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Why this track is important

•Alaska is 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
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Reuse Regulations and 
Challenge of

Regulating On-site Systems

Guy Carpenter, PE
Vice President

Carollo Engineers
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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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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
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SFPUC Non-Potable Water Ordinance

• Developed in context of 
watershed management

• On-site vs. centralized 
capacity

• Integrated across 
departments

• Supported by Guidance 
Manual

• Clear, concise on-line 
information

• Mandated implementation for 
all buildings 250,000 square 
feet and larger
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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. 
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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
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Why don’t we just do what NASA does, 
and drink our own recycled urine?
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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)
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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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Small Drinking Water Systems
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! EPA classifies water systems by:

"Size (population served)

"Source water

"Characteristics of population served

EPA definitions



! 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

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

Size



! Ground water (GW)

! Surface water (SW)

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

Source water



! Water for human consumption 
! Through pipes or other conveyances 
! At least 15 service connections or 25 people 
! At least 60 days a year
! There are over 150,000 PWSs in the US
! EPA has defined three types of public water 

systems according to whether they serve the 
same customers year-round or on an occasional 
basis. 

Public Water Systems (PWS)



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

Community Water System 
(CWS)



! 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. 

Non-Transient Non-Community 
Water System (NTNCWS)

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



! 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.

Transient Non-Community 
Water System (TNCWS)



Data from SDWIS 2013



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

! 94% serve fewer than 3,300

! 81% serve fewer than 500

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

Size (SDWIS 2013)



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

! 34% CWS
! 12% NTNCWS
! 54% TNCWS

! 70% Private (HOAs, camps, restaurants, etc.)

Other characteristics



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

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

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









/0(++':3?'@(#-$
A9(&'(#$'&9$'!9(#(>&$#)3&)>3<

!"#$$ %#&'(
B6$#(&)*%3

5(#&C&)0$'*#'>*%&#(>&'*6$#(&*# D(%4'E"++C&)0$ 3&(EE

@*2'+$:$+'*E'>$#&)E)>(&)*% 8)-9' +$:$+'*E'>$#&)E)>(&)*%

F#$(&0$%&'(%,',)3&#)7"&)*%' >*07)%$, 8)-9',$-#$$'*E'36$>)(+)G(&)*%

H$(>&):$'0()%&$%(%>$ 5#$:$%&):$'0()%&$%(%>$



/0(++':3?'@(#-$
A9(&'(#$'&9$'!9(#(>&$#)3&)>3<

!"#$$ %#&'(
IJ")60$%&

D(47$'*%+4',)3)%E$>&)*% !(%'7$'>*06+$K'LE)+&#(&)*%M'$&>?N

8)-9'>(6)&(+ >*3&'6$#'>*%%$>&)*% @*2 >(6)&(+ >*3&'6$#'>*%%$>&)*%

D(%"(+'3(06+)%- (%,'0*%)&*#)%- ;"&*0(&$,'3(06+)%-'(%,'0*%)&*#)%-

D(%(-$0$%&
O*(#,',*$3'*&9$#'&9)%-3M'*E&$%':*+"%&$$# O*(#,'36$>)E)>'&*'&9$'2(&$#'"&)+)&4

D)%)0(+'>(6)&(+')06#*:$0$%&'6+(% !*06+$K'(33$&'0(%(-$0$%& 6#*-#(0

H(&$3'3$&'74'6*+)&)>3 H(&$3'3$&'74'(%(+43)3'.'(%,'6*+)&)>3

B&9$#3<<<



Compliance issues



Health- Based Violations
(All systems in SDWIS) 



Health Based Violations 
PWS serving < 10,000



Population % M+R  
violations

% MCL 
violations

<500 11% 4%
501-3,300 7% 3%
3,301-10,000 4% 4%
10,000-
100,000

3% 4%

>100,000 3% 1%

TCR Violations by System Size



SDWIS Sanitary Survey Data



Significant deficiencies – Systems 
serving <10,000  (SDWIS, 2013)



Table of top deficiencies 
by category



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

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

Capacity development



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.



