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Notes on Word Usage

The words'recyclind' and"reclamatiofi and"recycled and"reclaimed and their derivatives
are used synonymously and interchealgly in this documenin recognition othe common
usage of each set of words in different regsoof the country and the world.

The spelling of "graywater" in this document follows the most common U.S. practice. In
publications, alternative spielgs such as "gray water", "greywater", and "grey water" ar
frequently used. Where such publications are quoted directly in this White Paper, the a

original spellings are used unchanged.
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EXECUTIVE SUMMARY

e Graywater reuse is viewed bye
greenleaning layperson as the
panacea fowater $ortags,
groundwater depletiorsurface
water contamination, and climatg
change

e Graywateris seen by society
public health guardians
(including the water utilities) as &
threat to health and safety the
users themselves and their
neighbors

Neither of these caricature§ graywater

is accurate, although an element of truth
resides in eachn fact, graywatemay
save a significant amount of potable
water (and its costs) for the homeowner
or busiress installing a system, even
though the payback periddr the more
complex systemexceed the useful life

of the systemNo cases of any disease
have been documented to be caused by
exposure to graywat@ralthough
systematic research on this public healt
issue is virtually nonexisteniVvhile this
absence of documentatidoes not prove
that there has never been such a case, 1
fact is that graywater is wastewater with
microbial concentrations far in excess of
levels established in drinking, bathing,

SCOPE OF WHITE PAPER
This white paper is sponsored joinby the

e WateReuse AssociatidiVRA),

e Water Environment Federati¢gWEF),
and

e American Water Works Association
(AWWA).

The White Papeis intended to help the
Board of Directors ofhe WateReuse
Association adopt policies vésvis
graywater that arepical, fair, and consisten
with the mission of the Associatiofihe
following objectives are the guiding principl
for preparation of the document:

1) Characterize the most important issues i
graywater and identify the policy
implications of each;

2) Assess the potential impacts of rising
trends in graywater use on the water
recycling industry; and

3) Develop a regulatory and policy
framework that will allow the industry to tak
appropriate actions to protect the integrity ¢
the recycled water produahd brand.

andirrigation water standards for
recycled water.

Graywater reuse is prevalent mainly in the sand regions in the West and the South,ibut
is notascommon in the Northern tier stat€n the other hand, municipal water reuse is far
more prevalent nainhally, as it is driven by environmental regulations in addition to water

shortagesThus, the impact of increased graywater reiissny, canvary regionally.

The quantitative impact of increased graywaterseon the water reuse industry is expected

to be modest, even under the most aggressive growth assumighimsof the growthn

graywater reuses expected to take place in areas where municipal water recycling will likely

not be practicedl unsewered urban areas and rural and remote. areas

Page Viii
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Water quality impacts from extensive use of graywater in a community are not expected to be
adverseln fact, bathwaterand laundry water diverted from the wastewater stream may
marginallyhelp reduce total dissolved solj@specially sodiumn the wastewatér and the
reclaimed water derived from Drganic load is only slightly higher in the remaining
wastewater after diversion of graywater than before, with little or no impact on the carrying
capacity of the sewers and the ability of the biological processi the treatment plant
However, the impact of reduced flow, when combindtth the impact of other water
conservation efforts in the community, n@use flow volume and velocity in teealt

diameter extremitgewes to decline so much that the ratedefposition wouldexceed
resuspension.

Fourpolicy options are proposed for discussidrthe widest possible spectrum of choices
andfor ultimatedecision on the part of th&ateReuse Board of Directors:

1. Do nothing.

2. Distinguishgraywater from recycled wer and educate the Iplic about the
importantdifferences

3. Accepttreatedgraywater reusehere the treatmeiind operationadystemmees
applicablewater reusestandardsordinancesand egulations for the intended use.

4. Includeall types ofgraywaterreuseas "water reusednd gradually integratdem
into the water reuse industry.

Fear of an adverse public health backlash fadimturepublic healthncident ¢or example,

an epidemic otholera)related to graywater reuse intensified witie 2009 adgation by the
International Association of Plumbing and Mechanical Officjalsters of the Uniform
Plumbing Codelnternational Plumbing Codand other building and mechanical codes)
designate purple as the color for identification of pipes car@lirigpes ofnonpotable

wate® including graywaterldeally, the color purple would remain strictly for use in
identification of reciimed/recycled water pipes and appurtenanSage pipes carrying
graywater are essentially within the private propertigb@tsers themselves, it would be
best if they remain black plastic irrigation piping as they arednwith adequate signage and
markings to identify the nonpotable nature of the water withimould be highly desirable if
a code provision were estabkshthat sets black as the standard for graywater conveyance
Pipein black, green, and browis readily available in many diameters andolls up to 1000

ft in length

There may be an opportungythis unigue momentor the water reuse industry take
advantage of theelatively positive view ofmostmembers of the public about graywater
reuseandto associateéhatgoodwill with all varieties ofwater reuse.

It is recommended that research support be provided for increasing the state of scientific
knowledge about graywater, risk assessmamd risk comparisonsnder a variety of
graywater reuse conditiommdfor swayingpublic attitudes on graywater reused
reclaimed/recycled water
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PART | INTRODUCTION

DEFINITIONS

Graywater

Graywater is untreatl wastewater, excluding toilet @héh most cases dishwasher and

kitchen sink wastewaterg/astewater from the toilet and bidet'idackwater" Exclusion of

toilet waste does not necessarily prevent fecal matter and other human waste from entering
the grgwater syster@d albeit in small quantitie€Examples of routes for such contamination
include showewaterand bathwater and washing machine discharge after cleainsoged
underwear and/or diapesGalifornids latest graywater standards defgmaywaterthus:

... "graywater" means untreated wastewater that has not been contaminated
by any toilet discharge, has not been affected by infectious, contaminated, or
unhealthy bodily wastes, and does not present a threat from contamination by
unhealthful processg, manufacturing, or operating wastes. "Graywater"
includes but is not limited to wastewater from bathtubs, showers, bathroom
washbasins, clothes washing machines, and laundry tubs, but does not
include wastewater from kitchen sinks or dishwash&alifornia Building
Standards Commission, 2009)

This definition assumes that themeownemwould take extrardinarycare in source control
of contaminants and ensure pathoffe® graywater, an assumption that would be
guestionable in a certain percentageades

For the purposes of this white papagraywatet refers only to residential and commercial
graywater as defined in this section.

Rainwater Harvesting and Other Alternative Sources of Water

Rainwater harvesting involves systems that collect raiweom rooftop catchments and

other surfacesThe harvested rainwater comprisesafternativesource of wateMater

collected from these systems is generally not treated and includes contaminants collected on
the catchment surfaces during dry interv@tse contaminants can include windblown dust,

bird and rodent droppings, leaves and twigs from nearby vegetation, and other materials
Some of the more elaborate rainwatarvesting systems include a bypass that routes the

initial runoff fromeachrainfdl event to the storm sewer includea soil absorption basin

allowing subsequenfesscontaminategrunoff water to enter the storage reservoirs

Harvested rainwater in catchment barrels and other storage devices is also considered
graywatery somé as is condensate from refrigeration equipment, collected stormwater,
and other nonpotable water sources that have not been contaminated with human waste
Nonetheless, for the purposes of this paper, they are considered wast®assdron general
knowledgein the field, it is estimated that these alternative sources are a minor component,
compared to residential and commercial graywater, as defined.aberefore, the

emphasis in this paper is on residential and commercial graywater, altnangbf the
conclusions and recommendations are equally applicable to all alternative sources of
nonpoable water.
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Treated Graywater Systems

Graywater from nontoilet, nonkitchen sources at a-nigg building, a sports stadium, or an
apartment house sometimesollected separately and treated inoasitewastewater
treatment plantBlackwater is collected in a separate sewer and sent to the central treatment
plant Effluent from theonsitetreatment system is then utilizedrampotble recycled water

in a maner similar to that forecycled waterThe rationale for such systems is that (a)
graywater sources within the building provide enough water fandhpotible water demand
in the building and its vicinity and (b) the lower solid loading, BOD loading naintbbial
content of graywater make treatment less costly and less en&ggive Such systems are
common in Japan, especially in cities where developers of new buildings containing over
3000m?or over5000 nf (depending on local regulationsf) usablespace are required to
provideonsitetreatment and reu8emainly for toilet flushing These graywater systems
utilize highly sophisticated treatment systems, including membrane biological reantbrs
are closely monitored

Treated graywatesystems areot in common use in the United States at the present time;
however, the advent dfeadership in Energy and Environmerasign LEED) certification
andof other sustainability incentivas expected to increase their utilization in the future
Treated gaywaterthatmees standards and regulations for water ragsessentially
reclaimed water and is not the subject of this papewever, lesser levels of treatment,
especially thoserovided byhomeowners, are common and do not necessarily provide
adequéee safgguardsfor those exposed to the wat€éhese simple graywater systems rely on
the aerobic topsad capability to provide additional treatment by decomposing organic
matter and deactivatirtpe microorganisms in graywater.

Water Reuse Industry

As usd in this document, the phradseater reuse industtyefers to public agencies

(counties, cities, water districts, wastewater agencies, joint power agencies, etc.) involved in
production, distributiopor provision of recycled water to end users for ffierzd reuseand

in repla@ment ofpotable watenWateReuse Association is thgncipalnationalorganization

that represents the interests of the water reuse industry and supports research that enhances
the safety and public understanding of water rexagcl

Graywater Industry

In this paper;, graywater industryrefers to privatesector manufacturers, purveyors, and
providers of graywater systems and subsystems as wellratividuals engaged in
promotion of graywatereuseand dissemination of inforrtian in its support Surprisingly,
the number of purveyors treatedgraywater systems rathersmall, and most of them are
outside the United StateBhe listof graywatersystempurveyorspresented in Appendi&
may not be exhaustive but probably regerets most of theuppliers active in the market at
this time (October 2009).

RECYCLED WATER INDUS TRY CONCERNS ABOUT GRAYWATER

The recycled water industry in the United States has established an unblesafeityecord
in regulated use of highlyeatedmunicipal wastewater faronpotble purposedNearly all
recycled (or reclaimed) water used in urban settings is tetteated wastewater that has
been disinfected to virtually eliminate pathogeRscycled water systems employ multiple
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barriers, site @antrols and other redundant measures and are regulated by publicdrehlth
environmental protectioagencies

Undisinfected secondary treated recycled water is also allowed to be used in some states for
specificand restricte@dpplications where humaxgosure is minimal, with additional site

control requirementdA tabulation ofCalifornia-allowed usesf recycled watdy with four

different levels of treatmedtis presented in AppendB.

There have not been any documented casksrofinhealth problemswk towater reuse
understandards, criteria, amdgulationsThewater reuséndustryis unwaveringn its intent

to maintain this record with diligent operation of water recycling systems and has worked
hard to educate the public about its safety redors, therefore, not surprising that the

industry is constantly on guard to prevent a reversal of its increasingly positive public image
WRA/AWWA/WEF comments tahe International Association of Plumbing and Mechanical
Officials (IAPMO) have indicatedhat the primaryssue is public health protection from
crossconnections and potential exposure to water of lower qualitig concerrwould apply

to contamination of potable watertorcontamination of higlyuality reclaimed water by
crossconnection wih (or backflow of)graywater.

The recycled water industry takes immense pride in contribaigmificantlyto ourscarce
waterresourcs. Therefore, anything that might diminish the source of this water supply
would be of great concern to the industry.

The concerns of the recycled water industiput graywateihave been expressedth
statements similar tihe following*

e Public health concerns related to the potential for ezcoasection with either a
potable or reclaimed water system;

e Fear of any halth problems potentially caused by the poor microbial quality of
graywater becoming associated with highality recycled water in the pubBomind;

¢ Reduction of flow of raw materiahs a result of diversion of graywateto
wastewater treatment plan\WWTPS9, impairing thereliable production of recycled
water,

¢ Public, media, and electedficials' confusionof graywater and recycled water and
their respective qualities

¢ Reduction in the carrying capacity of sewers for solids as a result of rethwed
into the sewerand

e Increase irthesalinity of recycled water as a result of diversion of the lesedinity
bathwater,showerwater, and lavatory wastewaters from the sewer.

These statements are neither exhaustive nor necessarily wholly accorates they representative of
the water reuse industry's opinion as a whole. However, they do represent the opinions expressed by
some prominent members of the industry at conferences and other public forums.

WateReuse Association Page B



SOURCES AND CHARACTERISTICS OF GRAYWATER

State of Knowledge

Much of the hformation about graywater is available to the public on websites of graywater
advocates and suppliers of equipment for graywater capture, storage, and applibatien

are a few scientific studiefof exampleRoseet al, 1991 Siegrist 1977 Casanos et al,

2007 and unpublished reports pilot projectsconducted fograywatereuse for example,

City of Los Angeles1992 California Department of Water Resources, )996e Water
EnvironmentResearch Foundation (WER&#)d the Soap and DetergentsAsiation(SDA)

have been cooperatimg an intensiveprogram of research intongtermgraywatereuse

its characteristicand its effects on human health and the environueditareport of the first
phase of this collaborative effort, primarily a fdeure searcthas beempublished Roesneet

al., 2009.

A second phase of tMYERF/SDA project is undeway, with scientistgperforming
controlled field research and charactemgzexisting siteof known longterm graywater
reuse This researclprojectwill consist ofan analysis of pathogens in soil samples that have
been collected from four homes in three states (California, Colcaaddl exas)the owners
of all of which have been using graywater to irrigate their landscapes for moreybars.
Most of those systermsusegraywater generated from laundry machines; some also
incorporate the graywater generated from baths, shpamgtathroom sinks. Only one
kitchen sink system is included in the study, and &t the home of a vegetarian; if ahés
prepared in the kitchen, the resulting graywater is typically contaminated with
microorganisms and is a highrisk wastewaternformation from this studyexpected tcee
publicationin thespringof 2011,mayshedadditionallight on a topic thails sometimes
mired in controversy and misinformation.

