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EXECUTIVE SUMMARY

Introduction

Filtration systems are regarded as the heant of a successful operating micro-umgation system, because
effective filtration will assist to prevent micro-umgation systems from clogging. When clogging
occurs in micro-irrigation systems, 1t results in ineffective usage of water and the lost of optimum
vields. Sufficient maintenance schedules of imigation svstems and the correct choice and management
of the filtration system is therefore of utmost importance to ensure optimum performance.

Furthermore, the current design norms are very outdated and not scientifically founded, as only sand
filters are for instance prescribed for drp systems, The use of sand filters i1s, however, unnecessary in
some casecs, because dnp emitters with larger flow-paths (with a lower blockage potennial) were
manufactured in the last decade. On the other hand, the choice of a disc or screen filter is hampered,
because of the vanous types of discs available that are recommended by manufacturers and cach disc
has unique backwashing and filtration efficiencies, which are not correctly defined.

Laboratory and field tests, to determine the filranon and backwashing efficiency was therefore
required to assist designers and producers in the appropriate selection for a filtration system. With
known data, an informed decision can be made regarding the optimum cconomic choice of a filter, as
well as the type of filter that is best suited in arcas of stressed water resources with different water
qualitics.

Through this project, several imigation filters were evaluated to determine their filtration cfficiencies
and backwash management efficiencies. The rescarch results were then used 1 develop gusdelines for
the choice, management, and mamienance of imgation filiers.

Objectives

The National Water Act of South Afnica (Act 36 of 1998) requires effective, economic, and
sustunable use of available water by all consumer sectors. To assist the imgators to utilize their
systems effectively, research and testing were camed out on eaght different imgation filters with the
following objectives:

4 To determine the filtration efficiency and backwashing management of different types of filers
under difforent water quality condinons, as found under differem on-farm condmons and
imgation practices as being practised by the producers 10 operate and maintain their imigation
systems and filter stations.

4% To create guidclines for the choice and operation of filters with respect to water quality and
MAINIENANCE TeqUIrements.

< To mtroduce the results to wrigators by means of field days and circulating articles in this regard.




Methodology

Sand, disc and screen filranon systems that are used in South Africa were wdentified and their
technical data was obtained. Filters from Agriplas, Andrag, Netafim and Terbus were selected as they
were the most commonly used filters for micro-imgation in South Africa. The selection covered
about 8076 of the filters that are used. Currently, apan from that, an extensive Interature study of all
the factors that can influence the operation and performance of filters was undertaken. The factors that
influenced their operation and performance are water quality, pressure loss, pre-primary filtration,
sand selection. imigation systems, flow-rate, backwashing management, efficiencies and maintenance
of filtration systems.

The performance of these filters, eight models in total, was evaluated under controlled conditions in a
world class hydraulic laboratory at the ARC-Institute for Agnculural Engincering. The test bench
(Mustration 1) is a re-circulating system, consisting mainly of two rescrvoirs, a pump, pipes, valves,
two Dirtiness Index meters, electric pressure and flow sensors and instrumentation that display all the
signals and that have two-way communication with the controlling computer.

IHustration 1: The irrigation filter test bench

With this test bench, the dirtiness of the water was changed and the following were closely monitored
and recorded:

< total volume that was filtered,

% the flow-ratc through the filter;

< the pressure differential: and

< the diminess index before and after the test,




From these measurements the filtration efficiencies were calculated,

After backwashing the filters, the tests are repeated and the data used to determine the backwash
efficiency.

Simultancously, ficld evaluations were camied out in five regions around the country where sand, silt,
or organic contamination in the water were a problem. The arcas were:

Orange River Valley, Kakamas - sand/silt problems

Berg River Valley, Paarl - organic problems

Breede River Valley, Robertson — organic problems

Sundays River Valley, Kirkwood and Addo - sand/silt problems
Kouga River Valley, Patensic - organic problems

LR

In cach of these areas, three filter stations of the different filter types were sclected for testing, At each
site, a questionnaire was completed to record the details of the fiker stabon and the filtration
management practices. The backwash management test entails the measurement of the differemt
pressures and the flow-rate of backwash water. For the filtration efficiency a unigue Dirtiness Index
meter was developed by ARC-ILI and used in the test procedure. Water sampling and testing also
ook place and general observations of the filter station were recorded.

Results

The results of the ficld evaluations and the laboratory tests gave a new perspective on the performance
of filters and required management principles for the different kinds of filters under vanous water

< Ficld evaluations

Field evaluations were carmied out in four scasons over two years on 29 farms in the five regions
on six filter models, The dirtiness index (DI) of the water sources in the five regions ranges from
clean (DI < 19%) to very dirty (DI = 43%) and the filters managed 1o clean the water to a DI level
of between 0,15% and 100%. The filtration efficiency of the filters vanied between 31.0% o
96,6%. On average, the filtration efficiencies of the differemt filters were as follows: sand filters
89%. automatic screen filters 207 and disc filters 529%. In the flow-rate evaluation, the measured
flow-rates exceeded the recommended flow-rates in only 5% of the cases (102 measurements). It
exceeded it from marginally (3%) 10 excessive (30%). The impact of the latter, combined with a
1o high pressure resulted n a low 21.5% filtranon efficiency for that specific filter. All the
measured operating pressures of the filers were within the recommendations of the manufacturers
and with the backwash management testing, the sand filters used an average 1,63 m’, the disc
filters 0,37 m* and the screen filters 0,15 m® of water per backwash. However, the screen and disc
filters backwash more regularly than the sand filters (1o filter 1 000 m* of water with a DI of 10°,
both the screen and sand filter used 28 m® of backwash water and the disc filters only 4.4 m'),




O

Laboratory results

Three disc filters, two sand filters and three automatic filters were intensively tested in the ILI
Hydrolab over a period of one and a half year. Friction loss, filtration capacity and performance
(filtranon and backwash cfficiency, vanability cfficiency between filters and impact of differem

cleaning operanons efficiencies) were tested

The filtrmtion cfficiency of the sand filters were 98.5%., the disc filters 50.5% and the automanc

screen filters S5.4%

With the backwash efficiency, it was confirmed that a flow-rate of at least 60 (m’ h)'m® should be
used to obtain a 90 10 1007« backwash cfficiency with sand filters. The backwash efficiency of the
disc filters was a low 33,1% and with the automatic screen filters, a backwash water percentage

was determined and only 3,5% of the filtered water was used to clean the filters

Guidclines

The rescarch resulted in guidelines for the sclection and use of filters with respect to water quality

and maintenance requiremnents. The guidehnes give specific information regarding to

Matching the filter type with the water quality and the imgation system
Chowce of equipment
Upstream sade of the filter staton
Design prninciples with respect to
Firltratson
Backwashing
Sring of a filter
Commissioning of filters
Opcration of filters

Mantenance of filters

Capacity building

Capacity building ook place in several ways (see Annexure E). Through the study, the research

team’s knowledge was enhanced tremendously. The industry and producers that participated in the

rescarch also benefited through the interaction and transfer of technology, Formal capacity building in

the person of M_J. Makgae, a postgraduate student of University of Pretona. Department of Cival and

Biosystems Enginecning ook place where he did a project wnite-up of the in-ficld 1esting of imganon

filters. He 1s registered for the degree “Baccalaurcus Honoures Instituruonis Agrana™




Technology transfer
During the project term, the following technology transfer 1ook place:

< Delivering of a paper: “A test method for filtening and backwashing cfficiencies of micro-
imgation filters™ by AS. van Nickerk at an intemational workshop on “Improved imganon
technologies and methods: Research, development and testing”, Montpellier, France,
18 September 2003,

% Training of Swaziland Sugar Association officials on the operation and maintenance of immigation
filters on 12 October 2004,

< Informal presentations on irmigation filter selection and use 1o students of University of Pretona
(11 May 2004), officials of Gauteng Department of Agriculture (30 June 2004), engincering
officials of the Interdepartmental Provincial Engineering Forum (12 May 2005) and extension
officials of Pioneer Seed Company (7 June 2005).

An abstract on the Performance of Filters has been submitted to the organizing committee of the 7*
International Micro Imigation Congress, Malaysia 1o be held from 10-17 September 2006,

Recommendations

A fast amount of information was generated through this project and the following aspects need
further attention:

< The compilation of a user-friendly. sclf-explanatory manual for the choice, installation, operation,
management and maintenance of the different imigation filters.

< Technology exchange on the choice, operation, management and maintenance of the different
umigation filters,

< The compilation of a code of practice for the total imgation system approach with norms and
standards.




ACKNOWLEDGEMENTS

The funding of this project by the Water Research Commission and the Agricultural Rescarch Council
1s sincerely appreciated. The members of the Reference Group are thanked for their significamt
support and guidance during the project.

The Reference Group compnsed of the following members:

Dr. A. Sanewe Water Research Commission (Chairman)
Dr. N.L. Lecler South African Sugarcane Rescarch Institute
Mr. W.AP. Pretorius TSB (Pry) Ltd.

Ms. L. van der Stocp University of Pretoria

Mr A.T. van Coller Department of Agriculture

Mr. LF, Taljuard JTP cc (Secretury)

We would also hke to personally acknowledge all those who assisted in the project, including
organizations and people over and above the Reference Group who have made major contnibutions:

< Scnior Management of ARC-Institute for Agricultural Engincening who was supportive
throughout the project and ensured that the rescarch tcam had the full backing of the engincening
and administrative services of the Institute.

< The companies that supply imgation filters: Agniplas (Pty) Lid, Andrag/Agnico (Pry) Lid, Netafim
SA, and Terbus (Pry) Lid.

< The farmers on whose farms the filter stations were cvaluated, who gave their fullest co-

operation,

Project team:
Mr. F.B. Rainders - Project leader
Mr. A S. van Nickerk : Laboratory rescarch
Mr. F.H. Koegelenberg : Field research
Mr. G.W. Ascough - Literature study
Mr. B. Mdaka : Laboratory Assistant
Ms. M. Botha - Typist
Ms. C. Beyers - Typist



TABLE OF CONTENTS

LIt oF THDID cciisccniiimiiontviismisisiiosni i il il x
T A R s oot v e
LI DR ot heltiitimmdiiins U

L INTEDDUCTM N st 1
1. 3 Dccnpuon oflhe Prqect ..................................................................................................... 2

221  SENG FIRELS ...c.coververnsnsmmrssessmssssosnssasmsnssenssasasutssmssssssassssasssssessmsassasassssassssasessesasases 2
R DN s 6
B B N I ] T .

BT B T e “
p L 0L ] P a—— Tm— 10
233 Pre-primary filtration methods........oovoveuecucnecsisiiins 11
235 Typeof imgation :yuan T ——
236 Filtration flow-rate ... (SR I
4.3:7 Buhsbm.mgananﬁeqmy memdwnnm FSESC TR |
238 Backwashing and filtration efficiencies of filters .oiniciicinne 15

3 METHODOLOGY ..
3l Idamﬁcmon ofFlhaund E\ahmon Suus A S I .
] TR AR B i i

O (T . N e

............................................................................................... -

W N
i w— -

w o

‘.

T

—

?

< N
[- - PR

Vil



K RESULTS AND DISCUSSION . 29

4.1 Ficld Evaluation — . -9
411 Filtrabon efficiency '
$.12 Removal efficiency 9
$13 Other water analvses 3
414 Flow-rate evaluation a2
4 5 ( 'Tn" ATINg pressure ¢ fthe system 45
.16 Backwashing management a6
s from Ficld Tests S
43 wy Test Results Se
a3 Ihse hilters 52
$3.1.1 Companson of the three different filter discs §2
$3.1.5 Companison of the three different disc filiers 57
4312 Sand filters 60
4321 Filtration and backwash efficiency tests on two sand filters &0
8322 I'he effect of the sand depth in the filter on its Altration and
backwash ethiciencies 62
4311 Automatic (screen) filters 63
414 Other observations during the laboratory tests 65
4341 [he effect of the flow-rate through a filter on its filtration
ethciency 65
1147 The effect on the filtration efficiency of a filter when 1ts rated
fineness 1s changed LD
‘4 Matching the laboratory test results with the field test results " 06

»

CONCLUSIONS 6%

| Reachar g the Proiect Obsectives AR

<

S 2 The Way Forward )

¢ GUIDELINES

61 Guidelines for the Choice of Filters and Accessones
6.1.1 Matching filter type with water quality and imgation systen
6,12 Choce of equipment 72
¢ ) Accessones for the sand filter station T -
¢ ’ Sereen hilter s1a ne 73
¢ '3 ) fi1lter stanor 4
6.1.35 Lpstream sade of the I 6
3 mips 6
¢ . and acranor 77
6.2 Jesign Principle Guade Lers N
621 Frltratsor 'S
s Rackwashir R




623 I'he size of a filter

6.2.3.1 'he allowable flow-rate through a filier
6232 The dirtiness of the irmigation water

6.23.3  Thetowl pressure drop allowed across a filter
6234 'he cleaming cvcle of a filter

6.3 Gudelines for the Commussioning of Filters
6.4 Gudeclines for the Operation of Filters..........
6.5 Gudclines for the Maintenance of Filters
65.1 Replacing sand n filters
6.5.2 Replacing filter discs
REFERENCES
APPENDIX A: Filter evaluation questionnaire
APPENDIX B: Algac analysis in the differemt regions during October 2002

APPENDIX C: Time-out umes for differem filtration efficiencies and different dirtiness indexes

APPENDIX D: Mcasuring the dirtimess of imgation water for macro-imigation filters

89

95

96




LIST OF TABLES

Table 2.1:
Table 2.2:
Table 2.3
Table 2.4:
Table 2.5:
Table 2.6:
Table 2.7:
Table 3.1:
Table 3.2
Table 3.3:
Table 3.4:
Table 4.1:
Table 4.2:
Table 4.3:
Table 4 4:
Table 4.5:
Table 4.6:
Table 4.7:
Table 4.8(a):
Table 4 8(h)

Table 4.9:

Table 4.10:

Table 4.11:

Table 4,12:

Table 4.13:

Tablc 4.14;
Tablc 4.15:

Table 4.16:
Table4.17:

Table 4. 18A:

Table 4 188
Table 4.18C:
Table 4.19:
Table 4.20:
Table 4.21:

Allowsble pressure difference over filter stations (SABI Design Norms)......o.oocvveineee. -
The relationship between micron and mesh sizes (Bunt & Styles, 1994) oo 7
Classification of dirtiness index figures for irrigation water (Van Nickerk, 1983)......9
Settling velocity of soil particles of different sizes (Burt & Styles, 1994)................ 12
Sand grades (Haman, ctal. 1994) ... smasmsssssssss 4
Maintcnance schedule for ﬁllas(l(oegclcnbag.aul 2002).... NP |
Troubleshooting guide for sand filters (after Prerce and \hncuo, 1985) ................ 17
Flhmmdﬁkaeodathumrq:mdm .......................... 21
Location of filier evaluations .. .22
Fiktration efficiency measurements on the Silicon ll and ﬁlm ................................ 27
Backwash cfficiencies forthe fikermFig 3.3 ... -
Carchment area codes...........comiacicinanns Do St R 29
Manufacturer's specifications for fIlErS ............c.vuecurisisrsssssrmiamssssssasmsssmarans 29
Description of filter stations in the Breede River Valley ... 30
Description of filter stations in the Orange River Valley.......o.ooiiiiicinas 30
Descrption of filter stations in the Kouga River Valley ..o 30
Description of filter stations in the Sundays River Valley ........ovviiiiciisinissinns 31
Description of filter stations in the Berg River Valley ... 3l
Cut-off time at the filter inlet for differemt screen sizes. 32
Time-out times (min) at filter outlet for different DI before filter for a 90%

filtration cfficiency ... -
Summary of the ﬁhntm clﬁcm, resulus fot d\e Bteedc Rlver Vlllcy

evaluations... A ———— 13
Swy of the ﬁhnnon cﬂ'mcac) results for the Orange River Valley

Summary of the ﬁhnmn cﬂ‘mcnc) rcmlu fnr the Kmp RM:' Vlllcy
T NI is
Suumly of the filtration efficiency results for the Sundays River Valley

Sumuty of the ﬁlntm cﬂ'mmcy mlu fnt d\: Bcrg Rrvcr Vallcy

Water mlysaruuhsmdwno\al dﬁcmy(lﬂ”w:) ........................................ 39
The iron (Fe), manganese (Mn) and total suspended solids (TSS) determined

L T TITEIRIIIIII== 40
The flow-rates of water passing through the filters duning the evaluation ... 43
The operating pressure of the system before the filter duning the evaluation ........... 45
Backwashing management test results (Backwash flow-rate) .o, 47
Backwashing management test results (Backwash pressure). ... 4%
Backwashing management test results (Backwash volume) .. PO, .
Covmrmhmmthcdnmofdwe&ﬂauldmﬁhmm!hemmng ...... 57
Companson between the three different disc filters in their own casing .................. 60
Backwash test results on the two sand filters ASand DS s 61




abie <. 22 I he effect of sand dep ndamp disc fil n the Hiltration and backwash
efficiencies of a sand filer 62
23 Companng the field test results and the laboratory test results 6
able 6 Minimum water depth suction pipe inl f
shle 6.2 Mavumum a Vabie prossure daligrence er the filters/'f T Stanor TS
ble 6 Filter se n guide - Quick reference (Adopted fro ¢ 198 %3
bel 6.4 Minimum mammtena hodule requir mts for drp imgation " RS




LIST OF FIGURES

Fig. 2.1:
Fig. 2.2:

Fig. 2.3:
Fig. 2.4
Fig. 2.5:
Fig. 2.6:
Fig. 2.7:
Fig. 2.8:
Fig. 2.9:
Fig. 3.1:
Fig. 3.2:
Fig. 3.3:
Fig. 4.1
Fig. 4.2
Fig. 4.3
Fig. 44
Fig. 4.5
Fig. 4.6:
Fig. 4.7
Fig. 4.8:
Fig. 4.9:

Fig. 4.10:
Fig. 4.11:
Fig. 4.12:
Fig. 4.1}
Fig 4.14:
Fig. 4.15:
Fig. 4.16:
Fig. 4.17:
Fig 4.1%:

Fig. 6.1:

Fig. 6.2:
Fig. 6.3
Fig. 6.4:

Components of a sand filter (Amiad, 2002) ... e 3
Operating prncuplu of automatic disc filters mnng lhc ﬁltnnon and bachnshmg
Examples of Amnd screen ﬁlwrs (Armad. "00 ) .......................................... Np— X
Amiad BRUSHAWAY screen filter (Amiad, 2002)....coooirimmmmnsnnimismnns 8
Typical clogging graph of a filter (Van Nickerk, 1983)...........comimmmniiisiininn 10
Removal efficiency of a screen and a disc fiker (after Norum, 1999) ... 18
Removal efficiency of a sand separator (after Norum, 1999) .. —
Maximum particle size filtered versus flow per arca (after Ihrmn et nl 1994) 19
Head losses versus elapsed time since last backwashing (after Haman et al. 1994)....20
Location of test sites in South Africa IPUPPCIP— i 2
A typical friction boss curve of a filter ... -
A typical filtration capacity curve of a ﬁna .-
Dint build-up on discs and foreign d\,mhamdwn sncﬁZ TR
1L L L1 ] O — W 53
The discs of the FD filter.........c.coicmmmmsmsssens e 53
The discs of the HD filter... ——33
Filtration efficiency durmg thc cloggmg ofl dlac ﬁha i 3
Filtration efficiency as a function of the diriness ollhe water . W _
Friction loss curves for the three different filter discs in the same casing ., ...
The filtration efficiencies of the three different filter discs......covmiicnini 56
The backwash efficiencics of the three different filter discs .. ... 56
Friction loss curves for the three different filter discs in thctr own md same casing .. 58
Filtration efficiencies for three different filter discs in their own and same casing ... 58
Backwash efficiencies for three different filter discs in their own and same casing.... 59
Filtration efficiency of sand fiters ASand DS ... — 60
The effect of the sand depth in a sand filter on its friction Joss...oeeieiincin 63
Filtration efficiency test results on the automanic fRErs ... e O3
Backwash water percentages test results for the automatic fiters .. 64
The effect of flow-rate on filration eMICIENCY........ccomiiiimiicimiminssssiniesssainsmsessasnss 65
Effect of differem ratings of the fineness of a filter’s element on its filtration
cfficiency . . -
Typical llynut nf thvec md ﬁllm md\ ACCESSONCS (ldopt ed fmm Bun & St)'les
B i R AT yp
Minimum distances between suction pipes and sides, and bottom of pump hole........ 76
Friction loss graph of the Silicon 11 sand filer ... T
Dirty water capacity graph for the Silicon Il sand fiker...........c.. 80

xn




LIST OF DIAGRAMS

Diagram 2 4:
Diagram 3.1:
Dhagram 3.2:
Dragram 3.3:
Diagram 4.1
Dhagram 6.1:

Filtering and backwashing with sand filters (Burt & Styles, 1994) ...
Shape of flow-paths between discs (Arkal, 2002)...

Permissible friction loss mcrease over a filter of 1t 1 u‘ccpwd dux lhc duchargc nf

78

the furthest dnipper should not decrease by more than 10%6 as a result of the clogging

of the filter (Van Nickerk, 1989)... -

Two types of sand separators (Bm & Snla l‘»-n

Components of the Dirtiness Index Mcter

Schematic set-up of filter test.. .

The immigation filter test bench oflhc lLl H\dmlabs (\’an Nickerk, 108\)
Different ways of water flow through filters......

Permissible fnction Joss increase over a filter...

Xin

—
wid

23

-
ool
-

.81



GUIDELINES FOR THE SELECTION AND USE OF VARIOUS
MICRO-IRRIGATION FILTERS WITH REGARDS TO
FILTERING AND BACKWASHING EFFICIENCY

1. INTRODUCTION

The National Water Act of South Afnica (Act No. 36 of 1998) requires effective, economic and
sustainable use of available water by all consumer sectors. Unfortunately, clogging occurs in micro
imgation systems with resulting water wastage and harvest damages for the producer. These can be
attributed to insufficient maintenance schedules in drip irmigation systems and the incorrect choice of
filtration system for a specific irrigation system, without taking water quality into consideration, The
first problem was dealt with in the WRC project KS/1036/01 (Performance of surface dnp imgation
systems under field conditions). The results of the project showed the need for further mvestigation o
determine the most suitable filtration method for water that contains organic matter. Pilot studies also
showed that filuration efficiency can range from 20% to 91% and it is imperative to determine the
efficiencies of the different types of filters 0 assist in decision-making. The filtration svstem s
considered the heart of the ymgation system and a faulty filtration system could lead to eminter
clogging. resulting in water wastage and crop losses for the producer.

1.1 Motivation

Current design norms are very outdated, as only sand filters are prescnbed for dnp systems. Drip
emitters with larger flow-paths (with a lower blockage potential) were manufactured in the last
decade, which may make the use of sand filters unnecessary in some cases. The choice of a disc or
screen filter in such cases is hampered because of the different types of discs available that are
recommended by manufacturers. According to the manufacturers, cach disc has umque backwashing
and filtration efficiencies.

