinfectant decays

* Nitrification and regrowth
Increases

e DBPs form

Water age issues likely to
increase:

 More green buildings (water

age orders of magnitude
higher)

 |nstallation of low flow fixtures
 Changing consumer behavior

Rhoadsetal, 2015

http.:.//www.firstdigitalghana.com/green-building-as-a-busine ss-imperative/



Unique Premise Plumbing
Characteristics Can Result in
Major Water Quality Issues:

* Growth of opportunisticpathogensincluding Legionella pneumophila,
nontuberculous mycobacteria (NTM), Pseudomonas aeruginosa

* Pipe corrosionresultinginlead and copper contaminationor
infrastructure damage

e Taste and odor

* Disinfection byproduct formation

Legionellosis and other premise plumbingissues are preventable



Building Water Quality Audit

* Inform building owners about new standards and
regulatory requirements

* Evaluate building characteristics and points of concern
using National Sanitation Foundation (NSF) Hazard
Analysis and Critical Control Points (HACCP) guidelines

* |dentify locations and features that are susceptible to
microbial or chemical contamination

* Outline recommendations and options

* Develop long-term building maintenance and
monitoring strategy



HACCP for Building Water Systems

/hatis the hN

Validation & Hazard

Verification HACCP Analysis
( Water )

How do we know Safety Plan How do we prevent

the hazard has the hazard from

been prevented harming people?
from harming people?

\ Hazard Control /




Seven HACCP Principles

Conduct a Hazard Analysis
Determine the Critical Control Points (CCPs)
Establish Critical Limits
Establish Monitoring Procedures

Establish Corrective Actions

Establish Record-keeping and Documentation Procedures

Establish Verification Procedures




Treatment, Monitoring anc

Building Water Quality Audi

* Treatmentand monitoring
are building-specific

* Generally, betterto control
building plumbing system
water quality through system
design and operation than
addition of treatment

* Monitoring must be selected
in consideration of treatment
and control

ITS



Most Likely Treatment Options

Disinfection (either Supplemental chemical disinfection
ongoing or for * Freechlorine; chloramines
remediation) * Chlorine dioxide
* Ozonation (unlikely to recommend)
* Copper-silver (unlikely to recommend)
UV ((onlyina recirculated loop; no residual disinfectant)
e Thermal shock

Particle removal Filtration (point of entry or point of use)
e Strainers (could become source of WQ problems)
* Activated carbon (could become source of WQ problems)
* Reverse osmosis
* Sedimentation

Chemical * Softening (probably already in place if needed)
contaminant * Activated carbon filtration
removal * lon exchange (unlikely)

Corrosion control Corrosion inhibitor



Monitoring and Water Quality

Assessment

When

* Ininitial phases of building
plumbingsystem audit

* Ongoing

* Event

"If you cannot
measure |,
you can not
improve it."

Lord Kelvin

Image and quote from http://zapatopi.net/kelvin/quotes/

Why
e Establish baseline water

quality and develop
recommendations

* Process monitoring and
control

* Reporting

“If | can’t do anything about it
why would | want to monitor it?”

Anonymous



Strongly Recommended

e Disinfectant residual
e HPC

* Lead and copper

* Flow rate

e Time to reach
temperature

° pH
e Turbidity
e Color

nitial Water Quality Assessment,
Point of Entry and Key Locations

Recommended
e AmMmonia

Nitrate + nitrite

Organic carbon (UV254, TOC,
FDOM or other)

Disinfection byproducts
(primarily TTHM; especially hot
water)

ATP
Free living amoebae
Legionella pneumophila

Non-tuberculous Mycobacteria
(NTM)



Ongoing Monitoring =
Building Plumbing System Actions

Critical control point Change set points
monitoring Modify system design and operation
Usage monitoring Reporting

Automate usage management (e.g., automatic flushing)
System modification

Operate supplemental Adjust disinfect dose
treatment Maintain filters

Compliance monitoring Report
Modify system design and operation

Demonstrate value to Communicate
tenants Modify system (e.g., add filtration)
Event detection Communicate

Shut off

Flush



Most Likely Online Monitoring
Recommendations

Usage
Disinfectant

residual

Ammonia (or
ORP)

pH
Temperature

Color

Turbidity

Water use accounting and
conservation; water age indicator

Ensure adequate residual
maintained; compliance monitoring

Determine disinfectant demand;
ensure correct chlorine dosing

Assess disinfectant efficacy;
identify nitrification onset

Critical control parameter; growth
risk indicator

Aesthetic concern; contamination
indicator

Aesthetic concern; contamination
indicator

POE; branches; non-potable
uses

POE; after supplemental
disinfection; distal location(s)

POE or upstream of
supplemental disinfection

POE
POE; water heater effluent;
loops and branches

POE

POE



How does this apply in Alaska?