Sources of Graywater

Figure 1 is reproduced from the abawentioned WRF/SDA study It showsthe typical
urban distribution of indoor water usage in the United States.
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Leaks B?th .
9.5 gal/cap/d. 1.2 gal/cap/d.
Other Domestic 13.7% L7%
1.6 gal/cap/d, Shower Graywater:
2.3% 11.6 gal/cap/d. Batl/Shower/
16.7% Clothes Washer
Dishwashers 40%. 28 gal/cap/d
1.0 gal/cap/d, Plus some faucet
1.4% water
Clothes Washer
Blackwater 15.0 gal/cap/d.
Dishwaters/ 21.6%
Toilets . Y.
28%. 19.5 Toilets
gal/cap/d 18.5 gal/cap/d. .
Plus in)tcheu 26.7% Faucets Note: The leakage % was skewed by
faué of water o 10.9 gal/cap/d. a small number of households:
15.7% Average daily leakage =21.9

Median daily leakage = 4.2
gal/ household/day.

Figure 1. Averageindoor residential water usagefor 12 North American cities
(Adapted from Residential End Uses of Watdry permission. Copyright ©1999 American Water
Works Association andAwwaRF, (AWWA 1999))

According toResidetial End Uses of Wate(AWWA, 1999, graywater sources in an
average householadmprise more than half of the water used indoors, distributeldaagn in
Table B assuming an average 26 personger householdVost graywater reuse systems
do not tap albf the sources of graywater shown in Tahlé&gpendixC provides a
reproduction of that surveygercentageby stateof households witlgraywater use.

According to the 1999 Soap and Detergent Association sifveyNPD Group1999) the

average graywat system in the tited Statesises only6.3 gpd® Thisfigureis far lower

than the potential maxima calculated in Table 1 to provide the upper range of potential future
graywater reuse

Table 1. Maximum Graywater Generation Ratesin Typical U.S. Household$

Source or Total % of Indoor Use Graywater Generation Rate

Gal/household/day Gal/household/day

| Gallpercapita/day 1999 _ 2030(est.)
Clothes Washers 21.6% 15.0 40 225
Showers 16.7% 11.6 30 25.0
Baths 1.7% 1.2 3 3.0
Fauets 15.7% 10.9 28 25.0
Total Graywater 50.6% 38.7 100 75.5

®First three columns are based on data in Figure 1.

“Calculated from the source statemefihévolume of graywater reused averages 188 gallons per
month pehousehold reusing graywatér.
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Since 1999, many households have been retrofitted with modernceatrving fixtures
andhomeownersave adoptedraduallyincreasing watesaving ethis and habits

Therefore the graywater generatimolumesquoted above are on the high side of the scale
andarenot representative of current or future conditidfse projections ofmaximum
graywater generation rates fithe year 2030, shown the last column in Table, &re based
on assumegervasiveadoption ofmore-efficient waterusing fixtures and watesaving
devices

When all graywater sources are tapped householatheycan supply roughly half of the
landscape irrigation nesdf an averageletachedesidentialunitd with great variations
based ohousehold occupanclgcal climate, lot size and type and extent of landscajaimg)
its demand for irrigation watelrrigation efficiency is another important fact@rip

irrigation systems are the most efficient and may be able to stretch the available graywater
supply to meet most of the landscapatering needs of a typical househditiis higher
efficiencyis likelier to be attained by treated graywater systdnunder pressufethanby a
simple graywater systednunder gravity Potable water must be supplemented in almost all
situations for the remaining demand not met with graywatgs argument is one of the
most compellingor concern about crosonnection and backflow potentidiscussed

further in Part Il of this paper.

Microbial Quality of Graywater

Various fcal coliform counts igraywater have been reped ranging from thousandse
millions of CFU/100 mL Table 2 showsgheresults of microbiological tests reported by
seveal investigators.

Table 2. Microbial Properties of Graywater, MPN/100 mL or CFU/100 mL?

Data for:
City of Ottoson
Microbial Siegrist, Los Christova- Casanove and
Content 1977 Novotny, Rose et Angeles Boaletal, et al, Stenstro
Laundry 1990 al.,1991 1992 1996 bath 2001  m, 2003
Total 107 10710°  2.5x 10 10%10°  2.3x 10% 1.9x 10 1.3x 10
Coliform 3.3x 10
Fecal 10° 10°10° 2.0x10% 105100 2.0x10% 1.1x10 3
Coliform 7.9x10° 3.3x 10
Fecal NDi 2.5x 10"
Enterococci 16 x 10'

@Author names in column headings refer to list of references at the end of the paper.

While these counts araostlylower than those in raw wastewater, they are much higher than
the levels allowedby variousstateregulations governgpuse of reclaimed or recycled water

(for examplethe CaliforniaWater Recycling Criteri@CDPH, 2001)yequire total coliform
levelsof <2.2 MPN/100 mLfor most urban usg¢gorresponding to a virtually pathogéee
source of wateiBecause ofjraywater'snicrobial contentstates thatlo regulate and allow

its use of graywater for landscape irrigation generally require application of the water below
the soil surface to minimize human exposure to the graywatmparative tabulation of
water quality fron seveal sources is presented belbased ortevel oftotal coliform

bacteria (in MPN/100 mL)
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Drinking Water <1
Disinfected Tertiary Recycled Water <2.2
Disinfected Secondary Reclaimed Wate <23

Undisinfected Reclaimed Water 20 to 2000
Graywater 100to 100 million
Raw Wastewater Millions to billions

The high number of indicator bacteria in graywater is causadstpublic health officials to
oppose reuse of untreated graywater withpautnits,restrictions andotherregulatory
controls.

VOLUME O F GRAYWATER INTERCEPTED

Volume of Graywater at the Use Site

As indicated above, graywater can comprise a significant portion of the water use at an
individual use sité@ a home, an apartment, or a commercial enteréazounting folas
much asb0% of the irdoorpotable watetise and meeting about half of the demand for
outdoorirrigation useduring the irrigation seasoRor the user, thiesourcaneans a
potentially bigseasonasavings in water costs at thetable watemeter In somecases, it
also meas a concomitant savings in wastewater service ¢toistee consumerThus, the
financial incentivdfor the homeowneto use graywater is significant, especially during
drought periods whewater rationing prohibition of irrigationand increasingplock (water
conservation) pricing policieand fines for excessive uaee in effect.

Volume of Graywater Diverted in the Community

While theindividual user of graywatenay potentially gain significantly from the decision to
install a graywater system, tbhgerall cumulativémpact of graywatereuseon a given
sewershed would be muemaller, percentagwise. The following factors tend to modulate
the overall use of graywater in the community:

e Many residential plumbing systems are already encased in c@nevltre the housing
unit is built on a sla and the graywater component of wastewater cannidubly
separated from the blackwater compon&aime(certainly not manynew housing units
arenow beingbuilt with stuboutsto enable separation of graywabased on the
occuparis choice Proposals to mandate such stauis have been vigorously opposed by
the developer/builder industry for fear of litigatimncase of a public health incideihe
citiesof Tucson,Cottonwood, and Chino ValleAZ, mandatedyraywater stutmuts in
new residential construction permitted aftenedd,2010.

e Where residential plumbing is accessila cases where the house is built on top of a
basementr on pierd the possibility foreasierseparation of graywatsourcesexists,
butthis task is neither simple norexpensiveThus, in many cases, it takes a devoted
graywater enthusiast to perform the necessary plumbing ctéacgesplete with
acquisition of the necessary permits and highgxperienced plumbers to do so.
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e Simple graywater systems, involving the discharge of washing magastewates or
other readily accessible graywater componereggenerallymore prevalent than full
fledged systesithat capturéhe maximum potential of the resour@éus, the amount of
wate diverted by a graywater system can vary framler40 to 100 gpd per household
A communitywide average value for graywater diversion per household may be
significantly lower tharthe lowerendof thatrange, because of the complexities, costs,
and reglatory compliance necessary when capturing nearly all the graywater sources in
the household.

There are npeerreviewedsurveyresearch resul@vailable regarding actual volumes of
graywater diverted and usebthis absence in part sterfimem the fact thamost of the

existing graywater systems dit@ootlegged without the benefit of formal permits and
recorded construction drawindgshas been estimated tHatver tharn2% of graywater
systems are legally installeldlor the purposes of this paper, thaygvaterreuseinformation
availablein the gray literatur&as been assembled to calculate an estimate of the possible
range of graywater volumes e future

If one considershe factors enumerated above, the total number of households diverting
graywader for onsite use is estimatedrémge from660,000 tdl.77 million in California® and

to reach8 million in the United State@he NPD Group1999; Oasis Design, 2009).
Assuming an average 055 gpd per household, theaximumtotal daily diversion of
graywater would amount t@28 mgd in California and 60mgd in the United State$he
higherCaliforniaestimate and the US estimate are according to Art Ludwig, (Oasis Design
2009) Comparing these figures wittlurrentmunicipalwastavater capacity yielda rounded
figure of 4% for California This diversion is not a significant amouof thewastewatethat
would otherwise end up a&ntral treatment plantk fact, wastewater flows from most
wastewater collection systeraeemeasured witla precisionthat is > #4%.

Furthermorenot all of thisdiversionis subtracted from the volume of wastewater available

for municipal reclamation, recyclingnd reuseA large proportion of graywater systems are
deployed irrural areas and iresidences that are nairmected to a central sewerage system
and/or are not served with a piped watgstem Thus,the diversion of graywater from their

onsite treatment/disposal system would have no effect on a central water reclamation system
Figure2 displays the envelopd diversion of graywater from the total raw wastewater

resource under a range of assumptions regarding the factors enumerate8adiove
assumptions, sources of datad the Excel sheet used in constructing Figure 2 are presented
in AppendixD.

*The upper end of the range is obtained by multiplying 13.9% of the households reusing graywater by
the population of California and dividing by 2.6 persons pesébald. The 13.9% figure is quoted

from a 1999 graywater survey conducted for and reported by the Soap and Detergent Association. The
lower CA estimate is derived from assuming that 5% of households have graywater, as opposed to
13.9%.

Page B WateReuse Association



350 1,200

] /
2 300 - L 1,000 A
- Pl G]
g 250 — ‘.-' 2
> 7Y To—--ca High -7 -80 ¢
% ’I" =

200 - =
h ====CA, Low -
£ -7 - 600 @

q4E E
£ 150 US, High T
g _ E
= R - 400 3
€ 100 US, Low Tt -
(=] —_--"—-_- v
= - =
£ 200
)

0 : 0
2000 2030

Figure 2. Estimated Growth in Graywater Reuse in California andin the United States under
two Scenarios (a) Low and (b) High Rates of Increase in Penetration of Graywater Reuse
Systems.

Water Rights Implications "ésome state official
Looper, have pushed legislation to legalize a

least some rain collection. Two such bills are
now working their way through the state
legislature: One would allow rainwater
collection only in rurabreas, while the other
would greerdight urban pilot programs. The
new rules will test the effects of increased
collection, Werner says Colorado doesn't
want to let its millions of citydwellers trap
rainfall until they better understand the effect
on thewater syster.

Diversion of graywadr from the
wastewater stream may, in some
statesviolate water rights of the
community enterprise that manages
water and wastewater for the general
benefit of the communityT o date,
there has not been a case in wtach
graywater usés diversion has bee
challenged legallyAs graywatereuse
becomesnore widespreadt may
interfere enough with the operation o

sewers and water reclamation facilitig --Popular MechanicsApril 22, 2009
to engender legal or legislatiaetion

Capture and use of harvested According to the website of the Colorado
rainwater bynomeownersvere General Assemblythegovernor of Colorado

recently challenged in Colorado, but | signed HB091129 (Looper) into lawiune 2nd,
the Coloradolegislature has favored | 2009 The 1l text of thebill is at
allowing at least limited collection ang http://www.leg.state.co.us/Clics/CLICS2009A/csl.nsf/fs

use of rainwater by residents (see llcont3/7EBE1FD8BEB4A0088725753C0061EF02?0p
sidebar). &file=1129_enr.pdf

"The Colorado Division of Water Resources regulates well water permits to prevent well
pumping frominjuring other water users. Graywater use may not be a permissible use of
water under a well permit, due to return flow requirements that are part of the wellpermit
approval This must be clarified prior to installing a graywater syst@nsome caseshe
conditions of approval under which a permit was issued would not prohibit the capture and
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use of graywateln other cases, the permit conditions would not alloBgecifically, if the
permit was issued for ordinary household purposes inside a-samgily dwelling, with no
outside uses, the capture and use of graywater for any use outside the dwelling (including
lawn and garden irrigatioffrigure 3]) would not be allowet(Graywater Reuse2009).

Figure 3. Sources ofjyraywater for subsurface irrigation of landscape.
Source: Tucson Water, 2009.
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PART Il GRAYWATER BACKGROUND

MOTIVATION FOR GRAYW ATER REUSE

The motivation driving graywateeuse begins witthe mnd-set of individuahomeowners
their unwillingness to tolerate wat rationingtheir perceivedack of control over ever
increasing water rateand theirsense of personal investmen{amd responsility for) the
environmentThese drivers are strong and can motivate action toward water and energy
conservationrecyding, organic gardening, and other environmentally conscientious
activities Many households will never actually make an objectiveckige cost analysis for
these actions, relying instead on a strong belief in the rightness of their actions and gxpectin
repaymenmmainly throughhelping”save the planét Availability of simple plumbing
equipment at the local hardware stéresspecially during a drought and water rationing
period, when graywater paraphernalia are prominently displaisednother motivagin to
usegraywater instead of tap water for irrigation.

