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Scope of 2017 Compendium

Scope of the Document

Technical Resource

Not included Included - state of the industry
National Summary of federal laws impacting
regulation for potable reuse and state regulatory
potable reuse frameworks for potable reuse
Promotion of Opportunities, challenges and trends
potable reuse In potable reuse
Design or Potable reuse applications, treatment
treatment technologies, research results, and

requirements for  case studies.
Regulatory Document potable reuse



Organization of the document




Intended Audience of the Document

Regulatory agencies Resource document for reference
when developing or revising
potable water reuse standards.

Planners and decision- Resource document for reference

makers during evaluation, planning, design,
or operation of potable water
reclamation facilities.

Reclaimed water users Resource document for better
understanding potable reuse.



Potable Reuse Reports & Guidance

WEF/AWWA - Using Reclaimed Water
NWRI - A Path Forward (WRRF 11-00)

National Research Council

State of the Science Report and
Equivalency Criteria for Treatment Trains
(WRRF 11-02-2)

Australian Academy of Technological
Sciences and Engineering — Australia-
specific

Direct Potable Reuse Resource Document
(TWDB) — Texas-specific

Framework for Direct Potable Reuse
(AWWA, NWRI, WEF, and WateReuse)

WHO - Potable Reuse: Guidance for
Producing Safe Drinking Water

EPA Potable Reuse Supplement
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Terminology

De facto reuse: A situation where reuse
of treated wastewater is practiced but is
not officially recognized (e.g., a drinking
water supply intake located downstream
from a WWTP discharge point).

Precipitation and Surface Runoff

|

Indirect potable reuse (IPR):
Deliberative augmentation of a drinking
water source (surface water or
groundwater aquifer) with treated
reclaimed water, which provides an
environmental buffer prior to subsequent
use.

Conve nﬁnnal"wm-slmpli
| Surface Water ] | Groundwater |
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Water Users
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De facto Reuse in U.S.
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Terminology

Precipitation and Surface Runoff

c.m.,.n..lw,..-,,,., Direct potable reuse (DPR): The
|_sufaceWater | Gioundwater | introduction of reclaimed water (with
- or without retention in an engineered
S Blending storage buffer) directly into a drinking
Dﬂnmntwm water treatment plant. This includes
Treatment Plant the treatment of reclaimed water at an
l Advanced Water Treatment Plant for
e direct distribution
Distrib .
<= I ™ )
& o el il ety ot Ao pe
the facility is regulated as a Public Water System.
Water Users
> Conventional L Advanced >
Wastewater Treatment Wastewater Treatment Other types of
_ ‘B‘i-:’::;;‘i‘i‘i.’
T (e.g. Cloudcroft, New Mexico) { Engineered Storage Buffer 14_ w:.::: g-:;?es
{e.g. Big Spring, Texas)
(e.g. El Paso, Texas) (adapted from EPA 2012 and Tchobanoglous

etal., 2011)



Planned Potable Reuse in U.S.

Tenino
/_ ‘& LOTT Cleanwater Alliance, Hawk's Prairie
.
PCO) o: @ Airway Heights

\ Ephrata
.\\—Ye m\ Quincy

| )
L Chehalis Royal City
Portland Clean Water Services (studied)
Santa Clara (planned)

Soquel Creek Water District (under study)
Pure Water Monterey (planned)
(ambria
West Basin Water Recycling Plant

Montebello Forebay, County Sanitation Districts of Los Angeles County
Dominguez Gap Barrier, City of Los Angeles
Chino Basin Groundwater Recharge Project, Inland Empire Utility Agency
P Alamitos Barrier, Water Replenishment District @) Aurora Prairie Waters
j Donald C. Tillman Groundwater Replenishment (under study)
® Water Replenishment District Groundwater Reliability Improvement Program (under construction)
/ 0CWD & 0CSD Groundwater Replenishment System Advanced Water Treatment Facility

@ / Water Factory 21 (built but replaced by OCGWRS in 2004)
= p y
“/'.__/_—_—_———Eastern Municipal Water District (under study)

,— Padre Dam (under study and demonstration)

P‘/— San Diego (under design and demonstration) Big Spring, Colorado River Municipal Water District
@) Scottsdale @ WichitaFalls
Water Campus _/. /7 @ North Texas Municipal Water District
Clouderoft {delayed)= oo ® @) Tarrant Regional Water District
\ @ @) Brownwood (approved but not built)
\ Abilene

El Paso Water Utilities (planned)