Premise




Common and Unigue
Alaskan Attributes

Objectives * Improve public health
* Increased water availability
e Sustainable resource

System size Smallest of small
Distribution Trucked or self-haul rather than piped

Regulatory reach Just like national experience...shades of grey



Questions?

Chad Seidel, Ph.D., P.E.

Vice President

Corona Environmental Consulting, LLC

357 South McCaslin Blvd., Suite 200, Louisville, CO 80027
Office: 303.544.2161

Mobile: 303.887.1853

Email: cseidel@coronaenv.com

Web: WWW.Coronaenv.com

Technical Director, DeRISK Center

University of Colorado Boulder

Email: chad.seidel@colorado.edu
Web: www.colorado.edu/deriskcenter




Bill Griffith
Facility Programs Manager
Alaska Department of Environmental Conservation



Progress in Alaska Village Sanitation

30 years ago, fewer than 25% of rural Alaska
householdshad running water and flush toilets.

In 1996, 55% of rural homes had piped or covered
haul service.

Today, approximately 85% of rural homes have
indoor plumbing(over 90% if regional hubs are
included in the calculation).



Healthy Alaskans 2020: Rural Sanitation Target

Percentage of rural community housing units with water and

sewer service
90%
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However...

® Conventional,community-wide piped
systems and truck haul systems are
expensive to construct, maintain and
replace.

® Many communities cannot afford the
high operation and maintenance costs
associated with piped or haul
systems.

® Availablefundingis not adequate to
serve remaining homes and make
needed improvements.

® Innovative approaches were needed
in order to address health problems
associated with water and sewer
system deficiencies.



Comparison of Health Benefits vs. Cost and Complexity of Different Water and Sewer Service Types
January 2016

— Expense and degree of difficulty of maintaining and opera

+

Health benefits of household water and sewer service




Comparison of Health Benefits vs. Cost and Complexity of Different Water and Sewer Service Types
January 2016
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Health benefits of household water and sewer service




Alaska
Water and
Sewer
Challenge

State-funded research and development project projected to last5 — 7 years

Focus is on “decentralized” approaches—household based systems that utilize
water re-use technologies

Private sector driven — with ownership of intellectual propertyretained by
project teams

Goal is to significantly reduce the capital and operating costs of in-home
running water and sewer in rural Alaska homes

Funding to date is $4 million in state and federal funding. Additional funding
will be required to complete the project



Performance
Targets

Acceptance
by users

Parts
Availability

Sufficient
Water for
Health
Benefits

Durability

Feasibility

Freeze
Recovery
Capability

Affordable
Operation

Feasible
Capital
Cost




Cost Comparison of Different Approaches
to First-Time Water and Sewer Service

Method of Providing Capital Cost Total Cost Number of Years
First-Time Service to :r Home for all to Fund all
3,800 homes P 3,800 Homes 3,800 Homes*
Community Piped Waterl ¢ 5 050 |$ 1,520,000,000 42
and Sewer
Household System A S 160,000 S 608,000,000 17
Household System B S 120,000 S 456,000,000 13
Household System C S 80,000 S 304,000,000 8

*Using $36 million peryear




Regulatory Considerations

Regulation or Code Coverage/Limitations Considerations for Household Treatment,
Recycling and On-Site Disposal

AK Drinking Water Applies to public water systems W Primary drinking water standards for any

Regulations serving at least 25 people drinking water (consumption) source

i Exploration of alternative standards for
“hygiene water”

W Potential for specific standard for toilet

flushing.
AK Pollutant Most wastewater discharge is i On-site disposal would require permit
DI E e 2 e covered by these regulations and/or approval of treatment
System (APDES) W Most household approaches call for hauling
Regulations black waterto village lagoon
AK Plumbing Code “An organized municipality or W Alternative methods/systems can be
(Uniform Plumbing unorganized village having less requested, as long as equivalence can be
Code, by adoption) than 2,500 population is exempt...” demonstrated.