HISTORICAL EVOLUTION OF GRAYWATER REUSE

In rural areas throughout the world, reuse of water that has already been used for washing,
cleaning, and bathing has always been a common pragfitetheadvent of piped water
systems and wastewater collection networks, this practice diminisiragontance,

especially as communities grelgnsernd increasingly urbanized the 20thcentury.
Population explosion, especially in the arid and satid regios of the worlgdhasexerted a
tremendous stress on available water resouREsplehave respondeid water rationing,
elevated water costs, andlls for water conservation with ingenious methods beyond those
"best management practit€BMPs)advancedy their water purveyor&raywatereuses
indeed a rediscovery of a very ancient praétiome that went out of style because it was
deemed unsanitaypotentially dangerous foublic health and needledsecause of the
availability of cheap, seeminglintitiess tap water and easy wastewater disp&saih

episode of drougtih the past 50 years hbsughtabout a surge of new advocates and users
of graywater with vaouslevels of sophisticatian

Users of he simplest of graywateystemsarry the wam-up water from the sinkrdoath to
throw on their landscape plan@thers concoct plumbing systems that capture washing
machine effluentdJsers of stilmore elaborate systerhsild a second drainage system in
their residence toapture nearly all grayater sources and lead thaterto storage tanks,
treatment systemand appltation to the irrigated landscape areashaproperty

PERMITTED VS. UNREGU LATED GRAYWATER SYST EMS

It is common belief in the fielthat mosiexistinggraywater systems are opéng without
the benefit of a permiOf themanysystems in use in California, ordypout200 are
estimated to be operating with a perratiput 0.0% of thetotal.
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THE GRAYWATER INDUST RY AND PRACTICES IN THE UNITED
STATES

A few of the members of theaywater industry are weltained professionals, but most are
nontechnical enthusiasts interested in the water savings and ersmntahivenefits of
graywatemreuse Some areager to promote its use without regard to economic, public health
or actual emironmental impactand benefit®f such uselt is anticipated that the ranks of
professional graywater installers will grow as regulationsrforepracticaland safesystems

are promulgatedn the following paragraphs, the graywater practices in stateghe

largest number of such systems are described

Arizona

Arizona receives an average annual rainfall oinl2he lowest in the UniarHowever, the

Central Arizona Project imports more water from the Colorado River into the urban and
agriculturd centers of the state thasers currently demanBetween the natural scarcity of
water and the imported abundance, there is room for conservation and wise management of
this vital resourceOver the last several decades, the state of Arizona has lee@osh

permissivé in fact, encouraging toward graywatereuseby homeowners and commercial
entities

According to a 1999 survey of singi@mily householdsn southernArizona, 136 of the
households reuse graywaf@ ATER CASA, 1999)This survey wasompeted10 years
agq and the results mayeno longer accuraté&iven changes in regulations ahe current
tax credit incentives to plumb for graywater in Arizooagcanpresume thahe percentage
is similar orsomewhat higher naw he survey concludetthat households most likely to
utilize graywateioccupiedolder haises lowervalue haises hauses fodlower income levels,
manufactured housing, ahduses wittseptic tanksThese factors appear consistent with
assumptions about what motivates some |eetmpreuse graywatgncluding

e environmental sensitivity

e water conservation ethic

e desire to reduce ofsawater bil] and

e desire to reduce olsesewer bill oto prolong the life of a onsite disposaystem

The College of Agriculture and Life Scienagfghe University of Arizona established two
public demonstration projecis 1985to promote use of graywater, among other water
conserving strategies and systeifise following is quoted from theniversitys website
(Graywater and Rainwater Uke

Casadel Agud and Desert House are experiments set up to test and evaluate
various water saving devices and strategies including grayveatszand
rainwater harvesting in residential facilities. Casa del Agua is a Tucson
residence that was retrofitted wittate@rconserving fixtures and reuse
technologies and landscaped with drought tolerant plants. As an occupied
domestic residence, Casa del Agua provides a setting to research and test

“*Casa del Agua is moclosed.
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domestic water use and conservation strategies. Casa del Agua also is an
educational project, open to the public during scheduled hours.

"Constructed in the Desert Botanical Garden in Phoenix, Desert House is a
water and energefficient exhibit consisting of a house and an adjoining
information center. Dedicated on May 8, Des¢d¢ouse also will be home to a
family. By living with and sing the installed wateandenergy efficient
technologies, the family will test and demonstrate their effectiveness. Desert
House includes graywatezuseand rainwateharvesting systems. A publ
information center is part of the facility.

"Both projects emphasize that saving water is not just good public policy, but
also wise household management. In other words, water saved is both a
personal and public good. The projects are meant to deratnttat
graywatemreuseand rainwater harvesting systems enable a household to
participate more actively in the community effort of conserving water.

Guidelines foreuseof graywatewere published in English and Spanish by WATER CASA
to encourage grayaterreuseand topromotesafe and legal applicatiaf graywateiin the
Arizona householdg.ittle, 1999).

The City of Tucson prmotes a Statef Arizonatax credit to graywater users as an incentive
to encourage this practi¢€ucson Water2009).This tax credit is in effect through 2011
(Little, 2009).

California

California graywater usage and pigbhterest in it riseand fallwith occurrences of drought,

water rationing, and restrictions on lawn irrigatiburing therecurringdrought episodes (in

the 1970s, in the early 1990s, and again during the current drought, now possibly in its fourth
consecutive yearjnuch newsprint has been devoted to graywa&talifornia was the first

state to establispraywatereuse regulations (in 19943alifornids first graywaterstandards

were in Appendix G of the California Administrative Cogecently, these standards were
replaced with a significantly more permissive Chapter 16A, intended to encouragedidcreas
graywater reuse in the state

During the droughtfithe 1990s, the City of Los Angeles established a temporary Office of
Water Reclamatiarcharged withintegrating fostering, andacilitating the water reuse

efforts of its various departmenighe City Council instructethe Officeof Water
Reclamatiorto conduct a yearlong pilot study of graywateusen eight residences in
various parts of theity. The report of that studiCity of Los Angeles, 1992)oncluded that
the solil in areas irrigated with graywater tended to have higher concentratiodsatan
bacteria but thdithe soil is already so heavily contaminated with animal fecal matter that the
additional contribution ofjraywatemay be irrelevant. It also concluded that while the
homeowner may be able to save a significant volume of wgtasinggraywatey the
communitywide water savings are not expected to be signifitarst Angelegecently
adoptedan ordinance that encouragesiseof residential graywater systems within tsy.

lllegal (bootlegged) graywatémstallationsrange from simple hose connections to the
laundry wastdine to morecomplicated systentsapturing most of the graywater sources
within the household
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Some communities in Californencourage use of graywatand othersare considering the
possibility of offerng financial support to members of the public as an incentive for
graywater system@&Cross,2009. Graywater reuse is consideretipmtential best

management practit¢PBMP) by the California Urban Water Conservation Council and can
be counted toward meeg the water conservation goals established in a Memorandum of
Understanding among the water agencies and environmental interests in the state

Florida

Graywaterreusein Florida has not taken off to the same extent as ilMibgt Owners of a
few high-end hauses are installing approved graywater systems for indoor and/or outdoor use
in order to become LEED certifie@ihere could be othdrouseholds thdtave installed these
systems, but officials are not aware of them. Officials receive more inquirigsiran
rainwaterharvesting systems (cisterns to store rainwater) for outdoor andhotigotble
uses than they do graywater inquiridad there are a large number ofuseholdsn Sarasota
County that have installed cisterns for supplementing irrigatiater useThe reason
graywater systems are not widespread in Florida malgatéhey are costly compared to
other water conservation projects such asflow toilets, rain sensor installations, etc.,
which are very popular and succes¢Musicaro,2009). Also, Florida enjoys frequent
rainfall and reliable reclaimed water service to over 250,008dtwlds

Most municipal sewer system entities in Florida do not allow their customers to install
graywater systemS&ome officials predict that the usetbhése systems could result in
insufficient sewer flows to carry the waste to the sewer pldrdre is also potential for a
reduction of the availability of reclaimed water due to less effluent flowing to the plant for
treatmentBased on this line of reaning, gaywater systems may be more feasible for
Hardee, DeSoto, and portions of Hernando, Polk, and Sumter cduetessehose counties
do not have reclaimed water systemnslike Pinellas, Pasco and Hillsborough counties
which haveregional reclairad water system@®lusicaro, 2003).

Other States

Graywater reusi other states is na@iswidely practiced, except in isolated rural areas where
it may serve as another wastewater disposal function

KEY LEGISLATIVE MODE LS, REGULATIONS, STANDARDS, AND
GUIDELINES

Only around 30 of the 58@ateshave regulations allowing, prohibiting, or regulating
graywatemreusein one form or anothefhe diversity of such regulation is illustrated in
AppendixE, where the regulatory structwref some of the states, as2ii04 are
summarized including updated information about Californfafar more detailed summary
of stateby-state graywater regulations is availabl¢hieundated Texas literature search
report(San Antonio Water Systero. 2004 from which the Appendi¥ tables wereadapted

Severaktates, including North Carolin@orth Carolina Code2006), allow graywatereuse

only if it is first treated to standards identical to those required for water reclamation from the
complete wastewater stream (@Keaterand graywater combined)n the following

sections, the regulatioms code standardsf a few of thestate® those with the most
proactive(andgenerally morgermissivg standardd are described
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Arizona

To make the process easier fioosewho want toreusegraywaterat their homeshe Arizona
Department of Environmental Qualitievelopedyraywaterrules with stakeholdenput
(Arizona Department of Environmental Qualign07).Many of these rules are based on
theresults of ggraywaterstudy conduct in the Tucson are@ ucson Water, 2009The
basic requirements teusegraywaterare simple:Residents must adhere to the guidelifoes
a Reclaimed Water Type 1 Generarmit. A Type 1 General Perméquires no formal
notification to thedepartmentno review or desigapprovaj and no public notice,

reporting or renewalhttp://azdeq.gov/environ/water/permits/reclaimed.htrllithough one
need not applyor a formal permit toeusegraywater, the homeowner must abide bylBe
BMPslisted below, which werdeveloped to protect public health amdter quality:

1. First and foremost, avoid human contact with gragwatwith soil irrigated with
graywater.

2. You may use grayater forhousehold gardening, composting, and lawn and
landscape irrigation, buise it in a way that it does not run off your own property.

3. Do not surface irrigate any plants that produce food, except for citrus and nut trees.

Use only flood or drip irrigationotwater lawns and landscapir®praying graywater
is prohibited.

5. When determining the location for your graywater irrigation, remember that it cannot
be in a wash or drainage way.

6. Graywater may be usaxhly in locations whergroundwater is at leastft below the
surface.

7. Label pipes carrying grayater under pressure ébminate confusion between
graywater anddrinking water pipes.

8. Cover, seal and secure storage tanks to reatrogiss by small rodents and to control
diseasecarrying insects such as maosgpes.

9. Graywater cannot contain hazardous chemgath as antifreeze, mothbabsd
solvents. Do nainclude wash water from greasy or oily rags in yguaywater.

10. Graywater from washing diapers or other infectigagments must be discharged to a
resdential seweor other wastewater facility, unless it candiginfected prior to its
use.

11. Surface accumulation of gragter must be kepb a minimum.

12. Should a backup occur, graywater must be dispimdéed/our normal wastewater
drain system. Tavoid sut a backup, consider using a filtratisystem to reduce
plugging and extend the systaiifetime.

13. If you have a septic or other onsite wastewdigposal system, your gragter use
does not changdat systeris design requirements for capacity aeseve areas.

Themayor and city council cfucson,AZ, adopted an ordinance Eeptember 200&ity of
Tucson, 2008)equiring that

"All new single family and duplex residential dwelling units shall include
either a separate multiple pipe outlet or a diverédve, and outsidstub

out installation on clothes washing machine hamis, to allow separate
discharge of graywater for direct irrigation.
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"All new single family residential dwelling units shall include a building
drainor drains for lavatories, shans, and bathtubs, segregated from drains
for all other plumbindixtures and connected a minimum three (3) feet from
the limits of the foundation, to allow for futumstallation of a distributed
graywater system.

"All graywater systems shall be desigrend operated according to the
provisions of the applicable permit authorized by ADEQ under the Arizona
Administrative Code, Title 18, Chaptet'9.

California

Appendix G of the California Plumbing Code was the regulatory standard for grayewser

in Calfornia from 1994 until recent revisions and adoption of Chapter 16a of the fiesde
before the long drought of the 1990s abated, the California Department of Water Resources
published a detailetGraywater Guidé(California Department of Water Resousc&994)

with stepby-step instructions on how to install a graywater systenhamdtodistribute the

water for landscape irrigation while meeting the graywater standards in effect at that time
This publication received wide distribution and is nowauygrint.

Through the cycles of drought, a few suppliers of graywater systems, designs, and
information have survived and apparently thriv&hief among them are Oasis Design
Graywater Actior(formerly called Graywater Guerrillagnd ReWater Systemisic. These
purveyors/activists and a larger number of individuals have been lobbyiatathe

legislature for a code provisidriendlier tograywater system#n February 2008tate

senatorAlan Lowenthal introduced SB258 (Building standards: graytea), which would

instruct the Department of Housing and Community Development to adopt revised standards
for construction of systems for indoor and outdoor use of gray\@édifornia Legislature,

2008) The legislators telegraphed their intent for a enpermissive code with the following
paragrapl{California Legislature,
2008) "These new graywater standards wél a
big step toward reducing Califorrsavater
f14877.1. (a) The consumption by providing cosfffective
department, in consultation | guidelines that will be beneficial to every
with the State Department home throughout the statesaid Director

of Public Health and the Lynn L. Jacobs'HCD and its staff
Center for Irrigation recognize the importance of continually
Technology at California improving the state building codes and
State standards to help improve our
University, Fresno, shall sustainability:

adopt standards for the
installation of graywater
systems. In adopting these standards, the department shall consider, among
other resource$ Appendix J, as adopted on September 29, 1992, by the
International Association of Plumbing and Mechanical @ifs; the

graywater standard proposed for the latest edition of the Uniform Plumbing
Code of the International Association of Plumbing and Mechanical Officials,
the City of Los Angeles Graywater Pilot Project Final Report issued in
November 1992, and thehdce of the Center for Irrigation Technology at
California State University, Fresno, on the installation depth for subsurface
drip irrigation systems.
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The bill was passed by the legislature and approved byotrernor July 222008 The

California Depament of Housing and Community Development (HCD) then initiated a
lengthy consultation process with the stakeholders to develop a reerst@zh (Chapter 18

of the California Plumbing Code) for graywatBased orthe testimony presented public
forumsand after several cycles of revisions and extensive comments, the final code language
was adopted as an emergency measure by the Building Standards Commission and became
effective on August 4, 2009

The new codé€California Code2009) provides thatimple graywater systems using only
one fixturé such as a washing machinelo not require @ermit as long as they comply
with 12 specified conditions in the code:

1.