There are no scientifically founded norms for the correct choice of filters. Thercfore, designers
sometimes choose the incorrect type of filter. Filters that have a good backwashing efficiency should
be backwashed over a shorter penod of time, which can lead 1o a decrease n water consumption.
Laboratory and field tests, to determine the filtration and backwashing efficiency, are required to
assist designers and producers in the appropriate selection for a filiration system. In this way, an
informed decision can be made regarding the optimum cconomic choice of a filter, as well as the type
of filter that 1s best surted m arcas of stressed water resources.

1.2 Objectives
The project objectives are:

< To determine the filtraton efficiency and backwashing management of different types of filters
under differemt water quality conditions, as found under diffarent on-farm conditions and
imgation practices as being practised by the producers 10 operate and mamtain their imigation
systems and filter stations.




< To creme guidelines for the choice and operation of filters with respect to water quality and
maintenance reguirernents,
< To introduce the results to imigators by means of ficld days and circulating articles in thas regard,

1.3 Description of the Project

An extensive literature study of all the factors that can influence the operation and performance of
filters was undertaken. The different filters currently used in South Africa were identified after
consultation with manufacturers and suppliers of imigation filters. The necessary technical
mformation regarding the filters was obtained and extensive laboratory tests were conducted. The
filers were evaluated in five catchment arcas where sand/silt or organic contamination was a problem
(Berg River, Areede River, Orange River, Kouga River and Sundays River). In cach of these arcas,
three filter stanons of each ol the five difTereni filicr iypes were selected. Seven different filters were
mtensively tested in the laboratory.

2 LITERATURE REVIEW
2.1 Introduction

Physical water reatment was used to remove suspended matter from the water supply prior to the
imigation system. The physical quality of the water was therefore improved by the removal of harmiul
materals, such as sand. siit, clay and orgamc matenals, where these occured both i quanuty and
concentration whach could result in immediate or gradual clogging of emitters. The degree and type of
filtration determined by the type of imigation system and emutter involved, as well as the physical
quality of the water. The emitters of micro imgation systems are more susceplible to poor water
quality than overhead sprinkler imigation systems. The types of filtration systems that arc available
are: sand, disc, and screen filters (sometimes called mesh filters).

te
L)

Filter Types

The deseription and operation of the three main tvpes of filters available are discussed in this secton.
Filtration systems can consist of one or more primary filiers of the same type m parallel, as well &
sccondary filters in series. For example, a sand filter could be used as pnmary filtration and a disc or
screen filter could be used for secondary filration. This 1s to protect the irigation system against
failure of the prmary filration system. In addition to sand, disc and screen filters, where sand is a
major contaminant in the water, sand scparators (hydrocyclones) are used o filter the water. Thase
filration systems will be descnbed in the sections that follow

2.2.1 Sand filters

Sand filters are the most useful method of filtration under a wide range of conditions. A sand filter has
the abilty to remove sand, silt and organic matenal such as algae, weed seeds, and bactenal slime
formations. Individual bacteria can, however, not be removed by sand filters. Since sand filters are not
casily plugged by algac. they can remove relatively large amounts of suspended solids before
backwashing s required. They car also, however. provide favourable condions for increased
bactenal growth (Nukavama and Bucks, 1986). Sand filters use a bed of sharp-edged sand or crushed




granite as a medium to entrap the contaminants in the water (Rain Bird, 1990). Sand grains of various
sizes and shape can be selected for use in sand filters. The filtration fineness is usually in the order of
70 w 80 microns, where the fineness 1s governed by the size and distribution of the sand particles.
When the sharp edges of the sand particles become round due to frictional wear, the cffectiveness of
the filter becomes reduced.

Water passes through the sand, about 0,36 m decp, with a high velocity and solids become lodged in
the sand while the water passcs through n (Phillips, 1993). The size and shape of a sand filter plays an
important role in the filtration efficiency. The most popular type of sand filter is the cylindnical shape
ranging in dimeters from 0.6 m to 1.2 m (Rain Bird, 1990). The nside of the cylindrical tank
contains sand up to a depth between 0,25 m and 0.5 m which acts as the filtration medium. Sand
filters are able to handle more contamination than screen filters as particles are trapped to a depth of
several centimetres in the sand.

The source water enters a sand filter at the top and passes through the sand exiting the tank through a
drain system in the bottom. The clean water then enters the imgation system under pressure. Inside, at
the mnlet of the filter, a diffuser plate 15 installed to spread the incoming water evenly over the
sandbed. The main purpose of the drain system is to prevent the sand from entering the drain. The
drain system can consist of rosettes or a manifold (Fig. 2.1).
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Fig. 2.1: Compaonents of a sand filter (Amiad, 2002)

The range of flow through a sand filter should be from 36 m* to 72 m* hour per square metre of sand
surface arca (Rain Bird, 1990). A general rule for all filiers is that the filtration units should be
designed/chosen 1o allow at Jeast a 20% excess capacity when compared 1o the irmigation system peak
demand requirements. This will influence the pump size and wall allow sufficient pressure to facilitate
backwashing of filters and flushing of lateral lines (Nakayama and Bucks, 1986). Lategan (1999)
suggests a flow-rate of 48 m'/hour per m* for sand filters that have 800 pum silica sand as a filtration
media. Lategan (1999) states that the filtration efficiency will improve if the flow-rate through the
filters is as low as possible. Lowering the filtration flow-rate is acceplable for normal filtration, but n
should be remembered that backwashing needs to be performed at the correct flow-rate to ensure that
the filter is cleaned sufficiently (Cilhers, 1997).



Cleaning a sand filter involves reversing the flow direction of water in the filter by using at least two
filters in parallel. One of the filters operates in the filter mode and provides water, which is used w
backwash the other filter, The backwash flow-rate can be controlled by placing a restncting valve at
the outlet of the backwash manifold of the filters (Rain Bird, 1990). For efficient backwashing and to
prevent channelling through the sand the uniformity and density of a filter under drain assembly has
10 be sufficient w provide an even distnibution of flow from below the sand surface (Bruce, 1985)
Tests by the ILI-Hydrolabs have shown that the type of under drain has a sigmificant effect on the
backwash efficiency (Table 4.21). Several theonies therefore exist as 10 what the backwash flow-rate
should be:

< Bun & Styles (1994): the flow-rate must be adjusted 10 have just a shight trace of sand cxit with
the backwash water.

< Rainbird (1990): the flow-rate shouid be adjusied w ensure diat the correct sand scrubbing sclive
takes place and that no sand 1s lost from the filter,

< Gilliers (1997): the minimum backwashing flow-rate 1s 50 of the specified filtration flow-rate
The threshold (maximum) backwashing flow-rate 1s 1,25 umes the filtration rate, at 1.5 umes the
filtration flow-rate, backwashing will cause the sand to lift into suspension and be removed from
the filter.

% Van Nickerk (1991): the [LI-Hydrolab norms state that the filration flow-rate can be between 30
and 50 (m"h)'m’ of sand surface of which 30 (m'h)'m’ is the recommended norm for dirty water
The backwash flow-rate should be 60 (m’ hym’

A solenoid valve is used to control the backwash water under pressure and it can be activated by

< An clectrical timer
< A pressure differential switch, which monitors the pressure differential over the filters
< Using both. Each time the pressure differential switch is activated. the timer is reset

The last method will ensure that compaction of the sand bed would not develop. Sufficient pressure
for backwashing during irmigation can be provided by reducing the flow-rate into the imgation system
with an automatic pressure-sustaining valve at the downstream side of the filter station (Burt & Styles.
1994). Backwashing of sand filters, as a general rule of thumb, is performed once the pressure
difference across the filters has increased between 35 kPa and 70 kPa (Ran Bird, 1990), Eurodrip
(1999) suggests a value of up o 100 kPa. Table 2.1 shows the allowable pressure differences over
filter stations in accordance with the South Afncan Imganon Institute’s (SABI's) design norms

Table 2.1: Allowable pressure difference over filter stations (SABI Design Norms)

< Maximum Pressure difference
Type J Clon :“':’:,”d“ pressure build-up before backwashing
(kPa) (kPa)
Disc/'sereen filer R} < 70
Sand filter 40 20 &0

Backwashing duration may vary from less than one minute up to 15 minutes per filter. depending on
the qualny of the water supply (Ramn Bird, 1990). Visual inspection of the backwashing water will
show an initial pornon of clean water that comes from the volume of water above the sand. The clean




water will then be followed by dinty water and the backwashing time will be determimed by deciding
when the water is sufficiently clean (Cilliers, 1997). Proper backwashing requires a sufficient
underdrain design, correct installation and adjustment of the filters, and correct backwashing
management frequency, rate and duration (Burt & Styles, 1994).

Cementing together of the sand s as a result of bactena, water chemistry and certain dissolved gases,
The cementing may be caused by all or a combination of these factors, Cemented sand does not get
broken up into particles and cleaned during the backwash process. The combination of cemented and
free sand in the filter bed results in channels being formed that will allow contaminated water 1o pass
through the filter system into the irigation system (Rain Bird, 1990). Injecting chlorine before the
sand filter will help prevent algae growth and subsequent problems in the sand. A slimy mat may
form in the upper layer of sand, which will cause increases of the head loss across the filters and cause
a resultant waste of encrgy (Smith, 1999). Shock treatment of sand filters is done by injecting chlorine
10 cach filter tank, ensuring that the field valve is closed so that no water will leak out. The tanks need
1o stand for 24 hours and the imgator needs to beware of breathing in the chlonne fumes. The lids
need to then be secured and the ficld valve opened. A wash cycle needs to be initiated (ic. system
operating as usual), with cach filter being backwashed for approximately three minutes. The full
sequence (including chlorine application) needs 10 be repeated several times. One or two shock
treatments should be sufficient 1o unplug an underdraan that 1s contaminated with organics (Pyerce and
Mancuso, 1985). Removing the filter sand from the tank and then replacing it, is an alternative to the
chlorine shock treatment and is quicker, although the bacteria are not destroyed by using this method.

Sand filters arc operated together with secondary disc or screen filters at all tmes. There are two
reasons for this:

< The secondary filter serves as control for the operation of the filter under normal conditions,
Dunng mcidental tunnelling, the debris wall move through the sand bed and will be intercepted by
the secondary filter. This condition scrves as a waming to the operator that mamtenance on the
sand filter is inevitable.

< If the sand filter becomes damaged intermally, the filtered sand will be intercepted by the
secondary filter and will not land in the dnppers.

The shape and function of typical sand filters are illustrated in Diag 2.1.
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Diag. 2.1: Filtering and backwashing with sand filters (Burt and Styles, 1994)




222 Disc filters

Dnsc filiers offer a three-dimensional in-depth filter action and therefore have a much higher filter
ability than a screen filter of the same basic dimensions. The filter medium consists of a number of
grooved circular plastic discs, which are stacked in a cylindncal form, tightdy positoned wgether

Diag. 2.2 shows the shape of flow-paths between typical discs (Arkal, 2002)

...

Diag. 2.2: Shape of flow-paths between discs (Arkal, 2002)

The water flows from the outside of the stack of discs and then passes through the flow-paths between
the discs. The sohds get rapped in these spaces and the cleaner water exits through the maddie of the

discs. All foreign matenals larger than the permeable operungs of the relevant grooves, is retamed by

'.}IC dl\\\

= Bachwaih
Mod

L [
[

Fig. 1.2: Operating principles of automatic disc filters during the filtration
and backwashing mode (Arkal, 2002)




Debris is removed from the discs by backwashing cach filter unit with filtered water in an opposite
direction through the discs. Automatic filters like the Arkal Spin Klin have the ability to loosen the
discs from one another and even 10 let it rotate dunng the backwashing action. Activated by a
predefined command (differential prassure or time) alternate units of the Spin Klin system go into
backwash operation. The mnlet valve is shut and the drain is automatically opened. Duning the
backwash process, the compression spring is released. The spine piston nises up, releasing the pressure
on the discs. Tangential jets of clean water are pumped at a high pressure direction through nozzles in
the centre of the spine. The discs spin free and clear, koosening the trapped solids. Solids are quickly
and efficiently flushed out through the drain. Fig 2.2 illustrates the flow pattern through a typacal
automatic disc filter,

Any disc/discs that show signs of mechanical damage should be replaced. Discs, of which the
channels have become chemically blocked, must be removed and chemically cleaned. If the dises
cannot be cleaned effectively, they must be replaced. Always replace discs with the same colour and
from the same manufacturer 1o ensure that the degree of filtering remains the same. It is recommended
that the discs are removed from time to time and hand-cleaned.

223 Screen fllters

Screen filters have aither a nylon or stainless steel screen that provides the filration surface. The
filtering qualities are determined by the size of the screen openings, the totl screen arca and the
ability to clean the screen dunng regular maimtenance operations,

The relationship between mesh and micron sizes can be mterpreted with the following equation:

M - 10187F % 2.1)

Where: M - mesh size
F - mcTon size.

Table 2.2: The relationship between micron and mesh sizes (Burt and Styles, 1994)

Micron 300 250 | 200 130 | 100 50
mm 03 025 0.2 0,13 0.1 0.08
Mesh 50 0 75 120 155 200

These filters cannot be hackwashed and are more susceptible to damage than sand or disc filters, The
filters can clog fairly rapidly and as the pressure drop over the filter increases, solids can be forced
through the screen. Screen fillars usually have 10 be cleaned by hand. Some examples of Amiad
screen filters are shown in Fig, 2.3. There are screen filters that incorporate a brush that is tumed
manually to remove solids. An example is the BRUSHAWAY from Amiad filters that is shown in
Fig. 2.4. Amiad also have a range of fikers called SCANAWAY that clean the screen using suction
nozzles that are on the dinty side of the screen. The suction is obtained by opening an exhaust valve
that creates low-pressure conditions, sucks in the dirt from the screen and the waste product passcs
through the exhaust port. The nozzles are moved up and down the screen using cither a hand crank or




a hydraulic or electne drive mechanism. The cleaning can be carmed out dur

g normal operation

These filters can be automated with pressure differential switches

Fig. 2.4: Amiad BRUSHAWAY screen filter (Amiad, 2002)

3 Factors Affecting the Operation and Performance of Filters

There are vanous factors that affect the performance and operation of a filter for T on walgr
Ihese are the source of the imgation water. the permitied pressure loss, the pre-pnmary filranon

methods, sand sclecnion, the twpe of imganon svstem and ermtter, the
backwashing method used, the backwashing and fltration ethciencies of the hlters

G

aintenance schedule of filters




2.3.1 Source of water

The quality and composition of imgation water vanies both spatially and temporanily. Water that
appears to be clean, but contains algac, fish cggs or other microscopic organisms can block a large
capacity filter in a short time (Van Nickerk, 1983)

The largest quantity of debris collects on the outside of the element, or on top of the sand bed and
very hittle collects inside the element itself, The thickness of the layer of dirt on the outside of the
clement, determines the additional pressure difference or what the increase in pressure difference over
the filter 1s. The dirtiness of imigation water is measured, for filtering purposes, with a special, though
simple apparatus, called a Dirtiness Index Meter (Developed by the ARC-Institute for Agricultural
Engincening, sce: Measuring the dirtiness of irvigation water for micro irrigation filters [Van
Nickerk, 1995), Appendix D). The Dirtiness Index (D) 1s measured and shown as a percentage.

The interpretation of Dirtiness Index is illustrated i Table 2.3:

Table 2.3: Qlassification of dirtiness index figures for irrigation water (Van Nickerk, 1983)

Dirtiness Index (%) Classification
<] Clean
>1 Dirty

Approximately $ Fairly dirty: Clogging of most filters within a day or two.

Approximately 30 Very dirty: Cloggng of most filters within a few hours,
Approximately 60 Extremely dirty: Clogging of most filters within less than an hour.

1000

01

1 0 100
Dvtiness nder (%)

Graphic representation of Table 2.3




2.3.2 Permitted pressure loss
During the filtenng process, there is an increase in the total pressure drop over the filter as a result of

clogging The allowable increase in pressure loss influences the operation and performance of filters

The pressure loss over a typical filter s illustrated in Fig. 2.5
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Fig. 2.5: Typical clogging graph of a filter (Van Niekerk, 1983)

According to the results in Fig. 2.5, ot s clear that an increase in the permitted pressure differential
over a filier results i an increase i capacinty (volume of water through the filer) (Van Nickerk

1953)

< An increase of approximately 15 kPa to 20 kPa can cause tunnelling through sand filters, with
resulting dirt penetration into the sand bed

< Winh disc and screen filters, excessive pressure drop can cause dirt 10 be pressed through the
medium and can thereby decrcase the efficiency

< In some filters, especially screen filters which filtrate from the outside of the core to the mside
the entire clement may collapse if the pressure drop is excessive. In such a case, a large
concentration of dirt (that has bualt up on the clement) can be released into the system, resulting in
senous clogging of the drippers

< Elements as well as sand that have lost its function as a result of excessive pressure losses are
very difficult to clean and the backwash efficiency decreases drastically

% The backwash cycle therefore depends entirely on the water quality, Impure water reguires shorer
hackwash cycles, or more and’or larger filters

< The designs of the under-drains of sand filters will greamly affect the amount of water required for

adoguate backwashing. In some cases. 1t can increase the required amount by 3000 (Phallips,

1993%)




The following guidelines for pressure loss over the filters can be followed (Van Nickerk, 1983 )

¢ For diny water -~ a maximum Jloss of 10 kPa over a clean filter. This loss can be allowed to
increase 1o a maximum of S0 kPa (30 kPa for sand filters) as a result of clogging of the element,
but the actual amount that the loss can be allowed 1o increase with, will be determined by the
hydraulics of the imgation system as illustrated in Diag. 2.3, If the it of 50 kPa is exceeded, it
can lead 10 the drastic decrease in the efficiency of the filtration,
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Diag. 2.3: Permissible friction loss increase over a filter if it is accepted that the discharge of
the furthest dripper should not decrease by more than 10% as a result of the clogging of the
filter (Van Nickerk, 1989)

< For clean water (borchole water) - a maximum loss of 30 kPa over a clean filier, still with the
maximum himit of 50 kPa, as a result of clogging of the element.
233 Pre-primary filtration methods

The pre-filtration methods of physical water treatment may include all or some of the following (Burt
and Styles, 1994):

< Settling and acration
In cases where imgation water has more solid matter in suspension than 200 ppm, it is advisable

1o allow the solid matter to settle in a dam, before it s filtered in the system. I the specific density
of this material is very low, it may even be necessary to have it chemically flocculated before

1




scttling will be practically possible Setthing can prevent that filters are overloaded and
excessively hackwashed

A sattling basin provides an area for the mixing action and motion of the incoming water W be
slowed down, thereby causing the coarse paricles, such as sand and larger sizes of silt, o be
removed from suspension (Ram Bird, 1990). Table 2 4 shows the sedimentation speed of different
soil particle sizes.

Table 2.4: Settling velocity of soil particles of different sizes (Burt and Styles, 1994)

Soil texture G"(::,m s‘“t::;::;“"
| Coarse sand 0,500 38
| Medium sand 0,250 - 0,500 22
| Fine sand 0,100 - 0,250 5
| Very fine sand 0,050 - 0,100 0.9
| Silt 0,002 - 0,050 0,015
Clay <0002 0,0008

Special reatments can also be used to mduce the seutling out of some types of clays, chemical
components and organic matter. Some of the organic matter may form large accumulations, such
as algae and leaves, and will float around on the surface of the basin. These impuntics will have
to be removed from the surface by using a skimming device. Algae can be effextively controlled
by adding copper sulphate in bags equipped with floats, or by broadcasting it over the water
surface. Some applications of the design of hasins include: the screening of intikes o prevemt
large debnis from entering the two separate basing, to allow the cleaning of one whilst the other
basin 15 used for imgation: and some basins may even have shaded covers to reduce the growth of
algac and prevent any windblown debris from falling into the basin.

Cleaning of sedimentation basins is achicved by draning the water out and removing the debns
from the floor. The frequency of cleaning 1s determined by the level of sediment in the basin. If
the incoming flow s not disturbed by the depth of the basin due o sediment accumulation, then
no sedimentation will occur and the besin neads o be cleaned. Further signs that pont o a fully
loaded basin are outflow water from the basin s noticeably diny when viewed in a clear
container; and the filter station becomes over-loaded and needs backwashing oo often and may
become clogged

The suction point depth for the water supply from the basin is another factor that influences the
quality of the imgation water. Generally, water from the basin floor will have a higher level of
suspended sediment than water from levels closer to the surface. This depends greatly on the
basin shape and inlet pomnt relative to the outlet posnt. The best shape of the basin 15 a long and
narrow structure with the inlet and outlet points on opposite ends. The length of the basin will
affect the settling of suspended solids and the dam should be of a sufficiently length to ensure that
solids near the outlet has seutled




< Sand separators

A sand scparator is used 1o remove sand particles from water. It is usually used to pre-filter
umigation water before primary filtration. Water enters a sand separator tangentially and this
causes the water in the body of the separator 1o rotate. As the water rotates, the solid particles are
flung to the outside of the separator by centrifugal forces. Clean water 1s removed from the centre
of the rotational flow using an outlet pipe. The sand particles sink o the bottom of the sand
scparator where they can be flushed. Sand separators come in different shapes and designs. The
operating principles of the sand separator are also shown in Diag. 2.4. Removal efficiencies of at
least 95% should be possible with sand scparators (Norum, 1999). Although there are advantages
associated to installing the sand separator to the suction end of the pump, some features of such an
installation must be carcfully noted:

r ~  The sand scparator can protect the pump by removing sand, which can cause abrasion, from

the water,

-~ Any equipment installed on the suction side of the pump increases the possibility of air intake
and the resulting cavitations can cventually cause more damage to the pump than the sand
would.

To be truly effective, most sand scparators absorb up 1o as much as 12 m pressure, If there is
not sufficient water pressure on the suction side of the pump for this purpose, cavitations can
occur.

- For effective performance of the sand separator, the flow-rate through the system must be
kept relatively constant, whach 1s scldom the case.

L

Diag. 2.4: Two types of sand scparators (Burt and Styles, 1994)

In some instances, foot valve screens, screen filters or settling basins are all used in combination
to remove some of the load.
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234  Sand sclection

Modifying the sand used. changing the depth of the filter bed, and altening the flow-rate of the filker
can influence the performance of a sand filter. The fineness of the sand as well as the umformaty of
the distnbution will influence the performance. A filter with fine grade sand with high uniformuty will
perform better than coarse grade sand with lower uniformity. The mesh equivalent of graded sand s
shown in Table 2.5. The faciors in selecting the proper sand include (Burt & Styles, 1994):

< The degree of filtration needed. which is determined by the emutter design and anticipated micro
ITIZALON SYSICM MAaInenance programmc.

% How sand type, sand size and the flow-rates per tank combine o provide the necessary degree of
filtration

The depth of the filter bed has an influence on the performance. A bed depth of 360 mm has been
found to be the optimum depth. Filters with a depth greater than 360 mm will have a greater filtering
ability, but will not be as cost effective as the 360 mm bed. Increasing the velocity of the flow through
the bed reduces the fikration quality as more suspended solids pass through the bed because of the
shorter contact time (Philhips, 1993).