W Testing will be required to demonstrate
equivalent safety and health protection.




Project Timeline

Approximate Duration
Timeframe (months)

Team . Fall 2013 — Spring 2014 9
Formation

Proposal . Fall 2014 — Summer 2015 8
Development+ Presentation

Prototype . _ Fall 2015 — Summer 2017 21
Development + Pilot Testing

Field System | Fall 2017 — Summer 2019 21
Development + Testing

Technology 2020 and beyond b

Refinement+ Improvement



Phase IlI: 2015 - 2017
Prototype Development and Testing

®* Three proposalsfunded for prototype developmentand testing.
® Targets and testing requirements have been provided.
® Engineering plans will be reviewed and approved.

® The results of testing phase will be presented to the Steering
Committee.

e Systems that demonstrate promising results will be selected for field
system developmentand testing.



Project Website



ALASKA WATER +
SEWER CHALLENGE

Summit Consulting Services
Prototype Update
April 20, 2016




Phase Il Outreach & User Input



Phase |ll Outreach & User Input

Our Website:
http://summitwsc.com/

FB @ Alaska Water and Sewer
Challenge::SummitTeam




Phase Il - System Configuration






Phase Il — Potable Treatment

Ultrafiltration Membrane
Membrane area = 27 ft?
Flux Rate = ~53 GFD
Treatment Rate = ~1 gpm

Reliable rejection of
microorganisms and viruses

Material: (PES) S&

- BASF g
The Chemical Company heart of pure water



Membrane Test Results



Graywater Treatment Options

Aqua2use® aquacel

“The Answer for Greywater Reuse”

3 t

o) wahaso

WATER HARVESTING SOLUTIONS

marine.c.AS

SEWAGE TREATMENT SYSTEMS



Graywater/Hygiene Specification

Single NSF-350

Sample Single NSF-350 Test
Measure Maximum Test Average | Sample Max Average
BODS5 (mg/L) 25 10 25 10
Total
Suspended 30 10 30 10
Solids (mg/L)
Turbidity 10 5 10 5

: Non- Non-
ELE Sl detectable detectable N e
E. coli
(MPN/100 N/A N/A 240 14
pH N/A 6.0-9.0 N/A 6.0-9.0
Color N/A Measured and N/A Measured and
reported reported

Odor N/A Non-offensive N/A Non-offensive
Oily film and Non- Non- Non- Non-

foam detectable detectable detectable detectable



Graywater Treatment Systems

Common Prefiltration
Features .
Aeration

Fixed Media for biological
filtration

or
Membranes
Disinfection with UV light

10



Aqgua2use — GWTS500
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Aqualoop
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UVOX 20

13



Tank Freeze Test

Protocol:

* Fillthe tank to 7/8 full.

 Freeze to 0° F.

« Duration of 48 hours or until frozen solid.

 Thaw completely.

Observe for cracking and tank stress

Repeat freezing for 48 hours

Thaw again



Tank Pressure Test
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SUMMIT parke Ruesch

CONSULTING SERVICES, Inc.

parke.ruesch@aol.com

oh: (907) 291-2339
Tok Office

HC 72 Box 850
Tok, AK 99780

Anchorage Office
4500 Business Park Blvd, Ste. C-10
Anchorage, AK 99503

Fairbanks Office
3745 Geist Road, Suite B
Fairbanks, AK 99709
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Alaska Water

& Sewer
hallenge

Designing a Household Water
& Waste System (HW2S) Using
the Design-Think Process

Chris Schulz & Janelle Rogers,CDM
Smith

Chase Nelson & Mitch Titus, DOWL
Bruno Grunau, CCHRC
Laurie Krieger, Manoff Group




Presentation Topics

Original HW?2S design concept
Village trips and takeaways

HW2S and mock household plumbing
prototype design

HW?2S prototype testing



What we
originally
designhed



ADEC performance requirements informed
our design approach

Constructability
Capital Costs

Modularity
Feasibility
Freeze/Thaw User Acceptance
Regulation
Compliance Water for
Health

Operating Parts Availability

Costs

We wanted off-the-shelf system components and no
chemicals for ease of maintenance and sustainability



Original HW2S design concept

1.