N oo g &

10.

11.

12.

filf required, natification has been provided to the Enforcing Agency regarding the
proposed loation and installation of a graywater irrigation or disposal system.

a. Note: A city, county, or city and county or other local government may,
after a public hearing and enactment of an ordinance or resolution, further
restrict or prohibit the use of grager systems. For additional information,
see Health and Safety Code Section 18941.7.

The design shall allow the user to direct the flow to the irrigation or disposal field or
the building sewerThe direction control of the graywater shall be clearlglett and
readily accessible to the user.

The installation, change, alteration or repair of the system does not include a potable
water connection or a pump and does not affect other building, plumbing, electrical
or mechanical components including struatdeatures, egress, fitife safety,

sanitation, potable water supply piping or accessibility.

The graywater shall be contained on the site where it is generated.
Graywater shall be directed to and contained within an irrigation or disposal field.
Pondirg or runoff is prohibited and shall be considered a nuisance.

Graywater may be released above the ground surface provided at least two (2) inches
(51 mm) of mulch, rock, or soil, or a solid shield covers the release point. Other
methods which provide equilent separation are also acceptable

Graywater systems shall be designed to minimize contact with humans and domestic
pets.

Water used to wash diapers or similarly soiled or infectious garments shall not be
used and shall be diverted to the building sewe

Graywater shall not contain hazardous chemicals derived from activities such as
cleaning car parts, washing greasy or oily rags, or disposing of waste solutions from
home photo labs or similar hobbyist or home occupational activities.

Exemption from caostruction permit requirements of this code shall not be deemed to
grant authorization for any graywater system to be installed in a manner that violates
other provisions of this code or any other laws or ordinances of the Enforcing
Agency.

An operation ath maintenance manual shall be provided. Directions shall indicate the
manual is to remain with the building throughout the life of the system and indicate
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that upon change of ownership or occupancy, the new owner or tenant shall be
notified the structureantains a graywater syste(@alifornia Code, 2009)

The old provision for burial of graywater lines more tBan. below the soil surface was
reduced t@ in., allowing for mulch or gravel for coveFhe graywater industry is evidently
delighted with tiis revised version, based on the comments posted on the Internet since
adoption of the new codelowever, local jurisdictions can impose additional restrictions and
requirementd or simply prohibit graywater systemghe City of San FrancistoBuilding
Inspection Commission proposedocal ordinance that includeeversing théno-permit’
provisionsin the CPC Chapter l&hd mandated inspections of installed graywater systems
Intense effortdy graywater advocates and purveyors resulted in a reverds Building
Inspection Commissioon October 21, 20@ with instructions tgerform yet another pilot
study of graywater reuse from the washing machifles graywater industry feared that the
San Francisco example, viewed generally as a sustainabilitygrionthe state, would set an
unfavorable precedent for other jurisdictions to follow.

Florida

Floridas regulations fograywaterare defined in Appendix C, Sections C101 to C1d3he
2007 Florida Building Codie Plumbing (Florida Code2007). Sectios C101.1 to C103.11
cover all requirements fgraywaterecycling systems in Florid# appears thagraywater
reuselaw applies to both residential and commercial applicatialtispugh hatstipulationis
not specifically stated in the tex@ection 3Q.3 of this code requiré'all plumbing fixtures
that receive water or waste to discharge to the sanitary drainage system of the Stillature
allow for the utilization ofjraywatersystems, Section 301.3 has been revised to allow
exceptions such as wateom bathtubs, showers, lavatories, clothes washaslaundry
trays where such fixtures discharge to an approvagwatersystem for flushing of water
closets and urinals or for subsurface landscape irrigation.

"Retention time fograywatemused forflushing water closets and urinals is a
maximum of 72hours The holding capacity of the reservoir shall be a
minimum of twice the volume of water required to meet the daily flushing
requirements of the fixtures supplied wiffaywater but not less thantb
gallons (189 L) The graywater is required to be dyed blue or greenvith

a food grade vegetable dye before such water is supplied to the fixtures

"The distribution piping and reservoirs must be identified as containing
nonpotble waterPotable watersito be used as a source of makeup water

for thegraywatersystem, with the potable water supply protected against
backflow. For subsurface landscape irrigation systems, reservoirs need to be
sized to limit the retention time graywaterto a maximum of 2 hours The
reservoir must be identified as containmmnpotble water. Makeup water is
not required for subsurface landscape irrigation systems.

"For residential usgyraywaterdischarge is based upon occupancy and the
type of fixtures connected to tigeaywatersystem Occupancy is determined
by the actual number of occupants, but not less than two occupants for one
bedroom and one occupant for each additional bedrBach occupant is
allotted 25 gallons per day for showers, bathtubs and lavatodeksan

gallons per day for clothes washers or laundry trags commercial uses,
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the number of occupants is determinedh®/florida Building Codé
Building."

Texas

The Texas Administrative Cod@&exas Code2005)has provisions foreuseof graywater for
domestic purposesdustrial, commercial, or institutional purposes, and for irrigation and for
other agricultural purposels thefollowing sections, the rules for domestic uses of graywater
are reproduced (with slight modification of foriag) and orgaization).

An authorization is not required for the domestic use of less than 400 gal of
graywater each day if

1. the graywater originates from a private residence;
2. the graywater system is designed so that 100% of the graywater can be diverted to
anorganized wastewater collection system during periods ofiserof the
graywater system and the discharge from the graywater system must enter the
organized wastewater system through two backwater valves or backwater preventers;
3. the graywater is sted in tanks and the tanks:

A. are clearly labeled as nonpotable water;

B. do not provide easgccess, especially to children;

C. eliminate habitat for mosquitoes and other vectors;

D. are able to be cleaned; and

E. meet the structural requirements of §210.25(ihéf title;
4. the graywater system uses piping that meets the piping requirement of §210.25 of
this title;
5. the graywater is applied at a rate that

A. will not result in ponding or pooling; or
B. will not cause runoff across the property lines or ontop@awed surface;
and
6. the graywater is not disposed of using a spray distribution system.

Builders of private residences are encouraged to

1. install plumbing in new housing to collect graywater from all allowable sources;
and

2. design and install a sub$ace graywater system around the foundation of new
housing to minimize foundation movement or cracking.

A graywater system as described in subsection (a) of this setipbe used only

1. around the foundation of new housing to minimize foundation mew or
cracking;

2. for gardening;

3. for composting; or

4. for landscaping at the private residence.

The graywater system must not create a nuisance or damage the quality of surface
water or groundwater.
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Homeowners who have been disposing wastewater fesidantial clothesvashing
machines, otherwise known as laundry graywater, directly onto the ground before the
effective date of this rule may continue disposing under the following conditions.

The disposal area must not create a public health nuisance.

Surface ponding must not occur in the disposal area.

The disposal area must support plant growth or be sodded with vegetative cover.
The disposal area must have limited access and use by residents and pets.
Laundry graywater that has been in conta¢ch\Wwuman or animal waste must not

be disposedf onto the ground surface.

. Laundry graywater must not be disposed to an area where the soil is wet.

7. Alint trap must be affixed to the end of the discharge line.

arwhE

Graywater systems that are altered, craataisance, or discharge graywater from
any source other than clothamshing machines are not authorized to discharge
graywater under subsection (e) of this section.

North Carolina

According to the 2006 dith CarolinaPlumbing Codetreatedhousehold grayater may be
permitted for use faspecificpurposesif treated according toode standard$n Appendix C,
Section C101.1the codallows graywater to be used for flushing toilets that are located in
the same building as the graywater recycling systehe graywater is properly treated,
including filtration and disinfectiariThese recycling systems can also be used for irrigation
purposes when approved by the authority having jurisdicéippendix C includes
information regarding the installation,tfition, disinfection, draiage and identification of
graywater recycling systems

Other States

New Mexico is following Arizona lead in implementing statewide regulations for
graywater The New Mexico Environmental Department policygraywaterallows up to
250gal of graywaterper dayto be used without a permilevada, Massachusetts, Oklahoma,
Utah, and Colorado either have sognaywatempolicies or are addingraywatedaws,
regulations, codes, and guidelinBsNew York, Appendix 75A.10 stategshat home systems
shall be designed with a minimum capacity/use rate gfarper dayper bedroomA state
by-state tabulation of graywater regulations is presented in App&ndix

FUTURE TRENDS IN GRAYWATER SYSTEMS AND REUSE

Future water scarcity slmost universally expected to worsen in the arid and sz

regions of the world, simply because of population expansion and migration paiietred
climate change is also expected to exacerbate this trend in most dry, populated, and especially
poorer egions of the earttHouseholdeuseof graywater is seductive thosefaced with the
prospect of water rationingteady increases biock rates for water, and periods of
continuous droughEven without encouraging or permissive legislation niagivaion to

utilize household graywater becomes stronger as awareness of water shortafideanihg
scarcity increased is expectedhat these influences will pushaywaterreuseto its logical

limits over thecoming decaded hose limits are discusseahd quantified in Part 1 of this

paper It is probable that graywater legislation will increasingly accentuate control of human
exposure at individual reuse sites and, to a lesser extent, higher levels of treBosnt
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higher levelswill be required folindoor uses such as toilet flushéhgvhere people are more
likely to be exposednknowinglyto the waterHigher levels of treatment (water qualiggfd
informative signagshould be required in publmccess buildings where the public niegy
unknowingly eposed to untreated oradequately treated graywater.

Satellite Water Recycling vsindividual Graywater Systems

Tapping main sewer lines for production of recycled water is a common practice in some
parts of Australialn the United States, such systeamsbecomingmorecommonbecause of
their locally economical features and their ability to produce recycled water at the location
where demand fanonpotiblewater is dire The relevance of satellite water recycling to
graywater is that a communal satelltvater reuse system can obviate the need for graywater
reuse By the same token, widespread use of graywater in a community can preclude
economical implementation of a satellite water recycling plant in that community.

LEED Certification Water Efficiency Points

One of thesignificantincentives foreuseof graywater in future residences and in
commercial buildings is the point credit system used by green building certification
organizations, such as LEEDSGBC, 2010)developed by th&).S.Green Buildimg
Council(USGBC) This systenprovides a suite of atdards for environmentally sustainable
constructionSince its inception in 1998, LEED has grown to encompass more than 14,000
projects in the United States and 30 countries covering 1.062 billiorest) (89 km?) of
development area

LEED is an internationally recognized green building certification
systenmproviding thirdparty verification that a building or community was
designed and built using strgtes aimed at improving performance across all
the metrics that matter most: energy savings, water efficiencye@{3sion
reduction, improved indoor environmental quality, and stewardship of
resources and sensitivity to their impacts.

Developed by th&)SGBC LEED provides building owners and operators a
concise framework for identifying and implementing practical and measurablg
green building design, constructi@ndoperatiorandmaintenance solutions.

LEED isflexible enough to apply to all building typie£ommercial as well as
residentiallt works throughout the building lifeycled design and
construction, operations and maintenance, tenaautjtand significant retrofit.
LEED for Neighborhood Developmeektends the benefits of LEED beyond
the building footprint into the neighborhood it serves.
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The goal of the Water Efficiency credit category is to encourage smarter use of water inside
and out Water reduction is typically achieved through mefgcient appliances, fixtures

and fittings imloorsandthroughwaterwise landscaping odbors For example, a major
residential higkrise in New York City was awardegbld LEED certificationin 2004for a

variety of environmental and green features, including use of both graymateainwater

for irrigation of roofbp and othetandscapindSolaire, 2010as well asiseof recycled water

for toilet flushing

INFRASTRUCTURE

Plumbing Codes Pertainingto Graywater®

Several organizations develop and publish plumbing codes and building Eades

jurisdiction selects theode it wil adopt and often modifies the adopted code to fit its own
needs, laws in effect, and special circumstarntiesUniform Plumbing CodeYPQ) is
developedterativelyover a 3year cycle bythelAPMO and used by most jurisdictions as

their own Iasic regulation for indoor plumbing in buildingeInternational Plumbing

Code (IPC)provides similar language for other jurisdictions that also requires purple pipe for
nonpotble waters.

Since the midl990s, the UPC has included graywater as a sadinvater for irrigation of
landscapé albeit with conditions thatlosely mimickednsitedisposalfields. Over the past
threeyears, the Plumbing Technical Commitiea group that is charged with the
development of the coélereviewed and voted on proposeddaagethat wasncluded in the
2009 edition of the UPEIAPMO approved the languagand itwas published in the
January2009edition of theUPC. Specifically, he Plumbing Technical Committee proposed
that the 2009 edition of the UPC, at Sections 16a0d21617.2specifythe use of a purple
background with specific cautionary language on pipe intended to deliver onsite alternate
water, including any water produced onsite that is not potabhés provisionincludes
graywater, harvested rainwater, adnditioner condensate, stormwater, and untreated surface
water and groundwatefo individuals involved in municipally treated reclaimed water
systems, th cause oimmediatealarmwastheuse of purple pipe to deliveonpotible water

of uncertain qualityln most cases, the onsaéternativewatersourcesincluding graywater,
would be of lower quality than tertiatgeated and disinfected reclaimed water
Recommendations for changes to be considered in the 2012 UPC must be submitted to
IAPMO by Felbuary1, 2010 to qualify for the review and public comment cycle.

The revisions to the 2006 UPC simply chaththee pipecolor schemérom yellow with black
uppercase text to purple pipe with black uppercaseThig change to the color purple raised
concernamong water utilityprofessional&nd motivated a new proposal to change the
designation of pipe color for graywater from purple to another égbassibly black, as is
currently the case with irrigation piping commonly used for application of graywatee to
landscapgor green PVC pipeas green designates wastewater piping to the water industry

For internal uses, such as toilet flushing, it is expected that the water quality requirements for
graywater use would be identical to those for recycled waandhat,therefore, use of

purple pipe would pose no confusion or conflict.