Hueco Bolson Recharge Project,

@ Indirect Potable Reuse El Paso Water Utilities

@ Direct Potable Reuse

@ Laguna Madre

@) Loudoun County

Upper Occoquan Service Authority @
@ Hampton Roads Sanitation District
(planned)

@ Raleigh (under stud
@ Franklin (planned) g d

@) Gwinnett County
@) (layton County

@) Jacksonville (under study)

Clearwater (planned) @

@ West Palm Beach (decommissioned)
Hollywood (under study) @
@ Miami (studied)



& Mexico City, Mexico

© Indirect Potable Reuse
® Direct Potable Reuse

Sao Paulo, Brazil ©
(studied)

]

Essex and Suffolk

Langford, UK
e o @ Toreele Reuse Plant
Wulpen, Belgium
@ Sulaibiya Wastewater Treatment & Reclamation Plant
Sulaibiya, Kuwait
Vrishabhavathi Valley Project &
Bangalore, India
(studied)
& NEWater
Singapore
Goreangab
Water Reclamation Plant : -
e eMalahleni Municipalit Beenyup Advanced
Windhoek, Namibia @ South Africa il Water Recycling Plant
@ Perth, Australia ®
@ eThekwini Municipality & Western Corridor Project
Beaufort West @ South Africa : SE Queensland, Austgalia
South Africa (studied and put on hold) (offline)



I EPA Guidelines for Water Reuse

“DPR will seldom be necessary.”
“While DPR may not be considered a viable option at this
time, many states are moving forward with IPR projects.”

2004

“In many parts of the world, DPR may be the most

economical and reliable method of meeting future water

supply needs. While DPR is still an emerging practice, it

should be evaluated in water management planning,

particularly for alternative solutions to meet urban water 202

supply requirements that are energy intensive and —_—

ecologically unfavorable. This is consistent with the
established engineering practice of selecting the highest
quality source water available for drinking water
production.”

2004 --'—.":-:_".f"'-,.'.". -
GUIDEEINES FOR
WATERPREUSE




EPA Potable Reuse Compendium

» “EPA supports water reuse as part of an integrated water ~
resources management approach developed at the state e017
and local level to meet the water needs of multiple 2017 :
sectors including agriculture, industry, drinking water, \
and ecosystem protection.”

o “The SDWA and the CWA provide a foundation from
which states can further develop and support potable
water reuse as they deem appropriate.”




I Regulating Reuse

« SDWA and CWA authorize EPA to set national standards,
EPA provides guidance (Guidelines for Water Reuse)

 Delegates implementation and enforcement
responsibility to states, territories, and Tribes (42 U.S.C.
§300g--2)

« Examples: California Water Board Division of Drinking
Water (DDW), Texas Commission on Environmental
Quality (TCEQ), Oklahoma Department on
Environmental Quality (ODEQ), Georgia Environmental
Protection Division (EPD)
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Regulatory Status of Potable Retse"

i

Number of States with Policies | Number of States with Policies
Category | toAddressPotable Reuse in to Address Potable Reuse in

of Reuse 2012 2017

14
(AZ, CA ,FL HI ,ID ,MA NV, NC,
OK, OR, PA, TX, VA, WA)

8
(AZ, CA, FL, HI, MA, PA, VA, WA)

0 3 (CA, NC, TX)




Regulatory Status of Potable Reuse™ &= ===~

e Massachusetts
» Adopted non-potable reuse regulations in 2009
e Requires 6 month minimum travel time between outside
use of reclaimed water and nearest drinking water
withdrawal
* New York
* No regulations identified as potable or non-potable reuse
» Require 60-day travel time between wastewater discharge
and nearest drinking water intake
e Glardia and virus treatment required if discharging to
watercourse impacting potable supply
* No reuse regulations in Connecticut, requiring case-by-case
approval for specific projects



e Chemical with Potential Health Risks
e Many regulated with MCLs
* TrOC, unregulated DBPs
» Generally related to chronic health risks
 Can cause acute risks if concentrations high enough

 Pathogens

* Present acute health risks
* Regulated by both SDWA and CWA
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Chemical Substances in Wastewa -j

. : Examples of Specific
Origin Sources of Chemical Substance
Chemical Substances

Plasticizers, heat stabilizers,
biocides, epoxy resins, bleaching
chemicals, solvents, dyes, polymers,
hydrocarbons, phthalates, atrazine,
DEET

. Laundry detergent, ammonia,
Domestic Personal care products, surfactants _ _
bleach, antifreeze, lotions, perfume

