INTERNATIONAL ISO
STANDARD 23056

First edition
2020-09

Water reuse in urban areas'—
Guidelines for decentralized/
onsite water reuse system — Design
principles of a decentralized /onsite
system
Réutilisation de l'eau en~milieu urbain — Lignes directricgs

concernant les systémes décentralisés/sur site de réutilisdtion de l'eau
— Principes de cerception d'un systeme décentralisé/sur|site

Reference number
1SO 23056:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=7f13e3d488c99c856773ff72681790f4

ISO 23056:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=7f13e3d488c99c856773ff72681790f4

ISO 23056:2020(E)

Contents Page
FFOTE@WOIM ...........oooooeooeeeeee e85 8 588 iv
IIEIOAUCTION. ......ooooo etk 881888558 v
1 S0P ... 1
2 NOIIMATIVE TEEETEIICES ...........ooooooeeeeeee oo 1
3 Terms AN AefINETIONIS ... s 1
4 Planning of a decentralized /onsite water reuse system..

10
Bibli

ography

4.1 GENETAL ...

4.2 Possible models of the system
421 GENETAL..cooir e o e
4.2.2  Onsite Water reuSe SYSLEIM ...t e
4.2.3  Cluster water reuse system
424  Community water reuse SYSteIM ...l

Collection of source water for decentralized/onsite water reuse
5.1 SOUICE WALET ...oooooooeeeiivveeeeseee et SN
5.2 Collection system
5.3 Greywater collection, treatment and reuse

Treatment PrOCESSES ... ot see et
6.1 General ...

6.2 Natural treatment process
6.3 Aerobic, anaerobic and combined processes
6.4 DiSINfECHION ...oooooeeeea e

6.5 AdVANCEA PIOCESSES.....cooirisieisseesistsd B et

Storage and deliVery SYSTEIN................ s
IMOMIEOTIIIG ... s

Risk management and emergency response Plamn...........]
9.1 RISK MANQZEIMIEIIT oo
9.2 Emergency reSPOMSE PLATL . ...t

Public engagement and outreach

© IS0 2020 - All rights reserved

iii


https://standardsiso.com/api/?name=7f13e3d488c99c856773ff72681790f4

ISO 23056

:2020(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

With economic development, climate change, rapid urbanization and increases in population, water has
become a strategic resource especially in arid and semi-arid regions. Water shortages are considered as
one of the most serious threats to the sustainable development of society. To address these shortages,
reclaimed water is increasingly being used to satisfy water demands that do not require potable water
quality. This strategy has proven useful in increasing the reliability of long-term water supplies in
many water-scarce areas. The applications of reclaimed water depending on the volumes of reclaimed
water available include restricted or unrestricted irrigation, industrial uses, toilet and urinal flushing,
firefighting and fire suppression, street cleaning, environmental and recreational uses (ornamental

the sfize and scope of the system, private and community owned systems caninc¢rease the flexibility of
the system to the needs of the owner(s). Decentralized/onsite water reuse systems have the advantage
that they can be installed for a short-term when needed and have a lower!cost than centraliged systems
due o sewers systems large investments. Moreover, they allow the Jocal reuse of water apd therefore
incrgase water productivity. Compared to centralized systems, decentralized/onsite sjystems still
involve local wastewater collection and treatment. They are €onsidered to be much smaller with
fewef people connected (single, several or tens or hundreds, ef.iouseholds) and less costly, especially
when greywater components have been separated from the ‘blackwater for reuse. If the pystems are
propgrly situated, designed, operated and managed, they.can provide substantial enviropmmental and
socidl benefits (e.g. reduction of freshwater consumption and wastewater generation) as well. The
concentrated blackwater can be treated using several treatments (e.g. septic tanks, cesspod|ls, soil drain
field$, chemicals, bio-digesters, composting toiletstand blackwater recycling systems). Detentralized/
onsife water reuse systems can also be integratéd into the broader centralized systems|in terms of
clustered or contracting schemes for decentralized technology with centralized operation.