Table 2.5: Sand grades (Haman, et al. 1994)

Sand designation | Mean effective | Filtration quality | Filtration quality |
number | sand size (mm) | (mesh) (microns) ‘
8 - Crushed granite 1.50 100 - 140 150 - 130
11 Crushed granite | 0.78 140 - 200 130-%0 |
16 - Crushed silica 0.66 140 - 200 130 %0 |
20 - Crushed silica 0.46 200 - 230 80 - S0 1
30 - Crushed silica 034 230 - 400 50 - 40

235  Type of irrigation system

The system type and the degree of dint in the water w0 be handled, influence the operation and
performance of the fikers, As dnpper clogging 1s difficult to perceive and dnppers can only be
reparred by means of replacement. a higher degree of filtration 1s required for dnp mgation in
general. For dnp imgation with normal stored water or running water, it is normally recommended
that sand filters, equipped with sccondary filters, are used. Because screen filters can basically not be
backwashed, discs filters are usually recommended as secondary filters. In cases where migation 1s
done with clean water, such as water from most borcholes, discs filters are usually sufficient. The
filtration level will be sufficient enough and the only limitation will be the length of the backwash
cycle.

In South Afnca, disc'screen filter openings must be < 1/5 than that of the micro sprayer onfice
diamcter. The appropriate macro spraver manufacture’s recommendations must be used for flow-path
openings of € | mm and for dnppers (Kocgelenberg, et al. 2002). A common rule of the thumb in the
USA s to remove all particles larger than 1710 of the duameter of the smallest passage in dnppers
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For micro sprayers, the ratio used is 1/7, if the sprayers have a simple short onfice (Bun & Styles,
1994).

216  Filtration flow-rate

This entails the amount of water 1o be handled dunng filtration influences the performance of the
filters. The flow-rate through the filter 1s normally chosen according to a recommended pressure
differential of < 10 kPa. For sand filters, a maximum filtration rate is recommended according to the
dirtiness of the water and the emitter type. Burt & Styles (1994) suggest the following:

< For average dirty water: 49 m*/h to 61 m’/h per m* sand surface arca
% For extra dirty water: 24 m*h 10 37 m*h per m® sand surface arca

Minimum values are recommended for dnppers while the maximum values are recommended for
micro sprayers. Minimum flow-rates are gencrally accepted if the automatic backwash controller is
set 1o backwash at lcast once every 24 hours. The low flow-rates provide better filtration than the high
flow-rates, but as mentioned previously, the dirt moves further down into the sand bed at low flow-
rates and there is no high build-up of pressure differentials because of less compaction at lower

pressures.
237  Backwashing management frequency, rate and duration

The backwashing process influences the performance and operation of filters negatively if the
following is not done correctly:

% Frequency adjustment. An clectrical timer can be used, or a pressure differential switch which
monitors the pressure difference over the filters can be installed. The best method 15 1o use the
pressure differential switch in combination with a timer,

< Flow-rate adjustment. The backwash flow-rate needs to be set correctly to ensure that none of the
filter sand is removed from the filter during backwashing.

< Duration adjustment. The backwash duration must be sufficient 1o allow complete cleaning of the
filter. If the duration is 100 shor or the flow-rate 15 oo low, the clean, filter pressure differential
will gradually increase with time (Burt & Styles, 1994).

238  Backwashing and filtration cfficiencies of filters

The backwashing efficiency of a filter has major implications on the management of such a filter. If it
should be Jess than 90%, it means that the backwashing cycle will have to be shortened continuously
until it becomes impractically short and then the filter will have W be hand-cleaned from time to time.
If such an action would not take place in good tme, the imgation system will receive less and less
water and nts efficiency will get greatly impaired. When the filer gets completely clogged, the system
will get no water at all, dirmt will be forced through the clement, the clement can collapse and
automatic filters will seize working. It is then extremely difficult to get such an clement cleaned again
and in most cases, it has 1o be replaced by a new clement or new sand.
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Low filtration efficiencics leads to clogging problems in irrigation systems. In such cases. finer
clements need to be placed n the filters which can affect the frction losses through them and also
reduce their filtration capacities. It is usually then necessary 1o also increase the number of filters in a
filter station in such cases.

239 Maintenance schedule of filters
Effective filtration of imigation water 1s of cardinal importance for the efficient performance of drip
imgation systems. Regular inspection is the key to success, and the maintenance schedule, as shown

mn Table 2.7, 1s recommended

Table 2.6: Maintenance schedule for filters® (Kocgelenberg, et al. 2002)

2 g

Monitor | With each cycle  Monthly | Annually |
Inspect for lcakages at filters | v |
i Monitor pressure difference over filters v

Inspect sand Jevel depth (= 360 mm) and add
| sand if necessary

Service disc filter ’

| |
Monnor duranon of hackwashing cycle and reset |
if necessary |
i Inspect sand particles and filter clements and ‘ v
| replace if necessary | :
[ Service backwashing and air valves on filter ' e ‘
station !
Check hydraulic and electne connections ' l v

*If the filter station 1s automated, the mamntenance schedule can be adapted, c¢g the pressure

difterence over the filters can be venfied over a longer penod, c.g weekly

Where aggressive water occurs, metal parts of the filters must receive gpoxy traatment, Lubnicants
extend the hifespan of synthetic discs i filters where metal and rubber parts are in contact. High
viscosity stheon products have proved to be the most suitable product for general usage. Lithium
grease, but definitely not oil, 1s very suitable for valve axles and other moving pants. Pierce and
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Table 2.7: Troubleshooting guide for sand filters (after Pierce and Mancuso, 1985)

PROBLEM: POOR FILTRATION
Probable cause Selution
1. Excessive flow through filters causing coning and
P . ants ¢ h fier. 1. Reduce flow-rate or add filters.
2. Air i filters causing disruption of sand bed 2. lnstall auto or manual air bleed device
3. Incorrect sand. 3. Replace wib proper sand.
4. Excossive pressure forcing contamunants through | 4. Readjust backwash comtrol valve 1o proper
filters. setting
S. Insufficiem sand depth allowing contaminants to | §.  Add sand to achseve depth between 31 ¢m and
|___pass twough. Bem
PROBLEM: CONSISTENTLY HIGH PRESSURE DIFFERENTIAL
Probable cause Solution
. 1. Open tanks and remove costaminants from sand
L. l"""l ’“"’"' ‘;:_"'“" F———— surface. close Lanks and backwash until filters
are clean.
> ;
2. Insufficient backwashing flow v mmhchﬁmwumnllyclmfnld
3. Low filter sand level causing inadequate
backwashing 3. Add sand 1o correct level
PROBLEM: SAND APPEARS DOWNSTREAM
Probable cause Solution
1. Incorrect sand, 1.c. too fine. 1. Replace with proper sand
2. _Broken or damaged PVC laeral pipe. o0 Igmargth«mpe
PROBLEM: BACKWASH VALVES LEAK
Probable cause Solution
1. Obstruction in valve seat. I.  Remove ohstruction
2. Rubber scating disc worn or damaged. 2. Replace scat dusc.
3. Draphragm damaged (lcaking from port of
diaphragm chamber at rear of valve). 3. Replace disphragn.
4. Pinched or worn o-ning. 4 Replace o-ning and lubnicate shaft.
PROBLEM: WATER HAMMER
Probable cause N Solution
1. Alr in tanks 1. Bleed off trapped asr. Check for leaks i pump
suction line
2. _Leag vacuum line causing vacwum. 2. Install vacuam breaker on backwash line.
PROBLEM: INCREASING FREQUENCY OF BACKWASH CYCOLE
Probable canse Soluthan
1. Backwash flow or duration is not adequate o 1. Readjast backwash flow and ‘or increase
remove all contaminants duration of backwash cycle
2. Insufficsent sand depth. 2. Add sand
3 Increased concentration of contammnants in water | 3. Add exwra filier tanks or reduce flow-rate o
supply (may be seasonal) increase backwash duration and frequency
PROBLEM: AUTOMATIC BACKWASH FAILS TO CYCLE
Probable cause __Solution
1. Cootroller power off, blown fuse or circust 1. Tum power on. Ensure winog & connected,
breaker tnpped. Reset circun breaker or mnstall new fuse
2 Improper setting oo differential pressure switch 2 Inspect scal for signs of tampenng
3. Check connections. Clean ports. Check filter
3. Solenod malfunctionng, screen on water pickup assembly for damage,
Clcan or replace screen.
4 Loss of sufficient sysiem pressure 10 actuate 4. Check system for pressure leaks. Check filter
valves screen on water packup assembly for damage
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24 Laboratory Test Results

A Inerature study dad not yield any publications on the infield performance of imgation filters.
Similarly, there were only a few articles that reported the results of lsboratory tests. The Agncultural
Research Council’s [nstitute for Agnculwural Engineering conducted a senies of laboratory tests on
vanous filters used for imgation in 1983 (Van Nickerk, 1983). The performance of the different filters
were given in terms of the volume of water that could be filtered for a specific quality of water and a
pressure drop of 50 kPa over the filter. The quality of the water was determined using a Dirtiness
Index Meter that was developed for this purpose. The head losses versus flow-rate were also
determined for the filters

The Centre for Irmigation Technology (CIT) in Fresno, California, USA has published some results
from laboratory tests performed on filters (Norum, 1999), The CIT evaluated screen and disc filters
using a graded sample of sand with equal portions of 80 mesh (181 ym) to 100 mesh (142 wm), 100
mesh (142 um) to 120 mesh (117 pm), etc. particles. The particles were introduced into the supply
stream when steady hydraulic conditions were achieved. The sand deposited on the screen or disc and
the sand downstream of the filter were collected and dried and re-screened. This method was used 10
determine the removal efficiency of the rated filter. An example is given for a 150 mesh (92 um)
screen filter and a 150 mesh (92 um) disc filter. The removal efficiency of the screen filter was 70%
whereas the disc filter had a removal efficiency of 95%, for particles up to 150 mesh (92 um) in size
This difference 1s attnbuted to the disc filter developing a finer filtering capability because of the
trapped solids in gaps between the discs. The removal efficiency of these two filters is shown in
Fig. 2.6 If the filer fineness is classified for a removal efficiency of 95%, then the disc filter can
claim 1ts rated fineness, whereas the screen filter has a lower than rated fineness of around 110 mesh.
Fig 2.7 shows the removal efficiency of a sand separator a2 vanous head losses across the filter. The
curve shows that there must be a trade-off between the removal efficiency and the head loss across the
sand separator. Thus, the greater the head loss, the greater the encrgy input and cost thercof (Norum
1999)
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Fig. 2.6: Removal efficiency of a screen and a disc filter (after Norum, 1999)
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Fig. 2.7: Remaval efficiency of a sand separator (after Norum, 1999)

Haman ct al. (1994) conducted tests on sand filters with different grades of sands 1o gauge the filter
performance. The maximum particle size removed versus flow per area of sand filter is shown in
Fig. 2.8 It can be observed that as the flow-rate per umit area increases, the smallest particle filtered
by the specific grade of sand increases in size. It can also be seen that the finer the filter sand (larger
grade number), the finer the particle that is filtered.

-é-m)

2 100 | .
‘an

€ o

= &

} =

=

Z 0

3 40 S0 o0 70 30 %

Flow [m"hvm’)

Fig. 2.8: Maximum particle size filtered versus flow per area (after Haman et al. 1994)
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Fig. 2.9 (Haman et. al. 1994) shows the head loss versus clapsed time since the last backwash for sand
filters with different grades of sand under ficld conditions. Thus, the coarser the sand, the lower the
head loss 1s across the filter and the longer the backwash intervals can be for a given head loss. These
curves were determined for a specific set of filters and water quality conditions and therefore cannot

be apphed unmiversally (Haman et al, 1994)
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Fig. 2.9: Head losses versus clapsed time since last backwashing (after Haman et al. 1994)

D Conclusion

There are many different types of filters that are best sunted for specific apphications and water
condinons. Although some filters have been tested 1n the laboratory, there are still questions & 1o the
performance of filters in the ficld, since a literature study did not vield anv sources of such

NI uIVn

Backwashing of filters is the standard in-ficld practice to clean imgation filters. Preliminary studies
have shown that the ceffhiciency of backwashing vanes for different types of filters. Scientific

information regarding the backwashing efficiency s roquired W manage filtration systems effectively




- METHODOLOGY

This chapter describes the methodology that was followed for the evaluation of filter efficiency and
backwash management cfficiency. The sites at which evaluations ok place and the filters that were
tested are firstly descnbed. Thereafter, the method used for the field and laboratory tests follows.

31 Identification of Filters and Evaluation Sites

After consultation with manufacturers and suppliers of imigation filters, it was decided w evaluate the
following selection of filters (covering about 80% of the market) that are used for the primary
treatment of imigation water. For case of refaming to them in the tables and graphs in the rest of the
document, cach was given an alphabetical-cum-type-of-filter code:

Table 3.1: Filters and filter codes that are reported on

Code| Type Name of Filter Supplier
AS Sand Silicon ‘lil“;:' 's“a)nd filter Agriplas (Pry) L
3¢ | Sgem Amiad self-clca;:;:“ :‘r)cax filter (Taf 3) Agriplas (Pry) Lid
oc fgrem Amiad nclf-clc-n‘t;gs o"scr:: filter (Saf 3000) Agriplas (Pty) Lid
ps | e Sandfil 4? mfﬂ:n;t 40 sand | ’é’?“..f:f&?..‘&&*’lf‘c‘"f

| (Pry) Lud

- Disc Arkal Spin Klin® :’m::) (Three-Filter unit) Netafim SA
D Disc Arkal 3 disc (f;‘l(l;‘(nl:thl 3 Twin) Netafim SA
GD | D A o
HD | Dic Terbus czm ;h“ fiker Terbus (Pry) Lid

The Sandfil 40 and Conn 40 are manufactured by Conns Manufacturing Co and were therefore treated
as the same filter. The underdrain construction of the filter consists of slotted plastic piping. The
underdrain construction of the Silicon 11 41 filter has a number of rosettes mounted on plastic piping.
These two types of sand filtlers were chosen 1o cvaluate the difference between the backwash
management cfficiency of the differemt under drain constructions. The different filters were evaluated
in five regions around the country where sand'silt or organic contamination was a problem. The arcas
that were chosen for this study were as follows:

Orange River Valley, Kakamas — sand/silt problems

Berg River Valley, Paarl - organic problems

Breade River Valley, Robertson ~ organic problems

Sundays River Valley, Kirkwood and Addo - sand/silt problems
Kouga River Valley, Patensic — organic problems

LK -




In each of these arcas, three differemt filter stations of the filter types that were found in cach area
were selected. Sufficient numbers of filters in a particular area that were used for pnmary filoation
could not be found for the Amiad 3 disc filter and the Terbus disc filter. Thus, they were not evaluated
in the field. In the Sundays and Berg River areas, only two Arkal 3 manual disc filter stanons were
tested in cach arca. This was duc to a lack of sutable test stations. The arcas in which the five
different types of filters were tested are shown in Table 3.1 below and there location in South Afnica
s indhicated in Fag. 3.1

Table 3.2: Location of filter evaluations
Filter type Sand'Silt problems | Organic problems
Sandfil 40'Conn 40 sand Orange River Valley | Breede River Valley

Sihicon 11 4] sand Orange River Valley Areede River Valley

Amiad self cleaning screen | Sundays River Valley | Kouga River Valley

Arkal Spin Klin" Sundays River Valley | Kouga River Valley
e — e

Arkal 3 disc Sundays River Valley | Berg River Valley

1

Fig. 3.1: Location of test sites in South Africa
e majonty of the filter stations recaived water from a storage dam that was supplied via the canal

system. However, there were some filter stations that pumped water directly out of the canal or nver,

The st up of each of the filter stations will be discussed in more detail in the results section
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32 Fidd Test Procedures

A guestionnaire (Appendix A) was completed at each site in which details of the filter station and the
management practises were recorded. The person responsible for the management of the filter station
was consulted 10 obtain this information. The filiration efficiency test and the backwash management
test will be described in the following sections. These test procedures were used for all the filter types.

321 Filter efficiency test
The method for evaluating the removal efficiency of an imgation filter is descnibed in ASAE EP4SR

(1997): Ficdd Evaluation of Micro-imigation Systems in section 3.4.1 of the standard. The removal
cfficiency(E,) of a filtration system was calculated from:

E, = wd.l_TSS”} 3.1

Where: TSS.. - the concentration of the total suspended solids at the filter outlet (mg/'s)
TSS,. = the concentration of the total suspended solids at the filter inlet (mg//).

According to the standard, water samples are 1 be collected, before and afier the filier, 30 minutes
after the start up of the filvration system. The date should be recorded because of the seasonal nature
of the water quality. The differential pressure between the inlet and outlet of the filter should be
recorded before and after backwashing. Sample and pressure measuring points will be required before
and after the filter being evaluated. However, in water that has a high loading of very fine particles
(clay, silts and fine organic matenial); this test can indicate very low or cven negative filtration
efficiencies (Ravina et al. 1993). For this reason, it was decided 10 use the Dirtiness Index Meter
(DIM) test procedure developed by the ARC-Institute for Agricultursl Engineening (Van Nickerk,
1981). The components of the DIM are shown m Diag 3.1 and the test procedure is as follows:

THE DIRTINESS INDEX METER
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Diag. 3.1: Components of the Dirtiness Index Meter
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Connect a DIM before and a DIM after the filter by making use of whatever available tuke-off points
there are on the manifold (2 point can be created by taking off for example a pressure gauge). The
fines of the screens (13) used in the DI meters should be the same as the rated fineness of the filter.
For ecach DIM the following procedure is then followed: Valve A 1s closed at the start of a test. Valve
B must be fully open and then being closed slowly untl the pressure reading on gauge (1) falls
between 110 kPa and 120 kPa. At this point, the reading on the water meter must be noted. Valve A is
then opened fully. This will cause the pressure 1o fall w0 between 40 kPa and S0 kPa. As the screen
becomes more and more clogged, the pressure reading wall start 10 nse agamn, When it reaches
100 kPa, Valve A 1s closed fully and the reading on the water meter noted again. The mathematical
difference between these two readings gives the volume in litres of the water that has clogged the
screen. The screen is then dismantled and examined, and then thoroughly cleaned before the next test.
I'he dirtiness index (DI) was calculated twice before the filter and twace after the filter. The DI s
calculated according 1o the following equation

DI (%) Screen Factor (F)
)=~ el -
Volume through flow = meter (/)

Where: F =612 x 10°N°
N = fineness of the screen in microns

Table 2 3 shows how water can be classified according to the DI method. It also indicates the filer
clogging potential of the water

The results were averaged and used in the following equation to calculate the efficiency of the filter:

Filtration Efficiency = 100} 1- %L;‘l"— R (3.3)
ore hiter /)

An cxample of the sct up of a test 1s shown m Diag. 3.2 A DIM and pressure monitoning point 18
placed before the filter, and a DIM, pressure measunng point and flow meter are placed after the test
filter before any secondary filtration. Water samples were taken before and after the filter and
analvsed for the TSS using the ASAE standard method so that the resulis from the differemt tests

could be compared. =

. | o
am | S o
'
E cemaess scer veTes BEIURENY

T PNL SR MEATRG SO

- LowaNE'eF

Diag. 3.2: Schematic set-up of filter test




The flow-rate through the filter was measured using a clamp-on flow meter. This was done w0
determine the capacity at which the filter was being used. In order for the meter to operate correctly,
the meter required a strmght section of pipeline of at least five (preferably ten) times the diameter of
the pipe in front of the meter, and at least three (preferably five) times the diameter of the pipe after
the meter, 10 ensure a fully developed turbulent flow profile in the meter. The pressure before and
after the filter station was monitored during the DI test 10 compare the head loss with SABI norms

(Kocgelenberg. et al. 2002).
322  Backwash management test

The backwash management cannot be casily determined in the field. Therefore, the following field
test was used 1o evaluate the filters. The filters were first backwashed according to the current
practises of the farmer, The head loss over the cleaner filter was recorded. The filters were then
backwashed for another cycle and the pressure drop over the filter was recorded. This procedure was
repeated until a neghgible change in pressure drop was reached.

The flow-rate was measured dunng the backwashing cycle using the clamp-on flow meter. The
backwash pressure was also determined to observe whether it met the manufacturer’s requirements. In
the case of sand filters, the backwash water was visually inspected for any signs of filter sand.

323  Water sampling and testing

Al cach site, three water samples were taken. Two 1-lire samples were taken stream-up of the filter
for the 1otal suspended solids (TSS) and for algae charactensation and count. The sample taken for
algac analysis was preserved with 1% per volume of tincture of sodine.

The samples for TSS were collected from the bypass outlet of the Dirtiness index meter. The sample
taken o determine the algace population was taken from the water source near the pump intake using a
I-litre sample bottle &t a depth of 500 mm below the water surface. Bemlab, Somersct West,
performed the TSS analyses and the algae samples were analysed by Aquatic Ecosystem Services,
Helderberg,

The water at cach site was tested for iron and manganese concentrations. The iron was tested using a
Hach iron test kit. The manganese was tested using a Visocolor mangancse test kit manufactured by
Machercy-Nagel. The instructions supplied with the test kits were followed. Both methods utilize a
graded colour scale 1o determine the concentration of iron or manganese in the water,

324  Other observations

At cach site, the filter stations were visually inspected for signs of leaks, for signs of wear of the filter
discs or sand, for pressure gauges and backwash control systems. If there were any anomalics at a
specific site, these were also noted. The posstion of the pump suction was noted, as this can have an
influence on the performance of the filter station.




33 Laboratory Testing

Generally, hmited scientific information is available on imigation filkers. To be able to apply filters
opumally it is also necessary 10 have accurately tested information about their performance in
practice. The tests that the IL1 Hydrolabs perform on imgation filters are designed to simulate real hife
situations as closc as possible so that the test results can be used directly in practice to make decisions
on filters that are based on accurate scienufically proven informanon. In the Hydrolabs highly
accurate electronic measurements are taken on the filters under fully controlled test conditions, The
tests are furthermore completely automated and computensed which ensures consistent test results,

331  The filter test bench

inag. 3.3 15 a simplificd diagram of the hiter test bench at the ARC-Institute for Agncultural
Engineenng (ARC-ILI) in Pretonia, South Afnca. It 1s a re-circulating system, consisting mainly of
two reservoirs, a pump, pipes, valves, two Dirtiness Index Meters, electronic pressure - and flow

SCTIMOTS.

Diag. 3.3: The irrigation filter test bench of the ILI Hydrolabs (Van Nickerk, 1953)

and instrumentation that display all the signals and that have two-way commumication with the
comtrolling computer. Water circulates from the pump to the other side of the test bench. Pant of the
water circulates back into the pump reservoir through a center pipe, blows onto the floor and keeps
the dint in suspension. On the other side, water is distnbuted over 2 large area of the sedimentation
reservoir. [t moves slowly through the reservoir and the dirt sesthes out into this reservoir so that clean
water retums to the pump reservoir. When the dirtiness of the water in the pump reservoir needs to be
increasexd, the centre pipe in the sedimentation reservorr is activated for a few seconds, blows some
dirt into suspension whach flows over to the pump reservoir and tops-up the dirt in it. In such a way
good control over the dirtiness index of the water in the pump reservoir 1s achieved. When the desired

diruness index in the pump reservoir is reached. the water flowing into the sadimentation reservoir 1s

shut off, the valve leading to the filter under test 1s opened and the filter<clogging test starts
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332  The filter tests

At first, the dirtiness index of the water in the 1es1 bench is lowered 10 1% and a friction loss test 1s
done on the filter, Out of this test, the flow-rate that causes a faction loss of 10 kPa is determined. The
clogging tests on the filter are going to be done at this flow-rate which in this case 1s 33 m"h as
shown in Fig. 3.2,
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Fig. 3.2: A typical friction loss curve of a filter

Once the clogging test on the filter is mitiated, the flow-rate is checked and the pressure difference
over the filter is measured and noted. An automatic valve keeps the flow-rate constant for the whole
duration of the test. For the rest of the test the computer monitors the Dirtiness Index Meters tkes the
readings from them and backwashes them after which new readings immediately stant again. The
dirtiness index of the m-going and out-going water of the filter s measured continuously in this way.
These measurements are used to calculate the average filtration efficiency of the filier for each DI
setting of the test according 1o equation 3.3, The readings of the tests of one of the sand filters that
were tested are shown in Table 3.3:

Table 3.3: Filtration efficiency measurements on the Silicon Il sand filter

. Average

2 y ) 27
rtuiness Index (%s) 7.l 14,1 27.6 clficiency (%)
Filtration Efficiency (%) 97 9% | % ”

The computer also monstors the pressure difference over the filter and at every § kPa increase of the
pressure difference, the following measurements are noted:

The wotal volume of water that was filtered so far since the beginning of the test

The flow-rate through the filer at that point in ime,

The pressure difference over the filter.

