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reword

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.

The procedures used to develop this document and those intended for its further maintenance are
desfribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria heefded for the
different types of ISO documents should be noted. This document was drafted in accordan¢e with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be th¢ subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rightg. Details of
any|patent rights identified during the development of the document will.be'in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents)-

Anyf trade name used in this document is information given for the;eonvenience of users arnd does not
conftitute an endorsement.

For|an explanation on the meaning of ISO specific terms and expressions related to fonformity
asse¢ssment, as well as information about ISO’s adherence to the WTO principles in thg Technical
Barfriers to Trade (TBT) see the following URL: Forewerd - Supplementary information

Theg committee responsible for this document is ISO/TC 282, Water reuse, Subcommittee S¢ 1, Treated
wastewater use for irrigation.

[SO[16075 consists of the following parts;dnder the general title Guidelines for treated wasfewater use
for {rrigation projects:

— | Part 1: The basis of a reuse projéectfor irrigation

— |Part 2: Development of the project

— | Part 3: Components of areuse project for irrigation

The following parts areunder preparation:

— | Part 4: Monitoring
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http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=9843522f3b5133a8bf1929e0e29ff267

ISO 16075-3:2015(E)

Introduction

The increasing water scarcity and water pollution control efforts in many countries have made treated
municipal and industrial wastewater a suitable economic means of augmenting the existing water
supply, especially when compared to expensive alternatives such as desalination or the development
of new water sources involving dams and reservoirs. Water reuse makes it possible to close the water
cycle at a point closer to cities by producing “new water” from municipal wastewater and reducing
wastewater discharge to the environment.

An important new concept in water reuse is the “fit-to-purpose” approach, which entails the production
of reclaimgd water quality that meets the needs of the intended end-users. In the situation of reclaimed
water for ifrigation, the reclaimed water quality can induce an adaptation of the type of plant'grown.
Thus, the intended water reuse applications are to govern the degree of wastewater treatment requjred
and inversely, the reliability of wastewater reclamation processes and operation.

Treated wastewater can be used for various non-potable purposes. The dominant applications for|the
use of treafed wastewater (also referred to as reclaimed water or recycled water) include agricultpiral
irrigation, landscape irrigation, industrial reuse, and groundwater recharge. More recent and rapjidly
growing applications are for various urban uses, recreational, and environmental uses, and indifect
and direct potable reuse.

Agriculturpl irrigation was, is, and will likely remain the largest reuse water consumer with recognized
benefits a)d contribution to food security. Urban water recycling-landscape irrigation in particylar,
is charactdrized by fast development and will play a crucial role\for the sustainability of cities in|the
future inclpding energy footprint reduction, human well-beingsand environmental restoration.

It is worth| noting again that the suitability of treated wastewater for a given type of reuse depgnds
on the compatibility between the wastewater availability (volume) and water irrigation dempand
throughouf the year, as well as on the water quality.and the specific use requirements. Water rdquse
for irrigatipn can convey some risks for health and environment depending on the water quality,[the
irrigation yater application method, the soil characteristics, the climate conditions, and the agrongmic
practices. Consequently, the public health and potential agronomic and environmental adverse impgcts
are to be ¢onsidered as priority elements(in-the successful development of water reuse projectg for
irrigation. [To prevent such potential adyerse impacts, the development and application of internatignal
guidelines ffor the reuse of treated wastewater is essential.

The main water quality factors thdt determine the suitability of treated wastewater for irrigafion
are pathogen content, salinity,‘\sadicity, specific ion toxicity, other chemical elements, and nutrignts.
Local health authorities are responsible for establishing water quality threshold values depending on
authorizeduses and they.axe-also responsible for defining practices to ensure health and environmehtal
protectionftaking in ac€gunt local specificities.

From an agronomic\point of view, the main limitation in using treated wastewater for irrigation arfses
from its quality,-Treated wastewater unlike water supplied for domestic and industrial purpgses
contains hjigher. ‘concentrations of inorganic suspended and dissolved materials (total soluble salts,
sodium, chlloride, boron, and heavy meta vhich can damage the soil and irrigated crops. Dissolved
salts are not removed by conventional wastewater treatment technologies and appropriate good
management, agronomic, and irrigation practices are intended to be used to avoid or minimize potential
negative impacts.

The presence of nutrients (nitrogen, phosphorus, and potassium) can become an advantage due to
possible saving in fertilizers. However, the amount of nutrients provided by treated wastewater along
the irrigation period is not necessarily synchronized with crop requirements and the availability of
nutrients depends on the chemical forms.

This guideline provides guidance for healthy, hydrological, environmental and good operation, monitoring,
and maintenance of water reuse projects for unrestricted and restricted irrigation of agricultural crops,
gardens, and landscape areas using treated wastewater. The quality of supplied treated wastewater has
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to reflect the possible uses according to crop sensitivity (health-wise and agronomy-wise), water sources
(the hydrologic sensitivity of the project area), the soil, and climate conditions.

This guideline refers to factors involved in water reuse projects for irrigation regardless of size,
location, and complexity. It is applicable to intended uses of treated wastewater in a given project even
if such uses will change during the project’s lifetime as a result of changes in the project itself or in the
applicable legislation.

The key factors in assuring the health, environmental, and safety of water reuse projects in irrigation
are the following:

meticulous monitoring of treated wastewater quality to ensure the system runctions
and designed;

hs planned

maintenance and design instructions of the irrigation systems to ensure their propei long-term

operation;

compatibility between the treated wastewater quality, the distribution-method, and tHe intended

soil and crops to ensure a viable use of the soil and undamaged crop growth;

compatibility between the treated wastewater quality and its usé-to prevent or minimi
contamination of groundwater or surface water sources.

ze possible

© ISO 2015 - All rights reserved
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Guidelines for treated wastewater use for irrigation
projects —

Part 3:
Components of a reuse project for irrigation

1
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3.1
31

Scope

5 part of [SO 16075 covers the system’s components needed for the use of TWW.for irrigd
te to various pressure and open irrigation systems specifically drip irrigation as t}
Fesents an efficient method of water delivery and water saving. Despitecthe fact that wa
filtration of treated wastewater (herein TWW) using drip irrigation"are critical, oper
ems are more popular and are frequently used for irrigation with TWW and therefore 4
nis part of ISO 16075.

5 part of [SO 16075 will cover the issues related to the main cgmponents of a TWW irrigat

pumping station;

storage reservoirs;

treatment facilities (for irrigation purposes):filtration and disinfection;
distribution pipeline network;

water application devices: irrigation'system components and treatment.

Normative references

re are no normativereferences.

Terms, definitions, and abbreviated terms

General

1

e of the parts of this part of ISO'16075 are intended to be used for certification purposed.

tion which
1is method
ter quality

irrigation
re covered

on project,

aq

1mer

underground layer of water-bearing permeable rock or unconsolidated materials (gravel, sand, or silt)
from which groundwater can be extracted

3.1.2

background water
freshwater (3.1.10) supplied for domestic, institutional, commercial, and industrial use from which
wastewater (3.1.22) is created

3.1.3
barrier
any means including physical or process steps that reduces or prevents the risk of human infection by
preventing contact between the TWW and the ingested produce or other means that, for example, reduces
the concentration of microorganisms in the TWW or prevents their survival on the ingested produce

©IS
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3.14

environment
surroundings in which an organization (3.1.13) operates including air, water, land, natural resources,
flora, fauna, humans, and their interrelation

3.1.5

environmental aspect
element of an organization’s (3.1.13) activities, projects, or products (3.1.15) that can interact with the
environment (3.1.4)

3.1.6

environm
any change
organizatic

3.1.7
environm

quantifiable attribute of an environmental aspect (3.1.5)

3.1.8
fodder crg
crops not f]
crops

3.19
food crops
crops whig
is to be cod

3.1.10
freshwate
naturally g
groundwat

Note 1 to enfry: Freshwater includes desalinated-seawater and desalinated brackish water, but excludes seaw

and brackis

3.1.11

irrigation
design, de
provide su

3.1.12
non-potab
NPW
water that

ental impact
to environmental quality, whether adverse or beneficial, wholly or partly resulting fro
n’s (3.1.13) activities, projects, or products (3.1.15)

bntal parameter

ps
br human consumption such as pastures and forage, fiber, ornantental, seed, forest, and

h are intended for human consumption, often further classified as to whether the food ¢
ked, processed, or consumed raw

I
ccurring water on the Earth’s surface (iwice, lakes, rivers, and streams) and undergroun
er in aquifers (3.1.1)

h water.

project
Velopment, construetion, selection of equipment, operation, and monitoring of work
table TWW irrigation

le water

is notof drinking water quality

Note 1 to e

on

furf

rop

1 as

ater

5 to

1|'r‘y- 1t gnhava”}r refers towwactowateor (Q 1 ')7;\ or T‘/\,‘/\” but can alsag include ather wwators of

non-

drinking qu
3.1.13

ality.

organization
group of people and facilities with an arrangement of responsibilities, authorities, and relationships

3.1.14
process
set of inter

related or interacting activities which transform inputs into outputs

Note 1 to entry: Inputs to a process are generally outputs of other processes.