The fesign of a decentralized/onsite water reuse system requires a thorough understanding taking
into account of scale, system compongnts, end use requirements and other issues. This guideline can be
usefil for the application of design principles as well as feasible and cost-effective approa¢hes for safe
and reliable fit-for-purpose waterreuse.
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Water reuse in urban areas — Guidelines for
decentralized /onsite water reuse system — Design
principles of a decentralized /onsite system

1 Scope

This
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This
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any y
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This

— q

document provides guidelines for the planning, design principles and consider
htralized/onsite water reuse system and water reuse applications in urban areas-

document is applicable to practitioners and authorities who intend to implement pr
ions on decentralized water reuse in a safe, reliable and sustainable manmnet:

document addresses decentralized /onsite water reuse systems in their entirety and is 4
vater reclamation system component (e.g. source water collection, treatment, storage,
htion and maintenance and monitoring).

document provides:

$tandard terms and definitions;

—

q

JR— q

Desij
scop

— Iescription of system components and possible models.ofa decentralized /onsite water r¢

esign principles of a decentralized /onsite waterreuse system;

ommon assessment criteria and related examples of water quality indicators, all wit

gny target values or thresholds;

gpecific aspects for consideration and'‘€mergency response.

n parameters and regulatory wvalues of a decentralized/onsite water reuse system a
e of this document.

2 Normative references

ations of a

inciples and

hpplicable to
Histribution,

puse system,;

hout setting

e out of the

heir content
applies. For
hts) applies.

The following docunients are referred to in the text in such a way that some or all of t
consfitutes requirements of this document. For dated references, only the edition cited
unddted referenges, the latest edition of the referenced document (including any amendme
ISO 40670, Water reuse — Vocabulary

3 Terms-and-definitions

For the purposes of this document, the terms and definitions given in ISO 20670 and the following apply.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— 1
— 1
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SO Online browsing platform: available at https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/
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31

cluster system

private system

decentralized water reuse system used to treat and reuse wastewater from a collection of dwellings or
facilities located adjacent to each other with typically a few owners

[SOURCE: Asano et al., 2007; CIDWT, 2009]

3.2

community system
decentralized water reuse system used to treat and reuse wastewater from a community with dwelling
units arld/o hlsh rise bu;}diuso

Note 1 to entty: A water-tight collection system is used for transport of pre-treated effluent or raw wastewpter.
[SOURCE: Asano etal., 2007; CIDWT, 2009]

3.3
onsite water reuse system
treatment ujnit that receives, treats and provides reclaimed water at the immediate site of wastewater
generation

[SOURCE: Asano et al., 2007]

4 Planning of a decentralized/onsite water reuse system

4.1 Genefal

Good plannjng and management of a decentralized/onsite water reuse system are important]| The
planning and management of a decentralized/onsite-water reuse system should consider the following
aspects:

— internal planning (e.g. planning principl€s,targets, scope, project timeline and conceptual desjgn);
— site seldction and inspection, including population density, land availability and topography;
— wastewpter quantity and quality and reuse potentials;

— scale arld layout of the systenrand coordination and involvement in broader land use planning;

— operatiInal and managerment conditions;
— operatipn and maintenance of residuals (e.g. sludge, screenings, trash, etc.);

— recognifion and-addressing of technological, economic, environmental, social and regulatory issues.