The latest dirtiness index measurements before and after the filter. From these measurements, the
filtranion efficiency of the filter a1 this point of clogging of the filter 1s calculated
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This will continue until the total pressure difference over the filier reaches 60 kPa and then the test is
terminated and the data stored on the hard disk of the computer. The valve leading to the filter s
closed again and the water s circulated agmn through the sedimentation reservorr, Control of the
dirtiness index of the water also stops. It 1s though imporuant that the pump should keep running W
maintain the balance of the test bench unul the next test 1s done.

The Dirtiness Index is measured on a scale of | to 100 and can thus be regarded as a parcentage of
dirtiness of the water compared to the dirticst condition in nature. which will measure 100, and which
will be 10P6 dirty, like a nver in heavy flood. Water in narure 1s on average 2-3% dirty. Under such
conditions, a filter wall take more or less one week to clog. With a dirtiness of 15%, it will take about
one day to clog; 307 will clog it within one hour or so and 60%¢ will clog it within a few minutes

For this filter, the clogging tests would be done at £33 m'h for instance. This is also the ILI
Hydrolab's recommended working flow-rate for ficld use of the filter. Five tests are done at different
dirtiness indexes, ranging from 2% up to 50%: dirtiness of the water, and a graph is drawn of volume
water filtered against dirtiness index at & head loss increase of 50 kPa over the filter. For these tests,
the filter clements are thoroughly hand-cleancd before cach clogging test. After these tests, the same
tests are repeated, but this ime the filters are backwashed and not hand-cleaned

Dwtiness Indes %)
Fig. 3.3: A typical filtration capacity curve of a filter

Usually the results of the two tests do not form perfect straight lines and straight lines have to be fined
on the results hke those shown in Fig. 3.3, The volumes that were filtered at the same DI duning the
two tests (hand cleaning and backwashing) are read from the graph. The volumes are tabled and the
backwash efficiencies are caleulated according 10 equation 3.4,

) N Volume filtered at DI, with backwashing |
Hackwash efficiency - - - x 100 (3.3)
Volume filtered at DI, by clean filter

Where: DI, = Diruness Index of a specific value




Table 3.4: Backwash cfficiencies for the filter in Fig. 3.3

Dirtiness Index 1 10 40 Average efficiency
%) R ! (%)
[ Hand-cleaned volume (m') | 230 | 50 | 11

Backwashed volume (m”) 150 31 85 |
Backwash efficiency (%) | 65 62 77 68 |

4 RESULTS AND DISCUSSION
The results of the ficld evaluatons and the laboratory tests are presented in this section

Table 4.1: Catchment area codes

Area No. Catchment
1 Breede River
2 Orange River
3 Kouga River
4 Sundays River
) Berg River

4.1 Ficld Evaluation

Fach of the sites s referred 10 by using a code. The code consists of two numbers. The first number
refers to the catchment arca and the second 1o the number of the test site in cach arca. The numbers of
the catchment arcas are shown in Table 4.1

A two-letter code is used to refer 10 the filter that was evalusted. The first letter refers w0 the filter
name and the second letter W the type of filter evaluated for example (S)and, S(Chreen and (Dhsc.
The filter specifications given by the manufacturers for the filters tested in the ficld are shown in
Table 4.2. The specifications shown are for the primary filters.

Table 4.2: Manufacturer's specifications for filters

| Maximum  Minsmem Miaimem Recommended | Wasted
Piler | MOTium | ating | operating | TRirstion | Fitration | o et | Bockwash | awash | bockwash
Now-rate area volume Now-rate
code | mm) | DTSN | PrEMAME | cw) | emn | PN wm) - —
1 (Ps) kPs) (sec) () |
AS 4 1 000 100 6 648 332 380 200 S0 (max) 150 2
RC <0 %00 250 464 NA 200 & (min) 12 0,026
cC 150 1000 1% 30w NA 200 11 (=un) 0 0.061
Ds 0 1000 150 7000 250 000 100 60 (max) 180 - 240 3
ED w 1000 NA 1 %0 2 640 280 16 (mun) W 0,13
— *
D 0 1000 NA 1900 24% 240 i 40 (max) 0 067
GD « 1 000 NA 1188 NA NA NA NA NA
HD S0 Not given NA 23113 NA NA NA NA NA
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Ficld tests were carmied out on filters AS, BC, CC, DS, ED and FD, while the lab tests were performed
on all the fikers

A bnef descrniption of the filter stations i the different regions is illustrated in Table 4.3 t0 4.7

Table 4.3: Description of filter stations in the Breede River Valley

| Test | Filter Filtration Number of TN Position of
site code fincness filters in bank cxtraction point
| L1 DS Sand - 80 um 2 Canal to dam Botom
| 1.2 AS Sand - 80 um 2 Canal to dam Bottom*
1.3 DS | Sand - 80 um 2 River to dam | Bottom
14 | AS | Sand- 80 um ? River to dam | Bottom
1.5 DS ‘T Sand - 80 um L Canal to dam | Float
16 | AS | Sand—80pum 3 | River Bottom

*The extraction point of test site 1.2 was changed from the bottom of the dam 1o a float off-take point
during 2003

Table 4.4: Description of filter stations in the Orange River Valley

| Test | Filter Filtration Number of . Position of

| site | code fineness filters in bank | WValer source extraction point |
F:. l AS | Sand - 80 um 2 | Canal to dam Bottom |
| 22 | AS | Sand- 80 um 2 Canal and sertling dam | Float 1

2.3 DS Sand - 80 um 2 | River and canal to dam | Bottom

| 24 DS | Sand - 80 um 4 Canal 1o dam Bottom |
“'72.5 DS Sand - 80 um S Canal to dam I m above bottom |
| 26 | AS | Sand-80pum 2 | Canal [ Bowom ]

Table 4.5: Description of filter stations in the Kouga River Valley

-

Test | Filter Filtration Number of Pasition of |
| site | code finencss filtersin bank | WU | yiraction paint |
31 oD Screen - 80 wm 1 Canal NA
32 ED Disc — 130 pm 3 Canal NA
13 ED Dsc — 130 pm 3 Canal NA
14 BC Screen ~ 100 um 1 Canal NA
15 €C Screen ~ 100 wm 1 River w dam Bottom 1
36 | ED | Disc- 130 um 2 | Canal  [Na ]
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Table 4.6: Description of filter stations in the Sundays River Valley

wie | coge | PWration fineness | o TNV L, | Watersource | ot point
41 CC | Screen - 100 um 1 River 1o dam Bottom

42 FD | Disc - 200 um N Canal to dam | Bottom

43 CC | Screen 100 um 1 Canal to dam | Float

X ED | Disc - 130 um - Canal to dam | Bottom

45 FD | Disc - 200 pm 4 Canal to dam 1 m above bottom
46 CC | Screen - 100 um 1 Canal 1o dam | Float

47 FD | Disc - 200 um 4 Canal to dam | Not tested

45 ED | Disc - 130 um 5 Canal to dam | Bottom

49 ED | Disc~ 130 um 2 Canal to dam | Float

Table 4.7: Description of filter stations in the Berg River Valley

Test Filter Number of Position of
site code Fiktratien flnencs filters in bank Waler source extraction point
5.1 FD | Disc - 200 um 4 River 1o dam Bottom

5.2 FD | Disc - 130 um 4 River to dam | Bottom

The results of the field evaluation tests will be discussed in the next section of this report. The reasons

Jor not performing the entive field evaluation, range from farmers not available during the lesting
period. and the unavailability of irvigation water

411  Filtration efficiency

The filtration efficiency of the entire filter stations was determined as descnbed in section 3.2.1 of thas
report. The removal efficiency of some of the sites was also determined. Due to a high loading of very
fine particles in the water, negative removal efficiencies were encountered (section 4.1.2). This
method was only used during the first evaluation peniod due 1w shove-mentioned reason.

The dirtiness index method of the Institute for Agncultural Engineenng was used to compare the
fileration efficiencies of the differemt filters. The following classification system was used to
determine the filtraton efficiency:

< If the cut-off ume for the specific screen size was exceeded at the inlet of the filter, the test was
terminated (Table 4.8a). The diriness index of less than 1% (DI<1) was accepted in this case and
thus the water can be classified as clean, In this case, the filvation efficiency cannot be
determined.

< If the pressure gauge of the dirtiness index meter (DIM) at the filter inlet reaches the required
pressure quicker than the cut-off ume as specified in Table 4.8(a), equation 3.3 was used to
determine the filtration efficiency.
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Table 4.8(a): Cut-off times at the filter inlet for different screen sizes

Screen sizes (micron) Cut-off times (min)

60 4

=0 7

100 12

130 21

200 52

250 82

300 ' 120

< Tn the case of filters with a very high filtration efficiency of 98% or more, it can take up to onc
full day to get a reading from the dirtiness index meter after the filter, which makes it impractical
1o try to get the exact reading of the filration efficiency in practice. It was therefore decyded to
take a filtration efficiency of 9075 as the time-out pomnt in such instances, Table 4 8(b) shows the
time-out tmes (indicated by TO in Tables 4.9 to 4.13) &t filter outlet for different DI values
before the filter for a 90% filtration efficiency. Appendix C shows a more detailed table for time-
out times for different filtration efficiencics and different dirtiness indexes

< If the pressure gauge of the DIM at the filter outlet reaches the required pressure almost as
quickly as the DIM before the filter, 1t can be assumed that there 1s a problem with the filter
performance. In these cases, a small or negative filtration efficiency value was obtained.

Table 4.8(b): Time-out times (min) at filter outlet for different DI befare filter for a 90%

filtration efficiency
DI before filter (%) | | ]
2 5 10 15 | 20 25 30
Screen sizes (micron) l
&0 206 32 4.1 2.7 2.1 1.6 14
%0 D328 | 130 | 66 | as 3.3 26 22
100 60.0 240 120 8.0 6.0 48 40
130 [ 1083 ] @17 | 209 | 139 | 104 | 83 70
200 ['2577 | 1030 | 515 | 344 | 258 | 206 | 172
250 [ a11,7 [ 1647 | 823 | 549 | @12 | 329 | 274
300 | 6000 | 2400 | 1200 | 800 | 600 | 480 | 400

In Tables 4.9 through 4.13 that follow, the average dirtiness index of the water before and after the
filter, as well as the filtration cfficiency of the filters for the different regions. are shown It wall be
seen that n a number of places in the the tables the words: Not measured. are displayed. The reasons
why the filtration efficiencies could mostly not be measured are mainly: mnsufficient measuring points,
faulty backwash valves and problems with the screenwasher combination of the dirtiness index
meter, which could happen if these were not properly tighiened. or if they were wrongly assembled
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The Breede River filter efficsencies are shown i Table 4.9

Table 4.9: Summary of the filtration efficicncy results for the Breede River Valley evaluations

102002 04.200) 102000 042004 9
T Filter Fileration » ) ™
Region o finewess | Didefore | Disfer | Filwation [ 50 | DIisfier | Fitration Diater | Filestion |0 | Db afler | Filtestion
wite ode | icrons) filver Moser eMiciency paoest fiecr effiew oy ".m"" Niter M bency praseh Mer | effichoncy
LY L %
%) %) ™) %) (Y (%) % ) %) %) ) %)
1 ns K0 1.7 TO ) 19 TO 90 2.8 TO “X) 37.8 T0 )
12 AS ®0 96 10 ) 5.1 16 68,2 1.6 1o -0 48 10 ~N)
13 s %0 273 10 8.0 DI DI<\ 432 1.5 .6
14 AS Lyl 154 T0 90 Di<1 42 13 68 R Di<|
15 Ds X Di<| DI 1.1 LR -0 15 LR} AN
16 AS K0 0.3 TO - DI 56 TO 00 255 TO )

The results show the following

The dirtiness index in front of all the filiers during the evaluation periods ranged from clean (DI < 19%) to 43,.2% (very dirty), for example the dirtiness index
of the water in front of the filter of test sate 1.1 ranged from 1,7% to 37,5%. The dirtiness index of the filtered water showed an improvement and ranged from
1.3% to 3%. The filtration ciliciencies for the filters tested ranged from 68.2% 1o 96.6%.

€ October 2002, All the filters had a high filtratson efficiency

< Apnl 2003. The water during this period was too clean to determine the filtration efficiency in most cases. The reason for the low filtration efficiency of
test site 1.2 was due 1o the clogging of the backwash valve pilot tubes

< October 2003, The reason for the low filtration efficiency of test site 1.4 was the very high pressure drop of between 40 kPa (afler backwash) and 102 kPa
(before backwash) over the filter, which was well above the maximum of 30 kPa which is recommended for sand filters. The high clean pressure drop
was a result of the high fow-rate through the filter a1 the time of the test (32,5 m'/h [84 (m' /Wym’] in stead of 20 m'/h [S1 (m'/hym’which is
recommended for that specific filier),

< Apnl 2004, All the Rlters had a high Altration efMiciency
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Summlar results were obtained for the Orange River Valley. A summary of the evaluations conducted in this arca are shown in Table 4 10

Fable 4.10: Summary of the filtratior efficiency results for the Orange River Valley evaluations

| TS s42000 182100} 0472004
. Filtration
Regien :' """" Baesess | Ditefure | Diafer | Flliration n"" Matier | Fisrasion .":." Diafer | Filiration "I' D after | Filirstion
- (b roms) fileer er eMabemy I'Ih:' Miver eflichency ."' fner elMehency Mn. flver eMcheny
) ") (] . s ()] ‘ L) " » %) %«
o . g5 . ) | & | ey | © .l
ol AS Ll 123 10 w DIl 40 10 Lt (A2 E
e 1 o -
ol AS Ko L) 10 G0 1S 29 LR Not measured Di<)
& 2.3 s K0 i3 Il 9,6 D<) 19 0,15 92, DI}
H —— ——-
5 24 ns K0 K 10 40 DI« 1.6 10 0 Not measured
2.5 DS Kb 5SS 10 W Not measured 54 o N D+
26 | AS KO 12,3 0 | %0 THEEED 6.5 X i 24 10 90

Fhe results show the following

he water quality before the filbier sllust ated a larpe difference between evaluation sies, for example the dirtiness index of the unfiliered water for the (xtober
2002 evaluation perod ranged from 3% 1o 31.3%. Thus, the filiration efMiciency of all the test sites s very satisfactory with a minimumn filration efficsency of

%

& October 2002 The Bltraton efficiency of all the test sites was = 90%% and proved that sand nilters have high filtration elficiency

< Apnl 2008 The relative low Biltea son elhiciency for sand filters of site 2.2 could be attnbuted 10 problems with the sand replacement frequency and
extrenwely igh pressure drop over tae lilter station after backwash (120 kPa)

< October 2003 The flration efliciency of most of the test sites was 2 %% and this proved that sand filters had a high Qliration cfliciency

€ Apnl 2004 The water durmg this perod was too chean 10 determine the liltration efficiency im most cases
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Table 4.11 shows the dirtiness index before and after the filter, and the filtration efTiciencies of the different filters evaluated in the Kouga River region.

Table 4.11: Summary of the filtration efficiency results for the Kouga River Valley evaluations

102002 042000 102003 042004
Regea | Tet | Ml e | Sttuters | Stoter | Pirston .:" D1 atter | Piltration .':" Dl after | Filtration .:_'" Diafier | Filration
(microm) fter filter eMclency ser Mter efficlency ey fiter efMiclency fer fer efficiency
om | e G - R B+ R -
| cc | w 33 14 s | b o | e | era | o
32 | ep | 1 a6 | ors | s [ o 166 | 36 | 73 Not measured
g 33 | e | e | oo DI st | sa | ase | o | |
34 | B | o 20 14 EREE TR T Not memered
s e | we | o 14 | 0a0 | e Not measured we | 22 | mo
36 | ep | o | o DI< pi<1 | | DI<1
The results show the following

Table 4.11 illustrates that the filtration efficiencies of the filters vanied from 31% to > %%, The dirtiness index of the incoming water varicd and ranged from
clean (DI<1%) 1o 16,6%.

@ October 2002, The BC filter at site 3.4 exhibited a poor performance. The filter was openad 1o inspect for damage to the screen. It was found that the
original screen hied been replaced after it had been perforsted. The replacement screen did not have the same weave pattern as the oniginal. Also the
screen gap appearced 1o be greater than that of the onigmal 100 pm. Another possible reason for the poor filtration efficiency of the screen fillers (1est sites
3.1 and 1.4) could be that under high-pressure differentials, the organic material in the water 15 forced through the coarser screen. There was wear on the
moving parts of the BC filter which lead to msuflicient suction of dirt from the screen,

< April 2003, The water during this period was too clean in most cases to determine the dirtiness index of the incoming water.

¢ October 2003 The screen and dise filters showed lower filtration efficiencies than the sand filters (> 90%). This trend also occurred in the laboratory
tests. The reason mentioned under October 2002 for the poor filtration efficiency of the screen filters would also be relevant i this case.

¢ Apnl 2004, The water during this period was 1n most cases too clean to determane the dirtiness index of the incoming water,
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I'he sommary of results for the Sundays River Valley is shown in Table 412, The results of site 4.7 are not shown, as o test could not be completed at this
location for the lollowing reasons

Ihere was no shut-of1 valve on the mambine o enable the connection of dimtiness mdex meters or the inspection of the discs in the filter, Consequently, the

dises i thas filter station were never cleanced by hand. There was no drainage avarlable in the pump-house to allow the dranage of water. As a result, the fliler

station was soon ooded o the level of the pumps. The test was discontinued on the upstream sube as a result of thes Dooding. The presenbed straght section
of pipelime was not avarlable on which to connect the Tow meter o determine the Dow-rate through the filter station. Another FD manual dise site coubd not
be found, as site 4.7 was the Lst FD manual dise site that was found dunng the visit carhier in the year. Also, the FD manual dise 1s mamly found in older

filter stations, as it is not commonly used for primary Altration any longer.

Table £.12: Summary of the filtration efficiency results for the Sundays River Valley evaluations

102001 T e T I T T T -
Filuation T e T e T | a— ] N e
Reglen Fob | Fler | emens | P hefore | Dhaer | Filestion | D5 befure | D afier | Fibrasien | ™ abier | Fieracien | 0 tiee | Pieration
e code (micrnm) fdier filter riliciency faer filoer elllcncy iy rer ellicwncy ™ ‘ u.: elliciency
" . % (L) % (L] * ) " )
: - ) . ! B ) S —
41 Cl 1% 22 0,50 802 X 046 w7 Not measured 90 1.2% Rix 4
42 n 2 12 nel 225 X 11 IS 154 ) 254 1.2 096 00
41 (| IR N7 e 90 06 10 Yo s Oxl K41 i
- 44 In 10 124 Ll 927 15.2 19 877 Not measured 0 LR 867
-
- - — - p— -
- 45 n 20 D 5.2 3RK 26,0 Hh $4 17.7 i
&
el
2 a6 | ™ DI | DI DI<) DE1 |
47 n NEL Test shte unsuitable for tests
45 LD 130 R L LU o 4.5 1.7 63,6 Not messured 1.3 0 50.3
49 D |0 1 0ni 49 D1 Not measurcd 43 051 B0
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T'he results showed the following

The dirtiness index of the incoming water ranged from very clean (DI<1%) to very dirty (42.4%). This showed that there was a large varation in the quality
of the ingation water before liltration. The dirtiness index of the Altered water ranged from a 0,3% w0 107,

< October 2002, The filtration efficiency of most of the filter test sates was 2 80%. The low filtration efficiency value of test site 4.2 could be attributed to
the hagh Now-rate through the filter and the high-pressure drop over the clean filler station afler hackwashing

< Apnl 2001, The relatively low filtration efficiency of test site 4.2, 4.5 and 4 8 could be attnbuted to a combination of factors, for example, the high low-
rate through the filter and the hagh-pressure drop over the clean filter statwon after backwashing

< October 2003, The low filter efficiencies of sites 4.2 and 4.5 were due 1o design and management problems, for example, a high pressure drop over the
clean filter station after backwashing

< Apnl 2004, The relatively low filtration efficiency of test site 4.2 and 4.8 could be attributed 1o management problems, for example, the high flow-rate
through the filter and the high-pressure drop over the clean filter station after backwashing
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142002 o4 200 162000 I B4 2d
[ veu | v bendll I . DI ™ m
Rrgioa © ey Nineness DI beloae M alier P Mrathen DI detare D1 alver Filrulion beb D8 alver Fikrstion el fhe Pirathen
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%) L ‘ ") %) ) | ™) - 1™ 1) . . 1)
1) 1%%) 1™
) S ‘
‘ o8 | o 200 v 2 | o Not measured M l
& ) 13 I
B n 130 ' 19 M ol 2.2 4 ] e Nt mensured
A
Ihe resul Iowed the Tollowing
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412  Removal efficiency

Water samples were taken before and after the filter dunng the first evaluation period and analysed
for total suspended solids. The towal suspended solids results were used to calculate the removal
efficiency of the filters according to the ASAE standard method (see section 3.2.1), The results of the
analyses and the removal efficiency are shown in Table 4,14, The average dirtiness index before and
after the filter and the filtration efficiency. is also shown for companson.

Table 4.14: Water analyses results and removal efficiency (10/2002)

Sample TSS TSS Removal | Average DI | Average DI | Filtration
provd Before filter | After filter | efficiency | before filter | after filter | efficiency
(mg/f) (mg/f) %) (%) %) (%)
1.1 16 0 1000 1,7 TO >90
21 a8 60 -25.0 123 TO =90
22 74 134 -81.1 30 TO =50
2.3 14 70 -400,0 313 11 96.6
24 n 82 -13.9 11.6 TO >90
25 124 122 1.6 5.5 TO >80
26 %2 66 19.5 123 TO >90
3.1 3 -50,0 i3 14 56,5
32 - -333 4.6 0,75 83,7
34 11 2 81.8 20 14 313
41 108 99 83 22 03 86,2
42 59 51 13,6 12 093 225
43 54 49 93 6,7 06 910
44 153 138 98 424 31 92,7
48 101 89 11,9 34 0,7 79,0
49 95 92 32 13 03 74,9
5.1 11 6 455 S0 2.7 477
5.2 2 1 50,0 26 19 207

Table 4.14 emphasizes that there 1s a difference between the efficiency calculated, using the two
methods. The removal efficiency derived from the water samples ranged from <400% to 100%. Also,
many of the filters showed very low efficiencies using this method, whereas the dirtiness index
method showed much higher efficiencies, This could be due 10 the fact that the wtal suspended solids
method does not take the fineness of the filter into account, for example, 1t can happen that a very
high concentration of very fine particles is present in the water. It was sent 1o ASAE for comments but
was not successful in getting a reply from them. The TSS reading will be high in this case. Since a
filter has a relatively coarse element inside, this water wall have no effect on 1t. The DI meter wall also
give a very low reading since 1t will have a coarse screen msade.