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

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

9&&6PQQ222?>*+*#(,*?$,"Q,$#)31>$%&$#Q
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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	– chronic	risk	

which	collectively	pose	the	greatest	risk	to	drinking	
water	consumers.		



DeRISK Center Approach

Innovative	technology	selection	criteria:
a) their	potential	to	provide	quantifiable	risk	reduction	

in	these	key	contaminant	groups
b) the	lack	of	required	chemical	addition
c) the	likelihood	of	being	successfully	implemented	

and	sustained	by	small	systems



Project 1: Assessment and 
Implementation
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Assessment and Implementation -
Activities

Develop	and	apply
1) a	relative	risk-based	index,	RHI,	to	evaluate	how	treatment	

decisions	impact	overall	risk	reduction	and	avoidance
2) a	sustainability	index	in	order	to	comprehensively	evaluate	

treatment	technologies	
3) a	methodology to	evaluate	systems	and	technologies	with	

the	purpose	of	determining	if	an	innovative	technology	is	
feasible,	appropriate	and	implementable		for	a	specific	small	
system’s	needs	

4) a	trainingdesign	support	tool	
Case	study	– utilize	above	assessment	approach	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



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

• Apply	in	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)

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

Prof. R. Scott Summers PI



Project 4: Distribution System 
Technologies
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Moving from small systems to 
premise plumbing…
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Hazard 
Analysis

Hazard Control

Validation & 
Verification HACCP

Water 
Safety Plan

What is the hazard?

How do we prevent 
the hazard from 
harming people?

How do we know 
the hazard has 
been prevented 

from harming people? 
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How does this apply in Alaska?
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Common and Unique 
Alaskan Attributes

Attribute Alaska	Context
Objectives • Improve	public	health

• Increased	water	availability
• Sustainable	resource

System	size Smallest	of	small
Distribution Trucked	or	self-haul rather than	piped
Regulatory reach Just	like	national	experience…shades	of	grey
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ALASKA WATER + 
SEWER CHALLENGE
Summit Consulting Services
Prototype Update
April 20, 2016



Phase II Outreach & User Input

2



Phase III Outreach & User Input
Our Website:
http://summitwsc.com/
FB @ Alaska Water and Sewer 
Challenge::Summit Team

3



Phase II - System Configuration

4



5



Phase III – Potable Treatment

Reliable rejection of 
microorganisms and viruses
Material: (PES)

6

Ultrafiltration Membrane
Membrane area = 27 ft2

Flux Rate = ~53 GFD
Treatment Rate = ~1 gpm



Membrane Test Results

7



Graywater Treatment Options

8



Graywater/Hygiene Specification

(Delete after review)

9

Measure

Single 
Sample 

Maximum Test Average

NSF-350 
Single 

Sample Max
NSF-350  Test 

Average
BOD5 (mg/L) 25 10 25 10

Total 
Suspended 
Solids (mg/L)

30 10 30 10

Turbidity 10 5 10 5

Total Coliform Non-
detectable

Non-
detectable N/A N/A

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 
reported N/A Measured and 

reported

Odor N/A Non-offensive N/A Non-offensive

Oily film and 
foam

Non-
detectable

Non-
detectable

Non-
detectable

Non-
detectable



Graywater Treatment Systems

Prefiltration

Aeration

Fixed Media for biological 
filtration 

or

Membranes

Disinfection with UV light

Common 
Features

10



Aqua2use – GWTS500

11



Aqualoop

12



UVOX 20

13



Tank Freeze Test
Protocol:
• Fill the 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

14



Tank Pressure Test

15



Parke Ruesch
parke.ruesch@aol.com
ph: (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