=

=~ O

© 0

Stacked Water/Waste
Storage Tanks

Recycled Water Tank
Recycled Water Disinfection
Recycled Water Pressure
Tank(60 gal)

Drinking Water Pressure Tank
(15 gal)

Drinking Water Filterand UV
Lamp

Insulated Carrier Pipe (for
plumbing)

Insulated Ventilation Pipe
Ventilation Duct

Separate treatment, pumping and storage systems for
potable and non-potable uses - and a graywater
treatment and recycle system




Initial topics to elicit user input

Connected to the house, or not?

eparatt toilet or mascerator?

Separate recycled water tap or not?

Bag or LVF
toilet?

In keeping with the design thinking process, we wanted
to offer initial iIdeas to stimulate discussion



Trips and
takeaways



~In March 2015 - travelled to the villages (4
days)

Shishmaref

Janelle Rogers
Chris Schulz

Kwigillingok

Laurie Krieger
Chase Nelson




Council design-thinking presentation

themes

“Co-designing system with them” and
“opportunity for household systems given new
technology”




Talking with homeowners

* Interviewed 21 men and 19 women, plus 3 casual
conversations on water and plumbing (43 residents)



Key findings
both villages - drinking water

= All (but one person) drank & cooked
only with ice melt or rain water —
several people filtered this



Key findings
both villages

= All used community treated water for dish washing



Shishmaref

= Most did laundry and took showers in washeteria
= Observed variety of toilets & honeybuckets

Macerator toilet

Honey bucket

Toilet abandoned

for honey bucket

given high electricity

costs Toiletaugmented
with used sink water
in order to flush



Shishmaref low-cost pump/drain/haul
systems



End user input — summary
both villages

Anxiety over high
electricity costs

Preference for
rainwater/melted ice-
water

Preference for vestibule
attached to the house

Preference for
reducing wastewater
haul costs

Preference to have
indoor plumbing and
toilet if it can be made
affordable

Focus Group posing for photo



HW2S and Mock
Household Plumbing

Prototype Design




Design-think constraints

Use ambient heat transfer

Provide a common building from house to vestibule to
enclosure and base layout to maintain air temperature
accommodate equipment,

tankage, and piping

arrangements

Provide a POU filter system for
treatment of melted ice water in

Attach enclosure/vestibule to the winter and rainwater in the
one side of the house for direct summer for drinking water use

access by end user

Select technologies to minimize power
consumption given the high cost of
electricity ($0.64 & $0.67/kW-hr), and avoid
use of chemicals not generally available

Design constraints were based on user input



Proposed HW?2S system components




Graywater Recycle Treatment Components

/
\




POU Drinking Water Treatment Units




POU Filter Lab Challenge Test Results (April

20, 2016)

Water Depth Kohler Clarity Filter Stacked Bucket Filter
Above Filter Outlet E.Coli Outlet E.Coli
Cartirdge - E. ColiLog concentration E. ColiLog concentration
inches Flow L/Hr Reduction (Log) | (CFU/100 mL | Reduction (Log)| (CFU/100 mL

10.5 3.4 NA <1 >6.6 <1

7 2.3 NA <1 >6.6 <1

3 (5 liters) 0.9 >7.1 <1 > 6.6 <1

1.8 (3 liters) 0.5 >7.1 <1 > 6.6 <1

0.9 (1.5 liters) 0.3 >7.1 <1 > 6.6 <1




3D Model—HW?2S Prototype System



3D Model—HW?2S Prototype System



3D Model—HW?2S Prototype System



3D Model—HW?2S Prototype System



3D Model—Mock Household Plumbing System



3D Model—Mock Household Plumbing System



HW2S Prototype
Testing



HW2S Prototype Test Plan Highlights

9-month test period with 1 regular flow scenario and12
stress flow scenarios

Three DW and GW sources: rainwater, river water and
pond water

PLC-based continuous monitoring of five plumbing
fixtures, BW/GW tank levels and power usage

Daily water fill and flow rate monitoring for POU filters
Weekly LVF toilet flushing tests for bulk waste removal

Monthly sampling of raw, treated DW and treated GW
flows to meet USEPA and NSF water quality standards



Regular and Stress Test Flow
Scenarios



30-day refill/empty cycle for 310-gallon GW
and BW tanks

Refill watertank every 24 days and empty waste tank every 22 days
Empty Blackwater Tank