®Most of the text is this section is adapted from Vandertulip, 2009.
®The IPC follows a similar-§ear cycle of code revisions.
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IAPMO members also active in the Society of Plumbing Engineers on the Plumbing
Technical Committee did not waahadditionaluse designation forellow pipe, as yellow is
usal to designate flammable gas pipifitpis objectionwas accepted asvalid public safety
concernAnother primary driver for this acticappears to bthe movement to LEED

certified buildings and sustainabilitylany elected officials arkeadingtheir saffs tovard
"greeni design Where there have been code conflicts, IAPMO has been asked to eliminate
the barriers to use of alternate waters in the building environieatchoice of purple pipe
waslAPMO's solution for conveying those varionsnpotible vater sourceslhe issue is
thatthere is no one monitoring the recirculating graywater quality, frequency of sangpling,
the capability or certification of operators or maintenance of the systems.

Conflicts with State, Local Regulations

Conflict with Retun-Flow Credit

A major conflict exists where any wastewater is reused consumptarays not returned to
the original source for crediBuch use deprives the community of its ability to extract the
amount of water that was thus consuthex/aporatedA prime example i Las Vegas
Valley, NV. Wastewater in the valley is collected and treated tBetbities andhe Clark
County Water Reclamation Distri@ total of 190 milliongal per day otreatedeffluent is
returned to Lake Mead via the Las VegaasiWand is counted as an approximate((¥p,
acrefoot-peryear (AF) credit that is added southerrNevad& 300,000AF Colorado River
allocation

In southermNevadawater recycling that ends up in evaporation of the \@atecluding
graywatereus® would not reduce water demands or increase water sufifikypattern
holdsbecause the curredischarge of wastewater effluentshe Las VegasVashalready
recyclesall water used nonconsumptively (oveR60f thewatel) in the valley Sinceany
graywate usedfor irrigationwould have otherwise been sent to a wastewater treatment
facility and recycledy way of Lake Meadno water issavedwith graywater diversion and
reuse The volume of graywater from laundry, bathiagd bathroom sinks is about haff
thetotal wastewater volume discharged from a typical residésgiag graywateronsitefor
irrigation could pose a significant reduction in the return flow crédita result, a policy of
the Southern Nevada Water Authority and Clean Water Coaliteerging boards, adopted
in December 2008, declares

"Prohibit the use of treated or untreated Graywater in the Las Vegas Valley,
and prohibit its use outside of the valley where there is reasonable potential
for return flow to the Colorado River systemather Water Recycling
programs (Southern Nevada Water Authority, 2008).

Color-Coding Pipes, Signs, Appurtenances

Transmission of graywatearely occurutside the immediate confinestbg site where it
was generatk nor issuch transfetolerated byany of the existing guidelines, rulesd
regulationsNearly all graywater conveyance is within the household, from the collection

"Most of the material in this section is taken almost directly from R{&@&09a)

8Consumptive use of water includesgation, use in cooling towers, and other uses that culminate in
loss of water to the atmosphere by evaporation and plant use. Nonconsumptive use of water includes
washing, cleaning, flushing, and any other uses that do not significantly reduceutme \aflwater

before discharge to the sewer.
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drains to a storage (surge) tank, and thence to the landscaped area via irrigatfon pipes
normally black plastic pipes emdj in spaghetti tubing feeding inline or terminal emitters
Conveyance of graywater on a largeale may occur in a commercial or multiunit residential
setting Even in those instances, the reuse of graywater generally occurs within the confines
of the sane commercial or apartment housing unit withthigtneed for external pipind@ hus,
thereexistveryfew, if any, pipes carrying graywater in public right§é-way over a

significant distance

Residences and other private and public areas receiving redlagnycled wateirom a
municipal sourcéor landscape irrigation or other purposes would necessarily use purple
piping inside their service areas striditlyconveyreclaimed/recycled watef potential

conflict would be envisioned the owner ofa sitewith such access to recycled water were to
use graywatealsoand piped it in purple line3 hepotential for crossonnection asuch
sitesconstitutes a direct potential threat to the public health

Many stateand local agencies have adopted the qalwople for identification of pipes and
fixtures used for conveyance of recycled/reclaimed watez unblemished public health
record of recycled water is associated with the color purple as argandchanism to the
public eye That brand may b&rnihed anccompromised if alternate sources of water
(including graywater) with inferior microbial quality are also associated with this. ddier
conflict looms large especially because of the tremendous public investments in
reclaimed/recycled water syats constructed in recent years throughout the United States
Those investments were based on the pishtienfidence in the safety ofunicipalwater
reuse Should that confidence become shaken with a public health inciiidacexample,
an epidemic of cHeradue toa"purplepip€' transmissiod it would be very difficult to
explain the difference between gnamterand recycled wateAlready, many politicians and
public members misusgraywatet when they mean reclaimed/recycled watése of the
color purple for graywater pipes would reinforceatmisconception.

Florida is the one state where residential use of reclaimed waenyisommon In fact,at

this writingthere areabout250,000 singldamily residences with recycled water service for
lands@pe irrigation (front and back yards) in Floritha family receiving recycled water at a
relatively low cost has little or no motivation to resort to graywagese Thus one might
assume the possibility of having both types of water in the same rialiderit would be a
rarity. Nevetheless, thatateof Florida has opted timrbid use of purple piping for any but
reclaimed water conveyancd$estatehas formally opposed the 2009 UPC provision
designating purpléor all alternative water sources.

Compatibility with Utilities Practices and Standard Specifications

Designation of the color purple for pipes carrying all typesarfpoaible water would be
incompatible with the practices and standard specifications adopted by many utilities that

have irvested in a water reuse infrastructiéhile localjurisdictionsare at liberty to modify

parts of the UPC as they adopt new updates, the very existence of a code section that conflicts
with existing general practice and standard specifications can canfsion and potential
misconnections, crossonnections, and backflow.

°Based on data from Florida Department of Environmental Protection, 2007.
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Storage of Graywater

Storage of tpywater isoftennecessary because the timing of its productiontlaaidof its
utilization areusually not the sandealthough there are some desigvigh no storage
Generally, a 5@al (or smaller)storage tank is sufficient for a residential graywater sydtem
is not advisable to store graywater for more thah,2fiventhe potential fodecay of

organic matterodors and unsightlinestargescde storage of graywater is unknown and is
unlikely to occur Regulations foreuseof graywater require marking of such storage
containers with large clear warning signs indicating that the water therengsableand
unsafeand may be dangerous if seane is exposed to it.

Distribution and Application Systems

Nearly all graywater is usaghsitewhere it is generatetsually, graywater is applied
beneath the soil surface with drip irrigation emitters ramacloggingnozzlesor in mulch

filled basins Most regulations of graywater prohibit spray and other aerial applications of
graywater to limit human exposure to the microbial content of grayviliger systems were
based on disposal criteria adidl not reflect concerwith uniformity and efficiency b
application to the root zonBroblems arise when runoff or seepage from one residence
invades a neighbrproperty, producing ponding, algaowth, and/or odordNeighbor
complaints about graywatezuse(and misuse) next door are received and regdryesome
utilities and public service individuals in charge of water conservation efforts.

Indoor Reuseof Graywater (Toilet Flushing)

Graywater used for toilet flushingdoorsmust be treated to standards similar to those of
reclaimed wateffiltration and disinfection of secondary efflueBly the time such treatment
is provided, graywater is alreadfthe same quality as tertiary (or Class A) reclaimed water
and is indistinguisablefrom it. Conveying tertiaryreated graywater in purple pipes should
not causeconflicts orconfusionor posea public health proble& as long as the treatment
system and their operations are in compliance with regulations governing similar uses of
recycled or reclaimed water

Cross-Connection Control

Graywatereuseis mostlikely to be practiced where the site has no access to recycled water
Conversely, where recycled water is distributed to households (as in many Florida cities), the
homeowner has no incentive to spend $1@0®uch moreo install a graywater systerfihe

odd situation may be where some neighbors opt to use the available recycled water and others
elect to use their own graywadefor whatever reasof his situation is where the potential

for crossconnection is the greategtnother potential area of conceis on a golf course

where purple pipenaybe carrying as many as four different types of nonpotable water,
producing a high crossonnection potentiall herealsocan be crossonnection between

reclaimed water and arfigur of the alternate waters oragsconnection between rainwater

and graywater, etc.

Graywater is generally conveyed in lgpressure irrigation tubing under gravity or low
pressure pumping to the points of udader normal operating conditions, even an intentional
crossconnection betwen the graywater lines and potable lines at a given site would result in
discharge of potable water to the landsc&fmvever, if a pressur@rop in the potable water
system should occur, then a crassinection can result in contamination of the community
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water system with graywater from the sk¢hile thisoccurrence is rargrecautions for its
prevention must be takefihe2009UPC designation of purple piping is a genuine, well
intentioned attempt at minimizing the possibility of inadvertent ecosaection between
potable water and graywater pipes

The same objective can be accomplished with another @okferably blackand clear
marking of the piped¢r example;’CAUTION: GRAYWATERGS DO NOT DRINK") in
English and Spanish ar another language d@his common in the area

Backflow Prevention

Backflow of graywaterinto the community water supply can ocduali three of the
following conditions are simultaneously present:

e graywater is ponded on the surface of the@oih a tub, bucket, etc
¢ theopen end of a potable water hose is left submerged in the pondepamdter
e aprolonged pressure drop in the potable water lines of the community is experienced.

Such an occurrence, though extremely rare, is a possibility and must be actively preyented b
avoiding ponding angdreventinguse of potable water hoses in areas irrigated with graywater
Some jurisdictions require installation lmdickflowpreventers on the potable water supply

lines coming into sites using any alternate water sugaior codirg of the graywater lines

will not have a positive impaachn prevention of backflow.

Use of Hose Bibbs

As indicated above, use of hoses in areas irrigated with graywater can lead to backflow of
graywater into the community water supply under some circugestaro prevent this
problemfrom happeningsome jurisdictions require capping of exterior hose bibbs.

Stub-Outs in New Buildings

When a new building is being constructed, the opportunity for separating graywater sources
from toilet, bidet, and kitchen dins is at its besSome developers use this opportunity to
complete the new structure with a graywatsady stubout The occupant can then decide
whether to use the sttdut andwhetherto install a graywater system at a later tifibe city

of Tucson AZ, actually requires such stututs n new residential constructioAll new

homes built in Tucson will be required to include interior plumbing for a graywater system.

The new rules require interior plumbihalso called stoutsd for graywater systemnfer

all new haisesthat are issued permits after June 1, 20H@ regulations affect only new
construction, not existing houses, unless the homeowner builds an addition with a new
bedroom, bathroopand kitchenA newly constructed guesthouse on an @éxgsproperty
alsowould be required to includgraywater plumbingt is expected that thigaturewill
become more widely used and advertisethe futureas a watesaving feature and as a
"greenbuilding' advantage to prospective buyers.

"Under the old state codes, California property owners essentially had to install
costly leach fields and apply for perndtsiriving the total for a graywater project a
high as $10,000.

"The new regulations allow property owners towgesystems for as little as $200.
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ECONOMIC ASPECTS OFGRAYWATER

System Costs

Graywater system costsiry over a wide rang@he most elementary systems, withito
yourself kits and equipment purchased from the hardware stostsinder $200 The more
sophisticated systems offered on the marletgecialized providers of such systernst in
the range of $2500 to $80QReWater, 2010)

Potable Water Savings Potential

While at least one source has indicated that grayweiiseleads to increased watese™®

most other reports indicate a rangevater (and money) savings to themeowneusing
graywater The City of Los Angeles Graywater Pilot Project final rep@Gity of Los
Angeles,1992)calculated an average savings o¥&8f water use in a household if the

amount of graywater generated @lysmeets the demand for water for landscape irrigation
especially where highly efficient subsurface drip irrigation is utilikednost cases, there is
either too little landscaping for the graywater generated or too little graywater generated for
the denand Thus, actual average water savings tend to be considerably lower #an 50

Wastewater Service Savings

Since graywater normallyould havebeensentto the sewer, the househdlétuses

graywater for irrigatiorand documents the quantilivertedto the wastewater utilitg
satisfaction can earmadditionalbenefit from reduced charges for wastewater treatment
However, if the utility adjusts the wastewater factor for the residences using graywater or
does not recognize savings because/d 60thehousehold wastewatstill canbe delivered

to the organized collection system, this potential savings may be diminished considerably.

Environmental Impacts and Sustainability (Greenness)

By their nature, graywater systems are spradlividual, and not dbject to the lengthy
environmental review processes that the much larger municipal water reuse systems must
undergo Thus, the cumulative impacts of graywater systems are never considered at the
planning stage of their implementation

As water shortageslroughts, and awareness of water scarcity become increasingly popular
topics in the media and public discourse, any measure to reduce demaater is viewed
favorably and given credibr achieving sustainability goal&raywater is no exceptioin

fact, graywater appears to be more favorably viewed by the public at largaréthe much
more sophisticated water reuse projects proposed in some parts of the world (notably
Southern California, Florida, and Australia in recent yedtslt environmentadctivist

groups support both graywater and recycled water projects

“This theory is based on a quote: "The rebates for
effective. The exception appears to beygrater reuse systems that are associated with an increase in
consumption of scheme water" quoted in a Southern Nevada Water Authority brochure (2009). Itis

attributed to Waterwise Rebate Scheme Review 2007, Data Analysis Australia Pty Ltd, April 2008, bu

a full reference is not given.
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Cost-Effectiveness forthe Homeowner/BusinessOwner

Most homeowners installing graywater systems do so to preserve their landscaping in the face
of water rationingto avoid fines, andf to begoodstewards of the environmerithe mst
effectiveness of graywater systems varies widely, depending on the sophistication of the
system, cost of potable water saved, and cost of.lAlscording toKreysig (1996)

graywater recyclingncludinga disinfection andelectrochemical treatment stépan result

in significant cost savings for hommnersand industryHowever, other studies appear to
conclude the opposit&he City of Los Angeles Office of Water Reclamation pilot study
scientistaneteed the graywater diversion and concluded that the amount of water saved in
six (of the eightyesidential sites over a 48onth period ranged froma mere2.2 to 126 of

the total water use at the sit#ghile all pilot testsystemsandinstallationlabor were donated

by the purveyor$or the pilot project, the actual cost of the systems ranged from $400 to
$5000 Even the simplest system could not have beeneftesttive based only on the value

of water saved although actual calculations were not repoitethe pilot projecs final

report In asimilar pilotstudy conducted by the California Department of Water Resources
(Bennett et al., 2003t threedisparatesites, the costs of the systems installed far exceeded
the value of the 2ear water saving#\ simple benefit cost analysis indicates that the
monetary benefits alone did not justifietcosts of these three systeasindicated in Table

3.