Note 2 to entry: Processes in an organization (3.1.13) are generally planned and carried out under controlled

conditions t

2

o add value.
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3.1.15
product
any goods or services

Note 1 to entry: This includes interconnected and/or interrelated goods or services.

3.1.16

public health aspect

element of an organization’s (3.1.13) activities, projects, or products (3.1.15) that can interact with the
public health

3.1/17

public health impact
any| change to public health, whether adverse or beneficial, wholly or partly, resulting from an
orgqnization’s (3.1.13) activities, projects, or products (3.1.15)

3.1118
public health parameter
qualntifiable attribute of a public health aspect (3.1.16)

3.1{19
soil
laygr of unconsolidated material consisting of weathered material particles, dead and living organic
matfter, air space, and the soil solution (3.1.20)

3.1{20
soil solution
liquid phase of the soil (3.1.19) and its solutes

3.1{21
stakeholder
ind{vidual, group, or organization (3.1.13) that has an interest in an organization or activity

Note 1 to entry: Usually, a stakeholder canaffect or is affected by the organization or the activity.

3.1{22

wastewater
wagtewater collected principally by municipalities that can include spent or used water from domestic,
instlitutional, commercial;orindustrial sources and can include storm water

3.1{23
water reuse
use|of treated wastéwater (3.1.22) for beneficial use

Note 1 to entryy Water reuse is synonymous to water reclamation and water recycling.

3.2| AUse of treated wastewater (TWW)

3.21

agriculture

science or practice of farming, including cultivation of the soil (3.1.19) for the growing of crops and the
rearing of animals to provide food or other products (3.1.15)

3.2.2

landscape

all the visible features of an area of land, often considered in terms of their aesthetic appeal such as
public and private gardens, parks, road vegetation including lawns and turfed recreational areas

© IS0 2015 - All rights reserved 3
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3.2.3
restricted irrigation

use of TWW for non-potable applications in settings where public access is controlled or restricted by

physical or institutional barriers

3.2.4

restricted urban irrigation

irrigation of areas in which public access during irrigation can be controlled such as some golf cour
cemeteries, and highway medians

3.2.5

ses,

unrestricted irrigation
use of TWWV for non-potable applications in settings where public access is not restricted

3.2.6

unrestricted urban irrigation
irrigation pf areas in which public access during irrigation is not restricted such-as some gard
and playgrjounds

3.3 Wastewater quality

3.31

category A: very high quality TWW

raw wastewater (3.3.6) which has undergone physical and biologicaltreatment, filtration (3.5.3)
disinfection} (3.5.2), and its quality is according to the descriptionin ISO 16075-2[1], Table 1, row A

3.3.2
category B: high quality TWW

raw wastewater (3.3.6) which has undergone physical;and biological treatment, filtration (3.5.3)
disinfection} (3.5.2), and its quality is according to the @€Scription in ISO 16075-2[1], Table 1, row B

3.3.3
category (: good quality TWW

raw wastewater (3.3.6) which has undergone physical and biological treatment and its qualit
according to the description in ISO 16075-2[1], Table 1, row C

3.34
category I): medium quality TWW

raw wastepater (3.3.6) which‘has undergone physical and biological treatment and its qualit
according to the descriptiopin1SO 16075-2[1], Table 1, row D

3.3.5
category H: extensively TWW

ens

and

and

y is

y is

raw wastewater (3:3:6) which has undergone natural biological treatment process with long (mininfjum

10 d to 15 q) reténtion time and its quality is according to the description in ISO 16075-2[1], Table 1, ra

w E

3.3.6

raw wastewater
wastewater (3.1.22) which has not undergone any treatment

3.3.7
thermo-tolerant coliforms

group of bacteria whose presence in the environment (3.1.4) usually indicates faecal contamination

(previously called faecal coliforms)

Note 1 to entry: In order to determine the quality of TWW, one can test for Escherichia coli (E. coli) or for faecal

coliforms, since the difference in values is not significant.

4 © IS0 2015 - All rights reserved
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3.4 Irrigation systems

3.4.1

boom sprinkler

mobile sprinkling machine (3.4.11) composed by two symmetrical pipes (booms) with sprinkler nozzles
distributed in one of the pipes and the sprinkler action complemented by a gun sprinkler placed at each
end of both pipes; the nozzles work through a reaction effect (similar to a hydraulic tourniquet) which
drives the boom rotation at a desired speed

3.4.2

center-pivot and moving lateral irrigation machines
autpmated irrigation machine consisting of a number of self-propelled towers supporting a pipeline
rotating around a pivot point and through which water supplied at the pivot point floys radially
outjvard for distribution by sprayers or sprinklers (3.4.24) located along the pipeline

3.4{3
emjtter
emjtting pipe
dripper
devijice fitted to an irrigation lateral and intended to discharge water irtthe form of drops or fontinuous
flow at flow rates not exceeding 15 1/h, except during flushing

3.444
grayity flow irrigation systems
irrigation systems (3.4.8) where water is applied directlyto the soil (3.1.19) surface and i not under
prepsure

3.4)5
in-line emitter
emifter (3.4.3) intended for installation betweeti-two-lengths of pipe in an irrigation lateral

3.4l6
irrigation gun
large discharge device being either a'part circle or full circle sprinkler

3.4{7
irl;Tation sprayer

devjice which discharges watér in the form of fine jets or in a fan shape without rotational mpvement of
its parts

3.4/8
irrigation system
ass¢mbly of pipes, components, and devices installed in the field for the purpose of irrigating a
spefific area

3.4
midre=irrigation system
system capable of delivering water drops, tiny-streams, or mini-spray to the plants

Note 1 to entry: Surface and sub-surface drip irrigation and micro-spray irrigation (3.4.10) are the main types
of this system.

3.4.10

micro-spray irrigation systems

this system is characterized by water point sources similar to sprinkler’s miniatures (micro-sprinklers)
which are placed along the laterals with a flow rate between 30 1/h and 150 1/h at pressure heads of
15 m to 25 m and the corresponding wetted area between 2 m and 6 m

3.4.11
mobile sprinkling machine
sprinkling unit which is automatically moved across the soil surface during the water application

© IS0 2015 - All rights reserved 5
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3.4.12

on-line emitter
emitter (3.4.3) intended for installation in the wall of an irrigation lateral, either directly or indirectly
by means such as tubing

3.4.13

perforating pipe system
emitting pipe (emitter/emitting pipe), continuous pipe, and hose or tubing including collapsible hose
with perforations intended to discharge water in the form of drops or continuous flow at emission rates
not exceeding 15 1/h for each emitting unit

3.4.14

permanen
stationary
semi-perm
system, bu

3.4.15
portable s
system for

3.4.16
pressurizg
piped netw

3.4.17
rotating s

device whilch, by its rotating motion around its vertical axis; distributes water over a circular are

partofa ci

3.4.18

self-movedl system

unit whereg

Note 1 to enftry: Rotating sprinklers (3.4.17)/sprayers are placed on the lateral (also called wheel move).

3.4.19
self-prope
gun sprink

3.4.20

semi-permanent system

similar to
main lines

3.4.21
semi-port

t system

fixed-grid irrigation system (sprinklers) for which sprinkler set positions are rigidly-fixe
anent or permanently installed irrigation laterals, for example, portable solid-Set-irriga
[ied irrigation system

ystem
which all or part of the network elements can be removed

ed irrigation systems
ork systems under pressure

brinkler

Fcular area

a lateral is mounted through the centre of a series of wheels and is moved as a whole

lled gun traveler
ler on a cart or sled attached to the end of flexible pipe/hose

he semi-partable system (3.4.21), but with portable laterals and permanent pumping pl
and subsmains

hble'system

l by
fion

0 OI

ant,

aszcant & Amanikalant o

similar to theportable-systent

3.4.22

solid-set system
temporary fixed network where the laterals are positioned in the field throughout the irrigation season

3.4.23
spray

release of water from a sprinkler (3.4.24)

3.4.24
sprinkler

water distribution device of a variety of sizes and types, for example, impact sprinkler, fixed nozzle,
sprayer, and irrigation gun (3.4.6)

6
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25

sprinkler irrigation systems
irrigation system (3.4.8) composed of sprinkler (3.4.24)

3.4.

26

stationary sprinkler systems
network of fixed sprinkler (3.4.24)

3.4.