Due to the above facts, the ASAE method for determining removal efficiency was only used for the
first evaluation penod. However, the TSS was analysed duning all the sets of evaluations
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4153

(Mher water unulyses

The won (Fe), manganese (Mn) and total suspended solids (15S) before the Alier are shown in Table 4.15. The mangancse and wron concentrations were

determmed on site using Gield test kits, while the total suspended solids and algae contents of the samples were analysed by independent laboratones (see

sechon 3.2 3)

Table 4.15: The iron (Fe), mangancss (Mn) and total suspended solids (TSS) determined belore the filters

Toes Filer IITIH LAl 102001 041804
- e corte vne Ve Ma [ e Ma T e T ™ Ve Ma
(gt (mg'h (mg 0) (mgh) (mg't) (mg't) (mg ) (mg't) (gt (gt (mg'f) (mg'?)
N s Ih (O ) [ 14 " " 0g 0 25 o 0
12 AS Nol mwewui el [N 0 p 1.2 ] ) 07 0 20 0s 0
g 1 DS Nolt mesvured s 0" ] A 0 1 ¥ U " R 10 0
£ o B -
= 14 AS Net s asured RS o N 24 o 12 0s [ I8 0.5 o
1 S s Nt wae avuned 0 | 4 0 | 0 17 | 0 b (AL O
l 16 AS Nol vae anur edd 0 ] n 1 r o 1?7 A 0 5 (0] 0
2.} AS i (LN 02 24 ol Ll 26 0s 1l 12 04 O
- - . — 4 — S — -
a3 AS 4 07 0 46 04 LU Neot mesvured 4 04 O
E‘ ) 3 s e | " N n ] " 15 0 (R 1§ R 0"
3 - . . p—
=} 24 s n ns 0 ‘e 0 " 4 o 0 Not mesvared
.3 (L 124 1.1 | 72 | " 41 ol 0 y . 0.4s 0
{ 2 AS LN 08 0] L J 0s 0 " ol o) 15 0.8 0




z 44 ED 153 0.7 0 176 12 04 2 05 0,25 120 0.5 028
1 as D 1% 0.9 0 121 0o 04 0 0.5 0. Kl 06 0
a6 cc ] 0.6 0 2 0.5 03 13 05 0,18 23 0.4 -l)_.l
ax D 101 (s 0 127 0 04 (TN uh 0,18 “ 0s 0,1s
49 D 9 D6 0 LU o0& LR} 14n 0s 0,28 e 06 0x
s FD I 0H6S " I 04 0 Not mesmured 3 0nss 02
: 5.2 D 2 0.6 0 n L6 0.l 3 0 0. " 06 0,1
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The total suspended solids (TSS) levels for most of the sites in the Orange and Sundays River regions
during all the cvaluation peniods represent o medium w0 high blockage potential for drippers
(>50 mg/litre), (Heyns et al. 2002). The relatively lower TSS levels in the Orange River region duning
the third and fourth evaluation periods could be attnbuted to the low run-off in this regon during
these penods. The TSS levels of the other regions represented a low blockage potential for drippers
(<50 mg/litre). The ron levels measured in the field vanied from 0-2,4 mglitre. The majonity of the
iron levels durmg October 2002 were approximately 0.5 mgTitre, while duning Apnl 2003 there was
an increase in iron levels in all the regrons except in the Orange River region, where there was a slight
decrease in the Fe levels. The Orange River region had relatively low iron levels during October 2003
in comparison with the other regions. Only 3 sites n all the regions had a high Fe content
(>1.5 mgTitre), which represent a high blockage potential for emitters (Heyns et al. 2002). At most of
the sites of the Breede, Ovange and Berg River regions the levels of manganese were low
(< 0,1 mglitre) dunng the evaluation penods. From Apnl 2003, there was an increase in the Mn
content of especially the sites in the Kouga and Sundays River regions. Most of these manganese
levels represemt a medium blockage potential (0,1-1.5 mgfitre), (Heyns ct al. 2002) with levels
between 0,1-0,7 mg/litre.

Two genera of Bacillanophyta (diatoms), namely Fragilana and Mclosira; one genus of
Cyanobactenia (bluc-green algac) namely, Oscillatonia; as well as one genus of Chlorophyta (green
algac), namely Scenedesmus, are normally associated with physical blocking of filters, as well as
complicating chermical settling processes (Harding, 2002), In all samples, the algae count of these
genera was low and was therclore not hikely to cause hiter<clogging problems unless 1t was due w0
build-up over time. Appendix B shows an algac analysis in the different regions dunng October 2002,

414  Flow-rate evaluation

The flow-rates of water passing through the filters dunng the evaluation for all the regions are
llustrated in Table 4.16. The measured values are compared with the maximum allowable flow-rates
according to the manufactures. Al except the filters of sites 4.2 and 4.8 during the October 2002,
sites 4.2 and 4.3 dunng the Apnil 2003 and sites 2.5 and 4.2 dunng the April 2004 cvaluation penods,
had a flow-ratc per filter that was less than the recommended maximum flow-rate. The measured
flow-rates exceeded the recommended flow-rates marginally (3%:) in the case of site 4.8 and by 30%
in the case of site 4.3. This can be attnbuted 10 bad management by the farmer, for example, by
imgating more blocks than designed for. The flow-rates of test sites 1.1 and 2.2 were not measured

due to the turbulence problems of the flow through the filter siation during the evaluation (site 2.2)

and 1o an insufficient measunng point on the filter station (site 1.1). The vanation in flow-rates during
the evaluation penod of certain sites are due to the fact that different numbers of imigation blocks
were imgated simultaneously at the different times.




Table 4.16: The Mow-rates of water passing through the filters during the evaluation

| 1| | 2 | 2 ot D s
p e [ e | e | e | o | mrme | it | o

1 ns 75 2 a0 Not measured
12| As | s 2 41 " 23 3 16.5 9 19.5 50 28

g 13| ps | s 2 20 714 15.7 3 165 0 35 312 | 186

z 14| As | s 2 41 35 17.5 65 25 6l ws | 610 | 305
15 DS 78 3 LU 615 212 45 15 0.5 202 sTo 1
16| As | s 3 a1 “ 18 XS %) 74 47 | 650 | 216
20 | As | 78 2 41 53 26.5 50 25 w 2458 53 26.5
22 [ As [ 75 2 4l Not measured

g 23 ns 75 2 B 4425 213 45 28 434 217 I8 I v

i 24 DS 75 4 & K64 216 Ki 208 °%0 225 Not measured
26 | ps | s 5 ) e | 2 Wy | a6 | o127 | 264 | 20e3 |[ are
26 | AS | 78 2 41 6 2% 143 72 W 15 52 2
3l oC 75 1 150 ~ L1 70 L L 0 67.5 67.5
32 [ o | 1 3 0 ™ 263 ™ 2.3 7 2 i 2.3

§ R RED 3 0 159 12 16 12 6) 21 82 273

H 3a [ Bc | w0 1 0 25 28 45 | 245 17 17 155 | 155
is M 1o 1 150 “n M6 RS RS L] 86 KRS LA
36 | | 1w 2 w0 S8 27.9 as | 208 0 25 WS | 193
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[ I Flow _u}c_lhnclbjgm_;—!; N —:— - —
Tod | Filies Filler Shatha 102001 041083 102001 04 1804
Regjon site code facnem | 4 filbers Tetad Totsl 1otal Total
l (rwicrens) Sapplier _— Per Bller = Per fibier Per Tibber . Por Mdoer
L s Tlier mcasurcd memarcd measured mcmeird
r 41 (1 UL | ) §7.2 §7.2 A SR . X x4 x4
r—————*— - —4 -—_
’ 12 D ‘ 0 ) o 151 RN ) 14 52 " l 225 1326 LA N
' 13 | 100 1 %4 K0S 80 S ) 194 100 100 123 123
s — 7—Y— — — — — - _ — ————— — _
- 14 | D * 130 | 0 24 10.6 W6 9.0 68 163 45 112
c .
’ 45 n UL | (] R 218 7R 19§ Ee 1 K4 21
z - b—— ——— m— — m— — — . a—
6 | X 100 150 120 120 \7 137 1285 1285 120.3 1293 |
| - <+— 1 - — o —
iR N 1 b W 1558 i e 192 hH 17.2 124 248
) | ! + ‘
19 D R0 2 W " 17 0 IS 42 ' 41 058
| SLLE ST S . A A el SR
| 9 S D {) i W hh 192 i3 7K Not measured KO )
: . — - — ——— - ‘
- L $2 D ) 4 U1 ¥ I J N2 DS ) I N KO Pl
- gl - | e | J




415  Operating pressure of the system

The operating pressure of the systems during the evaluation period for all the regions are shown in
Table 4.17. The measured values are compared with the minimum and maximum allowable pressure
values according to the manufactures. All, except site 3.4, had an operating pressure which adhered to
the recommended values. The problem at site 3.4 may be due 10 an imigation management fault. The
design pressure of the test sites is unknown.

Table 4.17: The operating pressure of the system before the filter during the evaluation

A N A e——
(mwbcroms | (owin ' wmas) 102002 042000 102000 042004
11| ps 7% 2 150 - 1 000 300 290 120
12 | As 75 2 | 100-1000]| 290 310 330 2805
8 13 | s 7% 2 150 - 1 000 580 300 17
E 14 | AS 75 2 100-1000 | 500 600 500 190
15 | ps 7% 3 150-1000 | 222 360 310 57
16| As | 75 3 | 100-1000 | 465 410 %0 478
21 | AS 75 2 100-1000 | 340 338 %0 140
) 22| As | 78 2 | 100-1000 575 l. 440
3 23 | ps 7% 2 150-1000 | 370 420 440 200
-
B 24 7% 4 150-1000 | 470 488 500 -
25 DS 75 S 150 - 1 00O 518 $10 450 18
26 | AS 7% 2 100-1000 | 215 250 200 250
3l & 75 1 150 - 1 000 300 310 200 282
32| Ep | 130 3 | NA-1000 ] 215 260 245 230
= 3| D | 130 3 | NA-1000 | 360 450 240 <00
: 34 | B | 0 1 2%0-80 | ue | 242 200 270
s | cc | 1w I 150-1000 | 450 470 500 520
36 | ED | 130 2 | NA-1000 | 200 260 220 300
a1 | cc | I 150 - 1000 | 245 490 400 495
2| m| 2w 4 | NA-1000 | se0 0 610 5§70
43 cC 100 I 150 - 1 000 345 115 130 330
é 44 | ED | 130 4 [ NA-1000] 2% 310 290 330
‘ as | /[ 200 4 |Na-1o00 | 200 | 290 290 290
’ a6 | cc | 100 1 | 150-1000 | 360 | 335 220 320
as | D [ 130 s | NA-1000 450 410 440
a9 [ ep [ 130 2 | NA-1o00 | 430 440 420 410
E s1 | m | 200 4 NA-1000 | 110 288 =l W
H s2 | 0 | 200 4 | NA-1000 | 300 230 120 160
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216 Backwashing management

o

The following were measured o evaluate the backwashing management of the farmers for the

evaluation penod (Table 4.18)

< The backwash ume of the filters by using a stopwatch

< The backwashing flow-rate through the filters using the clamp-on flow meter once the flow had
stabilised

< The backwashing pressure during the backwash process by using a pressure gauge

< The pressure drop over the filter station, The filter was backwashed manually until a neghgible

change in pressure drop over the filter station was reached

ymalic scroen Niters (B8O and CC Hlwors) were not measured

I'he backwashing management lor the a

duc 1o the fact that the backwashing process starts automatically once a certain presct pressure
differential is reached. There is thus no control over the backwashing process, once it started. These
values were, though, measured in the [LI-Hydrolabs dunng the laboratory tests on these filters and the
values that are shown in Table 3.18C are the laboratory measurements whercas the other

measurements arce the ficld measurements

Although the tests were done at specific dirminess index points, the data can also be interpolated

between the points by following the graphs that are displayed in secton 4.3 where the laboratory test

FesUNLs arce given




Table 4. 18A: Backwashing management test results (Backwash Mow-rate)

Voo | e code [T P Nember of ——Treh Wﬂ Snnwl =
K trireen | PO | prvevmmeadusess [ | wiees | jeaes i Tedbe | _ewies | i | ewiwed |
| s T 2 150 2 T 120 240 60 (max) Not measured
12 | as T 2 150 120 140 120 240 0 (max) 26 8 2 272 2
— L . LY 2 130 IR0 250 150 240 60 (max) 51K 515§ 26 a0
14| AS T 2 130 150 120 150 240 S0 (eax) e € 6.5 47 7
15 | ps T 3 10 W) T 150 [ o0 (max) 240 428 i 28
16| AS 80 1 180 0 105 150 S40 S0 (max) Not measwred
21 | As 80 2 150 100 200 o 70 SO (v " 27 29 | 2w
22 | As %0 2 130 0 120 | Not menvered 7 0 (max) 44 ax s Ned measured
25| bs T 2 180 o) w ' 08 60 (max) 15 17.¢ 20 16
[ORANGE
24 | ps 80 4 150 9% v 120 Not memvwred | 60 (max) 457 445 49 | Not messured
25| s K0 s 150 P 100 120 um o0 (max) S0 0.5 4 s
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Table 4. 188: Backwashing management test results (Backwash pressure)
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Table 4.18B (continued): Backwashing management test results (Backwash pressure)
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The results demonstrated the following:

The backwash time per filter varies from 20 seconds 1o 530 seconds depending on the water quality. Most of the filters are backwashed either on pressure
differential or on a fixedd time cycle. Only site S 1 18 backwashed manually. The volume of water used per filter during the backwash process can be
determined by multiplying the backwash fow-rate with the backwash time. The most noticcable difference between the sand. the screen and the disc filters is
the volume of water used for cach backwash. From Table 4. 18C follows that the average volume of water per hackwash per filter resulted in 0,15 m' for
screen filters, 0.37 m' for disc filters and 1.63 m' for sand filters

49




Table 4.18C: Backwashing management test results (Backwash volume)
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The amount of water used during the backwashing process for the screen and disc filters are less than
the volume used for sand filters. However, the screen and dise filters hackwash more regularly than
sand filters, If the total volume of backwash water 1s compared to filter 1000 m’ of water at a dirtiness
index of 5, the screen filter will use 133 m"; the disc filter 1.7 m’ and the sand filter 15.6 m’,
Generally, the backwash tme per filter is los for the non-sand filters. Most of the filter stations
discharges the backwash water back 1nto the water source

The backwash flow-rates through the sand filters were within the manufacturer’s recommendatons,
except site 1.4 where it seems 1o be a design problem, for example, wrong choice of equipment, The
backwash flow-rate (16 m'h, Apnl 2004) of site 2.3, s margmally lower than the recommended
minimum guidcline for sand filters of 25 m'/h per m? sand arca of the filter (which corresponds o
17.5 m"h for a DS filter), which may lead towards insufficient backwashing Test site 4.4 backwash
flow-rate (15,2 m''h) 1s margmally lower than the manufacturer’s recommendation (16 m*h)

The main reason for the low hackwash pressure of some of the test sites is insufficient provision for
extra pressure and flow-rate for the backwash process in the design of the pump for the system. Some




systems run on gravity and no compensation can be made in this case, except to run a smaller
irmigation system or 1o run a smaller number of blocks at the same time. In some cases, faulty valves
were the reason for low pressures. During the first round of measurements in 102002, uncertamty
existed about where exactly these measurements were 1o be taken. Some measurements were taken at
the hackwash valve where near-to-atmosphenic conditions existed and where pressures were low. The
right position is at the entrance to the filter station, except otherwise specified by the manufacturer,

The pressure drop over some of the filter statons after the backwash, were above the SABI norms.
The main reasons for the high pressure drops over the filters were faulty prossure gauges (site 2.2b),
the wrong choice of valves on the filter station (site 3.2), filters which discs were so dirty that they
needed to be cleaned manually (site 3.6 and 4.9) and faulty backwash valves (site 4.5). Another
reason was that some filters were over exploited by running 100 high flow-rates through them. This
also caused high pressure drops over them, even when they were well cleaned (sites 2.5 and 4.2),

The main reasons for not performing certain measurements were faulty backwash systems,
unavailability of the farmer dunng test penods, lack of water from the water source, msufficient
measuning points, malfunctioning of the ultrasonic flow meter, and turbulence flow problems dunng
the measuring peniod.

42 Observations from Field Tests
The following trends were observed duning the filtration efficiency tests:

% As the prassure difference over the filter increases, there was a reduction in the filration
cfficiency

< When the flow-rate through a filter was reduced, the filtration efficiency increased.

< With a low dirtiness index of the water before the filter, the filtration efficiency was lower than
with a high dirtiness index.

< There was a large vanation in the water quality, at the different sites, on the same water supply
system

The extraction point of water that enters the filier station influences the performance of the filters, In
systems where the water i1s pumped from a storage dam that uses a float system for the pump suction
pipe, the water 15 less dirty than systems where the off take is at the bottom of the dam.

In the Breede River Valley, one farm installed a CC filter, but replaced it with sand filters after three
months. The high inorganic matenials load in the water would rapidly clog the screen in the filter
resulting in low downstream pressure. The filter would then have to be dismantled and cleaned with a
high-pressure washer. This was repeated every four hours dunng peak demand periods.

In the Berg niver arca, FD filters are being replaced with sand or ED as pnimary filters, The FD filters
arc heing used as secondary filtration equipment and not for new primary treatment systems.
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43 Laboratory Test Results

Three disc filters, two sand filters and three automanc filters were intensively tested in the ILI-
Hydrolabs over a period of one and a half year. Friction loss tests, filtration capacity tests and other
performance tests like filtration efficency, backwash efficiency; the efficiency of different cleaning
operations on sand filters and the difference between the different types of discs, were the focus points
of the tests

In the following discussions there will be scparately looked at the three different types of filters. The
filters will be discussed under the following main headings: general performance characteristics of the
filters, the results of the filration efficiency tests, the results of the backwash efficiency tests and
some comments where applicable. Although the tests were done at specific dirtiness index points, the
data can also be interpolated between the points by following the graphs that are displayed.

431 Disc filters

In South Afnca, manly three types of discs arc available. The three rypes of discs were firstly placed
consecutively in the same filter casing and a senes of tests performed on them 1o be able to compare
only the different discs against cach other, After that, the discs were placed in their onginal filter
casings and the different filters were tested for filustion efficiency and backwash efficiency.

1511 Comparison of the three different filter discs

General performance characteristics

A large number of micro immgation filters make use of grooved plastic discs as a filtraton medium
There 15 a need 10 know what the performance differences of these discs are and therefore, on the
recommendation of one of the manufacturers, the three different types of discs were firstly tested in

the same filter casing and compared.

Thereafter they were tested in the casings of their onginal filters and the test results of these filters

were compared. Fig 4.2 to Fig. 4.4 illustrates the different discs:




Fig. 4.2: The discs of the GD filter

Fig 4.3: The discs of the FD filter

Fig. 4.4: The discs of the HD filter

It was found that the cleaning method (hand-clean vs. backwash) had an effect on the filtering and
backwash efficiencies of disc filters. The results of both cases are presemted

It was also found that during the cloggmg process of a disc filter, as the pressure drop across the filter

increases, that the filtranon efficiency did not stay the same and that the dirtiness index of the water
also had an effect as 1llustrated in Fig. 4.5 which s a summary of the FD filter test results
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Fig. 4.5: Filtration efficency during the cogging of a disc filter

It is important w0 understand that the filtraton efficiency 15 always related to a certain maximum
particle size and it 1s an indication of how efficiently the filter removes that size and bigger than those
size particles. The particles with a smaller size than that size are allowed 1o pass through the filter, At
first there 1s a decrease in filtration efficiency because some dirt particles are forced through the
openings as the pressure differential across the filtration arca of the disc increases. Then a slight
increase happens because the dirt 1s formung a cake on the outside of the discs which is finer than the
passages of the element and the particles for which the element 1s rated are held back more efficiently
If the pressure differential increases more, agwn some dart 15 forced through the clement when the
cake cracks and the filtration efficiency decrease. When the clement approaches complete cloggmng so
that not even water can pass though it, then the filtration efficiency increases because nothing s let

through the clement

From this discussion, it is clear that the filtration cfficiency of a disc filter does not have a constant
value, and 1f a value 1s quoted, then one must know that it is an average value. This charactenstic of a
disc filter means that if filtratnon efficiency on a filter is measured, it depends on what stage of
cloggmng the filter is to what value one will measure and this makes 1t very difficult 1o compare values
that are measured in the ficld with laboratory values. The filter that was used as an example had only
shight changes in the filtration efficiency while clogging. There are though filters that showed much
more drastic changes
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water, When water 1s fairly clean, the filtration efficiency is low, because the filter can not make clean

water more clean than it 1s. One can see this also claarly inthe Fig. 4.6
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Fig. 4.6: Filtration efficiency as a function of the dirtiness of the water
Results of the filtration efficiency tests

The three types of discs were consecutively placed in the casing of filler HD because it could be
converted the casiest o accommodate the other filter's discs and the normal complete runge of tests
were performed that are normally performed with any filter test viz. the friction loss test to establish
the 5 kPa friction loss flow-rate at which the clogging tests are done. Two senes of clogging tests are
performed: one where the filter 1s hand-cleaned before a following test and the other where the filter 15
backwashed before a following test. Each senies of clogging tests consists of five tests at the following
diruness indexes: 2, 7, 15, 30 and 50 (the highest dirtiness that could on average be found in nature 1s
100 and that will be something like a river in heavy flood). From experience, it was found that very
few filters can handle a dirtiness index of 60 and that is why the tests were only performed up 10 a
dirtiness index of 50, Duning these clogging tests, the filtration efficiency and the backwash efficiency
of the filter were measured. In Fig. 4.7, 4.8 and 4.9 the results of the friction loss test, filration
cfficiency and backwash efficiency tests of the discs in the same casing are summarnised.