1 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Refill Graywater Tank




HW?2S Vestibule Structure




HW2S Equipment Inside Vestibule



Mock Household Plumbing Structure



Mock Household Plumbing System




THANK YOU
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Project Funding




Our Team

—
College of Engineering & Applied Science JEII_ UNC

GILLINGS SCHOOL OF
GLOBAL PUBLIC HEALTH

UMIVERSITY OF COLORADD BOULDER

First Nations Health Authority
Health through wellness

% DALHOUSIE
UNIVERSITY

POLYTECHNIQUE {5
MONTREAL &%




The Situation

http://www.who.int/water_sanitation_health/publications/2011/WHO_TN_09 How_much_water_is_needed.pdf?ua=1
Thomas et al., (2016) Impact of providing in-home water service on the rates of infectious diseases: results from four communities in Western

Alaska. Journal of Water & Healthp.132




Our Modules




2.0



Water
Reservoir

J

1um
Filter

Bathroom Kitchen
Sink Sink

S

O

> 40 mJ/cm?
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Enabled by a Separating Toilet




58.0

52.6

2.0

2.5



Where we were... End of Phase 2




Where we were... End of Phase 2




Innovation &Modularity

Air Driven Plumbing
Pre-Visit #2 - Design




Innovation &Modularity

Air Driven Plumbing
Pre-Visit #2 - Design




Innovation &Modularity

Air Driven Plumbing
Pre-Visit #2 - Design




Where we were... End of Phase 2




If we stopped here:

INPUT
Drinking Water
2 gpd

HAULED
Toilet+Kitchen Sink
7.0 gpd
Concentrate
6.4 gpd

12.9gpd

(includes ~1 gpd of urine)

INPUT
Replacement Water

58.0

52.6

2.0

6.5



58.0

52.6

2.0

2.5



2.7

58.0

52.6

4.5

2.0

2.5



INPUT
Drinking Water
2 gpd

HAULED
Toilet
2.5 gpd
Concentrate
2.7 gpd

Replacement Water

2.7

58.0

52.6

4.5

2.0

2.5






Concentrating Membrane System




Concentrating Membrane System




Concentrating Membrane System




Concentrating Membrane System




Concentrating Membrane System
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System Components




Drinking Water Components

otection against transportation contamination
Basic pathogen protection against untreated sources



Core Components - In-home Coarse Filters




Core Components - Membrane




Core Component - UV Disinfection

:;% .
d

|

(1 Operatiorn onty auring vwater prodaudc
mm-rovision of AMPLE factor of safet
+ possible photolytic oxidation







Preliminary Testing & Prototypes




Daily Operation -Waters

Mer Creek (near EIB)






Prototype Construction - Water Heater Loads




More Insight into upcoming demonstration




Automated Operation - The Brains

Images from Lowpowerlabs.com

http./technical.ly/baltimore/wp-content/uploads/sites/3/2013/03/Screen-shot-2013-03-04-at-1.30.39-PM.png
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Water Usage (gallons)
(0]

@@@@@v\\@@@@v@@VQ@Q@Q@Q@Q@Q@Q@Q@QQQQQ®Q®v@

R

Q Q Q Q Q Q Q 0 Q Q Q Q Q Q Q Q Q Q Q Q Q QO Q Q
N N Q Q N )

'\/Q ’\/Q ”)Q Q <')Q (OQ ’\Q ‘b0 CbQ ,\/Q Y ,\/’\/ '»Q %Q ”)Q vg %Q ‘oQ ’\Q ‘bQ °)Q ,»Q Y ,\/’\,

M Drinking Water M Shower M Bath Sink ¥ Laundry Toilet Urine M Toilet Full B Kitchen Sink




How to keep track of our project




Thanks for Listening!