27

traveler irrigation machine

irri

ation machine designed to irrigate a field sequentially, strip by strip, while moving across the field

3.5

3.5
add

Wastewater system related components

1
itional disinfection

disififection (3.5.2) of TWW in a water reuse (3.1.23) project intended to raisethe quality of the TWW

befgre irrigation

3.5]2

disinfection

progess (3.1.14) that destroys, inactivates, or removes microorganisms

3.5{3

filtyration

progess (3.1.14) or device for removing solid or colloidal material from wastewater (3.1.22) byf physically

trapping the particles and removing them

3.5/4

membrane filtration

filtnation (3.5.3) by membrane with pore size.equal to or less than 0,45 pum. Membrane filtratipn can also

be donsidered as disinfection (3.5.2), according to the log units of pathogen reduction that it achieves

3.55

reservoir

system to store temporarily unttsed TWW depending on the demand for water irrigatipn and the

tregtment plant discharge.

Not¢ 1 to entry: There are different types of reservoirs that can be used.

a) |Open reservoirs which are commonly used for short-term storage with hydraulic residence times from one
day to two weeks.

b) |[Closed reservoirs for short-term storage to limit bacterial regrowth and external contaminatjon common
with hydraulic residence time of 0,5 day to one week.

c) |Sutfacereservoirs for long-term or seasonal storage of TWW to accumulate water during periods pf treatment
plant discharge higher than irrigation demand and to satisfy irrigation requirements when thg¢ demand is
higher than the treatment plant discharge. The hydraulic residence time changes according to the seasons.

d) Aquifer storage and recovery for long-term storage which is commonly combined with soil aquifer
treatment (by means of infiltration basins). The residence time is also a variable that is affected by the
TWW discharge and irrigation demand. This aquifer storage shall not contribute to the aquifer recharge for
potential potable water use.

3.5.6

storage

retained temporary unused TWW for short- or long-term before their release for use in irrigation

systems (3.4.8)

© ISO 2015 - All rights reserved
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3.5.7

TWW pumping stations and transport systems

system of pipelines and pumps transporting the TWW from the WWTP to storage reservoirs and to the
use site

3.5.8

wastewater treatment plant (WWTP)

facility designed to treat wastewater (3.1.22) by a combination of physical (mechanical) unit operations
and chemical and biological processes for the purpose of reducing the organic and inorganic
contaminants in the wastewater

Note 1 to enftry: There are different levels of wastewater treatment according to the desired quality of TWW|and
the level of ontamination.

3.6 Abbreviated terms

BOD biochemical oxygen demand
COD chemical oxygen demand
HDPE high-density polyethylene
NPW non-potable water

PVC polyvinyl chloride

TWW treated wastewater

uv ultraviolet

ww wastewater

WWTP wastewater treatment plant

4 Storage reservoir
4.1 General

TWW is sent by a transmission’ pipeline to the distribution centre where water is distributed to
agriculturgl or other customers.

Operationgl and seasonal*storage facilities are needed downstream the wastewater treatment pjant
to equaliz¢ daily and\seasonal variations in flow from the WWTP to the distribution centre to npeet
peek irrigdtion demands, store excess of TWW entering the irrigation system in relation to irrigafion
demands (including winter storage), and minimize the consequences of a disruptive operation of
WWTP or temporary the existence of unsuitable quality to the operation of the irrigation system.

Storage reservoirs can also be used to provide additional treatment to the TWW when managers of
irrigation systems need to control changes of wastewater quality that can affect the operation of the
irrigation system or to increase the TWW quality.

4.2 Reservoir types
Storage facilities can be open tanks (reservoirs or ponds) or closed reservoirs (covered or underground).

Closed reservoirs are more expensive, but have several advantages: reduced evaporation, lower
potential for algal growth, reduction of odour emissions, no possibility of contact of wastewater with
people or animals, and protection of stored wastewater from rainfall runoff. The disadvantage of these
reservoirs is that they require periodic cleaning due to biofilm formation and biofouling.
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According to the requirements of the irrigation project, there are two main types of storage, the short-
term and long-term storage.

Short-term storage is needed in most irrigation systems for equalizing and balancing TWW supply and
application that occur during one or more days (according to the needs of the irrigation system).

Short-term storage is usually provided by concrete or plastic tanks and small ponds while long-term
storage is usually provided by dams, large ponds, lakes, or aquifer storage and recovery.

4.4 Problems and strategies

Duijing the storage period, wastewater is subject to changes that affect its physical;’chgmical, and
gical quality. Bacterial regrowth, nitrification, algae growth, and productionof H,S (tesponsible
dour emission and risk of corrosion to metal components in the irrigatiorivsystem) are the main
gical processes affecting the quality of stored wastewater. Increase (n ‘suspended [solids and
sedjments, modification of pH, reduction of nutrients (particularly nitrogén), dissolved okygen, and
dual disinfectant are also effects that result from storage. Natural decay of microorgani$ms during

bio
for
bio

res
stot

Duse
of t
was
imp

age depends on the water retention time and operation conditions-of the reservoir.

to the high dependency of chemical and biological reactionswith the temperature gnd the pH
he wastewater, climate conditions and type of reservoir {epen or closed) considerably affect the
tewater quality during storage. Temperature, particdlarly in warm regions, and rpinfall are

ortant factors for stored water quality particularly in@pen reservoirs.

Management strategies that should be adopted to reduce physical, chemical, and biologicdl problems
pciated with wastewater storage in open and closed reservoirs are indicated in Table 1 apd Table 2.

ass

Table 1 — Problems associated with-wastewater storage in open reservoirs and

management strategies

Problems

Management strategies

Temperature stratification
Low content of dissolved oxygen

Release of odours

Installation of aeration facilities - submerged or surfpce mixers
or recirculating pumps

Maintaining elevated oxygen concentrations (positive redox)
through the water column and mainly at the sedimenf water
interface will prevent phosphorus from entering the yvater
column and keep it in the sediment

Sediments

Periodic mechanical or hydraulic dredging of accumylated
sediments (every one to five years)a

Excessive growth of algae and
zooplankton

Reduction of internal recycling of

phesphorous

Proper mixing of wastewater in order to improve the
photo-oxidation of organic matter induced by the su]ldight

Addition of chemical algaecides. Copper sulfate should not be
used due to the toxicity effects associated with coppdr

accumulation (overdosing has adverse impacts on reservoir
ecosystem)

Maintenance of fish that eat algae and zooplankton Addition of
chemical dyes to reduce sunlight penetration as well as the
growth of algae.

Biomanipulation of zooplankton (in shallow reservoirs)

Ultrasonic emissions placed into the open reservoir

High content of suspended solids

Suspended solids removal depends on particle size and
residence time so consideration should be given to these factors
when designing the storage tanks

According to the surface area and depth of the reservoir.
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Table 1 (continued)

Problems Management strategies

— Microorganisms regrowth — Increase of disinfectant residual
— Decrease of residence time
— Improvement of storage quality and facilities

— Isolate and disinfect problematic sites in pipelines

— Increasing of insects namely — Spraying of adequate insecticides
mosquitoes Mechanicalmethodssuchaskeepinethe watermovine

— Biological controls such as natural larvicides and use of larvg
eating fish

[¢’]

— Keeping banks trimmed

a According to the surface area and depth of the reservoir.

Tahle 2 — Problems associated with wastewater storage in closed reservoirs and
management strategies

Problems Management strategies

Wastewatef stagnation Recirculation of wastewater (puniping and configuration of inle
and outlet piping promoting water recirculation)

Maintaining elevated oxygen'concentrations (positive redox)
through the water columnand especially at the sediment water
interface will help prevent phosphorus from entering the water
column and keep it locked in the sediment

— Low content of dissolved oxygen Aeration (aeration devices)

— Releasqd of odours

— Loss of disinfectant residual Proper-management of operational regime on the reservoirs

— Regrowth of microorganisms

5 Additional treatment facilities
5.1 General

Additional| treatment steps)can be necessary to achieve the wastewater (physical, chemical] or
biological)|quality required for the planned use of TWW.

The need for additional treatment of wastewater to be used in irrigation basically depends on|the
TWW quallity, irrigation system, crops to be irrigated, regulatory requirements, and potential adverse
environmental.ahd public health impacts of irrigation.

Filtration are

often needed.

5.2 Filtration

The concentration of suspended solids and sediments in TWW is generally low enough for most
irrigation systems. However, in pressurized irrigation systems, to limit algae content and prevent
biological growth in pipes and clogging of sprinklers head and emitters, filtration is installed upstream
of the pumping station (particularly in drip and low-volume sprinkler irrigation systems).