16



AK
Alaska Water 

& Sewer    
Challenge

April 20 ,2016

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 HW2S design concept
! Village trips and takeaways
! HW2S and mock household plumbing 

prototype design
! HW2S prototype testing



What we 
originally 
designed 



ADEC performance requirements informed 
our design approach

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

Constructability

Feasibility

Capital Costs

Water for 
Health

Operating 
Costs

Modularity

Freeze/Thaw

Regulation 
Compliance

User Acceptance

Parts Availability



Original HW2S design concept

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

treatment and recycle system

1. Stacked Water/Waste 
Storage Tanks

2. Recycled Water Tank
3. Recycled Water Disinfection
4. Recycled Water Pressure 

Tank(60 gal)
5. Drinking Water Pressure Tank 

(15 gal)
6. Drinking Water Filter and UV 

Lamp
7. Insulated Carrier Pipe (for 

plumbing)
8. Insulated Ventilation Pipe 
9. Ventilation Duct



Initial topics to elicit user input

Connected to the house, or not?

eparatt toilet or mascerator?

Separate recycled water tap or not?

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

Bag or LVF  
toilet?



Trips and 
takeaways



In March 2015 – travelled to the villages (4 
days)

Shishmaref

Kwigillingok

Janelle Rogers
Chris Schulz

Laurie Krieger
Chase Nelson



Council design-thinking presentation

“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

Toilet abandoned 
for honey bucket  
given high electricity 
costs

Macerator toilet

Honey bucket
Toilet augmented 
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

Provide a common building 
enclosure and base layout to 
accommodate equipment, 
tankage, and piping 
arrangements

Provide a POU filter system for 
treatment of melted ice water in 
the winter and rainwater in the 
summer for drinking water use

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

Use ambient heat transfer 
from house to vestibule to 
maintain air temperature 

Attach enclosure/vestibule to 
one side of the house for direct 
access by end user

Design constraints were based on user input



Proposed HW2S system components



Graywater Recycle Treatment Components



POU Drinking Water Treatment Units



POU Filter Lab Challenge Test Results (April 
20, 2016)
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3D Model—HW2S Prototype System



3D Model—HW2S Prototype System



3D Model—HW2S Prototype System



3D Model—HW2S 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
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HW2S Vestibule Structure



HW2S Equipment Inside Vestibule



Mock Household Plumbing Structure



Mock Household Plumbing System



THANK YOU 



Reuse Water AK
Alaska Water Sewer Challenge by UAA

Presented byPresented by

Aaron D. DotsonAaron D. Dotson

Associate Professor and Team LeaderAssociate Professor and Team Leader

2016 Alaska Water & Wastewater Management Association Conference



Project Funding

Work to date has been supported by

Alaska Department of Environmental Conservation



Our Team



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 & Health p.132

0

2

4

6

8

10

12

14

A B C D WHO 
Survival

AWSC

W
at

er
 U

se
  

(g
/c

/d
)



Our Modules

In-Home Modules

Core Module
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58.0

2.0



2.5

58.0

2.0



Enabled by a Separating Toilet

WostmanWostman EcoFlushEcoFlush Separating ToiletWostmanWostman EcoFlushEcoFlushEcoFlush Separating ToiletSeparating Toilet
0.05 gal per urine flush0.05 gal per urine flush0.05 gal per urine flush0.05 gal per urine flush0.05 gal per urine flush0.05 gal per urine flush0.05 gal per urine flush
0.66 gal per full flush



2.5

58.0

52.6

2.0



Where we were… End of Phase 2

Air Driven Plumbing



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



6.5

58.0

52.6

2.0

If we stopped here:

INPUT
Drinking Water

2 gpd

HAULED
Toilet+Kitchen Sink

7.0 gpd
Concentrate

6.4 gpd
=======

12.9 gpd
(includes ~1 gpd of urine)

INPUT
Replacement Water

11.9 gpd



2.5

58.0

52.6

2.0



4.5
2.7 2.5

58.0

52.6

2.0



4.5

3.6

2.7 2.5

58.0

52.6

2.0

INPUT
Drinking Water

2 gpd

HAULED
Toilet

2.5 gpd
Concentrate

2.7 gpd
=======

5.2 gpd

INPUT
Replacement Water

3.6 gpd





Concentrating Membrane System



Concentrating Membrane System



Concentrating Membrane System



Concentrating Membrane System



Concentrating Membrane System

Repeat!