YKHC Greywater Recycling
Project

Brian Lefferts
Bob White

YUKON-KUSKOKWIM
HEALTH CORPORATION



Presentation Overview

* Project overview
— Design assumptions
— Testing schedule

* Four systems
— Closed loop concept
— Selection rationale
— Operations by system

* Challenges



Design Assumptions

* Water use for YK Delta village homes served with
haul systems

— Based on goal (21 gallons/person/day)
* Household size/crowding taken into account

— Based on 6 people/home

* Expected sanitary events (showers, flushes,
handwashing) calculated based on household size

— Limited water + more sanitary events = more
concentrated greywater



Household Water Allocation per Home (6 persons)

Purpose

Water

Use/ Water
Event Events/ Use/
(gal) Week Week (gal)

Handwashing (t)

Handwashing (other)

Toilet flushes
Laundry

Shower (low flow)

Cleaning Water

Cooking /drinking

0.33 210 69
0.33 84 28
1.6 126 202
25 6 150
14 24 336

5 7 35
1.5 42 63
883

Notes
5 events/day/person
3 events/day/person

5 flushes/day/person
Estimate loads/week

7 min shower @ 2 gpm
Dishwasher (4gpd) Other 1 g/d
~2 gal/person/day

883 @ 7 days/week = 126/day



Bathing Source Water (AM & PM: M-F)

Componentsa Amount/100 L Amount/| Events/| Challenge Watelj Challenge Water Challenge Water
Event] week Dose/Wee Dose/Day Dose/Shift
body wash with moisturizer 300 g 11.01 24 264.24 37.75 18.87] ¢
toothpaste g 1.00 84 84.00 12.00 6.00 g
deodorant g 0.74 24 17.76 2.54 1.27] g
shampoo 19] g 7.10 24 170.40 24.34 12.17] g
conditioner 21l g 7.76 24 186.24 26.61 13.30] g
lactic acid g 1.09 53.55 7.65 3.83 g
secondary effluent L 0.73 35.70 5.10 2.55 L
bath cleaner 10 ¢ 2.00 1 2.00 0.29 0.14f ¢
liquid hand soap 23| ¢ 2.65 294 779.10 111.30 55.65] g
test dust 10| g 178.50 25.50 12.75 g
\Water gal 472 67.43 33.71] gal
Laundry Source Water (PM: M, Th)
Components Amount/100L Amount/e| Events/| Challenge Water] Challenge Water| Challenge Water
vent| week Dose/Week Dose/Load Dose/Shift
liquid laundry detergent (2X) 40 mL 37.80 6 226.80 37.80 113.40[ mL
test dust 10| g 9.45 6 56.70 9.45 28.35
secondary effluent 2( U 1.89 6 11.34 1.89 5.67
liquid laundry fabric softener 21 mU 19.85 6 119.07 19.85 59.54] ml
Na2504 4 g 3.78 6 22.68 3.78 11.34 g
NaHCO3 2l g 1.89 6 11.34 1.89 567 &g
Na2P0O4 4 g 3.78 6 22.68 3.78 11.34 ¢
Water gal 25 6 150.00 25.00 75.00] gal




Testing

* Testing schedule initially based on NSF
guidelines

* Adjustedbased on project needs

— Added additional testing to ensure safety
— EX. Nitrates

e What effluent criteria should be used?



Testing

* Daily/weekly testing

BOD, CBOD

1SS, pH, temperature,
turbidity

Total coliforms, E. coli
Disinfectantresidual (UV)