Common filters used in pressurized systems include granulated media filters (gravel or sand filters),
disc, and strainer filters. In drip irrigation systems, two different filters (e.g. sand and screen filters)
can be installed in series.
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Filtration could be set up downstream in open long-term storage reservoirs using a gravel filter, a sand
filter, or a disc filter.

The characteristics of filters commonly used in irrigation systems are indicated in Table 3.

Table 3 — Characteristics of filter types commonly used in pressurized irrigation systems

Filter type Special features Pressure head
losses
Strainer type filters — Irrigation systems with moderate level of Very low if screen
Honandad Lid wdiclec

DisFFiTters suspended-selds er-disksare-ekean

— Used in drip irrigation systems as back up of

a media filter

— Adequate to moderate level of filtration
Granulated media — Often used in drip systems 1,06mto 1,20 n
filt¢r (fine gravel or
sanid)

5.3| Additional disinfection

Disinfection of TWW that is supplied from storage reservoirs and through pipeline network should be
enspred to avoid bacterial regrowth and algal development,

DisInfection technologies may include oxidation materials\to protect the irrigation system.

The selection of the disinfection process for a specificirrigation system should take into copsideration
its gffectiveness (bacteria, algae, virus, and protozoa removal or inactivation), reliability and ¢omplexity,
safgty concerns, residual toxicity, and costs.

Chlprine has a residual toxicity for fish sa.ibis not possible to use it in open reservoirs. It is adequate
for chlorine injection into the irrigationfsystem provided there is an acceptable risk relatdd with the
chlgrinated by-products in that specifi¢irrigation system.

Theg chlorination demand for, TWW should be determined to define chlorine dpsage and
supgrchlorination techniques-should be avoided to minimize organochlorinated compounds|formation.

6 |Distribution systems

6.1f Pumpingstations

Prepsure irrigation requires the TWW to be raised from its source to the field surface through the
disfributionsystem. The water is pumped by a water pump which is generally operated by ap electrical
motor/It can also be used to boost the water in an existing water distribution line to force it through
thelirrigation system at a desired pressure head. In all cases, the pump should be designed to lift the
required amount of water from the source to the highest point in the irrigation field and to maintain an
adequate pressure head.

6.2 Pipelines

A distribution network consists of one or more main and sub-main pipes that ensure the TWW transport
from the distribution reservoir to the plots to be irrigated. The pipe materials most commonly used
in wastewater distribution network are ductile iron (DI), steel, polyvinyl chloride (PVC), high-density
polyethylene (HDPE), aluminium, and for large (main) irrigation networks, a commonly used material is
glass-fibre reinforced polyester (GRP) for diameters >900 mm. All the referred materials require special
bedding to limit deflection. Their chemical resistance to pH and fertilizers is summarized in 6.4 (Table
5 and Table 6). Pipe characteristics according to the constituent material are indicated in Table 4.
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Table 4 — Special features of common pipe constituent materials

Material Special features

— Strong and flexible
Ductile iron steel — Protection against internal and external corrosion required

— Special joints at changes in direction are requireda

— Light weight, easy installation

PV(CD — Protection against internal and external corrosion not required

HDPE A Halal ] 3 1 £
IV aITapDTCUTITy T SO CTaSSTSOT PTESSUTT

— Special joints at changes in direction are required¢

— Light weight

— Can be assembled and dismantled easily and rapidly
Aluminium — Resistant to mechanical damage and to sunlight

— Vulnerable under freezing conditions (pipe splitting)

— Attacked by fertilizers and chemicals

— Mainly used for diameters >900
Glass-fibre Ireinforced — Light weight, easy installation
polyester (&RP) — High strength and robustness (low weight to strength ratio)

— High corrosion resistance

— Strong
Steel-core doncreted. e _ o .
— Protection against internal and ‘external corrosion

a For flapged joints (DI) and flanged or welded joints (steel):
b Damaged by sunlight.

c HDPE might not be required depending on diametét-and angle of direction change.
d If concfete pipe is used, oxidation is not recontmended.
e According to experience in Portugal.

6.3 Accessories
6.3.1 Gendral

As in everly water distribuition network in TWW irrigation systems, it is necessary to install|the
accessorie$ that supportthe correct operation and maintenance of the system namely the following.

6.3.2 Valves

Shut-off valves — Shut-off valves greater than 75 mm are typically gate or butterfly valves. Smgller
ones are usually plug valves.

Air release valves — These valves that remove air and gases trapped in pressurized pipelines should
be installed in all high points of the network where gases accumulate.

Air release/vacuum relief valves — These valves that release air and gases and allow atmospheric air
to enter in pipes should be installed to eliminate the vacuum created when pipes are drained.

Back-flow preventers — These valves that prevent the wastewater back-flow are necessary whenever
wastewater back-flow from the irrigation system to the potable water system occur. Backflow
preventer devices should incorporate a full backflow prevention assembly including a port that enables
verification that the device is working properly
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Automatic multi-zone valves — Valves used to discharge wastewater in sequence to different zones
of the irrigation area.

Solenoid valves — These valves open and close automatically by means of low-voltage signals are used
to flush filters or drip-lines or to send water to a specific zone of the irrigated plot.

Pressure regulator valves — Valves that are necessary to maintain the water pressure at a fixed
value or in a range of values (valves of fixed or variable pressure, respectively). Pressure valves should
be able to support the maximum pressure in the pumping system and to provide the pressure needed
for drip emitters operation.

6.3

Blooffs are small pipes with a valve at the end that should be installed at piping(dead ¢

low]
sed

6.3/4 Flowmeters

In

magnetic flowmeters are used in larger services. Magnetic flowmeters are recommended
suspended solids and sediments in TWW.

6.3

Thip accessory is used when temporary access to TWW"supply is needed as it happens wif

spr

priyate plot.

6.4

The
the
(Ta

3 Blowoffs

elevation connection points of the network to allow the draining of the pipeS*and to i
ments accumulated on it by pipe flushing.

mall facilities, displacement-type meters can be used. Turbiné~meters, propeller n

5 Hydrants

nkler systems or the group of elements used(to derivate water from a general ne

Resistance of irrigation materialto pH and fertilizers

irrigation pipes and accessories shiould be selected according to their chemical resistd
quality of the wastewater (in pafticular pH) and the type of fertilizer applied when using
ble 5 and Table 6).

To |
resi

T

tnow the technical characteristics of pipes and accessories for irrigation, like for PH and
stance, amongst othersyit is useful to contact the manufacturers of the pipes and accessd

able 5 — Permitted pH of irrigation water according to the material of irrigation p
accessories (according to experience in Portugal)

Sprinkler irrigation material pH of the irrigation water

Iron and steel >6,5

Aluminium >5,5

nds and at
emove the

eters, and
due to the

h portable
work to a

nce and to
fertigation

fertilizers
ries.

pes and

©IS

HisTecommemdedtocorsuttwith
the supplier regarding the specific
resistance of the products to
chemicals and to the pH in the water

PVC/PE
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Table 6 — Resistance of sprinkler irrigation pipes and fertigation accessories to fertilizers
(according to experience in Portugal)

Degree of restriction on usea

Fertilizers . .
Aluminium

4

PVC

o
e

Iron
4

Stainless steel
3

Ortho-phosphoric acid

Potassium chloride

Ammonium phosphate

Ammonium nitrate

Calcium nit

rate

Potassium

hitrate

Potassium

[ S N T S S TSN

bulfate

CHECHECHENE ISR NN NN
N (R [Rr |, ]~ |N (N
N NN NN w [ w
e (o o | w [ w

1

br restriction) to 4 (stronger restriction).

Urea

a

1 (low

6.5 Maintenance of distribution networks to prevent bacterial regrowth

The main problem related to the distribution of TWW is the possibility of.degtradation of the TWW qu4
in the distrjibution network particularly in hot climates and long distribution networks (i.e. long residg
times at high temperatures). The challenge is to prevent the odour rélease and bacterial growth.

lity
nce

To prevent|bacterial regrowth associated to chlorine decay, it iSrécommended to

periodiically purge the distribution network,
flush and chlorinate the pipes before each irrigatidn,
isolate|the problematic parts of the pipeline network and chlorination at critical points,

the addition of nitrates that will promote’ the growth of bacteria that will not reduce sulfates

(prodyction of hydrogen sulphide), and

bl periodic cleaning of the irrigation mains (plugs/pigs pushed through the piping that scr
‘teria off).

physic
the ba

ape

6.6 Desi
6.6.1 Gend

The use of
to possible
could reag

gn and operatiomCof distribution network to protect drinking water sources
ral

TWW fof irrigation creates a potential risk for water sources (surface or underground)
ruptures or leaks in the TWW distribution system to the irrigated fields. TWW le
h thefaquifer water or the surface water and contaminate it.

due
aks

The main

T PR £ w1 : h B PSS h B - o PR
RIS PCCLIALIUIT U PpAUTIUECTIHIC DUITULATILS LU UTIKIITE WdlCh SOUTTLTCS. TU PICVCIIU LIS T

isk,

it is required to separate the TWW main supply lines from the drinking water sources (wells) to a
distance which will ensure that TWW does not flow directly to the well and that TWW seeping to the
soil will flow in the aquifer for at least 40 d until it reaches the well (the time during which annihilation
of the pathogenic pollutants is effective).