The capacitly“of the owner or operator to manage the system should be factored into the decision-
making process leading to the planning and selection of a system or set of systems appropriate for
the local household or community. An initial screening using criterion for safety, reliability, stability,
operability and economics is a critical element of good planning. The dynamics of the reuse system that
can be taken into consideration include system density, hydraulic and pollutant loadings, proximity to
water bodies, soil and hydrogeological conditions and the potential impacts of water quality/quantity
on groundwater and surface waters. For system reliability, it is important to conduct a risk management
approach that consider the consequences of system failures or malfunctions in terms of public health
and environmental impacts (see Table 1). In cases of high risk or non-conformance due to failures
(e.g. power or treatment processes), procedures or options can be established/built to consider use of
traditional networks, such as constructing holding or surge tanks, constructing connections to other
nearby decentralized systems or other site-specific options.
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Site investigation and assessment are important to ensure that the system is integrated into existing
and proposed urban planning which includes future development, proposed road, water or sewer line
extensions, zoning classifications, etc.

Table 1 — Considerations for risk management of a decentralized/onsite water reuse system

Potential issues Contributing factors Key risks

— Soil; Topography

— Planning (lot size)

—_— EllVil UlllllUllLdl bCllbiLiViLy ‘|]
Release of contaminants'diie to failure

of the decentralized;/onsitd water
reuse system

Treatment and reuse system |— Flooding

and disposal area
— Operation and maintenance

— Loading rates

— Water extraction (boreholes, wells,
springs)
— Soil type and horizon depth

— Physical characteristics Inability to renovate effluept and
Surrounding soil prevent contaminants fronj reaching

— Chemical characteristics groundwater and/or surfade water

— Water table depth

— Surface exposure

— Water resources A considerable health risk dlue to expo-

Public health sure to contaminants and gathogens
— Aerosols from water/ surrounding epvironment

— Pests (e:g“mosquitoes)

— Surface runoff _ '
Release of contaminants info the

—~Groundwater discharge receiving environment (ground/
Environment surface waters) causing enyironmen-
- Flooding tal harm (such as eutrophidation) and

odour and noise consideratfions

— Water table
NOTE Adapted from €axroll, et al. (2006)[171,

4.2 | Possible models of the system

4.2.1 ,‘General

Decentralized/onsite water reuse systems come in a wide variety of options and scales. An important
aspectin considering the use of decentralized/onsite systems is the appropriate scale of implementation
to ensure proper operation and management. Onsite systems generally refer to allotment scale systems,
including onsite family/household-based systems and onsite building scale systems (e.g. urban
communities, industries, or other facilities). Decentralized systems can encompass a wider range of
scales such as a cluster system, a community system, a seasonal operation system, etc.

Traditionally, the main application of a decentralized/onsite water reuse system is for servicing
areas that are difficult to service with centralized water reuse systems due to technical or economic
considerations. There are increasing opportunities to apply decentralized systems beyond the small
town and rural communities by a mixture of different scales. Compared to centralized systems, the
planning of decentralized/onsite water reuse systems require a thorough understanding of temporal
and spatial demand variability for the end use requirements to determine an optimal design scale.

© IS0 2020 - All rights reserved 3
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4.2.2 Onsite water reuse system

Onsite systems typically treat wastewater close to the source, and are generally applied to serve small
to medium scale development. Figures 1 and 2 show typical examples of an onsite family/household-
based water reuse system and a building scale water reuse system respectively. Back flow preventers
should be considered as required by many jurisdictions when potable water and reclaimed water are
supplied to the same equipment (e.g. toilets, washing machines, irrigation, etc.) for safety of individual
and public systems. The maintenance and operational costs of onsite systems can be relatively high
which usually relies on additional motivation, such as limited available supply of water (drought or arid
lands) or high costs for disposal or positive environmental attitudes of individuals and households, etc.

Onsite syst
of adapting

Figur

1IN lCUl bt?dbUlldl}_y UpPCl atcd fdl,i}itit:b buL}l ad> bUdbUlld} hutcla Ul Ldlll})bittﬁb b}lUu}d bC Ld
fo changing conditions and deal with a high variability of organic load.

)

Intendeduse
Wastewater collection

Storageand _ _ (e.g-rrigation,
distribution non<potable
indoor uses)

Treatment —

p 1 — Typical example of an onsite family/household-based water reuse system

nable
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>
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fernative discharge
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reclamationandreuse
Basement

Other collection and-djstribution systems could be used such as greywater.