Take AwayTake AwayTake Away
Single Membrane acts as an Array



System Components



Drinking Water Components

ManufacturerManufacturer –Manufacturer variesManufacturerManufacturer
Filter Type
ManufacturerManufacturer
Filter TypeFilter Type –

– variesvariesvariesManufacturerManufacturer –ManufacturerManufacturer –ManufacturerManufacturerManufacturerManufacturer
Filter TypeFilter Type –– 1 !m cartridge (2” x 10”)Filter TypeFilter TypeFilter TypeFilter TypeFilter TypeFilter Type –

DisinfectionDisinfection –– 40 40 40 mJmJmJ/cm/cm2/cm2 @ 2.5 @ 2.5 gpmDisinfectionDisinfection –

Key FeaturesKey FeaturesKey FeaturesKey Features
Added protection against transportation contamination Added protection against transportation contamination Added protection against transportation contamination 
Basic pathogen protection against untreated sources



Core Components – In-home Coarse Filters

ManufacturerManufacturer –Manufacturer variesManufacturerManufacturer
Filter 1 Type 
ManufacturerManufacturerManufacturerManufacturer
Filter 1 Type Filter 1 Type Filter 1 Type Filter 1 Type –

variesvariesvariesManufacturerManufacturer – variesManufacturerManufacturer –
Filter 1 Type Filter 1 Type 5 !m bag (4” x 10”)Filter 1 Type Filter 1 Type Filter 1 Type 
Filter 2 Type 
Filter 1 Type Filter 1 Type Filter 1 Type Filter 1 Type Filter 1 Type 
Filter 2 Type Filter 2 Type –

!!!m bag (4” x 10”)m bag (4” x 10”)5 Filter 1 Type – 5 Filter 1 Type Filter 1 Type –
Filter 2 Type Filter 2 Type – 1 !m cartridge (2” x 10”)Filter 2 Type Filter 2 Type Filter 2 Type Filter 2 Type Filter 2 Type Filter 2 Type –

Key FeaturesKey FeaturesKey FeaturesKey Features
Associated with each fixture for modularityAssociated with each fixture for modularityAssociated with each fixture for modularity
Accessible in
Associated with each fixture for modularity
Accessible in-
Associated with each fixture for modularityAssociated with each fixture for modularityAssociated with each fixture for modularity
Accessible in-home 



Core Components - Membrane

ManufacturerManufacturer –Manufacturer HydranatauticsHydranatautics –Hydranatautics HYDRACoRe70pHTManufacturerManufacturerManufacturer –ManufacturerManufacturerManufacturer –
Membrane Type 

––
Membrane Type Membrane Type –

HydranatauticsHydranatauticsHydranatautics – HYDRACoRe70pHTHYDRACoRe70pHTHydranatauticsHydranatauticsHydranatautics
Membrane Type – NanofiltrationMembrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type –Membrane Type Membrane Type Membrane Type Membrane Type 
Size 
Membrane Type Membrane Type Membrane Type Membrane Type 
Size -
Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type Membrane Type 
Size 4040Size Size Size Size Size Size - 40404040Size Size Size -
Material

404040404040404040404040
MaterialMaterialMaterial –

4040404040404040
Material Sulfonated Sulfonated PolyethersulfoneMaterialMaterialMaterialMaterialMaterialMaterialMaterialMaterialMaterialMaterialMaterialMaterialMaterial
Pore Size
MaterialMaterial –MaterialMaterial –
Pore SizePore SizePore SizePore Size –