In a sandy aquifer, water flows slowly through the sand layers (providing additional filtration) and
therefore, the radius of the protective zone around the wells are relatively small. In fissured aquifers,
water can flow through the cracks and reach the wells relatively quickly, therefore, the protection zone
radiuses are much larger than those in sandy soils.
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6.6.2 Stipulating a protective radius

Countries in which a legislation or guidance for protective radius from drinking water sources already
exists should comply with those local requirements. However, in countries without any such guidance,
the following principles can be used. The main transmission lines of TWW intended for agricultural
irrigation will be at a distance from drinking water wells as follows (according to the Israeli experience):

— in a sandy aquifer: 50 times the distance L (expressed in meters);

— in a cracked aquifer: 200 times the distance L (expressed in meters).

L1 41 £l H - 1 b Ll | 4] - LL 4] +1)
UST LT TUITUWII g TIHIPITILAT TYUALIUIT [ U4dSTU ULl PalliugtIlh UItT UIT I LT SUIL .

Q*k
d

L= (W

where

L isthe distance (expressed in meters) of main transmissiofilines from drinking
water wells;

Q isthe flow rate of the well (expressed in m3/h);
is the constant which has a value of 1 h;

d isthe distance (expressed in meters) betwiéen the surface of the water at the staftic
saturation zone of the well and the bottem of the well.

In lines transmitting TWW (such as high_and very high quality treated wastewater) which is
continuously disinfected by chlorine, the distances can be reduced by half or more depending on the
locgl context.

6.6{3 Principles of TWW irrigation above (underground or surface) drinking water [;[pelines

Sonpetimes, the irrigation withi\TWW is carried out above drinking water supply pipes and in such
casgs, protective measures should be taken to protect the drinking water supply system from the
tration of pathogengif leaks occur in the drinking water pipelines. The irrigation of non-flisinfected
above drinking water lines is forbidden. However, the irrigation of TWW which is cqntinuously
disinfected by adequate chlorine dose (or an equivalent disinfection for the destruction of pathogenic
microorganisms)yis permitted.

6.6}4 Principles of cross-connection

6.6/4.1. " General

The creation of a cross-connection between two water supply systems could be caused by mistake
when an unskilled person carries out pipeline repairs. The observance of a minimum distance between
drinking water pipes and pipes transporting other qualities of water significantly reduces the risk
of inadvertent cross-connection. Clear marking of pipes and fittings regarding the quality of water
transported is also a key method to reduce the chance of cross connections.

6.6.4.2 Control requirement

When the distance between pipes of drinking water and pipes of non-potable water (NPW) is less than
20 m, the NPW supplier should conduct inspections under the supervision of a supervising authority to
search for the existence of cross-connections between the two types of water systems.

© IS0 2015 - All rights reserved 15


https://standardsiso.com/api/?name=9843522f3b5133a8bf1929e0e29ff267

ISO 16075-3:2015(E)

6.6.4.3 Control method

The most desirable method of control is using a mechanism which enables the detection of a direct
connection between the two types of water, e.g. by detecting a certain element or compound which is
found only in one type of water. If this is impractical, control should be carried out by shutting down
the water supply in one of the systems and detecting whether water flow continues in that system (as a
result of water entry from the other).

6.6.5 Principles of painting and marking TWW irrigation pipelines and systems

6.6.5.1 (eneral
Water pipglines and their related equipment for use with TWW should be marked to prevent cyoss
connectiors between them and drinking-water pipelines.
Due to traditions and regulations for local uses of colour to identify pipes conveying various media (Juch
as date, highway signal controls, gases, electricity, water, and wastewater) a uniyersal internatignal
specificatipn for pipe marking is not practicable. In countries where specific regulations and guidgqnce
already exist, those local colour and labelling specifications should take precedence. However, in
countries yhere there is no established marking and labelling requirements’and where they wquld
not lead t any local confusion or where the suggested scheme is algeady adopted, the following
specificatipns are recommended.
The reconimended specifications for marking TWW transmission lines and related equipment|are
presented pelow.
6.6.5.2 Hxamples for marking pipelines of up to 75 mm.diameter
Table 7 — Examples of painting and marking- TWW irrigation pipelines and systems
Liquid|type Colour of Colour of exposed Marking ribbon Signage on a fence
buried pipe | pipe and related around the water
equipment equipment
Wasteyvater Brown Purple + caption: Caution - Wastewater |-
: Do not drink
Caution - below are
High and yery high Purple Purple pipes of wastewater Caution - Treated
quality [TWW or water that are wastewater -
forbidden to drink Do not drink
Good and [medium Rarple Purple with Caution - Treated
quality [TWW intermittent orange wastewater -
stripes on 30 % of Do not drink
the surface
Accessoriep ahd‘related equipment found above ground will be marked on a signboard of at l¢ast
(50 cm x 40Tm) made of material resistant to weather elements, written in red or purple on a white

background, and in letters not less than 7 cm in height.

6.6.5.3 Water transmission pipeline of a diameter exceeding 75 mm

The pipeline and its related equipment found above ground will be painted with a durable colour
which is suitable for the type of piping in a colour that matches the type of water transmitted in it (as
indicated in Table 7).

Pipeline found in the ground will be accompanied by marking ribbons in the suitable colour which will
be buried at a depth of at least 0,5 m below ground surface and at a distance of 0,3 m to 0,5 m above the
top of the pipe.
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The signage suitable for the type of water transmitted in the pipe will be imprinted on the ribbon as
indicated in Table 7.

The ribbons will be made of polyethylene and at least 12 cm wide. The size of letters in the caption on
the ribbon will not be less than 5 cm.

Accessories and related equipment found above ground will be accompanied by signage of at least
50 cm x 40 cm in size, made of material resistant to weather elements, and written in red or purple on a
white background. The size of the letters will not be less than 7 cm.

7 [irrigatiomrsystents

7.1 Classification

Wastewater irrigation systems used in agricultural and landscape irrigation can'be classified in two
groips according to the way the water flows from the distribution centre~(where water from the
wagtewater treatment plant is delivered to the customers) to the irrigated;afea: pressurized irrigation
systems and gravity flow irrigation systems.

Takiing into account the method used to apply the TWW to the soil, it is possible to distinguish three types
of ifrigation systems: open irrigation systems, sprinkler irrigation systems, and micro-irrigati¢n systems.

Thg more common irrigation systems are indicated schematically in Table 8.

Table 8 — Irrigation systems and techniques useéd-in common pressurized irrigatipn and

gravity flow.Systems
Pressurized irrigation G_ra\{lty _flow
irrigation
Sprinkler irrigation Micro-irrigation Surface irrigation
systems systems systems

— Using stationary Drip irrigation Border irrigation
sprinkler systems . o .
(Portable, semizportable, Surface Straight
semi-permanént, — Sub-surface — Contour
solid set or permanent
equipment)

— Usingumobile sprinkling |Micro-spray irrigation Check basin
machines (Self-moved irrigation
sprinklers, boom _ Rectaneular
sprinkler, self-propelled &
gun traveller or — Contour
continuous move laterals .

— Ring

Furrow irrigation
— Graded furrow
— Corrugation

7.2 Pressurized irrigation systems
7.2.1 Sprinkler systems

7.2.1.1 General
In these systems, water is sprayed into the air and falls on the soil surface like rainfall. These systems

(especially the overhead systems) might not be used when TWW quality is low. This limitation concerns
the salinity and biological quality since the water comes in contact with the foliage and higher aerosol
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effects are developed with public health risks to the farmers, hired workers, and the population of
surrounding areas of the irrigation site.

7.2.1.2 Types of sprinkler

Based on the arrangement for spraying the irrigation water, the sprinkler systems are classified as
rotating sprinklers, perforating pipe system, and gun sprinklers. The rotating sprinklers are the most
common ones. In particular, “pop-up” rotating sprinklers are especially adapted to irrigate lawns. The
classification of sprinklers according to the working pressure is presented in Table 9.