Oestradiol, oestrone, testosterone,
Steroidal hormones, pharmaceutical trimethoprim, caffeine, ibuprofen,
residues gemfibrozil, sulfamethoxazole,
carbamazepine

Formed during WW L THMSs, HAAs, NDMA, NDEA,
Disinfection by-products
treatment aldehydes, bromate, chlorate

» TrOC concentrations range from ng/L to hundreds of pg/L,
compared with TOC in mg/L range

Pesticides, preservatives, flame retardants,

Industrial perfluorochemicals, nanoparticles

Human-based



Chemical
Acetaminophen
Caffeine
Carbamazepine
DEET
Dilantin
Diuron
Ethinyl Estradiaol
Gemfibrozil
Ibuprofen
Meprobramate
NDMA
Primidone
Sulfamethoxazole
TCEP
Triclosan

Orange County GWR System (June 2010)

__nfluent | _ROF | _ROP_| UWP_| FPW _
/8 238 15 ND ND

1060
263
528
197

66

ND
802
280
408
30

100

1020
338
324

1190
250
552
152

73

ND
778
352
ND
27

100
1.2
353
101

5.2
ND
4
ND
ND
ND
ND
ND
ND
12
ND
ND
ND
6.2

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND



Disinfection Byproducts

e Many DBPs poorly removed by RO

 Will become increasing focus as IPR/DPR expand

Surface Water Potable Reuse

THMs 80 pg/L Forms with NOM and free CI2
Controlled with chloramines or TOC
reduction

HAAs 60 pg/L Forms with NOM and free CI2
Controlled with chloramines or TOC
reduction

Bromate 10 pg/L Forms with bromide and ozone
Controlled with pH, source control

Chlorite 1 mg/L Forms with chlorine dioxide

Poorly removed by RO and AOP
Typically low, given use of chloramines
Formation low after RO

Well removed by RO
Typically low, given use of chloramines

Potential concern if ozone used for AOP

Potential formation from UV/Chlorine

MA NL=10ng/L Generally low in natural waters
Being considered for future regulation

Forms with EfOM and chloramines
Requires UV to reduce
Formation may be con




Pathogens in Wastewater

Pathogenic Examples Max Density in Median Infective Dose
Organism P Wastewater (per L) (ID50) Category

Campylobacter 10°
Bacterla ~106
Salmonella 108

_ Adenoviruses 104
Viruses _ <102
Noroviruses 10°
Giardia 10°
Protozoa o <102
Cryptosporidium 10°

Adapted from Soller et al, 2018, Feachem et al., 1983; Messner et al., 2014, 2016;
Teunis et al., 2008




Bacteria Protozoa Included

Processes
California 12 No Rq’'t 10 — Giardia Raw WW to DW
10 - Crypto distribution
Texas 8to9 No Rq’t 6 to 8 —Giardia  WW effluent to
5.5 - Crypto DW distribution
Western Australia 9.5 8.1 — Campylobacter 8 - Crypto Advanced

treatment only



Risk Analysis

 Quantitative Risk

Assessment

e Chemicals - 11in 1,000,000
» Pathogens (QMRA) —1in 10,000

 Alternative Risk Models

» Relative Risk Assessment
» Probabilistic Risk Assessment

e Risk Management Couplng Relabilty

[+ Y l ot
I*¥ -
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Public critical to success of potable reuse projects

Do you support using advanced treated recycled
water as an addition to drinking water supply?

Unsure
4%

Unsure
10%

2004 2012

Courtesy of San Diego County Water Authority




Alternative Treatment Trains

Namibia Model + DPR+ No RO we> wwTe > DAF o Mol Gone  Sieacionc =0 UF o mm./,

Cloudcroft Model * DPR « MBR .=> MBR ;\ RO /;\uv—m? 0 MC},

Big Springs Model * DPR « UV-AOP -\ WWTP > MF /} RO /’ Wfﬂm \B'm.?'~

»
< Wichita Falls Model * DPR * UV w WWTP o3 MF o' RO o WV

Singapore Model * IPR* UV wo’ WWTP

& California Model « IPR « UV-AOP - wwre ,.,\, ME

Upper Occoquan Service e
Authority (UOSA) Mgfﬂel'lPR- -} WWTP )\-\ o
inati > 7/ Filtration
(ﬁ.fi'nnett County«IPRe _\ . % Meda
Qzone/Biofiltration y ,:--"7' Rlkration /