Cluster'water reuse system

Figure 2 — Typical example of an onsite building scale water reuse system

er systems can be a combination of systems applied either at single onsite or communal scale
ms*or both. Cluster systems offer economies and maintainability of scale, as it is mpre efficient
number of households to invest in and utilize a decentralized technology than for each household

to own and operate its own system. Additional advantages are reducing the risk for system failure and

facili

© ISO

tating repair. A typical example of cluster system is given in Figure 3.
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|

omet

Wastewater collection and
pre-treatment

/ |

Reclaimed water supply

Treatment
system

Storage
—»and —»

francpicciaon

Intended
use

/

4.2.4 Community water reuse system

For irrigation and
other outdoor uses

Figure 3 — Typical example of a cluster water reuse system

system }

Reclaimed
water supply

Community|systems can be serviced using alternate colléction systems in conjunction with treatment
and reuse facilities. For example, wastewater solids, may be retained in an onsite primary treatment
tank and then be concentrated and/or hauled to a“eentral site for treatment. The liquid portion qf the
wastewater|is discharged to the collection systems and treated downstream near the point of rguse.
Other advartages of community systems compared to onsite water reuse systems are economy of gcale,
the use of nore sophisticated treatment,processes, and the capacity to have dedicated operation$ and

maintenancp personnel. A typical exaniple of community system is given in Figure 4.
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Compared to centralized systems, community’System ensures lower collection and

cost
dem

treated wastewater. Community systems:can be more resilient because a failure in one sy

only
Inad

of several decentralized/onsité systems is undertaken by a single centralized entity. Th
can feduce demands on centpalized infrastructure while enabling opportunities for locd

reus
conv,

typidal example of thiSfmanagement concept is shown in Figure 5.
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Reclaimed

| S

i

Onsite partial treatment For irrigation and
other outdoor uses

water supply

Y Storage and
- _>Treatment ——p transmission ——p»

system system

Wastewater collection and
pre-treatment

For irrigation and
other outdoor uses$

ﬁ

Reclair
water suy

Figure 4 — Typical example of a community water reuse system

and can offer flexible solutions to cope with the new demands wherever certain tl
graphic changes are exceeded. Centralized systems can have lower operating costs p

affect a small part of the region.Hewever, the overall collection and treatment is case

dition, community systems can dlso be integrated with a centralized system where the 1

e. The same operatorn(can manage a number of individual decentralized/onsite systemj
enience for the end-User, lower operator costs and may improve operations and efflue

| Intended
use

hed
ply

distribution
hresholds of
br volume of
stem would
specific.

nanagement
ese systems
1lized water
b to increase
nt quality. A
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Centralized monitoring and control

Operation and maintenance

k- —=—==4

Figure 5 -

5 Collec
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The potenti
greywater, |
as the sour
should also

The quality
safety of t

demand req
what level o

5.2 Colle

The collecti
Such netwo
collection a
pipeline wit
transportis

Decentralized/onsite water reuse systems with centralized operation

water reuse systems

Lion of source water for decentralized /onsite water reuse

‘e water

ainwater, etc. In most circumstances, it is-expected that domestic wastewater will be

be considered, such as a potable water-tie-in.

pf source water should meet the'safety considerations for human health and environm

reclaimed water, see ISQ 20760-1. The quantity of reuse production should mee

irements. The quality of aparticular water source coupled with its end uses can deter
f treatment is necessary.

Ction system

bn system consists of networks with connections to the source water or septic tank effl
ks are furitished with the necessary equipment (e.g. gates, weirs, pumps) to achiev
hd trapspert function. Small scale and onsite systems may or may not include a s
hin the'site, where the collection system may include trenches, pumping stations an
usually done by carrier, see ISO 24511.