Iable 7 — Llassiiication o1 sprinkiers according to thie working pressure

Agridultural Nozzle diameter Pressure Discharge Diameéter of]
sprinklers coverage
(mm) (bars) (m3/h) (m)
Low pressure 1,0 to 3,5 0,7 to 2,0 0,3to 1,5 6to13
Medium pressure 1,0to 5,0 2,0to 4,0 1,5t0 3,0 12 to 25
High gressure 7 to 40 4,0to 7,0 5,0 to 65,0 25to 60

Based on the portability and mobility, the sprinkler systems are classified(into the following groupg:
a) statiorjary sprinkler systems
— poartable system
— semi-portable system
— semi-permanent system
— solid-set
— permanent system
b) mobild sprinkling machines
— sel|f-moved system
— boom sprinkler

— self-propelled gun traveller

D

— coptinuous move-laterals
— cepter-pivot

— coptiftuous linear move laterals

7.2.1.3 Pipes

Water is taken from the main pipes to the sub-mains and from these to the laterals. Mains, sub-mains,
and lateral pipes can be permanent or portable depending on the type of the sprinkler irrigation system.

Asbestos-cement, PVC, PE, glass-fibre reinforced polyester, or steel are often used for most permanent
main lines. PVC, PE, and aluminium pipes with quick couplers are used for most portable main and sub-
main lines. PVC and aluminium pipes with quick couplers with rubber gaskets are used for laterals. In
stationary systems, the sprinklers are mounted on the laterals through risers.

The diameter and length of the laterals should be conditioned to the 20 % rule which states that the
pressure head variation along the lateral should be limited to 20 % of the operating pressure head of
the sprinklers.
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7.2.1.4 Sprinklers head

The sprinkler head is the most important component of a sprinkler irrigation system. Its operating
characteristics under optimum pressure head and climate conditions, mainly the wind speed, will
define its suitability and the efficiency of the system.

7.2.2 Micro-irrigation systems

7.2.2.1 General

ip irrigation
hnd micro-
bms for the

appllication of wastewater due to the lower contamination risk.

7.2{2.2 Drip irrigation equipment
— | The dripper is characterized by nominal discharge and operating pressure.

— | The subsurface drip irrigation system in TWW can be used as a barrier between the walter and the
irrigated crop. In such case, the dripper should have a valve action to prevent the passage of soil
particles into the system.

— |The drip irrigation system should be accompanied by means for preventing the penetratipn of roots,
mainly in the underground sections of the irrigation.system. One way to reduce root pemetration is
by chemical means using a pre-emergence herbicide (e.g. properly applied trifluralin).

7.2{2.3 Micro-jet system

7.2{2.3.1 General

Unljke the drip irrigation system where’water passages are small and the volumetric flow [rate is low,
micro-jets have larger water passages and their flow rate is higher. There are many types of micro-jets
with different water passages and different support methods, such as

— |micro-jets on a spike, mainly for orchards and gardening, and

— |upside-down micre-jets, with or without a bridge.

7.2)2.3.2 Micro<jets on a spike

Where TWW-of Tow quality is concerned, it is recommended not to use sprinkler discharges|lower than
30 I/h. At alower capacity, the water outlet that is less than 1 mm in diameter is susceptible fo clogging.

7.2)2.3;3 Upside-down micro-jets

Where TWW of low quality is concerned, it is recommended not to use sprinkler discharges lower than
501/h. At a lower capacity, the water outlet that is less than 1 mm in diameter is susceptible to clogging.

7.2.3 Filtration

The filtration level and location of the filter namely the filter media type in the irrigation system
should be chosen with respect to the intended water quality. Filtration is not a stand-alone treatment,
but rather an integral part of the various treatments required. During the design process, the lowest
possible water quality at that location should be considered.

Two filtration levels can be specified in order to reach the required filtration level, e.g. 120 um or as
recommended by the manufacturer/planner. It is also recommended to install the filtration as close
to the distribution point as possible. Only in cases where the distance between the last filter and the
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lateral exceeds 400 m and/or if a control filter is to be installed, the installation of an additional filter
should be considered.

7.2.4 Automation of the irrigation

According to the degree of automation of the irrigation system, it is possible to distinguish the following
levels of automation: no automation, partial automation, sequential automation, high automation, and
full automation.

7.3

pressuriZed irrigation system failures subject to TWW quality

7.3.1 Ge|
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c)

WIter quality parameters required for the.treatment and maintenance of irrigation

Chlorine requirement: Will be checked by the redox potential test (3)

Instructions for preventive treatments, regular maintenance, and handling
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Fpose of simplifying the use and handling of TWW intended for agriculturalirrigation,
parameters for selecting an appropriate irrigation water quality have beefi'examined. W
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ion, manganese concentration, CaCO3, and chemical‘\precipitates or dissolved solids shc
ed to accurately analyse the water quality.

r micro-sprinklers and drip irrigation systems
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quipment maintenance.

ce purposes namely good/(graded 1), medium (graded 2), and low (graded 3) (see Table ]
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sting the water”s tevel of acidity or alkalinity (2)
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Table 10 — Definitions of the suitability of water quality to the irrigation system according to

clogging potential, pH, and redox potential

Water Parameter
qualitya Clogging potential - (1)b pH (2) Redox - (3)¢
Time mV
Good Longer than 7 min <72 Between 300 and 500
Medium Between 3 min and 6 min Between 7,2 and 8,0 Between 250 and 300 and
between 500 and 600
Low Shorter than 3 min >8,0 <250 and >600

a

elsg
b

C
test
only
an g
con

where in this guide.

These levels are suitable for water to maintain the irrigation system rather than for irrigation wa

The Clogging Potential Meter (CPM) tests using a 150 pm mesh.

The redox potential has been chosen as an index of the organic substances found in the szater. A chlorine
is not possible for continuous measurement since the instrument for such test is extremely costly and can
in large irrigation systems. The redox has been chosen to be part of the monitor systenras a default, alth
ccurate index for organic material. It will be mentioned in the guide that if chlorination efficiency should
inuous chlorine meter will be used

er specified

requirement
be installed
ugh it is not
be tested, a

7.3

7.3

To
be

equlipment to proper working order following failure. For the recommended Annexes for r

Anft

match the various water qualities to irrigation equipment and accessories, considerat

3 Required equipment and treatments for micro-sprinklers and drip irrigation sy

3.1 General

piven to factors such as regular treatments, préventive treatments, and treatments fof

ex A to Annex E for more detailed information on the drip irrigation topics raised in this

Rec

7.3

7.3

ommended annexes for reading are thefellowing:

guidelines for injecting chlorineinto drip irrigation systems (Annex A);
guidelines for acid use (Annex B);

guidelines for injecting-hydrogen peroxide into drip irrigation systems (Annex C);
guidelines for sampling drip irrigation pipes (Annex D);

permitted cheniical (Annex E).

3.2 Irrigation system treatments

3.2¢1Y Preventive and maintenance for different water qualities in drip irrigation g

'stems

ion should
returning
bading, see
section.

ystems

a)

[aal 4 Pa T 1.1 £ h B . : : Vol | O | 1 1= £ 1
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It is recommended to use three levels of filtration such as an automatic 150 um filter in the reservoir
or at the head of the system and a 130 um control filter. The system should be flushed twice in each
season-at the beginning and at the end of the season (instructions for flushing drip irrigation pipeline
and laterals are included in Annex D).

b)

Treatment 2 — Suitable for a drip irrigation system fed with medium quality of water

Where the clogging potential element is dominant, it is recommended to use three levels of filtration
that include a 150 micron filter at the water source or at the head of the system, a filter in the water

1

As specified in Table 10.
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transportation system, and a control filter at the beginning of the plots with flushing of laterals and
manifolds every two months.

c¢) Treatment 3 — Suitable for a drip irrigation system fed with medium quality of water

Where the pH element is dominant, it is recommended that in addition to the two levels of filtration, an
acid dosing will be used. Treat with acid four times annually at a concentration of 1 | of hydrochloric
acid (or an equivalent) for a flow rate of 1 m3/h so that the pH level will be 4 to 5 at the end of the
last extension when measured after 1,5 h of contact time. Flush the laterals and manifolds every two
months (instructions for acid treatment are included in Annex B).

d) Treatnen

Where thd potential redox element is dominant, it is recommended to use two levels of filtration
and chlorine dosing. Treatment with chlorine for prevention at a dosage of 10 mg/L for a.flow ratle of
10 m3/h sq that the level of residual chlorine will be 2 mg/L to 3 mg/L. Alternatively, hydrogen peroxide
. For prevention dosage of 1 1 of hydrogen peroxide for a flow of 10 m3/h\at the last Hour
of the irrigation and for shock treatment when the flow decreases in 20 % to 30 %;-a’dosage of 101 of
hydrogen peroxide per 10 m3/h for 1 h at the end of irrigation cycle, closing the water for 12 h to 24 h,
and then flushing the tubes.

e) Treatmient 5 — Suitable for a drip irrigation system fed with low quality of water