San Diego Advanced Water Purification -\

Demonstration Projects Demo Only * o WWTP A Ozone /-,} BAC //,.> MF /;r\ RO /, UV-AOP /,
’ /4

Ozone-BAC/Full Advanced Treatment

Buffers Blends

b Aquifer } Surface Water Body () Spring and Well Water Surface Water

* Blending occurs in engineered storage buffer (holding lagoon)
** Only requires chlorination after residence time



Case Studies

i% Los Alamitos Barrier Water
Replenishment District of So. CA/Leo
J. Vander Lans Advanced Water
Treatment Facility (LVLWTF)

i% Gwinnett F. Wayne Hill Water
Resources Center, Chattahoochee
River and Lake Lanier Discharge

%Village of Cloudcroft PURe Water
Project — Direct Potable Reuse

%Orange County Groundwater
Replenishment System (GWRS)
Advanced Water Treatment Facility

Tenino
[;/— LOTT Cleanwater Alliance, Hawk's Prairie
% 09, @) Arway Heights
[
e \Ephrata

.\\Yelm\ Quincy

L Chehalis Royal City
Portland Clean Water Services (studied)

Santa Clara (planned)

Soquel Creek Water District (under study)

Pure Water Monterey (planned)
Cambria
West Basin Water Recycling Plant
Montebello Forebay, County Sanitation Districts of Los Angeles County

/ Dominguez Gap Barrier, City of Los Angeles

Chino Basin Groundwater Recharge Project, Inland Empire Utility Agency

w‘f Alamitos Barrier, Water Replenishment District @) Aurora Prairie Waters
@ Donald C. Tillman Groundwater Replenishment (under study)
® Water Replenish District Reliability Improvement Program (under construction)

QWD & 0CSD Groundwater Replenishment System Advanced Water Treatment Facility
Water Factory 21 (built but replaced by OCGWRS in 2004)
Eastern Municipal Water District (under study)

Padre Dam (under study and demonstration)
@) North Texas Municipal Water District

ﬁé/— 5an Diego (under design and demonstrafion)
@) Scottsdale
Water Campus
Cloudcroft (delayed) ® @) Tarrant Regional Water District

'\ @ @ Brownwood (approved but not built)

Big Sprif\y, Colorado River Municipal Water District
chita Falls

\I Lllblleme
Colorado River Municipal Water District W

@ Indirect Potable Reuse El Paso Water Utilities

Raw Water Production Facility Big Spring e s

Plant

@ Laguna Madre

ﬁWichita Falls River Road WWTP and Cypress
WTP Permanent IPR and Emergency DPR

Project

Potable Water Reuse in the Occoquan
Watershed

@) Lougoun County
Upper Occoquan Service Authom:
Hamptan Roads Sanitation Di
planned)
@ Raleigh (under stud
®) Franklin (planned) oh( y
nett County
n County

@ Jacksonville (under study)

Clearwater (planned) @

@ West Palm Beach (decommissione
Hollywood (under study) @
@ Miami (studied)
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Water Replenishment District, CA




-

e Established: 1959 to manage
& N == groundwaterin Los Angeles
ol OEese.  County

: [ eArea: 1,090 km?

M. Groundwater o e . R

T R . -+ Population: 4 million

=  Purpose: Manage Central and
Ay, West Coast groundwater

@) Advanced Water

==l basins

e Facilities:
» Goldsworthy Desalter
» Vander Lans WTP

» Alamitos, Dominguez Gap, and
West Coast Barriers

wecenoao)




Leo J. Vander Lans Water Treatment Facility

« Expanded from 3 to 8 mgd

e Process:

o Tertiary filtered water
e Microfiltration/RO/UV-AOP

e Status:

* Initial facility Oct 2002
 Expansion Oct 2014

e Improvements

» Added recycle of MF backwash

e Increase RO recovery to 93%

» Added peroxide to UV to create AOP
e Comply with new IPR regulations




Full Advanced Treatment

» Uses 3-step process similar to other California IPR projects

* First facility approved for 2 month travel time from injection to
extraction

o 4 similar facilities currently operating in California

Microfiltration Reverse osmosis Advanced oxidation
process



Wichita Falls, TX




Wichita Falls Water Supply Lakés_‘%

City of Wichita
\ Falls
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How an unprecedented drought affected
the city’s three surface water supplies

Thousand Acre-ft

Source: http://waterdatafortexas.org

Observed

Estimated

M :