- Typical example of centralized management of several decentralized and/or on

hl source water for decentralized/onsite water reuse can include wastewater, blackw

site

rater,
used

e water in a decentralized/onsite water reuse system. Possible backup water resouirces

ental
t the
mine

uent.
e the
ewer
1 the

The hydraulic design of the pipe networks and connections should ensure that no backflow, or
cross connections occur. The potable water distribution system should be protected from potential
contamination from the reclaimed water piping as well as sewer, surface and rainwater drainage piping

through the

use of prevention devices, labelling, marking, etc.

Pipe material should be carefully selected since leakage from collection systems may result in
groundwater or surface water contamination.

5.3 Greywater collection, treatment and reuse

Greywater excludes used water from toilets and urinals. The quality of greywater varies depending
upon the behaviour of the residents as well as the volume of water and the chemicals used. Generally, it
is less polluted and low in contaminating pathogens, nitrogen, suspended solids and turbidity compared
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with municipal and industrial wastewaters. Special attention should be paid if wastewater from kitchen
sinks is also included as greywater source because of potential high concentration of organic loads,
fats, oil and grease.

Treatment requirements are reduced for resource recovery when wastewater streams are separated as
early as possible. The separation of greywater provides an alternative way of water reuse. Compared
with domestic wastewater reuse, greywater reuse involves smaller hygienic concerns and requires less
treatment effort. Since greywater systems are usually expensive to retrofit into an existing building,
they should be included, if possible, during planning and construction stages.

Depending on the greywater quantity, quality and the intended uses, different treatment schemes may
be aJ}J}icd streh—=as Ph_yoi\,q}, chemteat aud/un biulusi\,a} treatirent—Commoen—tses—Tfot Bt ,ywater are

toilef flushing and irrigation.

6 Treatment processes

6.1 | General

Multjple criteria analysis should be considered for the selection of a‘trfeatment scheme (qg.g. life cycle
cost,|health risks, environmental issues, social aspects, etc.).

Current decentralized/onsite wastewater treatment options vary widely in sophistication [from simple
septic tanks to multi-stage biological treatment systems or to0 advanced treatment technplogies. The
systdms mainly consist of several or a combination of physical, chemical and biological processes such
as priecipitation, adsorption, aeration, filtration, biodegradation and disinfection.

Septic tanks are widely used as onsite wastewater treatment system. Due to limiteql treatment
performance of septic tanks, additional treatmentis usually required for reuse of septic tank effluent.
Alternatively, many enhanced treatment unitsiare able to treat the source water directly for fit-for-
purpose water reuse.

Enhdnced treatment units for decentralized/onsite water reuse can include:

a) matural treatment processes;

b) aerobic processes such,assuspended growth, attached growth and combined suspended and
ttached growth;

c) anaerobic processes-such as anaerobic pond and anaerobic upflow filters;

d) ¢ombined (aenobic/anaerobic/natural) processes such as anaerobic-aerobic, anaerobicinatural and
naerobic-derobic-natural system;

e) additional polishing processes such as filtration (e.g. deep media or mechanical filtratipn);

f) diSinfection (e.g. chlorination, ultraviolet radiation and ozonation);

g) advanced processes such as activated carbon adsorption and ion exchange, membrane filtration
(e.g. microfiltration, ultrafiltration, nanofiltration and reverse osmosis) and advanced oxidation
(e.g. electrochemical oxidation, photochemical catalytic oxidation and radiation).

Sludge handling systems (e.g. storage, thickening, dewatering, aerobic digestion and chemical
stabilization) are also important issues and should be considered.

The selection of enhanced treatment units (e.g. secondary treatment, filtration and disinfection) depend
on the reuse applications, site specific conditions, economic constraints and environmental impacts.
Typical reuse applications include garden irrigation, pond supplementation, car washing, cooling,
irrigation and potentially for household uses (e.g. toilet flushing). The applications are influenced by
source water characteristics, treatment methods used, effluent quality and regulations.