Where the|clogging potential and pH elements are dominant, it is rEcommended to use two levels of
filtration, dystematic acidification (continuous or at high frequency){or lowering the pH, and flushirlg of
laterals anfl manifolds every two weeks.

f) Treatnmpent 6 — Suitable for a drip irrigation system fed mrith low quality of water

Where the|clogging potential and redox element are dominant, it is recommended to use two levels of
filtration apd weekly high dose chlorination. To flush the water supply system from the reservoir, use a
concentratjon of 30 mg/L for a flow rate of 10 m3/hChlorinate the plots twice a week until the residual
chlorine at|the end of a lateral is 1 mg/L and flugh of laterals and manifolds every two weeks.

g) Treatment 7 — Suitable for a drip irrigation system fed with low quality of water

Where all [elements are problematic,«itis recommended to use two levels of filtration, constanft or
monthly a¢id treatment, constant-weekly chlorination in the reservoir at a concentration of aljout
3 mg/L, anjd a chlorine treatment-in the plot three times a week up to a chlorine level of 1 mg/[. at
the end of the last lateral. Flushes should be performed once a week. Alternatively, hydrogen peroxide
can be used. For prevention‘desage of 1 1 of hydrogen peroxide for a flow of 10 m3/h at the last Hour
of the irrigation and for shoek treatment when the flow decreases in 20 % to 30 %, a dosage of 10|1 of
hydrogen peroxide perd®m3/h for 1 h at the end of irrigation cycle, closing the water for 12 h to 24 h,
and then flushing the ttibes.

7.3.3.2.2 | Preventive and maintenance for different water qualities in micro-sprinkler systems

The treatnte eedsfo ro-fet-a
systems and only require filtration.

a) Filtration specification for a micro-sprinkler irrigation system fed with good quality of
water: One level of filtration should be used; a 180 pm control filter.

b) Filtration specification for a micro-sprinkler irrigation system fed with medium quality of
water: Two levels of filtration should be used; an 80 um mesh filter at the water source or system
head and a 180 pm control filter at plot heads.

c) Filtration specification for a micro-sprinkler irrigation system fed with extensively quality
of water: Two levels of filtration should be used; a 180 um filter at the reservoir and a 120 pum filter
at the area head.
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7.3.3.2.3 Drip irrigation systems by water quality

Table 11 summarizes the recommended treatments for drip irrigation systems according to the water
quality parameters in Table 10.

Table 11 — Details of the recommended treatments by water quality parameter level

Treatment model Water quality index level

Clogging PH Redox
potential

6,4

7,6

WA NN [J || Ww

-

5

WIIN [P | W IN | P WIN|FRP[WINIFRP|WINPFSIPWIN (R WIN|RFRWIN|FRWIN|-
WIIW [ W |INININ[(RP[P|FP[[LWW I WINININRFRP|IRFP[FP[WL0W (NN
WIIIW [ W | W | W W[ W [W | W(IN[ININIDNINININININ[(FR[(FR|RRRR ]S =—

NN ||| H [T [ HANY [N [ |[Ww |

Table 11 combines the values obtained from Table 10 to specify the water quality based on three
parameters (clogging potential, pH, and redox) with the recommended treatment or treatments (see
7.3.3.2). To determine the appropriate type of treatment for the irrigation system, it is recommended to
take into consideration the test results of all three parameters. In other words, if clogging potential is in
level 3, pH in level 2, and redox in level 1, the recommended type of treatment will be treatment 6 or 7.

NOTE The treatment model’s numbers provided in Table 11 present the recommended characteristics of

the treatment options. However, every characteristic has a variety of possible additions which depend upon the
precise water quality parameters.
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The treatments presented in Table 11 are appropriate to the frequent TWW quality. For other qualities,
a special treatment should be determined.

7.34 Re

storing working order of an irrigation system after failure

7.3.4.1 General

Failure is likely to occur due to an inflow of a large mass of particulate or suspended material or
both. Restoration from failure can be the responsibility of the water supplier as well as the system

maintenan

ce supplier.

7.3.4.2 S

matter in

pressure f
flushing of
by immers
should be 1
by immers

A severe fzqdure is likely to be caused by a massive inflow to the irrigation system of organicerinorganic

evere failure

e form of particulate or suspended material or both. The recommended treatment is hjgh-
ushing of the manifolds after disconnecting the manifolds from the laterals. High-presqure
the laterals, treatment with hydrogen peroxide for degrading the organicomaterial whether
ion or regular treatment (injection of hydrogen peroxide followed by immediate flushing)
epeated 2 to 4 times a day. Treatment of the outlets such as microgjets or drippers with acid
on or regular flushing should be repeated 2 to 3 times and then¢pressure flushed.
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Annex A
(informative)

Guidelines for injecting chlorine into drip irrigation systems

Chl

NOT

NOT

A.2
WA
Befi

Reg
ins

brine is a strong oxidizer. It is useful for the following purposes:

preventing and eliminating the growth of organic slime, iron slime, and sulfur slime;
oxidation of elements such as iron, sulfur, manganese, etc.;

cleaning organic sedimentation and bacterial slime from irrigation systems;
improving the filtration efficiency especially sand/media filtratier.

E1 Chlorine is effective only on organic matter.

E 2  Chlorine is ineffective on inorganic matter such as sand) silt, scale, etc.

Safety
RNING — Chlorine material (liquid, solid, or gas) is dangerous to humans.
pre using chlorine, read all safety instructions provided by the chlorine manufactu

ard all instructions for acid treatment as subordinate to all legal provisions 2
ructions of the acid manufacturer.

Before filling any tank withtchlorine solution, be sure to wash it very carefully in order
any fertilizer remains.

Avoid contact with eyes:

Contact of chloginewith the eyes can cause blindness.
Avoid contaCtwith skin.

Contactief chlorine with skin can cause burns.

Usé protective clothing when working with chlorine.

131

Weargoggtes; gloves; fulttengtirtrousersamd steeves,; amd closed highshoes:
Avoid swallowing or inhaling.
Swallowing chlorine or inhaling its fumes can be fatal.

Be present during treatment.

rer.

nd to the

to remove

Be present for the full duration of the treatment. Keep all unauthorized persons away from the

treatment area.

NOTE1 Direct contact between chlorine and fertilizers can cause an explosive thermal reaction. This is

extremely dangerous.

NOTE 2  Direct contact between chlorine and acid releases a toxic gas.
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NOTE 3

A.3 Mat

Injecting chlorine into irrigation water containing fertilizer is not hazardous.

erials

Chlorine is available for commercial use in several forms. Each type hasits advantages and disadvantages.
Consider the convenience, availability, and price of each material before deciding which to use.

Commonly

available forms include the following:

— gaseous chlorine (C12);

solid

When both
consultan

liquid

Liquid chl
temperatu

Do not sto

white if yo

A.4 Usa

A.4.1 Mg¢
Generally,
a) Contir

Chlorine sh
method, by

b) Select

Chlorine sh
to for the c
both the cH

hlorine (Calcium Hypochlorite);

the calcium level and alkalinity of the water are above medium and the pH isfabove
expert for advice on whether Calcium Hypochlorite can be used.

chlorine (Sodium Hypochlorite).

brine is unstable and decomposes spontaneously in the storage tank-according to t
e, and solar radiation.

e liquid material for a long period of time. Keep it in the shaderand paint the storage
1 should keep it in direct sunlight.

Uy

e

thods of application
here are two methods of chlorination.
uous injection

ould be continuously injected threughout the whole irrigation cycle. This is the most effic
t chlorine consumption is highest)

jve injection

ould be injected during'the last hour of irrigation. Do not forget to consider the time requ

lorine consumption-and efficiency are lower than with continuous chlorination.

8,0,

me,

Ank

lent

red

hlorine to reach the-end of the system (see Annex C, Table C.3 to Table C.8). With this method,
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Annex B
(informative)

Guidelines for acid use in drip irrigation systems

Itis

B.2
Ali

B.3

forbidden to use certain chemical in drip irrigation systems.

Never use fertilizers containing more than 20 units of Phosphorus.

Never use any Poly-phosphate.

Never use red Potassium Chloride.

Never use Red Potassium Sulfate.

Never use Borax.

Never use organic products with high contents of suspended’solids (without preliminary
Never use products and fertilizers with low solubility,e.g. gypsum.

Never use waxy chemicals, oil solvents, petroleumnt products, and detergents.

Never use active chlorine (at the injection p@int) with more than 40 ppm.

Never use acid with a pH lower than 2.

Appropriated chemicals

5t of permitted chemical is-provided in Annex E.

Acid treatmentfor drip systems

Aci

NOTE Acid'treatment is ineffective with most organic matters.