2aNMREACE

Priction Loss (VPe)

Fig. 4.7: Friction less curves for the three different filter discs in the same casing

From the graph, it is clear that the design of a filter disc can have a noticeable effect on the fnction
loss of a filer
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Fig. 4.8: The filtration efficiencies of the three different filter discs
Resuits of the hackwash efficiency tests

The backwashing of the filter on the test bench 1s done by routing water that was filtered by sand
filters on the test bench in the reverse direction through the filter. The flow-rate that was used was
equal to twice the recommended filtering flow-rate of the fiker with the lowest rate. The same
hackwash flow-rate and backwash volumes were used for all three discs to have an equal base of

companson, The results of the backwash tests are showed in Fig. 4.9
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Fig. 4.9: The backwash efficiencies of the three different filter discs
Comments on the comparative tests of the three different filter disc elements

In Fig. 4.8, it can be seen that there was a general trend of lower filtration efficiencies when the
pressure differential across the clement was more than 30 kPa. This signals a message that it was not
gooxd practise to let a filter clog to that pomnt and that the filter should preferably be cleaned before n
rcaches that point. Many filter stations are equipped with pressure differential meusunng devices that

can be set 30 that the filter station will start backwashing when that s¢t pressure differential 1s reached

A gooxd point w0 set such a device s obviously 30 kPa as shown by the test results (most of them are




set 10 50 kPa, which could be good cnough, but if a farmer cxpeniences clogging problems in his
irmigation system, it could be advisable 10 lower it to 30 kPa),

In Table 4.19, the results of all the tests on the three different filter disc elements are summanised.

Table 4.19: Comparison between the discs of three different disc filters in the same casing

Average filtration efficiency (%) Average
Type of disc d Backwashed baekw-(l;:;!ldaq
Dise FD 64 ELE 383
Disc GD 76,4 84,1 306
Disc HD 24 29,0 292
Averages 4507 505 2.7

In Table 4.19 it can be seen that the filtration efficiency for all three discs was better when they were
backwashed compared 10 hand cleanmng. The reason for that was that not all dint was removed from
the discs through backwashing. The remaining dirt between the discs mace the passages smaller, not-
allowing larger particles to pass through the clement and therefore the filtration efficiency, relatively
to the rated particle size of the clement, increased.

One alarming result in the mformation in Fig 4.9 1s the fact that the backwash efficiency of filter
discs 15 only about 30%. This means that only 30% of the clement is cleaned duning backwashing,
which means that a filter can clean only one third of the volume of water after it is hackwashed,
compared to when it is hand-cleancd. This fact must surcly not be overlooked when the filrration
capacity for a filter station 1s designed.

4.3.1.2 Comparison of the three different disc filters
General performance characteristics

The same commentary given in the previous section is greatly applicable to this section. In this
section, the test results of the three different filter discs are shown with the discs in their own filter
casings.

Results of the filtration cfficiency tests

In Fig 4.10, 411 and 4.12 the results of the fnction loss test, filtration efficiency and backwash
cfficiency tests of the three different filters are summansed. For case of companson the graphs with
the discs in the same casing are placed next 1o the results of the individual filters® tests.

From the friction loss, graphs (Fig, 4.10) onc can sce that the casing of filter FD must almost had the
same friction as the casing of filter HD, because their fricton loss curves were almost the same with
the same discs. The curves for filter HD are also the same in the two graphs because it was the same
cusing and the same discs. The casing though of filter GD must have had much more fction than the
casing of fiker HD because the same discs in it produces a much higher friction Joss at any flow-rate,

57




cthen Loas Wiy

Fahen EMemnay [

Frason iy ™

This shows that the fncthon loss of a disc filter can be minimised with the correct design of the casing

of the filter. One sometimes gets the feching that filter manufacturers are not always wormed that

much about this.
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Fig. 4.10: Friction loss curves for the three different filter discs in their own and same casing
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Fig. 4.11: Filtration efficiencies for three different filter discs in their own and same casing




The results in the four graphs are much the same except for fiker GD where the average filtration
efficiency of the discs in their own casing was about 85% compared 0 75% in the HD casing. The
discs in their own casings showed on average lower filtranon efficiencics when backwashed than
when they were hand-cleaned,

Results of the backwash efficiency tests

OWN CASING SAME CASING

Fig. 4.12: Backwash efTiciencies for three different filter discs in their own and same casing

The flow-rate that was used was equal to twice the recommended filtration flow-rate of the filter with
the lowest rate. The same backwash flow-rate and backwash volumes were used for all three filters 10
have an equal base of companison,

Comments on the comparative tesis of the three different disc filters

In the last two graphs, complete differences prevail. The mam difference between these tests is the
different filter casings and 1t pointed out that the design of a filter casing plays a major role in the
backwash efficiency of the filter at the end. An imporant aspect to look at is the distribution of the
flow patterns inside the casing. Diag. 4.1 might illustrate it better:

Diag. 4.1: Different ways of water flow through filters

The arrows show the direction of flow during filration. With backwashing of a disc filter, these
directions arc simply reversed. In the left diagram, it is clear that the water will flow backwards
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through across the whole length of the clement and the whole clement will be cleaned. In the nght
diagram, the water will take short cut through about the left quarter of the length of the clement and
only about 25% of 1t will be cleaned.

Table 4.20: Comparison between the three different disc filters in their own casing

Filter code e ———s | badm’:;:" tgduq
Hand deancd Backwashed (%)
Filter FDD : 35.8 26,2 419
Filter GD | 8,1 76,4 | 20,1
Filter HD | 30,6 22,1 373
Average 50.5 as | 33,1

432 Sand filters
4121 Filtration and backwash cfficiency tests on two sand filters

Sand filters AS and DS were intensively tested and much time was spent to make a study of the effect
of different backwash flow-rates and volumes on the backwash efficiencies of the filters and 1o check
the generally accepted norm agamst the tests” results. The use of compressed air for the thorough
cleaning of the filters was also evaluated and 1t was found that with not much air blown into the
backwash water before it enters the filter a sand filter can be 1007, cleaned agan

General performance characteristics

From Fig. 4.13 it can be scen that on a macro scale there is no change in the filtration efficiency of the
sand filters (AS and DS) when the pressure differential increases across the clement, as long as they
are well managed. One problem with a sand filter 1s that 1t has a loose filtration madium which can
casily be disturbed by poor working conditions and then the so-called tunncls are formed through the
sand with the result that total collapse of the filtration could happen. This is in strong contrast with the
disc filter's performance charactenstios
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Fig. 4.13: Filtration efficiency of sand filters AS and DS
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Only on a micro scale, it can be scen that there are changes in the filtration efficiency with increasing
pressure differential across the filler and that more or less the same pattern is followed as was
discussed with Fig 4 5,

Results of the filtration efficiency tests

The biggest problem with a sand filter is the cleaning of the sand when the filter has clogged. It is
impractical and actually impaossible 1o clean the sand by hand and the only option next to replacing the
sand is to backwash it. A very universally accepted norm is that the backwashing should take place at
a flow-rate of 60 (m'h)'m’ sand surface arca. The tests done by the ILI-Hydrolabs was in the first
place to check if this flow-rate does get a filter clean and in the second place to sec at what minimum
backwash flow-rate does one not get 100% cleaning of the filter any more. It was thus chosen 10 use
the flow-rates and volumes that are tabled in Table 4.21 on both the sand filters that were tested for
this project.

Results of the backwash efficiency tests

In Table 4.21, it can be scen that there is a slight difference between the results of the backwash
cfficiency tests of the filters. For instance can it be scen that the one filter needed a flow-rate of
60,2 (m'/h)'m’ sand surface arca to maintain a backwash efficiency of 91% whercas the other filter
needed only 43,2 (m'/h)'m’ sand surface area to get the same.

The way the tests were done was by lowering the backwash flow-rate until a decrease in backwash
efficiency was observed. At that flow-rate, compressed air was added to the backwash water to see if
the backwash efficiency would tum back 1o 100%. This flow-rate was established for cach filter and
m the table; it is shown what the backwash cfficiency at this flow-rate will be with and without air for
cach filter. It can thus be assumed that all flow-rates above that one will clean the filter 100% with or
without air and all flow-rates below that will not clean the filter 100%%, even with air.

Table 4.21: Backwash test results on the two sand filters AS and DS

Backwash flow- | Backwash flow-  Backwash Air Backwash
rate [(m'/m)ym’] | rate (m'/h) volume (m") (ves/no) efficiency (%)
AS | DS AS DS AS DS AS DS | AS DS

865 60 60 6 Yes 100
602 | 576 40 40 4 4 Yes Yes 100 100
62 | 32 ] 40 30 4 3 No | Yes | 91 9
450 | 432 | 30 30 3 3 No No 87 | 91
30.1 282 20 20 2 | 2 | No | No 63 69
150 144 10 10 1 ] No No 35 13

Surface (m) | 0665 | 0694 | ’

Comments on the comparative tests of two sand filters
The only actual difference between the two sand filters is their under drans. Filter AS uses roscties

mounted on a network of drainage pipes while filter DS uses a network of perforated fingers as under
drain, It can be assumed that the efficiency of backwashing s equal 10 the uniformity of water
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movement through the sand and that 1s mainly determined by the type and construction of the under
drain

4322 The effect of the sand depth in the filter on its filtration and backwash efficiencies

Uncertamnty exists on what the mimimum sand depth 1in a sand filter should be to still have good
filtration and backwash cfficiencies on a sand filter and what the influence of the pilot disc filter after
the sand filter is on the filtation efficiency of the combination. A test was designed o look into these
questions. The general standard in South Africa with sand filters is that a sand depth of about 360 mm
1s used. For thas test, sand was placed in the filter to onc-third, two thirds and to its full depth and a
senies of tests were conducted.

Table 4.22: The effect of sand depth and a pilot disc filter on the filtration and backwash

efficiencies of a sand filter
Factor Efficency (%)
One third depth Two thirds depth | Full depth
Pilot filter No Yes No Yes No Yes
Filtration | 97 96 93 98 | 9 9%
 Backwash =~ 74 | . . Il S | 71 ‘ 89

From Table 422 it 1s clear that the depth of sand has a small effect of about 2% on the filtrabon
cfficiency of the filter (from 97% to 99%6). At full sand depth there was a reduction in the backwash
efficiency (71" compared to 91% in Table 4.21). There are two ressons for that. One reason is that a
lower backwash flow-rate was used duning the tests and because of the fact that sand was “added onto
a used sand surface™, dirt got vrapped at a deeper depth as would have been the case if a full sand
depth would have been used from the start (out of a practical viewpoint the tests were started with a
third sand depth in the filter, then filled to two thirds and lastly with full depth). There was no
difference in the filtranon efficiency with or without the palot filter witch is correct because 1t has a
200 pm element compared 10 the 80 pum of the sand filter.

Ihe backwash cfficiency also stayed the same for the different sand depths, but the pilot filter had,
contrary to the filtranion efficiency, a positive cffect on the backwash efficiency (71% as ¢ 10
85°). A possible explanation for that is the following: when the air that is used to help with the
backwashing of the filter is introduced, it stays in big bubbles that do not mix effectively with the
backwash water. In these tests, the air was introduced at the far end of the pilot filter from the sand
fiter, which means that it has first 1o go through the clement of the pilot filter before it reaches the
sand filter, Dunng this process, the big bubbles burst and while passing through the clement of the
pilot filter it gets mined with the backwash water. When reaching the sand, the air is much better
distnbuted in the backwash water and the backwashing is done more efficiently

Another big difference that different sand depths make 15 1n the friction loss of the filier. Fig. 4.14
illustrates it clearly
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Fig. 4.14: The cffect of the sand depth in a sand filter on its friction loss
433 Automatic (screem) filters

Three automatic filters were supphied for lab tests for this project. One was a specially adapted disc
filter 1o act as an automatic filter when used n a filter bank of two or more filters. The model that was
supplied contined three filters. The other two were full automatic screen filters that make use of a
sucking mechanism mside the screen to clean it

General performance characteristics

With automatic filters, the filtration efficiencies can be measured in the same way as for the other
filters. The problem comes when backwashing efficiency must be measured. For the non-automanc
filters, a senes of tests can be done where the filters are firstly hand-cleaned and then backwashed and
the results of these two sets of tests can be used 10 calculate the backwash efficiency, With automatic
filters thas method 1s not possible because of the fact that an automatic filter can not firstly be treated
as 3 manually operated filter and then as an automatic filter. A different method to compare the
backwashing cfficiencies of the filters had to be found and it was decided to calculate the volume of
water that the filter has used to backwash over a period of ime as a percemtage of the volume of water
that the filter has cleaned over the same penod of time and to use these figures of the filkers w0
compare the backwash efficiencies of the filters,

Resuits of the filtration efficiency tests

In Fig, 4.15 the filtration efficiency results of the three automatic filters are summarised. Filers BC
and CC are screen filiers and Filter ED is the adapred disc filter.
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Fig. 4.15: Filtration efficiency test results on the automatic fiiters
The filration cfficiency of fikker BC s typacal of screen filters: although filter CC shows that, there
can be extreme excepnions. The average filtranon efficiency of filter BC was 26,4%; filter CC was
69.4% and fiker ED was 71.4%,

Reswits of the hackwash efficlency tests

In Fig, 4.16 the backwash water percentages are given for the three astomarnc filters. Filters BC and

CC are screen filters and Filter ED is the adapted disc filter
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Paccanings Bark Wash Waer (%)
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Fig. 4.16: Backwash water percentages test results for the automatic filters
Comments on the compararive tests of the three automatic filters

As seen in Fig. 4.16 not all the filters could be tested 10 the same level of water dirtiness in the water
because they stopped operating #t those dirt levels and this s especially true for the full astomatic
filters. Filter CC shows a very high usage percentage of backwash water, but it can very well be
explainad by ns very high filtranon efficiency. Hecause of this, it removes more dirt from the water
than the other filters with the lower filtration efficiencies and theretore it has to use more water for

backwash. The average backwash water percentage of filter BC was 1,94%, ; filter CC was 6.56% and

filter ED was |, 30,




434 Other observations during the labaratory tests

During the tests on the disc filters, some other aspects were also looked at. Although these tests were
only done on one disc filter (Filter HD), expenience has shown that these observations are generally
applicable to any other filters,

4341 The effect of the Naw-rate through a filter on its filtration efficiency
If the flow-rate through a filter is increased 1o more than the recommended flow-rate at a fnction loss

of 5kPa (30 m'h), the filration efficiency is reduced. In Fig. 4.17 1t 15 illustrated what happened
when the flow-rate was increased to the 10 kPa friction loss flow-rate level (50 m'h).
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Fig. 4.17: The cffect of flow-rate on filtration efficiency
4.3.4.2 The effect on the filtration efficiency of a filter when its rated fineness is changed

All the filtration efficiencics that were tested and illustrated so far duning the discussions were all
tested against the manufacturers of the filters' mting of the fineness of their filters. Different
manufacturers have different ways of establishing the fineness of their filters’ clements and there is no
standard procedure available according 10 which these ratngs can be csuablished. The HD fiker that
was tested 1s rated at 225 um. If the manufacturer would have rated 1t a1t 300 pm, then the filtration
efficiency would have been tested against 300 um and then the filtration efficiency of the HD filter
would have been the same as is illustrated in Fig 4,18,
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Fig. 4.18: Effect of diffcrent ratings of the fineness of a
filter’s clement on its filtration cfficiency

Commenis on he raled fineness of Jiller clements

ndard test method

throughout the world, imgation lest laboralones are presently searching tor a

according 10 which the actual fineness of filter clements could be established. The methods that are

being rescarched will also only be applicable to disc and screen clements and possible on sand filters.

The ILI-Hvdrolab can at this moment already render a method according o which such a service

could be given w manufacturers. It comes down 1 testing the filtratnon cfficiency of a filter wath
increasing or decreasing fineness of the screens that are used m the diriness index meters until such a

test 15 reached where the filtration ethiciency 18 equal to or more than 95°%

44 Matching the laboratory test results with the field test results

As was discussed 1n section 4.3.1.1 under general performance characteristics one could see that 1t is

very difficult, especially with disc filters, 10 compare test values. In Table 423, a comparative
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Table 4.23: Comparing the ficld test results and the laboratory test results

Filtration efficiency (%) Comments on reasons why fidd
sl Beemmeensenll BN .~ Lab values differ from lab values
0-5§ R7 99
AS l50- llos :; : Too high pressures over ficld filers.
15-20 87 99
0-5 33 b Filter operated at a lower pressure than
e 5-10 18 prescribed. Backwash do not clean
1015 ~ 28 clement completely. Element largely
1520 - 35 ioged. Read section 4.3.1.1.
0-5 75 55 = " :
510 %8 R Manufscturer's fineness rating might
cC 1015 %5 % dlﬂc.ﬁunlhennnguuuw’swd
15-20 - % against. Read section 4 342
0-5 >0 98 Good correlation because the field tests
DS 5~10 >0 9% were stopped out of practical
) 10-15 >N 9% considerations before the actual
15-20 RE) oK readings could be taken. (Time-out)
0-5 73 63
D 5-10 66 77 Good correlation secing that this is a
10- 15 - 80 disc filter. Read section 4 3.1.1.
15 -20 86 80
0-5 26 4]
28 5-10 38 37 Good correlation socing that this is a
10-15 25 19 dise filter. Read section 4.3.1.1.
1520 - 41
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S. CONCLUSIONS

5.1 Reaching the Project Objectives

The purpose of this project was 1o determing the filtration efficiency and backwashing management of
the different types of filters under differemt water quality conditions, as found under the different on-
farm mmigation practices as the producer operates it 1o maintain the imgation system, including the
filter station, The filters performance was therefore tested in the ARC-Hydrolab, as well as in the
field. The end result was the creation of guidelines for the choice and operation of filters with regard
to water quality and maintenance requirements. The guidelines give specific information regarding o

Matching the filter type with the water quality and the imgation system
Choice of equipment

Upstream side of the filter station

Design principles with respect 10

- Filtration

-~ Backwashing

~  Sizing of a filer

Commussioning of filters

Operation of filters

Mamtenance of filters

*eLe o

L

The Dirtiness Index Meter was used 1o determine the dirtiness index (DI) of the water. The DI of the
different water sources ranged from clean (DI < 1) to very dinty (DI = 43%). The field evaluation
results proof that sand filers have higher filtration efficiencies than disc and screen filters. The
operating pressure of the imigation systems adhered 10 the minimum and maximum allowable
pressure values according o the manufacturers. The measured flow-rates exceeded the recommended
flow-rates only by six occasions due 1o management problems

When low filtration efficiencies of the sand filters are experienced in the field, it can normally be due
10 problems with the sand replacement frequency and management problems, for example, extramely
high pressure drop over the filter station afier backwash. When screen filters are found with low
filtration efficiencics 1t are in some cases an indication that the screen 1s damaged. Drsc filters with a
low filration efficiency value can be attnbuted to design problems, for example, a too high flow-rate
through the filter, management problems, for example, a high pressure drop over clean filter station
after backwashing and faulty backwash control system, as well as non-operational solenoids,

The backwashing management results proofed that the amount of water used dunng backwashing for
the screen and disc filters were less than the volume usage for sand filters (Table 4.18C), The average
volume of water per backwash per filker resulted in 0,14 m' for screen filters, 0.37 m’ for disc filters
and 1,63 m’ for sand filters. However, the screen and disc filters backwash more regularly than the
sand filters. The backwash flow-rate through the sand filters were m most cases within the
manufacturer’s recommendation. The pressure drop over some of the filter stations after the
backwash, were above the SABI norms. The main reasons for the high pressure drop over some filters




are faulty pressure gauges, the wrong choice of valves on the fiker station, filters with discs that were
s0 dirty that they needed to be cleaned manually with an effort and faulty backwash valves,

The following maintenance practices are considered very important:

< The weekly inspections for leaks on filter stations and the measurement of the pressure difference
over filters are very important.

% The backwashing of filters on a pressure differential basis in order to prevent dirt from exiting the
filter as a result of a too high pressure differential

< The regular replacement of sand in sand filters to ensure a high filter efficiency at all umes

Many uncertaintics about the real efficiencies of filiers were cleared by the tests that could be
performed under controlled conditions in the [LI-Hydrolabs on the major different types of filters. On
average the filtration efficiency in the laboratory of the sand filters was 98 5%, the disc filters 57.3%
and the screen filters 45.6% (from Table 4.23)

Much new knowledge that could be applied with great success when dealing with irmigation filters was
gamed, This includes:

 The actual filtration efficiencies of the different types of filer clements.
& The actual backwash efficiencies of the different types of filters which is influenced by
I'he casing of the filter
= The use of a prlot filer with a sand filter
~  The use of air with sand filters
The backwash flow-rate through a sand filter
= The type of under drain of a sand filter

For the first time can the performance of filters be explained scientifically and the good correlation
that was found with the ficld tests proved that the nght tracks were followed during thas project. It
further proved that the test methods applied by ILI were correct and efficient. By exccuting so many
senes of tests on the filters the tests procedures were also refined and expanded and in this way, a
very good basis was laid for future imgation filter tests,

The uniquencss of imigation filters was also demonstrated o show the big difference between
imgation and domestic firanon of water in that dunng imgation Nitration only the harmiul part of
the dirt 1s removed and the rest led through by an imgation filter whereas a domestic filter has ©
remove all the dirt in the water. This basic difference between the two types of filtration is the reason
why a completely different approach has to be followed for imgation filtration in companson with
domestic filtration for which man in general has a much better understanding.

It was also clear from the testing of the total suspended solids (TSS) that » can not be used with
confidence to determine the removal efficiency. The unique dirtiness index meter as developed by
ARC-ILI give excellent results 1o quantify the dirt in the water 1n a practical way and to design the
filtration system to cope with the specific water quality
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52 The Way Forward

A few aspects that were identified need attention:

< Imgation technology exchange sessions should be presented m every region where the
investigation was performed to reveal the rescarch results. The sessions must include practical
demonstrations 1o show the different filters filtration and backwashing abilities.

<+ A sclf<cxplanatory manual for farmers regarding the operation and maintenance of the different
filters. The manual must include practical examples and photographs to practically demonstrate
the mantenance schedules,

< A great need exists for the compilation for compiling of a code of practice, which describes the
complete development process of an imigation system at farm level and prescribes minimum
acceptable standards for imigation equipment and services

< The fact tha the filtratnon efficiency of the disc filters showed widely varying results, points
actually 1o incorrect ratings by the manufacturers of their filters. Discussions will be needed with
them on this subject and some form of standardisation will have to be found.
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6. GUIDELINES

A huge amount of imformation was gathered with this project. Especially during the field visits, it
became clear that 100 high pressure differences occur over the filters which in some cases is a result of
flow-rates through the filters which are too high or in other cases attnbutable to poor backwash
management of the filters. 1 is thus appropniate that guidelimes should be given for the sclection of the
right size of filter for the system and the nght backwash procedures and methods.

6.1 Guidelines for the Choice of Filters and Accessories
6.1.1  Matching filter type with water quality and irrigation system

The pnmary factor that determines what kind of filter must be used i1s i the first place the kind of system.
Usually more than one type of fiker will then be suitable and the chosce between the possible filters is
then based on the dirtiness of the water and the kind of dirt in i With 2 mobile Dirtiness Index Meter, it
1s csy and advisable o go out and do a measurement of the water, Such a mesurement will in the first
place tell one what the dirtiness of the water is, but because of the fact that one can observe what kind of
dirt was caught by the screen of the meser, it 1s also possible 1o know what kind of dint is present in the
water, Another factor that plays a role is the kind of backwash management that will be done on the filters
once they are installed. From the dirtiness measurement and the filtration capacity tests, a filier station can
be designed that has enough filtration capacity to maich the kind of backwash management.

The type of fiker and the fineness of the element will depend on the type of imgation system for whach it
will be used.