NO2, NO3, iron, TKN,
phosphorous

Chemical oxygen demand
Total organiccarbon

Surfactants,
fats/oils/grease

* Greywater components

— Bathing source water

* Body wash, toothpaste,
deodorant, shampoo,
conditioner, hand soap

* Secondary effluent

* Lactic acid, bath cleaner,
test dust

— Laundrysource water

* Laundry detergent, fabric
softener

* Secondary effluent

e Sodium sulfate, sodium
bicarbonate, disodium
phosphate, test dust



Greywater Lab Sample Schedule

Sample location Week day collection
Parameter Sampletype | o winfluent | Treated M* T w Th* F
effluent
Biochemical Oxygen Demand (BODs) 24-h comp X L-PM B- AM
Carbonaceous BOD (CBODs, 24-h comp X B-AM L-AM
Total suspended solids (TSS) 24-h comp X B-AM L-PM
Total suspended solids (TSS) 24-h comp X B-AM B-AM L-AM
pH Grab X B-AM L-PM
pH Grab X B-AM B-AM L-AM
temperature (°C) Grab X B- AM L-PM
Total coliforms & E. coli Grab X B-AM L-PM
Total coliforms & E. coli Grab X B-AM
Total coliforms & E. coli Grab X B- AM L-AM B-AM
Total coliforms & E. coli Grab X B- AM L-AM B-AM
Turbidity 24-h comp X B- AM L-PM
Turbidity 24-h comp X B- AM B-AM L-AM
Disinfectant; (System 1) 24-h comp X B-AM B-AM L-AM
Nitrite (NO,) 24-h comp X L-PM B-AM
Nitrite (NO,) 24-h comp X B-AM L-AM
Iron 24-h comp X L-PM B- AM
Iron 24-h comp X B-AM L-AM
Nitrate (NOs) 24-h comp X L-PM B-AM
Nitrate (NOs) 24-h comp X B-AM L-AM
Total Kjeldahl nitrogen (TKN) 24-h comp X L-PM B-AM
Total Kjeldahl nitrogen (TKN) 24-h comp X B-AM L-AM
Total phosphorous (P) 24-h comp X L-PM B- AM
Total phosphorous (P) 24-h comp X B-AM L-AM
Chemical oxygen demand (COD) 24-h comp X X
Total organiccarbon (TOC) 24-h comp X X
Surfactants 24-h comp X X
Fats, oil and grease 24-h comp X X X
SAR 24-h comp X
SAR 24-h comp X

* Laundry source water is added on Monday & Thursday PM shifts.
Llfthe treatment system introduces a disinfectant; the disinfectant shall be measured in the effluent sample. The sample type shall be 24-h composite

except when the disinfectantis not stable for 24-h, inwhich case grab samples shall be collected.

Reactor




Closed Loop Concept



General Layout

130-gallon “dirty water” mix tank
Motorized valve on a time controlling flow
Diverter pre-filtration (Aqua2Use)
Treatment system

130-gallon finished water tank



Selection Rationale

System 1: YKHC-OEHE System 2: BioMicrobics

System 3: Aqua2Use




Operations by System — YKHC-OEHE




Operations by System — BioMicrobics
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Operations by System — Aqua2Use
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Operations by System — WiseWater




Challenges

* Non-standard US pipe
sizes

* Dirty water feed rate

e GWDD pre-filter level
control break in

* High feed rate through
filtration units



Challenges

Soap overfeeds

Soap building up through
closed loops

-0am passing through vent
Ines

~oam fractioning
Biologic foam control
— Dye

Membrane plugging due
to biofilm




Quyana to the project supporters!
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How to Talk about Water

(A Facilitated Discussion)

Guy Carpenter, PE
Vice President, Carollo Engineers

AWWMA 56t Annual Conference
April 20, 2016

ccearsiin

Engineers... Working Wonders With Water



Water: Nature’s Amazing Renewable Resource

Do we make water decisions

based on FACT or FEAR?

Are we doing a good job
of describing the

Science of Water?
Do we use language
and imagery that create

Confidence and
Understanding
about water?



Overview

« Water is complex/so is the human mind

» Perception influences our decisions
— Water and stigma
— Expert and lay views
— Inadequacies of public consultation
(without scientific literacy)

* Resources & examples



A lack of knowledge about water
Is the single largest barrier to sustainable
water management

We all use water!

..to wash away our dirt—
ourselves, food, dishes, clothes

..to quench our thirst

..to transport our personal waste

We all rely on water
for many purposes...

...for nourishment
..for nature
..Tor life!



Because we NEED water we must use
language and imagery that creates a
broader and deeper understanding



We need to explain

how we manage and treat
water using science, clear
language, and real-life
examples

..."Secondary treated effluent”

“Endocrine Disrupting Compounds”...

... maximum contaminant level”



CarolloMetallicTemplateWithLogo.pptx

An accurate
understanding of

The Water Cycle (both
natural and urban) can
overcome negative
perceptions related to
water.



WE HAVE THE SAME AMOUNT OF WATER ON EARTH
TODAY AS WE DID 3 BILLION YEARS AGO. Water moves
In a continuous process called the water cycle.
Unfortunately, the water cycle doesn’t always return
water to where we need it.



The Water Cycle
naturally contains “dirt”

« As water moves through its cycle,
It collects other molecules

- Every time we come in contact with
water, we add molecules to it

* About half of the water that comes into
our homes ends up at the wastewater
treatment plant

« Wastewater is mostly water—
a 55-gallon drum contains only
about 1 tablespoon of other molecules



Water molecules attract elements from life

Everything we put
Into water Is co-mingled
with the water molecules

* Organic molecules
* |norganic molecules

» Micro-organisms—bacteria, viruses,
parasites

* Fine particles
Water molecules themselves are not
changed by the things we add to it!