Sulfonated Sulfonated Sulfonated PolyethersulfonePolyethersulfoneSulfonated Sulfonated – Sulfonated Sulfonated 
Pore Size –– 750 DaltonPore SizePore SizePore SizePore SizePore Size –

Key FeaturesKey FeaturesKey FeaturesKey Features
Chlorine TolerantChlorine TolerantChlorine TolerantChlorine Tolerant
Fouling resistant



Core Component – UV Disinfection

ManufacturerManufacturer –Manufacturer ViquaViqua (a sister company to (a sister company to TrojanUVTrojanUV)ManufacturerManufacturer
Model
ManufacturerManufacturer
ModelModel–
ManufacturerManufacturerManufacturer – ViquaViquaViquaManufacturerManufacturerManufacturer –ManufacturerManufacturerManufacturerManufacturer
ModelModel 2x Pro20ModelModelModelModel
Rating 
ModelModel–ModelModel–
Rating Rating Rating Rating –

2x Pro202x Pro202x Pro202x Pro20– 2x Pro202x Pro202x Pro20–
Rating Rating – 4 log virus @15 4 log virus @15 gpmgpm (i.e. 186 (i.e. 186 mJmJmJ/cm/cm2/cm2 @ 15 @ 15 gpmgpmgpm)Rating Rating Rating Rating Rating Rating Rating Rating –

Key Key FeaturesKey Key FeaturesFeaturesFeaturesFeatures
Validated at UVTs down to 80%Validated at UVTs down to 80%Validated at UVTs down to 80%Validated at UVTs down to 80%
In operation only during water productionIn operation only during water productionIn operation only during water production
Provision of AMPLE factor of safety Provision of AMPLE factor of safety Provision of AMPLE factor of safety 
+ possible photolytic oxidation

Images from viqua.com





Preliminary Testing & Prototypes



Daily Operation –Waters

!! Synthetic Waters
!
! Synthetic WatersSynthetic Waters! Synthetic WatersSynthetic WatersSynthetic Waters!! Synthetic WatersSynthetic Waters
! NSF 350 

Synthetic WatersSynthetic WatersSynthetic Waters
NSF 350 –
Synthetic WatersSynthetic WatersSynthetic WatersSynthetic WatersSynthetic WatersSynthetic WatersSynthetic WatersSynthetic WatersSynthetic Waters
NSF 350 Bathing Water NSF 350 NSF 350 NSF 350 
!

NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 – Bathing Water Bathing Water Bathing Water Bathing Water Bathing Water Bathing Water NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 
Bathroom Sink & Shower

!
! Bathroom Sink & ShowerBathroom Sink & Shower

! NSF 350 
Bathroom Sink & Shower

NSF 350 -
Bathroom Sink & ShowerBathroom Sink & ShowerBathroom Sink & Shower

NSF 350 Laundry WaterNSF 350 NSF 350 
!

NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 - Laundry WaterLaundry WaterLaundry WaterLaundry WaterLaundry WaterLaundry WaterNSF 350 NSF 350 NSF 350 NSF 350 NSF 350 NSF 350 
! Washing Machine

!
! Washing MachineWashing MachineWashing MachineWashing MachineWashing MachineWashing Machine

! UAA Kitchen Wastewater
!
! UAA Kitchen WastewaterUAA Kitchen WastewaterUAA Kitchen WastewaterUAA Kitchen WastewaterUAA Kitchen Wastewater! UAA Kitchen WastewaterUAA Kitchen WastewaterUAA Kitchen WastewaterUAA Kitchen WastewaterUAA Kitchen WastewaterUAA Kitchen WastewaterUAA Kitchen Wastewater
! Synthetic UrineSynthetic UrineSynthetic Urine
!

Synthetic UrineSynthetic UrineSynthetic UrineSynthetic UrineSynthetic UrineSynthetic UrineSynthetic UrineSynthetic UrineSynthetic Urine
Every Toilet Flush

!
! Every Toilet FlushEvery Toilet FlushEvery Toilet Flush

! Synthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal Material
!

Synthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal MaterialSynthetic Fecal Material
! Full Flush

!! Source Waters
!
! Source WatersSource Waters! Source WatersSource Waters!! Source Waters
! Local Tap Water (EIB Faucet)
!
! Local Tap Water (EIB Faucet)Local Tap Water (EIB Faucet)Local Tap Water (EIB Faucet)! Local Tap Water (EIB Faucet)Local Tap Water (EIB Faucet)Local Tap Water (EIB Faucet)
! Rain Water
!
! Rain WaterRain WaterRain Water! Rain WaterRain WaterRain Water
! Fork of Chester Creek (near EIB)



Bench-Scale RO – NSF 350 Bathing Water



Prototype Construction – Water Heater Loads

!! Goal to minimizeGoal to minimizeGoal to minimize
!

Goal to minimizeGoal to minimize
total household electrical ! total household electrical total household electrical 
load

!
loadloadload
time to receive hot water at ! time to receive hot water at time to receive hot water at time to receive hot water at time to receive hot water at 
fixture

!! SideSideSide-
fixturefixturefixturefixture

SideSide-effectSideSide
!

SideSideSide-effecteffecteffectSideSideSide
!! Limit extended showers



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



Daily Operation – Regular Loading
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! Based on actual use ! Based on actual use Based on actual use Based on actual use Based on actual use 
potential

! Simulate fixture use ! Simulate fixture use Simulate fixture use 
to match contractual to match contractual to match contractual 
loadings



How to keep track of our project

!! hhhttp://ttp://ReuseWaterAK.com !! http://http://facebook.comfacebook.com/facebook.com/ReuseWaterAK



Thanks for Listening!

Aaron D. DotsonAaron D. Dotson
Associate ProfessorAssociate Professor

College of EngineeringCollege of EngineeringCollege of Engineering
University of Alaska Anchorage

addotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.edu
907

addotson@uaa.alaska.eduaddotson@uaa.alaska.edu
907907-

addotson@uaa.alaska.eduaddotson@uaa.alaska.edu
907907-786

addotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.edu
786786786786-

addotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.eduaddotson@uaa.alaska.edu
786786786786-6041
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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



Purpose

Water	
Use/	
Event	
(gal)

Events/	
Week	

Water	
Use/	
Week	(gal) Notes

Handwashing	 (t) 0.33 210 69 5	events/day/person	

Handwashing (other) 0.33 84 28 3	events/day/person

Toilet	flushes 1.6 126 202 5	flushes/day/person
Laundry 25 6 150 Estimate loads/week

Shower	(low	flow) 14 24 336 7	min	shower	@	2	gpm

Cleaning	Water 5 7 35 Dishwasher	(4gpd)	 Other	1	g/d

Cooking	/drinking 1.5 42 63 ~2	gal/person/day

883

883	@	7	days/week	=	126/day

Household	Water	Allocation	per	Home	(6	persons)



Bathing	Source	Water	(AM	&	PM:		M-F)
Componentsa Amount/100	L Amount/	

Event
Events/
week

Challenge	Water	
Dose/Week

Challenge	Water	
Dose/Day

Challenge	Water	
Dose/Shift

body	wash	with	moisturizer	 30 g 11.01 24 264.24 37.75 18.87 g
toothpaste	 3 g 1.00 84 84.00 12.00 6.00 g
deodorant	 2 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	 21 g 7.76 24 186.24 26.61 13.30 g
lactic	acid	 3 g 1.09 53.55 7.65 3.83 g
secondary	effluent	 2 L 0.73 35.70 5.10 2.55 L
bath	cleaner	 10 g 2.00 1 2.00 0.29 0.14 g
liquid	hand	soap	 23 g 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/100	L Amount/e

vent
Events/
week

Challenge	Water	
Dose/Week

Challenge	Water	
Dose/Load

Challenge	Water	
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 g
secondary	effluent 2 L 1.89 6 11.34 1.89 5.67 L
liquid	laundry	fabric	softener 21 mL 19.85 6 119.07 19.85 59.54 mL
Na2SO4 4 g 3.78 6 22.68 3.78 11.34 g
NaHCO3 2 g 1.89 6 11.34 1.89 5.67 g
Na2PO4 4 g 3.78 6 22.68 3.78 11.34 g
Water gal 25 6 150.00 25.00 75.00 gal