< Drip systems

Use sand filters with secondary dise filters, also known as control filters. The control filters serve as
monitors of the sand filters to ensure that they operate efficiently and w0 act as safety filters if things
should go wrong with the sand filters. If one imigates from a borchole, disc filters with a filtration
fineness of not more than 100 um can substitute the sand and control filters

< Micro sprayer systems

Use disc and screen filters with a filtration fineness of not more than 15 of the outlet size of the micro
sprayers. Disc filters typically have a filtration fineness of 200 um, and is thus suitable for most
MICTO Sprayers.

< Floppy systems

The smallest model of the Floppy sprinkler has a discharge flow-rate of 700 (/h, which places it in
the same category as a large micro sprayer. All Floppy speinklers are equipped with flow regulators,
At no pressure, the minimum flow area size is 2.8 mm, but at 300 kPa it reduces thearetically to
0.8 mm and at 700 kPa 1 0.6 mm, which is less than that of a dnpper. This means that if Floppy
sprinklers were used at gh pressures, it would be recommended that sand filters should be used.
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6.1.2  Choice of equipment

Only imgation filtration umits from reputable irrigation compamies must be used and preferable those
filtenng units that have been tested by an independent testing laboratory. Full specifications and
design parameters must accompany the equipment

6.1.2.1  Accessories for the sand filter station

Large particles present in the water content will usually be morganic sands or organic materials such
as algae. Inorganic particles are usually heavy and can casily be removed by a sertling basin, Organic
matenals are lighter and must be removed by sand filters. Floating materials may be skimmed from
the water surface. Accessories for the filter station must be reliable 1o ensure the protection of the
filter station and the imgation system.

A - Irmigation waler source

B Clean water 0 smigation system

€ Backwah waler disposal

D - Combinasion Air valve

E Rackwash flow rate adusenent valve
F - Vacuum relcase valve

G Sughting port

H - Clear plastic tube

I Rinse valve

] Dnusc ' sereen filler (200 4m)
K Prassure sustaining vahe
L - Pressure release valve

Fig. 6.1: Typical layout of three sand filters with accessories
(adopted ed. From Burt & Styles, 1994)

Some of the accessories for the sand fiker station are cssential. and others are optional. Essential
accessones referred 1o in Fig. 6.1 are

< Backwash flow-rate adjustment valve, E
@ There are ways to determine 1f the backwash water is dirty or clean and if there is sand Joss dunng
backwash. This mav include
= A hackwash discharge linc end, C, which is cxposed 1o the air and is accessible. If the
discharge line is too long, 100 small or goes uphill 1o the extent that it is impossible to develop
enough backwash flow, the backwash valve must be re-adjusted.
= Aspecially designed sighting and sampling port. G, which continually passes a portion of the
backwash flow through a small attached glass jar which allows the operator 10 view if the
hackwash water s dirty or clean
= A section of clear plastic in the backwash hine, H, which should be covered 10 protect it from
sunlight damage
¥ A secondary disc/screen filter, J, located downstream of the sand filter to prevent dirt from
clogging the emitters if the sand filter should fail,




< A combination air valve, D, located at the downstream end of the supply manifold. The
combination air valve has a kinetic as well as automanc function, so it releases small, as well as
large volumes of air when necessary.

< A vacuum release (kinetic) valve, F, located at the upstream end of the backwash manifold. This
valve will release large quantities of air during the filling of the system.

% A pressure release valve, L, located upstream of the filters discharges excessive pressure to the
atmosphere and thereby protecting the filters against sudden pressure increases.

< A pressure sustaining valve, K, located downstream of the filters. The function of the valve is 1o
maintain a minimum pre-sel upstream pressure irespective of changes in pressure and flow
through the system to ensure that enough pressure is available for the filter to hackwash and 1o
meet the minimum pressures specified by the manufacturers,

6.1.2.2  Screen filter stations
Screen filters can be cleaned in three ways (Van Nickerk, 1983):

< Removal of the dement

=
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< Flushing of the filter

< Backwashing of the filter

To backwash the other filter, open valves | and 4 and close valves 2 and 3.




6.1.2.3 Dise fllter stations

The casings of some disc filters are not equipped with backwash valves and to clean them, as in the
case of the screen filters, their clements must be removed. To ensure that no dirt enters the imgation
system when the filters are cleaned, the following installation method and cleaning procedure s
recommended (Van Nickerk, 1983)

L
L]
| i € i
'

A A
A Pwpe line
B Manifold for parallel installation of filters
( Prossure measunng poims
D= Cut-off valve
k Waste water valve for flushing or back washing water
F Smmall tap and hose pipe for cleaning the clements
G Leave enough room so that the clement can be removed beneath the filter
H Cut-off valve
I Removable vd

Management of the filters

A. Filiers that can be flushed
Open valve E and close valve H. (The filter is flushed with unfiltered water.)
2. When the water form valve E is clean, close E and open valve H

3 Rencat the nrocess for the other flterf <) and connmine wath filranion

B Filters that can be backwashed

1. Open valve E and close valve D. (The filter 1s backwashed with the filtrated water from the other
filters.)

2. When the water from valve E is clean, close E and opens valve D

3. Repeat the process for the other filter(s) and continue with filration,

C. Removal of the filiering clement

Open valve E and Nush out the worst din

4

2 Close valves D and H (The filter 1 totally solated)

ot

Loosen Id | and remove the elemem




4. Clean the clement with the hose or replace it with a clean clement if available.
5. Put the clement back, close valve E, open valves D and H and continue with filtration
6. Repeat the process for the other filter(s).

Remark: If valves D, H and E are replaced with hydrawlic valves procedures A and B can be done
automatically with additional equipment

In the cases where the filters are equipped with backwash valves:

] e~

A = Pipe ine

B = Manifold for parallel installation of filters

C = Pressure measuring points

D = Cut-off valve

E = Removable hd

F = Dramage valve and waste water valve for flushing or backwashing water
G = Cut-off valve

H = Small wp and hose pipe for cleaning the clements

Management of the filters

A. kil L

1. Open valve F and close valve G. (The filter is flushed with unfiltered water)

2. When the water from valve F 1s clean, close F and open valve G.

3. Repeat the process for the other filter(s) and continue with filtration,

B. Filigrs that can be backwashed

L. Open valve F and close valve D (The filter is backwashed with the filtrated water of the other
filters.)

E

When the water from F is clean, close F and open valve D.
3. Repeat the process for the other filter(s) and continue with filtration.
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Removal of the filterng clement

Open valve F and flush out the worst dint

Close valves D and G.

Loosen 1vd E, let all the water in the filter drain through valve F and remove the element,
Clcan the element with the hose or replace it with a clean clement if available

Put the clement back, close valve F, open valves D and G and continue with filtration.
Repeat the process for the other filters,

R el

Remark: If valves D, F and G are replaced with hydraulic valves, procedures A and B can be done
automatically with additional equipment

6.1.3  Upstrcam side of the filter station
6.1.31 Pumps

< The suction pipe of the pump must be decp enough beneath the water level to prevent a vortex
being formed and air sucked in. In cases where surface water is utilised, suction pipes must be
attached 1o a Moat to ensure that the higher quality water for imgation is withdrawn near the water
surface. Directives are given in Table 6.1, for the mimmum water depth above the suction pipe
inlet, according to the mlet flow velocity of the water in the suction pipe

Table 6.1: Minimum water depth above suction pipe inlet
[_ Inlet Now velocity (mv's) | Minimum water depth (m) |

1.0 0.5
20 11
3.0 20

< It s also important that the distances, as shown in Fig 6.2 are mantained in the pump hole
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Fig. 6.2: Minimum distances between suction pipes and sides, and bottom of pump hole

< Bell-shaped inlets are recommended, because they have the benefit that the flow speed at the inlat
1s low and that sand and stones cannot be sucked in as casily

< Frec-arca of foot valves must be at lcast 175 tmes the suction pipe diameter. Where suction head

is a hmuting factor, foot valves, which usually result in a high fricuon loss, must be avoided.




< The free arca of the screen before the suction pipe must be at least four times that of the suction
pipe to prevent alien matenals from blocking the foot valve. Guide screens must be mounted at
least cight tumes the suction pipe diameter in fromt of the suction eve of the pump to prevent
turbulence causing cavitations. If it is necessary 1o mount the screen closer to the pump, a stream
aligner must be mounted.

< Screens must have holes with a diameter of 6 mm to0 12 mm and the total arca of the holes must
be six times that of the suction pipe area.

< Water supply to the pump hole must also be such that it does not cause the suction pipe to suck in
air. It is especially a problem where the pump hole is fed by another pipeline. In that case the
supply pipeline must be placed away from the suction pipe, so that the suction pipe does not suck
m air bubbles that form when the water enters the pump hole.

< Suction pipes or drainage pipes must fit naturally and not be forced in by means of flange bolts, It
must also be supported independently near the pump so as not to place stress on the pump casing,

< A foot valve's open arca must be four times that of the open arca of the suction hose, thus
ensuring that the velocities through the foot valve does not exceed those of the suction hose by
more than 25%. The following is proposed:
Suction hose (absolute maximum) €15m's
Suction strainer <04m's
Maximum permissible velocity in filter station manifold S05m's

6.1.32 Sedimentation and acration

In cases where the irmigation water contains solid particles in suspension in excess of 200 parts per million
(DI = 900°%), it is advisable w0 have a settling basin where the particles can be sedimented before the
water 1s filtered. Thas wall prevent an overload on the filter as well as excessive backwashing of them,

The following points are important when settling basins are used.

< The outlet of the basin should be as far as possible from its inlet.

< The backwash water from the filters should be dumped as far as possible from the inlet (preferably
not back into the basin)

< It must be passible to clean the basin with the minimum cffort.

< Water for filration should be drawn from the upper kayer of the dam (suction pipe mounted on float).

< A long, narrow settling basin is more effective than a square one,

Where there 15 ron in the water, it necessary %0 acrate the water so that the won may oxidise. The iron
oxide will then sedimented in the basin and the water for imgation may be drawn of from the surface of
the basin.




6.2 Design Principle Guidelines for Filters
621  Filtration
The following design guidelines are recommended

< Filtration degree
If a sand filter 1s used. there must be a 200 um control screen/dise filter downstream of the
sand filter.

—  For micro sprayer irrigation, it is recommended that disc/screen filters openings must be 1/5
of the micro sprayer orifice diameter. The appropriate micro sprayer manufacturer’s
recommendations must be used for flow-path openings of < | mm

¢ The maximum allowable flow-rate through a clean sand filter must be < 50 m'/h per m’ of the
filter sand surface

< The recommended maximum allowable pressure difference over the different types of filter/filter
station, are as follows:

Table 6.2: Maximum allowable pressure differences over the filteryfilter stations

P [ " Pressure difference |
(kPa) Maximum before backwashing
Type = | pressure build-up (kPa)
' :
Filter | F"'." e Filter Filter station
| station
Dise/Sereen filter 10 | 0 40 ‘ 50 | 0
Sand filter 0 | 40 20 30 | 0 |

The filter station includes all the fittings, valves and in the case of a sand filter-station, the secondary
filter as well.

622  Backwashing

¢ At least 50% of the maximum filration rate (SO0m'h per m’ sand surface) is necessary
backwash sand filters effectively. The maximum backwashing rate must not be more than
1.2 times the filtration rate

< A mimmum nlet pressure of 6 m (60 kPa) dunng backwashing is required

623 The size of a filter

The size or number of filters required for a specific imgaton system in a certam arca under a particular
type of management depends on the followmg factors

< The flow-rate whach cach filter wall have @ handle
< The diminess of the imganon water

< The weal pressure drop which can be allowed across the filter (consisung of the pressure drop across

a clean filker plus the additional pressure drop for possible blocking of the chement)
< The manimum cycle required for the cleaning of the filters




6231 The allowable flow-rate through a filter

The faster the water flows through the filter, the more friction Joss will oocur across the fiker. For
cconomic and physical reasons, this loss obviously has to be restricted. The following guidelines can be
followed:

< For daty water (DI > 1%) — a maximum loss of 10 kPa across a glgan filter. This loss can be allowed
10 Increase 1o a maximum of S0 kPa (30 kPa for sand filters) due o blocking of the clement, but the
actual allowable mcrease will be determaned by the hydraulics of the imgation system, as will be
discussed later on. If the 50 kPa limit is exceeded, 1t could Jower the efficiency of filtration
drastically.

< For clean water (DI < 196, hike borchole water) - a maximum loss of 30 kPa across a claan filler and
the maximum it of 50 kPa across a dirty fikter

To determine what the loss across a chean filter will be when a specific imigation system's water moves
through it the friction loss curve of the filter should be consulted. Please note that whare two or more
parallel filkers arc used, the total flow-rate of the system must first be divided by the number of filters
The faction loss resulting from thas flow-rate can then be read from the fncton loss graph. If the fncoion
loss exceeds the above limits, it means that the flow-rate is 100 high for the filter and that a larger filter or
additional filters should be chosen

6232 The dirtiness of the irmigation water
Fig. 6.3 s the focton loss graph of the Sihcon 1l sand filter, According to the previous paragraph, the

recommended flow-rate for this filker would be 33 m'/h because this is the flow-rate that gives a friction
loss of 10 kPa over the clean filier,

60

Friction Loss (kPa)
g & B8

8

0 10 20 30 40 50 60 70
Flow rate (m’h)

Fig. 6.3: Friction loss graph of the Silicon Il sand filter
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Fig. 6.4 is the dirty water capacity graph of the Silicon 1l sand filter. It must be interpreted as follows: [fa
pressure difference ingrease of only 20 kPa is allowable over the filter (as is the case for sand filters) and
if the imgation system can supply it (see 6.2.4.3 hereafter), then it means that the filter can clean oaly
30 m' of water before it must be cleaned again with a DI of the water equal to 10%5 for example.

R, ———=
— ~~ |
| g 100 -~
| : - —— 3
! § PQ“\ 4
42 10 '
: i =
| |
1 | | | ]
1 10 100

Dirtiness Index (%)

- Delta P = 20 kPa Cepacity -« Delta P = 30 kPa Capacity
- Deha P = 40 kPa Capacity

Fig 6.4: Dirty water capacity graph for the Silicon |l sand filter

With an allowable volume of 30 m’ and an allowable flow-rate of 33 m'/h, it means that this filer will be
clogged n less than one howr. If the farmer has o clean his filters manually (his type of hackwash
management), 1t can be very impractical if he has to clean his filters every hour. It right be more
practical to clean the filters every six hours. [f this 1s the case, he will need six Silicon 11 filters in his filter
station w give him enough filter capacity for his backwash management style.

6231 The total pressure drop allowed across a filter

When the intemal losses of an imgation system increase, for e g due to a filter starting 1o block, the
delivery of the system will start decreasing. The delivery should not be allowed w0 decrasse o much, and
a maximum decrawse in delivery of 1076 can be tuken as a good norm. As soon as 1t decreases with more
than 10, one will find that the dismbunon i1s dispropornonate. The size of the mtemal losses, which
accompany the 10%s decrease in flow, 18 unique 1o each system and can be calculated from the system's
hvdraulics, as illustrated in Diag 6.1,

l'o determine what addinonal losses the imganon system can absorb withow impaining the efficiency of
the system, the pressures of the system are cakculated from the pump up 10 the filter, and then again from
the dnpper (if it is a dnp system) backwards until directly behind the filter. (In the graph, it would thus be
from left 10 right up o the filier, and then from nght o lefi up o the fiker
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Diagram 6.1: Permissible friction loss increase over a filter

The calculation is done for 100%s flow (clean filter) and for 90" flow (dirty filter). The first calculation
will thus, for ¢.g., show a pressure drop of 20 kPa across the imaginative filter, and the second calculation
a pressure drop of 60 kPa. This means that the system can absorb an additional 40 kPa pressure drop
across the filier without affecting the efficiency of the system adversely. Keeping in mind that the total
recommended pressure drop across the filter is only 50 kPa, it means that only 30 of the 40 kPa can be
utilised by the filter because the manial loss was already 20 kPa, as can be seen in the diagram.

6234 The deaning cycle of a filter

As a filer filrmes diny water, the pressure drop across the filter increases, as was previously indicated.
The more the pressure drop across a filier can be mcreased, the more water will be filtrated. This pressure
drop cannot, however, be increased to an unhimited degree and should preferably be limited 1o 50 kPa
(30 kPa for sand filters) for the following reasons

< If the pressure drop mereases 100 much, the dirt wall after a while be forced through the element and
the efficiency of filtration will start decreasing.

< With certain filters, the clement may give way if the pressure drop becomes 0o much, and a
concentration of dirt (which has in the meantime built up i the clement) wall enter the system and
maost likely immediately block the system

< FElements that get often blocked under a 100 high pressure drop become more difficult 1o clean, and
the efficiency of backwashing is drastically reduced.

If the dirtiness of the water 1s known, as well as the addimonal pressure drop, which can be allowed across
the filter for blockage, then the dirtiness capacity graph of the filter can be used 0 determine how much
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water a fiker will clean under the given aircumstances. If the quantity of water that a filer can clean is
known, as well as the flow-rate at which the filter operates, the time it will take the filter w filtrate this
given quantity, can be calculated, and this time constitutes the dlaaning cvele of the filter,

With very dity water it can however happen that if a filter 1s chosen on the hasis of what has been
discussed up ull now, it will result in a very short cleaning cycle. The only way to elongate an impractical
short cleaning cycle is to make use of larger or additional filkers in parallel so that thewr common cleaning
eyvele can be lengthened 0 a practical ume, and this decision will mainly have to be made by the
farmer or the manager of the filters. It will also lower the flow-rate per filter, and the fcton loss
across each individual clean filter will be less than 10 kPa, as was previously advised. This, however, is
not of importance in this case because the dirty water capacity of the filter now becomes the main
consideration and not the flow-rate through the filter any more.

In the case of very dirty water, combimnations of different filters are many time necessary and Table
6.3 gives guidelines of how to choose and combine them.

6.3 Guidelines for the Commissioning of Filters

During the commissioming of a new filter station, some specific steps have to be followed m a definite
sequence and one step can not be taken before another is finished. For every situation, its own set of
steps 1s valid, but in general, the following order of steps will be mostly the correct approach:

< Sce that all pipe connections, hydraulic pipe and clectncal connections are in place.

< When electronic meters are used, they must be tested manually first for operationality, Remove
the pressure sensor from where it is mounted and put pressure on to it by blowing it up with your
mouth and check if the display reacts. Take the flow meter mechanism out of its casing, blow
onto the impellor, and check if the display reacts.

< When a computer or any other electronic device is connected 1o the instrumentation, check if
there 1s communication between them

<@  Check if the clements of the filters are in place and well fastened.

< Check if all pipe and clectncal connections arc in place at the pump and if the water supply 1s in
place.

< Close the valve after the pump and start the pump

<  Open the valve very slowly and only partially at first so that the system can fill up slowly,

© Check for water leaks and if there are leaks, close the valve fing, switch off the pump, and repais
the leaks first,

< Try agam and let the water flow slowly for a while whilst the functionality of the staton is tested
n full.

< Open the valve fully, bring the system to full pressure, and do all checks again, Leave it on for an
hour or 30 to check its suability.

< Put the system in use and check if all controls and programmes work ., as they should.
< Keep a close eye on 1t for at least a month to make sure, 1f everything is working well in the long

run,




Table 6.3: Filter sclection guide - Quick reference (Adopted from Bruce, 1985)

Gireater than 454 m' hr

D+BorD+ForE gply

C+ForC+D+ForE only

C+*BowC+D+ForC+E

D+BorD+F

C'D-ForC-ForD-E

Solids concentration
Flow-rate Product (s) reccommendation
Inorganic | Organic

L L A
L M C+AorB
L H C+AarB
M L D+A

Less than 11,4 m'/hr M M C+D+AorB
M H C+*D+AorB
H L DoD+A
H M C+D+AorB
H H C+D+B
L L B
L M C+B
L H C+B
M L DorBorD+BorD+B

11,445 4m'hr M M C+*DorForD+F
M H C+ForC+D+ForC+D+F
H L D*BoForD+F
H M C+D+FoC+ForD+E
H H CtDeForCtD+F
L I B
L M C+ForE pnly
L H C+ForE only
M L
M M
M H
H L
H M
H H

C+D+F

Solids Concentration Code:

L - Less than 5 ppm
M - 5-50 ppm
H - More than 50 ppm

A - Strainer

Recommendation Product Code:

B ~ Screen/Disc Filter

C - Suction Screen Filter

D - Suction or Discharge Separator
E « Gravity Screen Fiher

F - Sand Filter

Underlined options above indicate potential Pump Protection systems 1o minimize sbrasive pump

wear.
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64 Guiddines for the Operation of Filters

The theoretical backwashing cycle can be calculated as shown in par. 6.2.4.2. This 1s, however, just a
theoretical time and 1t must be monitored at first to see 1f it is applicable in practice. The cycle can
change during the scason as the water quality changes and this can casily be established by tsking
regular DI measurements of the water throughout the yeur. The same tools that were wsed 10 establish
the theoretical cycle, can be used to make corrections to it. If the water 1s very clean, hackwashing
should be done once daily to prevent sedimentation of the sand-bed. Suming the sand with the hand
can elevate sedimentation. It may sometimes be necessary to replace the sand, Bactenal growth on the
sand sometimes leads to sedimentation of the sand, resulting in tunnel forming. The bactena growth
can be prevented by means of chemical treatment of the water

The backwashing duration must be lengthy enough to remove all impunities from the filter, A
backwashing duration of at least 60 seconds 1s mostly recommended. It 1s, however, good practice o
physically backwash the filter, and monitoring the time, it will take until all the discolounng and alien
matenial disappears from the water. It is also very important 10 take a sample of the backwashing
water with a clean container before the backwashing process is completed and to inspect it to ensure
that it 1s clean. The evaluation and setting of sand filter backwashing times must be done regularly. If
the duration is too short, or the flow-rate is oo low, the pressure differential over the filter station
after hackwash will gradually increase with time.

Backwashing usually takes place while imgation continues. To operate both the backwashing and
imgation system simultancously, the flow-rate to the imgation system must be reduced w0 build-up
the pump pressure and o allow backwashing by using a pressure-sustamning valve. [t is, however,
beneficial w0 backwash the system from time 10 time (bi-weekly), with all blocks closed, so that a
greater volume of water can flow through the filters 10 accomplish a more effective backwashing
action. A pressure of £5 m higher than the normal functioning pressure, before the filters, duning this
action is sufficient. The use of compressed air, to assist with the backwashing action, is recommended
if problems are experienced with tunnelling in the sand. This is effective to break up clods in the sand
Drscolouration of water dunng backwashing 1s normal and indicates the effective functioming of the
filters

The backwashing flow-rate is very important and must be set 10 ensure effective backwashing, A wo-
high flow-rate will cause the sand 10 wash out, while a wo low flow-rate will prevent impurities from
heing wached nnt Rackwadhing can he performed on a ime volume or pressure difference basis
I'he backwashing on a pressure difference basis is recommended. since it takes water quality changes
into conssderation
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6.5 Guidelines for the Maintenance of Filters

The following maintenance schedule for filters is recommended:

Table 6.4: Minimum maintenance schedule requirements for drip irrigation systems

Monitor Weekly Monthly Quarterly | Annually
Inspect filters for leaks. 4
Check pressure difference across filters v
Monitor filter backwash cycle and 7
adjust if necessary
Check the hydraulic and clectrical 7
connectors
Service screen filters, Replace screen 7
clement if necessary

Inspect sand level (£ 360 mm) and '

shape of sand grains. Add sand or v

replace if necessary®

Service disc filters. Replace filter discs y
if necessary.