© IS0 2020 - All rights reserved 9
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The technologies used for decentralized/onsite water reuse systems should also be able to operate
for extended periods of time with low maintenance needs, be fundamentally easy to operate, and
be designed to accommodate the level of flow and constituent concentration fluctuations. Factors to
be considered during design and selection of a decentralized/onsite treatment system are shown in

Table 2.

Table 2 — Possible considerations for design and selection of a decentralized/onsite

treatment system

Issue Description
— QOdor control (e.g. gas tight lids, carbon filters at air release points and vents)
Aesthetics — Appearance: above ground components (e.g. tank covers, air pumps, control palnels)

Noise emissions (e.g. pumps, aerators)

Residential practices

Proper disposal of materials
Daily volume per capita

Avoidance of slug dosing of hazardous chemicals (e.g. chlopine bleach)

Flowrate

Acceptable variability in flow and constituent loading

Diurnal flow variability should be considered in/design of all hydraulic components

Operation

Factors that should be changed by the operator in Ffesponse to underperformance ¢r
non-conformance (e.g. aeration, circulation, pumping, chemical dosing and UV radja-
tion intensity)

Maintenancs

Frequency (e.g. solids removal frequency, outlet filter cleaning, media pagking
replacement, cleaning emitters andispray nozzles)

Responsible party (e.g. system manufacturer, residents, municipals, third party,
owner)

Costs and fees associated with maintenance

Annual inspection of the system

Equipment control and
monitoring

Capacity for-remote and onsite monitoring (e.g. blowers, pump on/off cycles,
pump run-time, tank liquid levels, alarm condition, constituent concentratjions,
UV lamp, status)

Capacity for remote and onsite control (e.g. pump settings, alarm reset)

Process perfformance
control

Oyerall performance and reliability checking (e.g. nutrient reduction, pathogens)
Power outages (e.g. short periods, > 24 h, extended periods)
Extended periods of no flow (e.g. during family vacation)

Startup procedures

Final water quality and conformance monitoring

Power supply availability, reliability and cost should be considered

Energy consumption of the system should be considered

Power supply
— Power may be used for aeration, blowers, pumping, disinfection, control systems,
monitoring and telemetry equipment
Scalability and — Ability to expand or upgrade process to accommodate increased hydraulic or
retrofitting constituent loadings

Service life

Warranties for process components

Life span for pumps, electrical components, tankage, packing media, etc.

NOTE Time, skill and training are necessary for operation and maintenance.

10
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Table 2 (continued)

Issue Description

System owner

System leased to building owner
System owned by building owner

Owner and user responsibilities

Tank construction

Noncorrosive, lids watertight, lids lockable, aboveground materials UV resistant

Volume

power failure or clogging

Total volume of system and hydraulic retention time for emergency storage in case of

Econ
cons

omic Financing

iderations Life cycle cost

Safet

Health safety

y considerations Environmental protection

Equipment

NOTE

Time, skill and training are necessary for operation and maintenance.

6.2

A naf
The
pond
optid
and
treaf]
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proc
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Hyd1
surfa
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clari

Cons

Natural treatment process

ural treatment process combines plant and microbial communities to provide biologicz
common natural treatment systems utilized for decentralized/onsite water reuse a
s, hydroponic systems and constructed wetlands. These processes are ecologica
ns with technical capacity to provide efficiency(including adequate bacterial elimir
h high level of inertia when faced with largefluctuations in the flow and the effluer
ed, simplicity in sludge handling, minimunior nil energy cost that can be supported b
hewable energy sources (solar and windrenergy) and high environmental integration. |
and availability for its implementation are important in the consideration of the 1§
bsses and should be considered inpfocess selection and design.

kidation pond process normally, contains a series of anaerobic, facultative and matur
reatment processes (e.g. cdarse screening and grit removal) can be considered prior
bss to remove coarse selids and other large particles. Important parameters to be
xidation pond design-include light penetration, temperature, wind, pond geometry,
entration.