Table 3. Simple Benefit Cost Analysis

Graywater Test Cost of Value of Water  Benefit/Cost Payback
Location Equipment Savedover 20 Ratio Period
Yrs Yrs
Santa Barbara $1131 $893 0.79 25
Danville and $5400 $895 0.17 120

Castro Valley

Costs Avoided by theCommunity

Advocates of graywater claithat the community benefits frormduced demand on stressed
watersuppliesand froma reduction of wastewater flow into treatment plaNts quantitative
data have been provided to illustrate the extent of sosts avoided bthe communities in
which graywater is used to a significant ext&mn the contrary, water ilities and
wastewaterngencies generally have an unenthusiastic attitude toward grayewsen their
service aread hey cite public health concerns, loss of revenue, hindrance of sewér lines
ability to carry solids, and the potential for crassmnestion with potable water lines as
negative aspects of increased graywetaseby households (Rimer, 2089

Energy Use and Carbon Footprint

Since graywater systems byp#ss collection systententraltreatment, and redistribution of
reclaimedwater,theysimply avoid the amount of energy needed for operating those

facilities. Thus the carbon footprint of graywater systems can be argued to be much smaller
than that of a centralized water recycling program of the same-sinever, it should be
recognked that a community with a built collection, treatmeanddistributionsystem for

recycled water has already invested a tremendous amount of resources (including energy and
its CQO, emissions) in those infrastructure elemefRts a community that is ngewered,
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perhaps graywater systems can be counted on to reduce the capacity requirement of future
sewerage facilitiesf it can be shown that the graywater systemict will be maintained

and sustained over the long ter this point,the possibility is only speculativecurrent

design criteria would not permit reduction of wastewater flow based on graywateramedise,
there are no case studies to confirsraipplicability However, there are anecdotal cases of
some graywater systems that have bearse for as long as 30 years.

Comparison with Municipal Water Recycling

Water reuse project proposals are subject to intense public scrutiny in the plannindrstages
some states the proposal must undergo a lengthy environmental reviewdriockssingan
assessment of its cumulative, letegm impactd before it is approvedn contrast, a

graywater installation can be operational without any public involvement and with no
assessment of its cumulative impadtsa recent paper, Rimer (2d§Scompared graywater

with municipal recycled water froseveraliewpoints andconcluded

"Graywater may be considered a resource for single family homes, and even
commercial establishments, but there are significant public health and
environmental risks associatedtinits use Overcoming those risks through
adequate treatment that is supervised by a professional may be the only way
to assure its safe ugen the contrary, the use of reclaimed (recycled) water
has none of these issuéiss a highly treated wasteveatthat must meet

stringent state and local standards and is conveyed in purple pipe for delivery
to residential, commercial, industrial and agricultural users.

"Differentiating graywater and reclaimed water is a task that public and
private utilities muswork in concert with public health agencies to assure
that the public is aware of the significant water quality differences. With the
pending changes in the plumbing code, this may be a more difficult task than
the utilities realizé.

Cost-Effectivenessfor Society

Since the homeowner (or the business managelly bears the full costs obnstructing

and operating the entire graywater infrastructureraashtaining if it can be argued that it
relieves the community from that much of the burden oteveater managemenwith

minimal or no cost, the society reaps a finite be@edivoided costs of conveyance,

treatment, andedistribution No matter how small this avoided cost may be birefit cost

ratio for society is (at least mathematically) veigth Graywatereusemay be viewed as a
privatized version of water reusano direct costs to the public except those costs that may be
externalized; principally public health and environmental impagtsrelated costs for patient
care and environmental tigation This area merits future research.

In situations where the capital cesf collection system and wastewater treatment capacity
are not reduced in ord&y enable receiving and treatiggaywater discharges, there may be
no capital cost savings society
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PUBLIC HEALTH CONSID ERATIONS

Graywater is untreated wastewatEven though graywater systemscludetoilet and

kitchen wastes, numerous studies have shown significant concentrations of fecal coliform and
other indicators in graywater sampleslected at actual use sites and in the soils receiving
graywater (Rose et all991; City of Los Angeles1992 Siegrist 1977 Casanova et al.

2001) These concentratiorfsee Table 2arelower than in raw wastewater biar greater

thanthe maximum leelsallowed undecurrentfederal, state, and internatiorséhndards for

water uses involving human contact (drinking, bathing, park irrigation, etc.)

Thus, arguments against allowing widespread and uncontrolled use of graywater have been
based on thenicrobial quality of graywater armh the need for either (a) adequate treatment
and/or (b) prevention of exposure to graywa$ince treatment to the disinfected tertiary

level at each graywateeusesite is both expensive and difficult to maintaimritor, and

control, most regulations governing use of graywater rely on minimizing human exposure by
specifying systems that preclude such expoglifee more expensive graywater systems on

the marketoinclude filtration and disinfection prior to distrition of graywater.)

Proponents of graywater systems cite the fact that there have bdeocuneentedases of
public health impacts associated with graywageiseover the last several decadéhe
reason for thisack of documentatiomay be twofold:

e Adversehealthoutcome from exposure to graywater may be difficulstdate and
causally associate with graywatbecause of the complieatmulti-exposure
environments in which we livd®omestic animals, for example, can be a source of
exposure to microll contamination from outside the honoee improperly cooked
poultry or meat may banother possible source of pathogen transfer

¢ Compliance with effective graywater regulations, minimizing exposure, may have
been effective enough to prevent the majorftgases thabtherwisewould have
arisen.

Theinvestigators in charge of theng-term study of graywateeuse currently ongoing

under the joint sponsorship thfe Water EnvironmenResearch Foundatiand Soap and
Detergent Associatigrareexaminingpublic health and other outcomes from sites that have
been in graywatenreusefor as long as 30 yearhe results of that study aeepected to be
publishedn thespring of 2011 It is anticipated that a conclusive statement about this issue
will not be fathcomingfrom this project eithemprincipally because of the impossibility of
proving the negative.

The microbial character of graywates indicated by coliform bactern counts
notwithstanding, graywater advocates vigorously claim that there hashemreany public
health impact from use of graywater, as documented in the data reproduced i Table

Risk Assessment

Risk is a fact of lifeNothing is riskfree and"zero risk is only a mathematical concept
impossible to achieve practically in any hamendeavoiReusing untreated graywater in a
residential landscape may involve a low (acceptable) or high (intolerable) microbial risk,
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depending on exposure scenarios and other fatiofertunately, adequate and accessible

risk information about grayvier is not available at this timeith a few exceptions, cited

further below Individuals intent on using graywater to reduce their water costs or to maintain
their landscape in a drought condition do not have access to credible risk information about
rewse of graywatefThey are told by advocates and purveyors that graywater ibafe

without a scientifically based foundatidBraywater advocates cite lack of documented
diseases associated with graywater re\idle the lack of documentation does mpobve a

lack of such risk and while the null hypothesis is impossible to prove, the risks associated
with exposure to raw wastewater are vaelcumented in historical episodes of epidemics of
transmissible diseaseSee Table 4.

Table 4. Incidence of Recoréed Communicable Diseases in California with Potential and
Recorded Linkage to Graywater, Extrapolated to the Las60 Years®

Est. No. of No. of

No. of 60-Year Cases

Casesin Cumulative Linked to

Linked to Graywater 2007 Cases Graywater
Cholera 7 288 0
Cryptosporidiosis 11,170 502,650 0
E. coli, Shiga toxiaproducing 4847 218,115 0
Giardiasis 19,417 873,765 0
Hepatitis A 2979 134,055 0
Legionellosis 2716 122,220 0
Salmonellosis 47,995 2,159,775 0
Shigellosis 19,758 889,110 0
Vibriosis (norcholeraVibrio species infections) 447 20,115 0
Totals 123,713 4,920,093 0

®This summary table is extracted from a larger tabulation of graywater data comp@egisyDesign
©2009 Available atCalifornia Graywater Policy Cente2009. Reproduced/adapted with permission
from Art Ludwig.

Another important considerati@bout riskis whether it is voluntary or involuntaridumans
are much more willing to take voluntary risks than to be subjected to risk bydthers
neighbor, the laridrd, a business, a manufacturer, or the govern(S&amdman1995.

Thus, an untreated graywater reuse system ils oma backyard is far more acceptable (and
perceived to be far more controllable and safer) thgnaavater systerimposed by the
apartmat management ahighly treatedvaterreuse systemroposed by théocal water
agencyA neighbots graywater runoff into the landscape is often cause for legal action and
heated argument¥hus, risk assessment and evaluation can have multiple pevepeantid
variations complicated with acceptability issues dadhiliar versusexotic risk Consider the
outragetoward terrorism and murdeompared with the publeblasé attitude toward 40,000
highway deaths each year.

Homeownergenerallyare notproficientat maintaiimg sophisticated mechanicsystems at
home septic tanks, watesoftenerspoint-of-use water treatment devices,graywater
systemsespecially thosewolving chemical and mechanida¢éatment processeBhis lack

of proficiencyincreaestherisk of exposure to pathogens as a result of having a graywater
systemIn spite of these inherent obstacles, graywater users take on the responsibility for
their own familys use of graywater and unwittingly accept the risks involiddrger
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problem arises when an apartment building or a commercial enterprise utilizes graywater and
potentially exposes othérsvho have no choice in taking on the additionaldisk
graywater constituents.

Dixon et al. (1999) assess#te potential threat to heal#issociated with the microbial
contamination of graywatefhey interpreted the results of their risk analysis in a conceptual
tabulation, as reproduced with minor modifications in T&ble

Table 5. Conceptual Analysisof Range of Risk from Graywater Reusg&

Risk Factor Characteristics of Those at:
Lower Risk Intermediate Risk Higher Risk

Population =il eI

P (singlefamily) (multiple occupancy
Exposure No body contact Some contact Ingestion

P (subsurface irrigation) (toilet flushing) (drinking)
Doseresponse <1 virus/sample, >1 virus/sample,

P <1 bacteria/sample >1(0° bacteria/sample

Delay bebre reuse Immediate reuse Reuse within hours Reuse within days

@Adapted from Dixoret al, 1999.

A screeningevel quantitative microbial risk assessment (QMRA&s undertaken by
Ottosonand Stenstron?002) forrotavirus Salmonellaentericaserovar yphimurium
Campylobacter jejuniGiardia lamblia andCryptosporidium parvurim Swedish graywater
Different exposure scenarios were validatedftierthree applidrisk estimate approaches in
the QMRA.

e Accidental ingestion of inL of treated gaywater.

e Yearly riskfrom direct exposure after irrigation witliaywater, assuming-nL
intakgdayand26 daygyear.

e Yearly riskfrom drinking groundwater rechargéom the pond.

Median risk of infection based @ix exposure scenarios atfiteemethods ranged from
10°2for rotavirus to 13" for salmonellaln this study, gaywater was subjected some
treatment, but according to the authdrsatment efficiency wavery low Applicability of
this study to untreated graywater is therefore somewhat duBibeswuthors make the
following recommendation regarding guidelines for graywater reuse:

"In conclusion we suggest that guidelines for graywater recirculation and
reuse should not be based on thermotolerant coliforms as a hygienic
parameter, because of the large input of-fa@tal coliforms and/or growth

of coliforms The overestimation of the faecal load, and thus risk, that the
indicator bacteria give is howevir some degree compensated for by the
higher susceptibility to treatment and environmentalodiieThe risk model

based on faecal enterococci densities correlated well to the risk from viruses,
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which is supposed to be the most prominent in a system widiginfection
due to their high excretion figures, environmental persistence and low
infectious dosedf guidelines should be based on bacterial densities, faecal
enterococci are preferréd.

Diaperet al (2001) conducted a preliminary Hazard and Opéitalstudy and identified the
main hazards, both healtblated and economic, associated with installing a recycling system
in a domestic environmenthe healthrelated consequences of system failure were
associated with the presence of increased coratimts of microorganisms at the point of

use, due to failure of the disinfection system and/or the plihgrisk model was used to
assess the increase in the probability of infection for a particular genus of microorganism,
Salmonellaspp, during disinfetion failure The increase in the number of cases of infection
above a base rate rose from 0.001% during normal operation to 4% for a recycling system
with no disinfection itamely,untreated graywaterJhe simulation model was used to
examine the possibleffects of pump failutd he model indicated that the anaerobic COD
release rate in the system storage tank increases over tirttetdaidsolved oxygen

decreases during this failure modéese conditions are likely to result in odor problems.

Risk Management

Regulations, guidelineand standards established by various states for reuse of graywater are
essentially risk management tools mandated by the governing body on the pdphadgrce
effectiveness is in part measured by the level of complianaetiral practiceThe very low
estimate of compliance in Californi@.01%) with the morestringent earlier standargss in

part responsible for relaxation of those standards in recent mohthgraywater industry
anticipates a higher rate of complianaéh the new Chapter 16A standards avider
employmenbf professional installeffor establishing futurgraywater systems

Many howto publications have been prepared and distributed by various water utilities to
inform the public about safe use of gveater. All of these public information pieces attempt

to manage the risks inherent in use of untreated wasteWatkging by the recent public

clamor for a more relaxed graywater regulation in California, these risk management efforts
mayhave been succsfsll enouglthat the general publivow holds a positive imagef
graywatermeuse It remains to be seen whether the receapigrovedmore relaxed

regulations will result in adverse public health outcomes, resulting in a public baekidsh
cause aeturn to the more stringent regulations of the past.

Dixon et al (1999)propose a risk management framework for the United Kingdom by
concluding:

o A framework for guidelines for the reuse of graywater has been proposed, which
forms a summary of a desktopkdassessment study sourced from current and
long-standing published material on risk, graywater reasd other modes of
water reuse.