Service backwash and air valves ' v

*The sand should have sharp cdges 10 be effective. If the sand particles become round due w
frictional wear, the effectiveness of the filter is reduced.

Where aggressive water occurs, metal parts of the filters must receive cpoxy treatment. Lubricants
extend the lifespan of synthetic discs in filters where metal and rubber parts are in contact. High
viscosity silicon products have proved 1o be the most suitable product for general usage. Lithium
grease, but definitely not oil, is very suitable for valve axles and other moving parts

651  Replacing sand in filters

The rule of thumb is 1o replace the sand annually, However, it may be necessary to replace the sand
by mvestigating the condition of the sand. When sand 1s rubbed between the fingers, it must not feel
smooth, because this will mean that the sand has been wom down and will no Jonger filter effectively.
When replacing sand, sand particles must be angular and not round.

Sand particle sizes that vary from 0,71 mm o 1,85 mm are recommended. When replacing the sand in

the filter, it 1s essential to half-fill the filter with water before filling it with sand 10 prevent damage 1o
the underdrain system in the filter, The water forms a cushion and protects the intermal pants, Sand
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filters normally have a sand depth of £360 mm. Always use prescribed graded sand from a reputable

suppher

A layex s somectumes formed on the sand that becomes dirty or blocked and even causes
sedimentation. [t 15 not necessary to remove all the sand from the filter. The layver can be scraped of|
and removed and the correct amount of sand can be replaced. It 1s usually as a result of a low

backwashing flow-rate or a wo long backwashing cycle
652 Replacing filter discs

Any disc/discs that show signs of mechamical damage should be replaced. Discs with chemacally
blocked channels must be removed and cleancd chemically. If the discs cannot be cleaned effectively,
they must be replaced. Always replace discs with the same colour, and from the same manufacturer,

10 ensure that the degree of filter disc remains the same. It is strongly recommended that the discs

should be removed penodically and be cleaned manually
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Appendix A

Test number:
Imgator N o
Address: o -
Contact number : o o - o o o
Catchment area:
Evaluator(s): Date S

VERIFY FILTER INFORMATION

DESCRIPTION OF SYSTEM:

Pump (i.e. KSB/ETA 50-315)

Imiganion system (Area under wrrigation, type of system/emitters, emitter spacing, lateral spacing and
delivery rate)

System flow meter (type and size)

Maintenance practises

Schedule (1.¢. how often: sand replacement, hand cleaning of discs, replacement of seals, etc.):

Is chlonnation practiced”

Are any other chemicals used 10 clean the filters?

K9




Appendix A

General comments of imgator on any problems cxpenenced dunng the operation and
maintenance of the filter station and system ¢.g blockages

EVALUATION SECTION:

Visual assessment:

Are there any signs of wear of the sand or filier discs or filter screen?

Anv visual obstructions in the filters or dirt build on filter discs or screen”
) e

Arc there any leaks mn the filter staton

Location of pressure gauges on the filter station

Descnbe position of water source relatively 1o pump station and filter station

W SAMPLING AN STING:
Determination VSamplc size " Preservation Sampling position ‘number
)
lowal suspended sohids [ | o 1 One site at bypass outlet of
pe h 500 Refngerate o' s - po——
DIM at mlet of filter station
Algae B Proserved with 1% | One at water source per drainage
1000 per volume of regron at depth of 500 mm below

wdine (10 m/) the water surface

Iron and manganese One per site at filter inlet
According to

|separate

i test kits

measurements)

Iron (mg £):

Manganese (mg/é):




Appendix A

AN \ "ESSMEN

Backwash management efficiency test:

[ Pressure | Pressure Back | Flow | Backwa | Backwash
Pressure |
before after wash meter | sh flow- | pressure®
; dr
filter filter tme | reading rate
[kPa) [kPa) Pa] | [sec) | [m'] | (m'h] | [kPa]
| Before first B . ‘
backwash:
After first
hackwash-
After second
hackwash-
After thard
backwash:

NB: Repeat backwash management test until a neghgible change in pressure drop over filter 1s
reached. The SAF / TAF filters don't have a backwash action.

* System backwash pressure is defined as the system pressure dunng hackwash on the inlet side of the
filter backwashing

Position of flow meter (distances from obstruction before and after low meter, diameter of pipe
being tested):

Backwash water of sand filter: Are there any signs of filter sand being carried out?

When last was the filter deancd/backwashed? (How many days ago)




Appendix A

REFFICIENCY TEST:

Siz¢ of screen in dirtiness index meter:

Position of DI Vian Vs | |- lmestant | Time end ‘ Duration |
mcter [4] (€] ‘ (4] ‘ (mun) (min) (mun)

Before filter

After filter ! |

| ] |
Where DI is the dirtiness index and V is the volume reading of the DI meter

NB: Tests before filter are repeated until test after filter ends

The following classification system must be used to determine the filtranon efficiency
o [fthe cut-off time for the specific screen size is excooded at the inlet of the filter, the test must
be terminated

Cut-off times at the filter inlet for different screen sizes
Screen sizes (micron) Cut-off times (min) |
60 41 ]
30 16
100 12
130 209
200 1.5
250 823 |
| 300 120
e In the case of fikem with 3 very high fluation cfficioncy of 28% or more, it can ake up i wie

full day 1o get a reading from the diruncss index meter after the filter, which makes it impractical
10 try to get the exact reading of the filtranon efficiency in practice, It was therefore decided to

take a filtration efficiency of %6 as the ime-out point for such cases. The table below shows the
time-out times at the filter outlet for differemt DI values before filier for 90, filtration
ciliciency




Appendix A

-

-1 [

Time-out times (min) at filter outlet for different DI before filter for a 90% filtration cfficicncy

; ——— ﬁ)ﬂ?ﬂ:"i 2 s 0 15 20 s 30
0 206 |82 a1 27 |21 |16 14
80 “32.8 1 13.] 6.6 44 |33 |26 22
100 60 2 12 8 3 48 3
130 N a3 T4l (209 139 (104 83 7
200 2577 | 103.1 | 515 344 258 206 172
250 A11.7 1687 | 823 | 549 (412 329 274
00 [600 (2% |10 |80 |60 T

if the pressure gauge of the DIM a1 the fiher outlet reaches the required pressure almost as

quickly as the DIM before the filter, nt can be assumed that there is a problem with the filter
performance. The filter must be opened 10 identify possible problems with the performance of the
filter, The farmer must be advised accordingly.

System flow-rate and pressure measurements during DI test:

" DI Test number: Pressure before
filter (kPa)*

Pressure after filter |

Flow-rate lu‘n‘hl

(kPa)*

Clamp-on
flow meter

System flow
meter

AVERAGE

1

*If the DI measurements are taken close lo; the filter and if the r;ﬁlg of the pressure gauges of
the DI meters arce high enough, these pressures can be measured with them in between tests by

closing both valves of the DI meters
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Appendix A

DESCRIPTION OF CLOGGING AGENT ON SCREEN

Mark appropriate clogging agent in table.

Physical, chemical and bological faciors imvolved in emutter cl gging
(Bucks etal 1979)
| l‘h::n;al Chemical Blorlroigval
r — —a
e [norgamc matenals e Alkaline carths heavy metals o Algac
Sand (50 - 250 um) Cavons
Silt (2 - S50 um) Calcium Bactena
Clay (< 2 um) Magnesium Filamem
fron Shime
Manganese
Amons
Carbonate
Hydroxide
Silicate
Sulph:de
ho Organic matcnals e Fermihzer \.u';;l: FB Microbeal .an\mc\r

Aquarnic plants
Phytoplankton
Algac

Aquatic animals
Zooplankton
Snails

-+

Bactena (0.4 - 2 um)

Plastic cutungs
Lubncant residucs

In case of slimes:

Is only one side of the screen slippeny? Yes™No

Are both sides of the screen slippenn? Yes™No

Aquoous ammonia
:[ui\

Copper

Zinc

Manganese

Phosphorus

iron
Manganese

Sulphur



Appendix B

EANALYSISIN THE DIFFERENT REGIONS DURING OCTOBER 2002

AL

~ “ els|e|esicle|e]es|ec]ls]eles]ls]c|clsle]lzsle]|~-]|e
M m ooooOOCOQOOOOOOooo_Mno
-
w aljlesjesjesjojeje s jejo el |lajs|alas]e
4 olejeje|e|c|o|a|e|e|c|Z|o|e|E]|e|Bla|a]-]|=
Q -
| eojojoje eojea|ejs|e|o|e|ele|ala]ae|alal|a|S]e
=E,
m MMDOOOOOOOOOOGOOO«OMOOO
| HH
: Mm 5
mooooonnonuooo-nonoooﬂn
PP
LWOOOoo»noouDOOﬂOMoOOuo
! i
¥ £
” wonoﬂ.m....n"on.n.....
£ ﬁn.m
.‘memooo_uooon..Oo.ooooun
rm
HEl | )s
Slelsjeiflelele|eslels|n|n|a]lele]e|ele]e]s|~
m m 000«000&000“000"0000.
_ —
] Mh Oooom.ummn-«..n.oo»ooo.nn
w m onmmeWommNnDWOMOOOoo
-
WW Rl2le s Slel=|Z|c|E|F|E|2]|e|e]e]|e]e|e]|-]|-
Iu'l
m oooo.oomnutt.vO.o.OOno
-
| 7 =lzlzla 2lalelz 2z 1zl 1z 2 2 e e 12 2 )2 |

9s




Appendix C

TIME-OUT TIMES FOR DIFFERENT FILTRATION EFFICIENCIES
AND DIFFERENT DIRTINESS INDEXES

T Dirtiness index: T 5 10 =L 20 % | »

Screen: |Measurement: (rmen) (min) mn ) (rmin) (min) (min) | (min)

80um  |Before filter: 21 08 D4 03 02 02 | 01
filter for

30% 29 1.2 06 04 03 02 | 02

60% 51 21 10 07 05 04 | 03

0% 206 82 a1 L IR L 15 1 14

80um |Before filter: 33 13 0.7 04 03 03 0.2
for
of:

0% 27 19 09 0§ 05 04 03

60% 82 a3 16 11 08 07 05

0% 131 | es | a4 | 33 26 | 22

100pm |Before filter: 60 24 12 08 06 05 D4
for
of:

30% 86 34 1.7 1 09 0.7 06

60% 15.0 60 3.0 2 15 1.2 1.0

0% 60.0 240 120 8.0 48 40

130pm |Before filter: 104 42 2.1 14 10 08 07
filter for
of:

30% 144 60 30 20 15 12 1.0

0% 26.1 104 52 a5 26 2.1 1.7

104.3 417 29 139 104 83 7.0
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Appendix D

MEASURING THE DIRTINESS OF IRRIGATION WATER FOR MICRO-
IRRIGATION FILTERS

A.S. van Nickerk*

ABSTRACT

An casy 10 build instrument that measures the dirtiness of imigation water regardless of the kind of
dirt, or ats concentration, was developed and tested in South Africa. With a constant dirtiness of the
water, the imstrument produces a repeatable numerical value for the dirtiness of the water which stays
in the same order of magnitude. Differemt mesh sizes may be used in the instrument to measure the
dirtiness of water with regard to other particle sizes, for filters with difTerent mesh sizes.

The instrument can be used to produce better filtening station designs and to manage them better.
Controlled blocking tests can be done on all filters under a wide range of dirtiness conditions to
forecast how quickly they will block under given conditions. Filiering efficiency tests can be casily
and effectively done under laboratory and field conditions on all filters. This is especially valuable
because it can help identify faults m any micro-imigation system. The construction, measuring theory,
operation, test results and applications of the Dirtiness Index Meter will be described herein,

Keywords: Measuring dirtiness, Dirtiness Index Meter, Filter efficiency, Imgation water, Blocking
tests on filters,

*A.S. van Nickerk. Professional Engincer, Principal Engincer, Head of Testing Laboratorics. Directorate brigation
Engincering. Deparament of Agniculture. South Afnca
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CONSTRUCTION AND BASIC WORKING PRINCIPLE

onst on L}

The DIM s assembled using 20 mm galvanized pipe fittings. The basic components of the meter are
a water meter that can measure low flow-rates, ¢.g., @ houschold municipality meter, with a small
screen mounted on the inlet side, two brass gate valves, a 250 kPa pressure gauge and a 2000 L'h flow
control valve. In Fig, 1, detailed information is given on all the components and how they are
assembled. The only component that must be manufactured is the small screen in the water meter and

this & done & follows

I'wo brass washers, with a thickness of approximately 1.5 mm, and a 12 mm hole in cach of them
must be made in such a way that they fit neatly, though not too tghtly, into the mounting nut of the
water meter, A nylon screen of appropnate mesh size is cut 10 the same size as the washers and
clampad between them with the mounting nut of the water meter

All components are screwed tightly together with scaling tape, except for the mounting nut on the
inlet side of the water meter, which is only tightened by hand to enable casy access to the small screen
(it is not cnuical if water leaks at this point).

THE DIRTINESS INDEX METER |

Nim)

20mm GALY SOCKET .
|
|

10( WICRON  SCREEN

T IYS

19=i3mm QALY B PUSH
WV-18mm CALY D SURN
W CISCC ML JONTRCL

VALYE (@00 L'h |
19mm GARDENA §C ["EMALX
XY cu.ncn QT (MALZ
.:c..n WOSE Mt

KENT WATLRWETER

ﬁthIIHMJI.AJl

CESCRIPTCY

EE L L et

NHUusre

3 »--';loo - NN N

x
<

Fig. 1: Construction of the Dirtiness Index Meter

Basic Working Principle of the Meter

The instrument works on the principle that a quick blocking test 1s done under controlled conditions
on a screen similar 1o that of the filter for which the dirtiness of the water is measured. Ths s
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determined by measuning how many litres of water can be forced through the small screen by a
pressure rise of 50 kPa against the screen

MEASURING THEORY

Background

When, in 1980, it was decided to perform filter tests, nothing could be found in the literature on how
10 conduct such tests, or on what equipment to use. One of the needs that arose was 10 conduct
blocking tests on filters, but these would have been meaningless if the condition of the test water
couldn't be evaluated and stated together with the test results. Some of the things that were tried
unsuccessfully were:

¢ Using a standard filter as a measure: Many filters blocked even faster than the standard filter,
and since the dirtiness of the water was not constant, no representative measurement could be
tken.

< Mecasuring the dirtiness of the water in parts per million: If the 1o0tal concentration of the dirt
is measured, and the distnbution of particle sizes in the water is uneven, the tests of the filters
with the fine clements can't be compared with the tests of the filters with the coarse clements,
What 1s nceded, 15 a selective measurement, based on particle size, of the dirtmess of the water
When the dirtiness of the water was thus being measured on a sclective basis, and filers were
being tested at concentrations higher than one percent, it was found that the filters blocked long
before 2 dirtiness measurement could be taken, Similar problems 1o those of the standard filter
were also experienced in this case,

< Test all the filters simultancously: The small filters blocked faster than the large filters. In spite
of the large reservoir that was used, a continuous decline in the diriness of the water occurred,
which mcans that the large filters were tested with water that was on average cleaner than that of
the small filters, making the tests mcomparuble

USING A SMALL SCREEN AS A MEASURE

To sec what partcle sizes passed through filters, the filtered water was sampled through very fine
small screens and the screens examined under a microscope. It was found that these screens blocked
must faster, and 1t only became possible to use such a screen 1o measure the dirtiness of the water
after a lot of development, rescarch and testing had been done. The prerequisites that were set for a
dirtiness meter were as follows:

< It should produce an increasing value for the dirtiness of the water when the dirtiness of the water
InCreases

< It should be capable of repeatable measurements.

< It should consider the fineness of the filter's clement and still give about the same dirtiness value
for the same water

< Itshould be as fast, simple and cheap as possible,




There were two problems with the small screen

< As the water got dirtier, the volume of water blocking the screen got smaller.

Appendix D

< The 300 um screen filtered about ten times more water than the 100 um screen before it blocked
(Although this was found 1 practice first, 1t could be shown theoretically that an opening of 300
by 300 pum 1s almost ten times larger than an opening of 100 by 100 um, which confirms the

practuical observation. )

Fortunately, two solutions could be found

< If the inverse 15 taken of the number of litres that blocked the screen, it produces an increasing

value when the dirtiness of the water increascs

< If a factor s built nto the dintiness index formula that can be changed in accordance with the
fincness of the screen in the meter, it can compensate for the vanation in the volume of cach

screen. (The standard screen for the DIM was empanically taken as 100 um with a screen factor of

100.)

From the two solutions just mentioned, equations (1) and (2) were empincally derived for the

dirtiness index (DI of the water

DI L xF
L
LEGEND: il Dirtiness index
1 Number of hitres that blocked the screen
i Screen factor (Table 1)
00063 x M°
Where M Micron siz¢ of the screen used in the meter

Table 1: F-factors for the Most Popular Screen Sizes

| Finess of Screen Screen Factor* ,
‘ pm | F
50 21
| 100 100

200 430
300 1 000

* Equation (2)

-
(<)
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OPERATION OF THE DIRTINESS INDEX METER

Taking a Dirtiness Index (DI) Reading

The DIM should be prepared as follows: take the reading on the water meter (< X), close valve A (Fig.
1) and fully open bypass valve B. Install the nght screen in the DIM, see that it is clean and choose
the correct F-factor (Eq. (2), Table 1)

Connect the DIM to a pump with a pressure of at least 200 kPa and slowly close valve B until the
reading on the pressure gauge reaches 110 kPa, Open valve A fully. This will cause the pressure 1o
drop 10 = 50 kPa. As the screen becomes blocked, the pressure will stant nsing again. When it reaches
100 kPa, close valve A and take the new reading on the water meter (<Y). Subtract X from Y and use
Eq.(1) wo calculate the DI of the water.

800 — _— - — 120
700 N
i 1 e - 100
600 |
- | 80 =
; =
= 400 | 60 §
& 200 o
200 |
+ 20
100 |
¢ . >————e
0 - - -— — - - 0
0 1 2 3 4 5 6 7 8 R 10
Time (min.)

—o— Flow Rate —— 100 kPa Cut Off Line —a— Presure

Fig. 2: Flow-rate and pressure build up characteristics
of the Dirtiness Index Meter

Remove the screen and examane the dint on 1t to determine its type, which 1s what wall block the filter
If it is algae or iron oxide, it means the imigation system will have 1o be treated with chlorine and acvd
from tme to time. Clean and reinstall the sereen. The DIM is now ready for another measurement.

The reason for setting the pressure at 110 kPa and taking the water meter reading at 100 kPa can be
illustrated by Fig. 2. This Fig. shows what happens in a DIM with a 100 um screen and a DI of 10 of
the water during a DI measurement. When valve A is opened, the pressure drops below 50 kPa and
the initial flow-rate through the water meter i1s 700 L'h. As the screen becomes blocked, Fig. 2 shows

o1
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what happens with the flow-rate and the pressure. The arca under the flow-rate curve is the volume
measured by the water meter. In the beginning the DIM was left until the water meter stopped, but
being a mechanical meter subject 1o vibration 1t would, for ¢.g. stop once after 6 minutes and then
agan after 10 minuwtes. This led to readings that could differ by 10%: or even more from cach other
Monitonng the pressure and taking the readings at 100 kPa made much more exact and repeatable
readings possible.

Gotting the Average Dirtiness Index of the water

If water is measured over a penod of time during which the dirtiness index vanes substantially, it s
not correct to take the numenical average of the measurements for the average dirtiness of the water,
because lower values take longer 1o measure. To get the correct average DI i this case. 1t was found
that the average of all the volumes of the readings should be taken, and this volume used 10 calculate
the real average DI

TEST RESULTS AND APPLICATIONS

In the laboratory

It was found that blocking 1ests could be done very successfully on all types of micro-imigation filters.
The result is that blocking curves can be drawn for all the filters that are tested (Van Nickerk, 1983)
An inmteresting apphication 1s 10 determune the dimiest water an automatic filter can handle. Most of
these filters make use of internally filtered water to clean them, but if the water is so dirty that the
clements of the filters get blocked before they themselves are clean, they cannot function any longer.
This point is reached at a dirtiness index of about 60.

In general, Table 2 gives a good overview of expected filter performance at different dirtiness
indexes:

Table 2: Filters and the Dirtiness Index of water

[ Dirtiness Index Expected blocking times
<l Usually very long. ]
S Mostly a few days,
30 Mosntly 2 few hours
B 60 Mostly a few minutes

Ihe umes grven in Table 2 apply to filters running continuously. If a filter s stopped m between, it
was found that 1t can carry on longer before 1t gets blocked

In the Fidd

After numerous ficld runs with the DIM. it was found that natural water gencrally has a dirtiness

index of 2 and that the dirtest water on average has a dirtiness index of 100 (like a river in flood).
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When surface water occasionally gets dirty, it becomes about five times diruer than ns long-term
average dirtiness, and also only for a relatively short penod, as can be seen in Fig. 3.
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Fig. 3: Yearly Dirtiness Indexes of an Irrigation Reservoir

One application of the DIM 15 10 set standards: When the natural water has a DI of less than 1.5 and
there is no possibility of this changing (like a borchole), then a filter can be used at its highest flow-
rate (30 kPa fiction loss over the clean filter instead of the normal 10 kPa), or if the natural water has
a DI of 60, it may not be pumped through a micro-imigation filter before it s precleaned in other
Wavs

CONCLUSION

Different methods of measunng the dirtiness of imgation water for micro-imgation filters were
discussed. Normal measuring methods were unsuccessful and something special and unique had 10 be
developed. The Dirtiness Index Meter that was developed fulfilled all the requirements that were set
for 1t, and proved iself adequate 1o quantify the dirtiness of imgation water for the purpose of testing,
cvaluating, companng, desigming, and managing micro-irngation filters
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CAPACITY BUILDING

A project of thas kind brought about a greater understanding and msight of the working principles and
performance of all the different kids of imgation filters

Over the rescarch penod of three years, the know-how and knowledge of the rescarch team was
enhanced tremendously. The industry and producers that participated in the rescarch also benefited
through the interaction and transfer of technology

One student in the person of Mr MJ. Makgac, a postigraduate student of Universaty of Pretona,
Department of Civil and Biosystems Engineering took part in in-ficld testing of imgation filters and
he did a write-up of this work in fulfilment of his degree Baccalaureus Honoures Institutuoms

Agrana

New methods and test procedures had also been developed 10 test the different imigation filters and
the upgraded filter test bench 1s now a world-class facility for testing of any kind of irmgation filiers
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Other related WRC reports available:

The factors influecing the performance of subsurface drip irrigation systems.
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The major factor in irngation-water loss is evaporation. Depending on the evaporative
demand of the atmosphere as well as the soil type, up to 50% of the water application can
be lost through evaporation. Subsurface drip irngation is the best system of by-passing
evaporation problems. However, subsurface drip irrigation is very “sensitive” to clogging
of drip-lines. Crop type, emitter type, depth of drip-line and water quality are factors that
determine the beneficial use of subsurface drip systems. The project, therefore,
investigated the occurrence of root penetration in terms of depth of drip-line installation,
type of drippers and the influence of the application of various chemicals (during
fertigation or disease control). Such information will allow better management and
maintenance of subsurface drip systems
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