oponic systemsyuse plant racks suspended over aerated reactors and the plants

ce area for baeteria and other microorganisms to live on the roots and can remove

extent. Hydroponic systems generally require primary screening and subsequent fi
Fier, disCfilter or media filter) processes.

tructed wetlands are considered as environment-friendly technology for onsite

trea

| treatment.
re oxidation
| treatment
ation rates)
t load to be
y utilization
Both climate
ise of these

htion ponds.
to oxidation

considered
and oxygen

can provide
nutrients to
tration (e.g.

wastewater

ment or polishing of treated wastewater. Organic matter, organic pollutants, heavy

metals and

nutrients can be fixed and removed through filtration and adsorption by biofilms, clay particles as well
as plant uptake. To ensure sufficient pollutant removal, constructed wetlands require a lower influent
flow rate and long retention times compared with other intensive (high rate) aerobic treatment options.
Depending on the type of constructed wetlands, the retention times may vary between 4 and 15 days
for surface or free flow wetlands to 5 days for subsurface horizontal constructed wetland and hours
for subsurface vertical constructed wetland. Important factors for constructed wetland design include:
a) specific surface area (which may vary between 2 and 10 m2/population equivalent, depending on
the type of wetland);

b) the choice of plant species;

A

substrates;
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d) areaofreed bed/macrophyte bed;
e)
f)

the nature, loading and distribution of the influent;

temperature.

6.3 Aerobic, anaerobic and combined processes

Aerobic processes, such as suspended growth, attached growth (e.g. trickling filters, rotating biological
contactors and moving bed bioreactors), extended aeration and/or others, need electricity to increase
the availability of oxygen to microorganisms to foster their accelerated growth. A pre-treatment

step (e.g. s
the perforn
aerobic prog
minimize sl
loading ratej

Advantages
simplicity, e
high streng
instance, an|
developing ¢

Multiple staj
can be consi

6.4 Disinffection

Disinfection
ozone, sodl
decentralizg
typically no
small facilit

6.5 Adva

The combin
bioreactor

technologie
footprint, hi
efficiency. T

following enha

rove
ce of
s. To
banic

ptictank, primmary SetthHng COMmpartment and trasit trap) cam be Considered to i
ance of aerobic process. Cold climate may have adverse effects on the performan
esses. Insulation around the systems can be considered under cold weather conditior]
idge production, small scale or onsite systems can be operated at low hydraulic and or
S.

ional
treat

of anaerobic process include low capital investment, a low energy requirement, operat]
hergy recovery in the form of biogas and low sludge production. It is usually applied to
th wastewater. The effluent from the anaerobic process requires-further treatment. For
herobic ponds followed by constructed wetlands are a convenientsolution in warm trgpical
ountries, however the potential for odour and algae bloomséhould be taken into accoyint.

ige biological treatment processes (e.g. A/O, A/A/O, BARDENPHO, Johkasou and/or others)

dered.

tion,

for
de is
|s for

is normally required to effectively proteét public health. Electrochemical chloring

um hypochlorite, calcium hypochlorite®and UV radiation are commonly usec
d/onsite water reuse systems. Disinfection with chlorine gas and chlorine dioxi
f used for decentralized/onsite water;reuse systems as these processes present hazarg
es associated with storage, handling, and application.

hced processes

ation of a membrane, process with a biological treatment process, such as memhrane
MBR) and membnane” aerated biofilm reactor (MABR), can be considered as advanced
5 due to the process stability and the ability for bacterial removal. They have a §mall
loh loading raté capacities, and produce an effluent with superior quality and a high removal
hey are alsp ddaptive to ever stringent standard limits.

e and-delivery system

b 0 d dtoaceo oda peak loads and 4 andsbe DFio ) and
nced treatment units. Operational storage may also be considered for some systems

depending on the intended use of the treated effluent. If reclaimed water quality deteriorates during
storage, post-treatment (e.g. filtration and solid calcium hypochlorite tablet) could be considered.