¢ The framework takes into account the paramount importance of protecting public
health whilst recognizing the realistio/égs of risk posed by various modes of
graywatemreuse within the context of everyday human activity.

e Areas where there is either an expectation for responsibility or a personal
acceptance of responsibility with regard to public or perdoealthhave ber
identified.
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PART Il WATER RECYCLING INDUSTRY 8 GRAYWATER
INTEGRATION FRAMEWORK

IMPACTS OF INDIVIDUA L GRAYWATER REUSE ON MUNICIPAL
WATER RECYCLING

Planning for Future Volumes of Recycled Water

If graywaterreusebecomes more widespreatimay affectthe flow of wastewater into the
water reclamation facilities of the communitfyhis factor has nobeen taken into
consideration in past planning for community sewerage or water recycling programs
simple analysis for each community can yield a grapépiation of the impact of graywater
reuse similar tothat shown irFigure2 for the United States and for California as a whisle
most densely populated urban centersgethelope ofmpact is expected to be marginal and
negligible In suburban and rat areas, particularly in the arid and seamid regions, the
impact can be expected to be significant, especially if climate change results in nedtered
suppliesin those areas.

Possible Benefits of Graywater for the Water Recycling industry

A possibk benefit of graywater for the water reuse industry may be in the realm of public
perception, attitude, and acceptararrently, thday public everywhere seems to hold a
positive image of graywatelt is seen as a resource emanating from and belotwing
themselvesAlso, those who make the decisiorrénisethe graywater do so completely
voluntarily and without incentives or fear of penaltidanygraywater users do smainst

the law and install systems without a permime at considerable coBhey accept the
inherent risks voluntarily, whether or not they are aware of the magnitude of those risks

The fact thamost of the public viesigraywater positivelycombinedwith the inability of

most toclearlydistinguish graywater from recycled watprovides an opportunity for the

water reuse industry to design public outreach programs that embrace safe use of graywater
while also touting the superior quality of recycled waf®rer time, he public perception of
recycled watemayundergoan evoluton based oreducation and subtf@ersuasiod

somewhat similar to the way the advertising industisnages a product by association with

the positive aspects of an unrelated aspect of everyday life

Quantitative Impacts of Graywater

Flow Reduction to WWTPs

The exacextentof reduction of flow to water reclamation plants must be calculated
individually and separately for each communétyprocess that would be aideddgurvey of
penetration rateof graywater systems, types of system in use, and thens¢a@sdure of

their use The variability of impact from one community to another would be gasak
generalizations would be subject to eridne Arizona experience is that retrofitting the
existing housing stock to capture graywater will not be suffidie significantly impact the
sewer flows in buikout neighborhoods; at best, a small portion of homeowners will access
their laundry wate(Little, 2009)
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Carrying Capacity of Sewers for Suspended Solids

Totalsuspendedolid (TSS)content ofdomestiowastewater typicall§alls in the200-mg/L
range If half the water and none of the solids were diverted to graywaise, that
concentration would double to around 400 mg@rhis concentrations still extremely dilute

and not necessarily conducive tepasition by itselfHowever, the effect of reduction of

flow in the sewer line by half on velocity of flow is more important in determining whether
material will deposit in the sewer at lower velocitiéshe sewer is already flowing nearly

full, a redwction of 5@ in flow will not affect the velocity of flow enough to allow
suspended materials to settfeon the other hand, the sewer is flowing at a small fraction of
its capacity, then a reduction of%®f the flow can have a large impact on flowogity,
potentially resulting in deposition of suspended solids in the sewer.

In areas with shallow slopesidin older sewer lines that may have undergone partial settling
and uneven slopes, the carriage of solids in wastewater can be problematiograsulti
settling and clogging over tim&hese problems would be somewhat exacerbated if a
significant portion of the wastewater (as much & $0somesystems) were diverted for
graywater irrigationHowever, few graywater systems tap the entire flow ay\water
Usually,only the most accessibamponents (laundry water, some lavat®neater and
bathwater) are tappedlso, the sewer lines most vulnerable to such potential clogging would
be the smallest laterals serving detached individual dweliingsssociated subdivision

mains deprived of adequate flow to maintain cleansing velddgtger community sewers
would experiencenly a relatively small reduction in overall flow because of the relatively
low percentage of dwellings using graywater systén the communityin Arizona, rew
developments anequired to adaptlope and pipe diameters in new infrastructure to better
accommodate reduced sewer flows that are occurring and will motonly fromgraywater
reuse bufrom increasingly efficienfixtures and appliancedso (Little, 2009).

Water Quality Impacts

Graywater diversion can affect the quality of wastewater remaining for reclamation by
removing the fraction of the wastewater containing the highest concentration of dissolved
solidsand salium, namely from laundry soapand personal care produdtem the lavatories
and bathsThisremovalmay have a beneficial impact on timéneralquality of water

reclaimed from the remaining wastewater stre@ine higher concentration @fSSsis likely

to result inmarginallymore-efficient treatmenat the central treatment plaespecially in the
biological processes.

POLICY AND PLANNING APPROACH FOR WATER RECYCLING
INDUSTRY

TheWateReuse Association has a leadership role nationally, and its paditées and lead
the way various regions of the country deal with water rguah its variationslt is
anticipated that whatever graywater policies are adopted by the Association will become
strong guidance for members in different parts of the coulhis/also possible that some
regional sections of the Association may elect to go forward with policies that may differ
from those of thenational organization in significant wayghis situation is healthgnd can
lead, in the longerm, to the ultimag selection of the most appropriate policies.

The water reuse industry hasvide range opolicy options visa-vis graywater reusd hese
options comprise a continuum, oa&remeof which involves standingolidly apart from
graywater(and other untreatewastewaters)while the other extremavolvesfull integration
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with the graywater industryour distinctoptions at thefar endsof the continuum and in
betweenare

1. Do nothing.

2. Distinguish graywater from recycled water and educate thkcpabout tke
differences.

3. Accepttreatedgraywater reusehere the treatment system meets applicable water
reusestandardsiegulationsor local ordinancefor the intended use.

4. Includereuseof all types ofgraywateras "waterreusé and gradually integratiiem
into the water reuse industry.

Option 1. Do Nothing

Conduct business as usual, paying scant attention to developments in the graywater arena
Many graywater papers have been delivered at Réatse symposia in the past, without

much discussion of their relamce (or lack thereof) to water reuse pefée doenothing

option is a middleground position similar tthe status quo.

Option 2. Distinguish and DistanceRecycled Water from Graywater

This option would involve a robust campaign to educate the puldidselected
representatives about the differences between recycled water and graypalegtdecision
makers about the risks inherenexposure tantreated wastewater, atawdistancehe

industry from graywater proponents and purveydhe WateRuse Association would

advise its members toform themselves about the risks mfuse of untreategraywaterand

of other wastewatensithin their jurisdictionsThe Foundation would support research into
documentation of the relative safety of recyclester in contrast to graywatekn assertive
approactwould be taken to prevent public confusion between graywater and recycled water

Option 3. Accept Properly Treated Graywater

The Association would make a special exceptibiere thegraywatertreatmen system meets
applicable water reuse standards, regulations, or local ordinances for the intenafed use
properly treated graywater under professional maintenance and supervision

Option 4. Include Graywater Reuse

This option would involve a graduidtegrationof the graywater industry into the water reuse
industry As a subset of the water reuse industry, graywatesewould become another one
of the severalflavors' of used water already purveyed tfmgmbers othe industry The

proper place and apppriate uses and precautions necessary for grayveateewvould be
clearly defined, just as those of other classesdaimedrecycled water aralreadydefined
Any areas of conflict would be resolved with technical and regulatory fixes as the unified
industry evolves in the future

Under this optionthe WateReuse Association would encourage membership from the
graywater industrynembersalongwith proportioral representationThe WateReuse
Foundation would support research into proper and safef gsayovaterunder appropriate
conditions A collaborative effort would be initiated with state public health and
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environmental protectioagencieto ensure appropriate standards for both reclaimed water
and graywater.

Comparison of Options

Table 6 compareall four options discussed.

Table 6.Pros and Cons of the4 Policy and Planning Qptions PresentedAbove
Option Pros Cons
‘1.Donothing e Noeffortinvolved e Loss of control
e Erosionof brand identity

e Tarnished public image of
recycled water

2. Distinguish e Control of message ¢ Potential hostility from the
recycled water from graywater industry

graywater e Protection of brand

e Possible resistance from some

° i i g
Public education member agencies

3. Acceptproperly
treated graywater

Logic and familiaity e None

4. Include reuse of e Control of message e Possible reluctance of graywate

raywater _ i
grayw e Protection of brand industry tocollaborate

e Possibé confusion ofpublic
health message by supporting u
of untreded wastewater by

e Larger water reuse ter untrained individuals.
in the long term

e Improved pblic
perception
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Action Items under Each Option
Table 7 lists possible actions implied by each option discussed previously.

Table 7. Action ItemsImplied by Each Option

Option Action Items

1 None

Deliver Documentationral Clear Messages to Members and the Public
Sponsor Legislation to Restrict Improper Use of Graywater

Work with IAPMO and Others to Influence Future Versions of UPC, IPC, «
Support Research in Relative Risks of Graywater Reuse

Include Treated Graywer in the Water Reuse Toolbor Equal Footing with
Recycled Water of the Same Quality

Include All Graywateinto the Mission of WateReuse Association

Form Graywater Committee of the Board

Invite Membership from Graywater Industry

Support Research ina¥ious Aspects of GraywatBeuse
ProvideEducational Materials Regarding Safe Graywater Reuse

w
°

Approaching Government

States with plenty of water resourdésose in the northern tiehave shown no need for
regulating, encouraging, even allowing grawaterreuse If global climate change should
result in greater water supply availability in a certain region, it cantoigively expected

that interest in graywater will wane rapidly in that regidnfortunately, it appears that the
opposite will be th case(Australia just went through a 4#ar period of continuous drought
and the use of recycled water, graywater, and rainwater harvesting increased dramatically,
accompanied bgne of the most thorough regulatory framevedde their use). If the

California trend tevard simplification and permissiveness of graywater regulation is any
indication, it can be expected that other states will eventually follow suit and allow residents
to reusegraywater onsite with minimal government intervention

TheWateReuse Association, with an established policy direction, can play a positive role in
shaping regulations and standards fde ggaywater reus@o matter which policy option is
adopted

Approaching Industry

Irrespective of which policy option is selectéue water reuse industry should expand its
proactive leadership toward IAPMO, pipe manufacturers, graywater purveyors, and other
groups with an interest in graywatssuesThis goalcan be accomplished with active
participation by member utilities and gaciation officers in select proceedings of the
industries involved in graywater, code writing, and related activitiagson membership in
such entities can be very helpinlrepresentinghe industris interests anoh providingearly
warning of trend that may be inimical to the water reuse industry.
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TheFebruaryl, 201Q deadline foproposals for changes to the 2009 UPC is an opportunity
that should be seized to ensure that the purple pipe designationffonpdiable water is
revised for graywalr (and condensate, rainwater, etc.) to black or brown.

GRAYWATER WITHIN THE MUNICIPAL WATER RECY CLING
FRAMEWORK

Recommendations to WateReuse Board of Directors

It is recommended that this paper be expanded as a public document with more exhaustive
information about statgand other countriesghat have had graywater experience for a
number of decades

An important action item for the Association would be to continue its close collaboration
with theWEF and AWWA ando prepare the necessary documentabg February 1, 2010

to propose revision of the UPC and IPC color designation for alternative water sources from
purple to black pbto another suitable color.

Future Research

The WateReuse Foundation should support future research in various aspente/afey
reuse including

¢ A nationaldatabase of actuakeof graywater systeméncludingvariations of
penetratiorof graywater systems in communitiexrelatedwith their demographic
characteristics

¢ Impactsof graywater usen water supply and astevater management utilities
several selected communities.

¢ Public attitudes toward graywatetistinct fromand contrasted witpublic attitudes
toward recycled water

¢ Quantitative risk assessment of various types of graywaitsseand comparative risk
evaluation of graywater and several types of reclaimed water as used for different
purposes
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APPENDIX A PURVEYORS OF GRAYWATER SYSTEMS

The information contained in this Appendix is obtained fe@weral sources and may not be
complete, accurate, or tipdate The list of gaywater system designers, instaljensd
purveyorsis presented merely for perspective.

w Art Ludwig Oasis Design805967-9956 5 San Marcos Trout Clylsanta Barbara,
CA 931059726 Largescale graywater designww.oasisdesign.net

w NUBIAN Water Systems manufacture and install graywater treatment systems for
singlefamily residential unitsapartment blocks, hotels, schools, townhouses and
commercial buildings Solids separation removes lint and other coarse miatésia
prevent blockages and fouling of the system. Water flows down through a bed of
proprietary media in the Processor. Contaminant removal is achieved through
filtration, adsorption and biological treatment. Ultraviolet (UV) disinfection
completes the éatment process before the treated water is stored for recycling.
Nubian is headquartered in Silverwater, New South Wales, Australia and provides
service in Western United States. Webditg://www.nuban.com.au/index.asp
Contact phone number: 61 2 9647 2633

w AQUSTM system by WaterSaver Technologies is U.S. based and can reduce
metered water usage in a tperson household by about tt20 gal a day or
approximately 500@al a year This system asts $295 plus shipping.
www.watersavertech.com

w TheBrac Greywater Recycling Systenwas designed in Canada and is built for
residential use. This system reuses graywagating approximately orthird of
homewater consumption. It can be purchased indh#ed State$rom private
retailers Costs range from $®0to $3000plus shipping.
www.bracsystems.com/home.html

w TheReWater® systemcaptures, filters, anadtuses shower, tub, bathroom sink, and
laundry water. ReWater systems are available in thitetd StatesCosts range from
$2000to $8000. http://www.rewater.com/