B.3{1 Safety
WARNING — Acids are types of poison and are dangerous to humans. Before using aci

s can be used«o dissolve and decompose salts, carbonates, phosphate, and hydroxide de

reatment).

posits.

safety instructions provided by the acid manufacturer.

d, read all

Regard all instructions for acid treatment as subordinate to all legal provisions and to the
instructions of the acid manufacturer.

Always add acid to water - NEVER add water to acid.
Avoid contact with eyes.

Contact of acid with the eyes can cause blindness.
Avoid contact with skin.

Contact of acid with skin can cause burns.
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— Use protective clothing when working with acid.

Wear goggles, gloves, full-length trousers and sleeves, and closed high shoes.
— Avoid swallowing or inhaling.

Swallowing acids or inhaling their fumes can be fatal.
— Be present during treatment.

Be present for the full duration of the treatment. Keep all unauthorized persons away from the
treatment area

B.3.2 Usphge

B.3.2.1 Injecting Acid into the System
To apply anp acid treatment to the system, perform the following steps:
a) make gure that the injection pump is high capacity and acid resistant;

Acids are Very corrosive to materials such as steel, aluminium, asbestos-cément, etc. PE and PVC p]pes
are resistapt to acids. Consider these factors before planning the treatment.

b) before|starting the treatment, flush all system components thofoughly using maximum flow;
NOTE Failure to flush the system prior to using acid is harmful to the system.

c) inject |the acid into the irrigation system for the required time according to the desjred
concerjtration;

d) turn off the injection pump;

e) contine to irrigate for the required period\of time according to Annex C, Table C.3 to Table C.§.

B.3.2.2 Acid concentrations

The level of acid concentration added to the irrigation water depends on the type of acid being used, its
percentagd, and valence.

Acids should be free of insoluble impurities, e.g. gypsum, etc.

Table B.1 — Recommended acid concentrations

Akid percentage Recommended concentration in treated water
Hy@rechloric acid, 33 % 0,6 %
Phosphoric acid, 85 % 0,6 %
Nitric acid, 60 % 0,6 %
Sulphuric acid, 65 % 0,6 %

If your acid has a different percentage other than the ones listed in Table B.1, adjust the percentage
accordingly.

Calculate the acid concentration when using a different starting concentration as follows:
EXAMPLE 98 % Sulphuric acid is available. What percentage Y should be used?

Y*x98% =0,6%x65%

(0,6%x65%)
Y = 2=0,4%
98%
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Annex C
(informative)

Guidelines for injecting hydrogen peroxide into drip irrigation

systems

C.1

Hyd
exo

A sd
pro

Do

NOT

C.2

WA
per

Reg
and

General

rogen peroxide is one of the most powerful oxidizers known. Hydrogen peroxide-always d
thermically into water and oxygen gas.

2H,0, »2H,0+0,

onged oxidizing effect. Combining the two treatments is forbidden:

hot use hydrogen peroxide when using steel, cement coating,and asbestos cement tanks

Safety
oxide, read all safety instructions provided by the manufacturer.
to the instructions of the mapufacturer.

remove any fertilizer remains.

Avoid contact with eyes:

Contact of hydregen'peroxide with the eyes can cause blindness.
Avoid contactwith skin.

Contactofhydrogen peroxide with skin can cause burns.

Usé protective clothing when working with hydrogen peroxide.

gcomposes

quence of hydrogen peroxide treatments followed by a chlorine treatment can have a powerful and

hnd pipes.

E Hydrogen peroxide is not efficient for the preventionor'dissolution of scale sediments, sand, silt, etc.

RNING — Hydrogen peroxide is dangergus to humans and animals. Before using| hydrogen

ard all instructions for hydrogen peroxide treatment as subordinate to all legal provisions

Before filling any tank with hydrogen peroxide solution, be sure to wash it very carefully]in order to

AL 1 1 Vol b | 4=l b | 1 | 1 A 1 1
vwodl gUgEICS, gIUVES, TUIFITITZ UL LT OUSCLS dITU SITCVES, dIIU LIOSTU TTTZIT STTUTS.
Avoid swallowing or inhaling.

Swallowing hydrogen peroxide or inhaling its fumes can be fatal.

Be present during treatment.

Be present for the full duration of the treatment. Keep all unauthorized persons away from the

treatment area.
Avoid contact with oil and grease.

Can cause explosions or fire.
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NOTE 1

thermal reaction which can cause the tank to explode. This is extremely dangerous.

NOTE 2

Injecting hydrogen peroxide into irrigation water containing fertilizer is not hazardous.

C.3 Physical and chemical properties

Benefits of

using hydrogen peroxide include the following:

Direct contact between hydrogen peroxide and fertilizers containing ammonia can cause an explosive

— itsrapid ox1dat10n reactlon causes 1mmed1ate consumptlon upon contact with the 1rr1gat10n water

chlori
— itisen
— itdoes|

— prever

eis used)

ironmentally friendly;

not create dangerous residues;

ting the accumulation of bacterial slime in pipes and dripper line extensions;

— cleanipgthedripperline system in which organic sedimentation and bacterialslime have accumula

— oxidat
mangd

on of microelements to prevent the development and reproduction of bacteria (i
nese, and sulfur);

— improying the efficiency of initial filtering under high organic stress conditions;

— disinfg
— prever]
— loweri
Table C.11i

Due to safé
hydrogen y

cting irrigation, sewage, wastewater, and drinking water;

tion and removal of odours in the water impairing biological activity;

hg BOD/COD values by oxidizing the pollutiig substance both organic and inorganic.

s5ts the physical and chemical properties-of hydrogen peroxide at different concentration

ty and cost considerations, the recommendation is to use a 35 % or 50 % concentratio
eroxide.

Table C.1 — Physicdl and chemical properties of hydrogen peroxide

phen

ked;

Fon,

h of

Concentration

35% 50 % 60 % 70 %
Physical stlate Liquid Liquid Liquid Liquid
Colour Colourless Colourless Colourless Colourless
Characteristic odour Yes Yes Yes Yes
Molecular weight H20> 34,01 34,01 34,01 34,01
Boiling polnt 108°C 114.°C 125.°C
Freezing point -32°C -51°C -37°C
Vapor pressure at 25 °C 23 mm Hg 18 mm Hg 11 mm Hg
Specific gravity (H20 = 1) 1,132 1,195 1,240 1,288
pH <5 <4 <2
C.4 Usage

Injected hydrogen peroxide is the concentration (ppm) of hydrogen peroxide calculated at the

injection point.

30

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=9843522f3b5133a8bf1929e0e29ff267

	Foreword
	Introduction
	1	Scope
	2	Normative references
	3	Terms, definitions, and abbreviated terms
	3.1	General
	3.2	Use of treated wastewater (TWW)
	3.3	Wastewater quality
	3.4	Irrigation systems
	3.5	Wastewater system related components
	3.6	Abbreviated terms
	4	Storage reservoir
	4.2	Reservoir types
	4.3	Storage time
	4.4	Problems and strategies
	5	Additional treatment facilities
	5.2	Filtration
	5.3	Additional disinfection
	6	Distribution systems
	6.1	Pumping stations
	6.2	Pipelines
	6.3	Accessories
	6.3.2	Valves
	6.3.3	Blowoffs
	6.3.4	Flowmeters
	6.3.5	Hydrants
	6.4	Resistance of irrigation material to pH and fertilizers
	6.5	Maintenance of distribution networks to prevent bacterial regrowth
	6.6	Design and operation of distribution network to protect drinking water sources
	6.6.2	Stipulating a protective radius
	6.6.3	Principles of TWW irrigation above (underground or surface) drinking water pipelines
	6.6.4	Principles of cross-connection
	6.6.5	Principles of painting and marking TWW irrigation pipelines and systems
	7	Irrigation systems
	7.1	Classification
	7.2	Pressurized irrigation systems
	7.2.1	Sprinkler systems
	7.2.2	Micro-irrigation systems
	7.2.3	Filtration
	7.2.4	Automation of the irrigation
	7.3	Instructions for preventive treatments, regular maintenance, and handling pressurized irrigation system failures subject to TWW quality
	7.3.1	General
	7.3.2	Water quality parameters required for the treatment and maintenance of irrigation systems, for micro-sprinklers and drip irrigation systems
	7.3.3	Required equipment and treatments for micro-sprinklers and drip irrigation systems
	7.3.4	Restoring working order of an irrigation system after failure
	Annex A (informative)  Guidelines for injecting chlorine into drip irrigation systems
	Annex B (informative)  Guidelines for acid use in drip irrigation systems
	Annex C (informative)  Guidelines for injecting hydrogen peroxide into drip irrigation systems
	Annex D (informative)  Guidelines for sampling drip irrigation pipes
	Annex E (informative)  Appropriated chemicals
	Bibliography