Testing

• Testing	schedule	initially	based	on	NSF	
guidelines

• Adjusted	based	on	project	needs
– Added	additional	testing	to	ensure	safety
– Ex.	Nitrates

• What	effluent	criteria	should	be	used?



Testing
• Daily/weekly	testing	

– BOD,	CBOD
– TSS,	pH,	temperature,	

turbidity
– Total	coliforms,	E.	coli
– Disinfectant	residual	(UV)
– NO2,	NO3,	iron,	TKN,	

phosphorous
– Chemical	oxygen	demand
– Total	organic	carbon
– 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

– Laundry	source	water
• Laundry	detergent,	fabric	
softener

• Secondary	effluent
• Sodium	sulfate,	sodium	
bicarbonate,	disodium	
phosphate,	test	dust



Greywater	Lab	Sample	Schedule

Parameter	 Sample	type
Sample	location Week	day	collection

Raw	influent Treated	
effluent M* T W Th* F

Biochemical	Oxygen	Demand	(BOD5) 24-h	comp X L	- PM B	- AM
Carbonaceous	BOD	(CBOD5) 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
Disinfectant1	(System	1) 24-h	comp X B	- AM B	- AM L	- AM
Nitrite	(NO2) 24-h	comp X L	- PM B	- AM
Nitrite	(NO2) 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	(NO3) 24-h	comp X L	- PM B	- AM
Nitrate	(NO3) 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	organic	carbon	(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.
1 If	the	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	disinfectant	is	not	stable	for	24-h,	in	which	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 System	4:	WiseWater



Operations	by	System	– YKHC-OEHE	



Operations	by	System	– BioMicrobics



Operations	by	System	– Aqua2Use



Operations	by	System	– WiseWater



Challenges

• Non-standard	US	pipe	
sizes

• Dirty	water	feed	rate
• GWDD	pre-filter	level	
control	break	in

• High	feed	rate	through	
filtration	units



Challenges
• Soap	overfeeds
• Soap	building	up	through	
closed	loops

• Foam	passing	through	vent	
lines

• Foam	fractioning
• Biologic	foam	control
– Dye

• Membrane	plugging	due	
to	biofilm



Quyana to	the	project	supporters!
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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?
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…to wash away our dirt—

ourselves, food, dishes, clothes

…to quench our thirst

…to transport our personal waste

,-$0.. .-(E$"7$#'%-.$
B".$<'7E$F+.F"6-6G

…for nourishment
…for nature
…for life!
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We need to explain 
how we manage and treat 
water using science, clear 
language, and real-life 
examples

RST'*$8>"#67(#'"('>7'BB%5'8(U

S;8>$*#)8'7V)=#5-()817!$,-$58>=UR

RU,"3),5,7*$8(",)8"8(7%'J'%U
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An accurate 
understanding of 
The Water Cycle (both 
natural and urban) can 
overcome negative 
perceptions related to 
water. 
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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.
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Everything we put 
into water is co-mingled 
with the water molecules

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

Our challenge is to take the 
other things out of water

Water molecules attract elements from life
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so what’s the
Problem?
so what’s the

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

•Wastewater

•Sewage water

•Treated wastewater

•Treated sewage water

M-.2-F%3"76$C'A-$3<F'2%
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… there can also be strong, spiritual 
references and connectedness to water, 

particularly among native people groups.
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• Our capacity to absorb factual 

information is blocked by negative 
associations of “dirty” water

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

What’s the Solution?

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