¢ AquaCycle of PONTOSprovides fousphase water treatmewith UV light
disinfection The recycled water conforms to European Directive 76/160EWG for
Recreational WateiT his product is offered by Hansgrohe in Germany.
http://www.hansgrohént.com/int en/86083.htm

w Ecoplayis a water management systémtcollects and cleans bathterand
shower water so it can be reused for flushing the t&iplay systems are based in
the Netherlandshttp://www.ecophy-system.com/

w TheAqua Revivais a graywater treatment systehine cesign allows graywater to
be used to the full extent of the law and is-selfitained The system is built so that
if it malfunctions, it will divert water directly to the sew@ihis system is offered in
Australia http://www.aguareviva.com.au/
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w ThePerpetual Wateri Home® Systemis a fully automated treatment system that
saves and reuses up to 67% of household water for use in the gardek thrbugh
the homeThis product is offered in Australiattp://www.perpetualwater.com.au/

w TheNylex Greywater Diverta captures graywater for immediate refrssn
showes, bathroom sinks, laundry sinkand washing machines. This product helps in
reducing demand fahe main water supply. It costs $187 plus shipping and taxes.
This product is offered in Australiattp://www.envirefriendly.com/nylex
greywaterdiverta.shtml

w TheHome Water Bowser Grey Water Wheelie Bircaptures water from the
washing machine or can be used for rainwater colledfiosts range from $429 to
$479 This system comes withdam inlet hose for the washg machine and 20-m
outlet hose for watering the garddmis product is offered in Australia
http://www.envirefriendly.com/greywaterbowser.shtml

w TheEco-Care Grey Waste Water Diveter Systemdiverts graywater where needed
through a pumplt costs $890 plus deliverfco-Care fully complies with EPA and
DHS guidelines. If the system is not used irh2the tank automatically dumps the
wastewaterThis product is offered in Australihttp://www.envire
friendly.com/ececaregrey-water.shtml

w TheNETA H2grO Grey Water Diverter System is designed for when you need
more than the standard-5@m inletand whernyou wantthe unit to go in the ground.
It diverts water to your garden for irrigatiofhe pice rangs from ~$200 for the
manual system to $3300.00 for the electric divehtp.//www.eviro-
friendly.com/neteh2gro-grey-water.shtml
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APPENDIX B ALLOWE D USES OF RECYCLED WATER IN CALIFORNIA

This summary is prepared MVate Reuse Associatiorirom the December 2, 2000, Title-22 adopW@ter Recycling Criteria, and supersedes all earlier versions.

Treatment Level
Disinfected Disinfected Disinfected Undisinfected
Use Of Recycled Water Tertiary Secondary-2.2 | Secondary-23 Secondary

Recycled Water

Irrigation of:

Recycled Water

Recycled Watet Recycled Water

Food crops where recycled water contacts the edible portion of the crop, including all root crops ~ Allowed Not allowed Not allowed Not allowed
Parks and playgrounds Allowed Not allowed Not allowed Not allowed
School yards Allowed Not allowed Not allowed Not allowed
Residential landscaping Allowed Not allowed Not allowed Not allowed
Unrestricted-access golf courses Allowed Not allowed Not allowed Not allowed
Any other irrigation uses not prohibited by other provisions of the California Code of Regulatiohs Allowed Not allowed Not allowed Not allowed
Food crops, surface-irrigated, above-ground edible portion, and not contacted by recycled water Allowed Allowed Not allowed Not allowed
Cemeteries Allowed Allowed Allowed Not allowed
Freeway landscaping Allowed Allowed Allowed Not allowed
Restricted-access golf courses Allowed Allowed Allowed Not allowed
Ornamental nursery stock and sod farms with unrestricted public access Allowed Allowed Allowed Not allowed
Pasture for milk animals for human consumption Allowed Allowed Allowed Not allowed
Nonedible vegetation with access control to prevent use as a park, playground or school yar Allowed Allowed Allowed Not allowed
Orchards with no contact between edible portion and recycled water Allowed Allowed Allowed Allowed
\Vineyards with no contact between edible portion and recycled water Allowed Allowed Allowed Allowed
Non food-bearing trees, including Christmas trees not irrigated less than 14 days before harvést Allowed Allowed Allowed Allowed
Fodder and fiber crops and pasture for animals not producing milk for human consumption Allowed Allowed Allowed Allowed
Seed crops not eaten by humans Allowed Allowed Allowed Allowed
Food crops undergoing commercial pathogen-destroying processing before consumption by hiumaflowed Allowed Allowed Allowed
Ornamental nursery stock, sod farms not irrigated less than 14 day before harvest Allowed Allowed Allowed Allonwed
Supply for impoundment:
Nonrestricted recreational impoundments, with supplemental monitoring for pathogenic organis msAllowe d** Not allowed Not allowed Not allowed
Restricted recreational impoundments and publicly accessible fish hatcheries Allowed Allowed Not allowed Not allowed
Landscape impoundments without decorative fountains Allowed Allowed Allowed Not allowed
Supply for cooling or air conditioning:
?rdsu';sr:i;:]c;r&c;r;n:nr;;i:;c;cr)T:iiZ? or air conditioning involving cooling tower, evaporative conder: Allowe d+* N N N
Industrial or commercial cooling or air conditioning not involving cooling tower, evaporative Allowed Allowed Allowed Not allowed

condenser, or spraying that creates a mist

Other uses:

Groundwater Recharge

Allowed under special case-by-case permits by RWQCBs**

Flushing toilets and urinals Allowed Not allowed Not allowed Not allowed
Priming drain traps Allowed Not allowed Not allowed Not allowed
Industrial process water that may contact workers Allowed Not allowed Not allowed Not allowed
Structural fire fighting Allowed Not allowed Not allowed Not allowed
Decorative fountains Allowed Not allowed Not allowed Not allowed
Commercial laundries Allowed Not allowed Not allowed Not allowed
Consolidation of backfill material around potable water pipelines Allowed Not allowed Not allowed Not allowed
Artificial snow making for commercial outdoor uses Allowed Not allowed Not allowed Not allowed
Commercial car washes, not heating the water, excluding the general public fromwashing process Allowed Not allowed Not allowed Not allowed
Industrial process water that will not come into contact with workers Allowed Allowed Allowed Not allowed
Industrial boiler feed Allowed Allowed Allowed Not allowed
Nonstructural fire fighting Allowed Allowed Allowed Not allowed
Backfil consolidation around nonpotable piping Allowed Allowed Allowed Not allowed
Soil compaction Allowed Allowed Allowed Not allowed
Mixing concrete Allowed Allowed Allowed Not allowed
Dust control on roads and streets Allowed Allowed Allowed Not allowed
Cleaning roads, sidewalks and outdoor work areas Allowed Allowed Allowed Not allowed
Flushing sanitary sewers Allowed Allowed Allowed Allowed

* Refer to the full text of the December 2, 2000 version of Title-22: California Water Recycling Criteria. This chart is only an informal summary of the uses allowed in this
The complete and final 12/02/2000 version of the adopted criteria can be downloaded from : <http://www.dhs.ca.gov/ps/ddwem/publications/Regulations/recycleregs
** With "conventional tertiary treatment”. Additional monitoring for two years or more is necessary with direct filtration.

*** Drift eliminators and/or biocides are required if public or employees can be exposed to mist

**** Refer to Groundwater Recharge Guidelines, available from the California Department of Health Services.

Prepared by Bahman Sheikh and edited by EBMUD Office of Water Recycling, who acknowledge this is a summary and not the formal version of the regulations refei
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APPENDIX C PERCENTAGE OF USHOUSEHOLDS REUSING
GRAYWATER 2

State

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
District of Columbia
Florida
Georgia
Hawaii
Idaho
Illinois
Indiana
lowa
Kansas
Kentucky
Louisiana
Maine
Maryland
Massachusetts
Michigan
Minnesota
Mississippi
Missouri

%Using
Graywater
1.3

1.7

State

Montana
Nebraska
Nevada

New Hampshire
New Jersey
New Mexico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Rhode Island
South Carolina
South Dakota
Tennessee
Texas

Utah

Vermont
Virginia
Washington
West Virginia
Wisconsin
Wyoming
USA

%Using

7.0

*The NPD Group, 1999The association conductedsaaywater Awarenesand Reuse Studyasedon
screener dat&Number ofrespondentanswering screem= 61,377 number ofgraywaterreusers:

2416 NA = dataunavailable
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APPENDIX D CALCULATIONS IN SUPP ORT OF FIGURE 2

Statistic 2000 2030(est.)
No. of US Households 117306,811 144,210,039
No. of California Households 12,736,312 16,182,878
% of US Householddsing Graywater 7.0% 10%
% of California Householddgsing Graywater 13.9% 25%
No. of US Households Usingraywater 8,211,477 14,421,004
No. of CA Households Usiop Graywater 1,770,347 4,045,720
GraywaterReuseper Household, Low (gpd) 40 22
Graywater Reuse per Househditigh (gpd) 100 75
Total Daily Graywater Diversior)S, HighEstimate(mgd) 821 1,154
Total Daily Graywater Diversion)S, LowEstimate(mgd) 328 433
Total Daily Graywater DiversiorCA, High Estimatémgd) 177 324
Total Daily Graywater DiversiorCA, Low Estimate(mgd) 71 121

Assumed Data and Sources

Statistic ~ Valuefor  Source d Data or Projection

Statistic

Population of US, 200@st.) 303,824,640 CIA World Factbook2016*
Population of US, 203(est.) 373,504,000 US Census Bureat

No. of memberperhouseholdUS, 2000 2.59 US Census Buredt

% of householdsvith graywater systes US, 1999 7.0% Soap and Detergent Association
Populaton of California, 2007 36,553,215 US Census Bureau

Population of California, 2030 46,444,861 US Census Buredlu

No. of memberperhousehold CA, 2000 2.87 US Census Bureal

% of households witlgraywatersystems, CA, 1999 13.9% Soap and Detergent Asciatior!®

®Adapted andnodifiedfrom CaliforniaGraywater Policy Center, 2009

YCIA Factbook, 2010.

2Us Population Projections, 2008.
Bcalifornia Quick Facts, 2009.

“Fate- SDA Science, 2010.
california Quick Facts, 20009.
¥population Projections State..., 2008.
Ycalifornia Quick Facts, 2009.

%The NPD Group, 199%. 14.
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Do Rules

Apply to
Commercial”

Flow
Limits

Do Rules

apply to
Residential’

Agency

Title/Chapter

Page 9

Alabama Alabama Department of Publ Onsite Sewage Disposal Subdivision Yes N/A Yes
Health, Environmental Servic

Arizona Arizana Department of R189-701 ADEQ Administration Code¢ Yes N/A Yes
Environmental Quality

Arkansas Arkansas Department of Alternate Systems Manual Yes N/A Yes
Health Sanitary Division

California California Building Standards CaliforniaPlumbing Cde (Title 24, Par Yes 250 gdp No
Commission 5, Chapter 16A)

Colorado Colorado Department of Publ Guidelines on Individual Sewage Yes N/A Yes
Health and Environment Disposal Systems

Connecticut Connecticut Department of  Public Health Code Regulato& Yes N/A Yes
Public Health Technical Standards

Florida Florida Department of Health Public Health Cipter 381.0065; Florid Yes 75 Yes
Bureau of Onsite Sewage Administrative Code 64&
Programs

Georgia Georgia Department of Hume Department of Human Resources Ch Yes >500 Yes
Resources, Division of Public 290-5-26
Healh

Hawaii Hawaii Department of Health TITLE 11 Department of Health Yes 150 Yes
Wastewater Branch Chapter 62 Wastewater Systems

Idaho Idaho Division of IDAPA 16.01.03 Rules fo Yes N/A No
Environmental Quality IndividualSubsurface Sewage Dispos

Systems

Kentucky Kentucky Department of Pub 902 KY Administrative@egulations No N/A No
Health, Protection and Safety 10:085
Division

Maine Maine Department of Human 1509.0 Separated Laundry Disposal Yes N/A No
Services, Bureau of Health, Systems
Divison of Health Engineerinc

Maryland Maryland Department of the Innovative and Alternative Program No N/A No
Environment, Water
management Administration

Massachuse Massachusetts Department ¢ 310 CMR 15.000, Title 5: Innovative Yes 10000 No
Environnental Protection Alternative Systems

Michigan Michigan Department to f Act 421 P.A., Acceptable Alternative Yes N/A Yes
Environmental Quality, Healtl Graywater Systems
and Water

Minnesota  Minnesota Pdution Control Chapter 7080.9010 Yes 1000 Yes
Agency/Water Quality Alternative/Experimental Systems

Montana Department of Environmenta DEQ 4 No N/A No
Quality

97!



1 00%. $) 8

(Continued)

%

35- -1

29

Title/Chapter

Do Rules

/| & 34! 4 %30

Flow

Do Rules

appl

to

Limits

Nevada Department of Human R12998 Sewage Disposal Yes N/A Yes
Resources Administrative code
New Jersey Department of Environmenta N.J. Administrative Code 7:9A Yes 75 % of Yes
Protection black
water
New Mexico Environment Department House Bill 114 Yes 250 No
New York  Department of Health 10NYCRR Appendix-A5 Yes 75 No
North Dakoté ND Department of Health, Ch. 62.0316-01 individual sewage Yes N/A Yes
Environmental Health Divisio treatment
Oregon Department of Environmenta OR administrative rules ch918 divisio Yes N/A Yes
Quality, Water Quality Divisic 790
Pennsylvanii Departmentof Environmental Title 25 Environmental prot¢ion Ch.7: Yes N/A Yes
Protection, Bureau of Water
Quality
Rhode Islanc Department of Environmenta Ch. 12120002 No N/A No
Management
South Dakot Department of Environment  Administrative Rule: ARSD 74:53 Wa Yes Minim. o Yes
and Natural Resources Supply and Treatment Systems. 25
Specifically, section4753:01:38 and gpd/pers
74:53:01:19 on
Texas Texas Commission on Existing rules under 30 TAC, Ch. 285 No N/A No
Environmental Quality Subchapter H. Currently working on
set of rules to fulfill HB 2661
Washington Department of Ecalgy Publication No. 987 WQ); Section E1 Yes N/A Yes
Wisconsin  Department of Commerce Chapter Comm 82, Wis. Adm. Code; No N/A No

specifically Comm 82.34, 82.40, 82.4
and 82.70
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