The delivery system may be designed to receive the treated effluent from enhanced treatment units and
convey it securely to the end use applications. It is recommended that the delivery system is operated at
pressures lower than the potable system. When a pump system is used for pressurized distribution, the
pump chamber or feed tank should be fitted with a high water-level alarm. A sufficient storage volume
should also be provided. Effluent overflow outlet should be provided in the pump chamber or feed tank
in order to provide controlled overflow in cases of pump failure.
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Effective measures (e.g. monitoring devices, check valves and backflow preventers) should be taken to
prevent cross-connections and backflow from non-potable reclaimed water storage and distribution
network into potable water supply systems through colour-coding, labelling, marking, etc.

8 Monitoring

Monitoring of decentralized/onsite water reuse systems is important to ensure that a safe quality
of reclaimed water is provided to end users without causing adverse health impacts. Monitoring
generally includes two major types of monitoring, namely water quality conformance monitoring and
performance monitoring, refer to ISO 20426.

Confj
the ¥
conf
requ
treat

brmance monitoring programs of decentralized/onsite water reuse systems are gften part of
vastewater treatment system with which the reclaimed water providers/system lewners should
rm to. Water quality conformance monitoring is carried out to verify conformance with relevant
rements. Performance monitoring is undertaken for operational paramgters to confirm that
ment processes are properly designed and operated. The degree of monjitoring (i.e. Jonformance

mon
the 6
conf
(e.g.
regu
visud
are d
syste

Reg
man
are H
agai

meas
ISO 2

9 1

9.1

Risk
wate
pote
level
conti
resp

partlrcipation by reclaimed water consumers; particularly in relation to application of oy

toring and/or performance monitoring) is related to the complexity of the system, a

rmance or verification monitoring is a general requirement at leas? for complex or 1
cluster or community water reuse system). Primary monitoring of effluent quality
ations. Regular conformance and performance monitoring,can, in some cases, be §
1l assessment (e.g. for yellowing or browning of leaves, orflooding), with follow-up ag
oncerns. Such visual inspection may be an important patt of verification for small sc
ms. Decentralized systems should perform regular sampling and analysis.

lar ongoing evaluation of reclaimed water quality results and audit of reclaimed w
hgement are required to determine whether preventive strategies are effective and w
eing implemented appropriately. This longéterm evaluation allows performance to 4
st objectives and helps to identify opportunities for improvement. Auditing could in

ures and in assessment of onsite iinpacts. For details concerning performance evg
0468-1.

Risk management andyemergency response plan

Risk management

assessment andsmanagement approaches can be conducted to ensure conformance wit
r quality stafbdards. The framework may include the procedures to identify critical co
htial risk sitiations and best management options for reducing risk levels to minimum g
5. [t is_réeommended for system owners or operators to implement preventive m
rol tolensure the effectiveness and efficiency of the processes, anticipate potential pj
bid. before problems become critical. Further information can be found in ISO 20426,

and

the risk of

nd use, etc. For example, a less complex system may require not as(fiequent monitorjing. Routine

ge systems
s subject to
1s simple as
tion if there
hle or onsite

ater quality
thether they
e measured
volve active
site control
luation, see

h reclaimed
ntrol points,
r acceptable
basures and
‘oblems and
[SO 20760-1

S0=20760-2-

9.2

Emergency response plan

Emergency response plans should be put in place to deal with and minimize the impacts of incidents
or emergencies that might compromise reclaimed water quality, such as extreme weather conditions,
natural disasters, process failure and illness outbreaks, etc. For instance, a minimum emergency
capacity and separate emergency storage should be provided in the treatment and pumping system
or in accordance with relevant requirements. A prevention and response plan to a cross-connection or
backflow incident is also important to minimize contamination of high-quality water such as potable
water. The following protocol can be considered:

— development of an emergency response plan and related procedures;
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