April 2015: 23.5%

© '1906



Direct Potable Reuse via Cypress WTP

** A NEW 10 mgd RO SYSTEM
s WOULD BE ADDED TO SOLELY
RIVER ROAD | DISCHARGE TO TREAT THE RIVER ROAD WWTP
WWTP ™| WICHITA RIVER EFFLUENT. TOTAL RO
TREATMENT CAPACITY WOULD
NO IMPROVEMENTS BE 20 mgd.
NEEDED
10 MGD NEW PIPELINE

CURRENT FLOW PATH

TO
LAKE SECONDARY JASPER N (... —
ARROWHEAD RESERVOIR WTP SYSTEM
LAKE CYPRESS TO
WTP | DISTRIBUTION
KICKAPOO 20 ** SYSTEM
MGD RO

}

CANAL
SYSTEM

DIVERSION
LAKE




DPR Process Schematic

7.5 MGD down an 12 3 mle pipeline

Ao Aoad Wastesals: Tresmert Plart

+ Permit I THDO4TEES
:
Cypress Water Treatment Facility
MF/RO Plant

—T A
b Ol i

be— 1, ——

Ehg Wichina Rivel

& MGD Laka Watar

Secondary Resevolr
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Indirect Pota

RIVER ROAD

WWTP

10 MGD*

LAKE

KICKAPOQO

e Reuse via Lake Arrowh

DIVERSION
LAKE

IMPROVEMENTS
NEEDED

NO IMPROVEMENTS
NEEDED

3 S— /7/4'/

WTP ,/TH
o A

_~" MGD RO

CANAL

SYSTEM

Wi

ea

CHITA

TCEQ WATER
LIMITS

CBOD,

A NN ORI
AMMONIA

6 mg DISSOLVED OXYGEN
0.5 mg/L PHOSPHOROUS

mqg/L TDS
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Indirect Potable Reuse Project

River Road
Wastewater_}
Treatme:g_t Pl

Do

1

)

ant

\l,

Lake Arrowhead
Raw Water

/ Pump Station
Lake Arrowhead




Gwinnett County, GA




Gwinnett County, Georgia

@ Dawsonville

iz
« Size: 60 mgd wastewater effluent discharged to Gainesdile
Lake supplying 75 mgd plant W . }@/ s
* Process: s . }/\/ﬁaﬁi
o Tertiary filtration, ozone, BAC, ozone ey ol i
Mar%ﬁa ' i _"_::.,-\-"*'tawfé;;:ey_il1e 31E

* Ozone, filtration, chlorination =
e Current Research {558 e
« Pilot testing DPR using T Fadanta \/
non-RO train
 Evaluating process controls
to ensure safety of
product water

Conyers ‘Social Circle

Covington e,

To Customers

Lake Lanier

Shoal Creek
Filter Plant

F.

Wayne Hill WRC



Current Treatment Trains

F. Wayne Hill WRC Liquid Process Flow Diagram

== =3 -8 ]
Post-Ozone
Screening/ Primary Biological Secondary Solids Contact Chemical Granular Pre-Ozone BAC
Grit Removal Clarifier Reactor Basin Clarifiers Clarifiers Clarifiers Media Filters Filtration
. Effluent to
Lamella Plate Ultrafiltration
Shoal Creek Filter Plant Process Flow Diagram Clarifiers Membranes
e ore Disimrean Lake Lanier
Raw Water from Ej— \LI I L
Lakelanier poofaation Ozone Rapid Mix Finished
Tank Flocculation Filtration Water



Water Quality Characterization — January 2016

Lake Lanier |F. Wayne Hill WRC
Water Quality Intake Effluent




Water Quality Characterization — January 2016

Constituent Lake Lanier F. Wayne Hill
Water Quality Category Intake WRC Effluent

*table summarizes all measurements above the reporting limit using LC-MS-MS, ESI+ and ESI- mode; detection limits were 5, 10, or
20 ng/L for most analyses



Lake Turnover Water Quality Creates Operational

Challenges
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Pilot Testing of DPR to Improve Operation

N A a8
A B - : To Customers
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o Reuse {IPR) Practice "
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Summary

» Water supply challenges are occurring for utilities across the
US, often coupled with increasing requirements for wastewater
discharge

* DPR and IPR already being successfully implemented
throughout country

* Regulations for potable reuse being handled 2017I“ ! '
on state-by-state basis

* New EPA Potable Reuse Compendium supports
states and utilities in development and
management of potable reuse programs

https://www.epa.gov/ground-water-and-drinkingwater/potable-water-reuse-and-drinking-water
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