% Our challenge is to take the
other things out of water

10



We treat water...

so what’s the
Problem?



Perceptions have impact

We say that water is “dirty”” when
chemicals attach themselves to it as It
moves through The Water Cycle.

e\\astewater
eSewage water
e Treated wastewater

e Treated sewage water

12



Contagion mentality: Once contaminated,
always contaminated



As scientists, we have to remind
ourselves that feelings AND facts matter

... there can also be strong, spiritual
~ references and connectedness to water,
. particularly among native people groups.

=
2
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Risk Perception
Summary

« We are sometimes irrational and
react to our perception of risk rather
than to the risk itself

 We are generally more
accepting of risks that:

— We voluntarily expose ourselves
to—as opposed to those over
which we have no control

— Are natural—
as opposed to human made

— Are familiar—
as opposed to unfamiliar

— Are well-defined—
as opposed to uncertain

— We have good understanding
of— as opposed to our fear
of the unknown

15



The process of
stigmatization affects:

e QOur capacity to absorb factual
Information is blocked by negative
assoclations of “dirty” water

e The negative associations
(based on FEAR rather than FACT!)
scare us!
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What’s the Solution?

Engineering technology and
science can remove the chemicals

and micro-organisms in water...

... and negative associations

and fears can be reframed by creating a
better understanding of water.

17



What’s the Solution?

Understanding the different levels
of water quality—and the treatment
that creates it—can help us manage
supplies and demands.

We need to match the “right”
water with the right need.

18



What’s the benefit of enhanced
understanding?

« We will be less likely to remove solutions from
our water supply toolkit

* \We will be more motivated to find sustainable
solutions

 \We will be able to discuss benefits and
consequences



Consider the importance of TRUST. If a
utility, city, or regulatory agency doesn’t
have trust, no form of phasing images or
presentation is likely to be successful.

* It's easier to destroy it than to create it
Negative events outweigh positive events
Positive events are often fuzzy

Sources of bad news are more credible than
sources of good news

Risk Is easier to demonstrate
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The Words We Use
Really Do Matter

Number one impediment to any
water reuse projectis public
perception

Can’t talk to public in the same way
we do to each other

http://www.watereuse.org/product/0

7-03

VAERRSE N o L’ SSSSSSSSSSSS

Sustainable Solutions for a Thirsty Planet™ Associa tion

WATER AGENCIES

o)

N7 Fagion
United States st
Environmental Protection
Agency

Talking About Water

Vocabulary and Images that Support Informed Decisions
about Water Recycling and Desalination

21



From someone who’s been there...

I'd say that the biggest concept to consider when we work
with indigenous populations is respect for the environment
and the concepts of holistically approaching water
management. We tend to stress the “integratedness” of
water in our lives and the need to respect those resources.

Additionally, | would say that every community is different
so water words that work in some locations do not work in
others. Every effort should be made to work with the local
community to identify what would be most appealing in
terms of terminology, instead of using terms that have
worked well in other regions.

~Dr. Channah Rock, UofA

22



WHAT HAVE WE LEARNED
ABOUT WHAT PEOPLE THINK
ABOUT POTABLE REUSE AND
HOW DOES IT APPLY TO ON-SITE
REUSE IN ALASKA?
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Challenges to Water Reuse
Acceptance

The belief that additional water supply sources are not needed

The perception that water supply deficiencies can be solved solely with conservation

The lack of public understanding of potable reuse processes and the associated
science

The perception that potable reuse is not safe

The sometimes distracting or uncomfortable feelings toward the source of the water

Lack of understanding of the limiting factors associated with other water supplies
(energy demand, greenhouse gas (GHG) emissions, cost, and limited availability)

24



WRRF 13-02 Model Communication Plans
for Increasing Awareness and Fostering
Acceptance of Direct Potable Reuse
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Getting Ready for Public
Engagement

)

Develop the potable reuse “project story’

Develop key messages that tell the
story in terms understandable to a
non-technical audience.

|dentify key community leaders and the
groups they represent and engage,
continually

26



Stakeholder and Public Outreach
Structured for Success

« Stakeholder Engagement
* Defined Purpose and Need
» Consistent Message

* Alignment with Technical
Program

 Consistent and Sustained
Communication
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Sample of tools
being made
available

28
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Faclilitated
Discussion
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