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applicable to ultrafiltration/mcriofiltrati on systems in general and
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|nvoI ves the use of a | ar ge nunber of holl ow tubular m cro-porous
fibres. Each fibre is adapted to allow - filtrate to flow fromthe

exterior of the fibre through mcro-pores in the fibre wall to the
: TECHNICAL FIELD :

The present invention relates to ultrafiltration and microfiltration systems and in
5 particular to testing, monitoring and control systems for use with membrane filtering
systems.

Although the invention is described with respect to its application to fibre
membrane filtering systems, it will be appreciated that it is applicable to
ultrafiltration/microfiltration systems in general and is not limited to the specific

10 application described.
BACKGROUND ART

Fibre membrane filtration is a well developed method which involves the use of a
large number of hollow tubular micro-;porous fibres. Each fibre is adapted to allow
filtrate to flow from the extéﬁor of the fibre through micro-pores in the fibre wall to the

15 interior of the fibre, while excluding impurities from the filtrate. The pores can be, for
example, around 0.2 micrometres in diameter.

In practice, many thousands of fibres are bundled together and encased in a sheil,
the complete assembly being known as a module S (see Figure 2). The shell 6 is usually
cylindrical and the fibres 7 extend longitudinally therethrough. The ends of the shell are

20 sealed, usually with a resin or the lfke known as the potting forming a plug 8 at each end.
The ends of the hollow fibres 7 extend through, and are encased in the potting plug 8 so
that the interior of each of the fibres 7 is in communication with the exterior of the

module 5 at both ends, thereby allowing filtrate to be removed from two end locations.



15° interior of the fibre, while excluding inpurities fromthe filtrate.

The pores can be, for exanple, around 0.2 mcronetres in.dianeter.
I.n practice, many thousands of fibres are bundl ed together and encased in a
shel |, t he conpl ete assenbly being known as a nodul e 5(see Figure 2).

The shel | 6“}0'3“}%5@ |y cylindrical and the fibres 7 wotifueo0144
| ongi tudi nally therethrough. The ends of the shell are 20 sealed, usually

with a resin or the |like known as the potting formng a plug 8 at each end.
The ends of the hollow fibres 7 extend t'ﬁr‘ough, and are encased in the

potting plug SO .. t hat -the,interio ' s S 1N
comuni cati o Wvﬂxeb%&f@wg?‘%ﬁ%ﬁ?y Jm%ﬁﬁ@%t@ég&%%?ﬁﬁ@%g@t her eby
Ao g e octerior ot oo and of e S, ST e RS2 b (74 St may excend sGugis’ 28236

Alternatively, both ends of each fibre may extend through the potting and
comuni cat e the potiing,ithe other fibreandgbeing sealéd end of the nodule 5, or the

fibres at one end may extend through the potting, the other fibre ends
bei ng seal ed. As shown in Pigursiiothe niodules § evearsually (bt notnegessarily) dispeseddnal | y
(but not necessarily) disposed in 5 "banks" 9, each conprising a row of
nmodul es 5 ghafbafiis" 9, eaeh comprikinpa rotviof nivdnles 5 kiearing a manifold 10 thejbahks beingy arr ay.
arranged in an array.
In use, feeﬂ or influent is introduced to the space intermediate the exterior of the
fibres and the interior of 2 module shell. Filtrate flows through the micro-porous
membrane of the fibres 7 into the interior of the fibres and thereafter flows along the
10 length of the fibres passing through the plug 8 to the exterior of the module 5, usually
into a manifold.
The operation of the filtering system is normally controlled by a number of valves
11 which control the flow of feed to the system, the ﬂov} of filtrate, backwashing of the
filters using gas and/or filtrate, and introduction of wetting agents and special chemical
15 cleaning agents during backwashing. These valves 11 are typically pneumatically
operated by compressed air, with the flow of compressed air to each valve being
controlled by an electrically operated solenoid.
Operation of the system may be monitored by detectors which measure fluid flow,
fluid pressure, temperature and other parameters at various points throughout the system.
20 Feedback loops may be built into the system to ensure the system is operating according
to preset control conditions.

During use the fibres become clogged with the filtered impurities and require

"backwashing" at regular intervals to remove the impurities and maintain the efficiency



In-use, feed or influent is introduced to the space internediate the
ext erior of the fibres_and the interiqr of a nodule shell, Filtrate

fl ows through the m cro-porous menbrane of the fibres 7 into the
interior of the fibres and thereafter flows along the 10 length of the

fibres paswsogsasssough the plug 8 to the exterior of the petidussdoiggusual |y
I nto.a manifold. The operation of the filtering systemis

normal Iy controlled by a nunber of valves 11 which control the flow
of feed to the system the flow of filtrate, backwashing of the

filters usi t&ﬂﬂ/ | deh& 'm(;,‘ggg%t'me%ﬁ% i ts and
speci al chemn&ca l15 ) gf’%g’ﬁ# ng ag‘gr@%ghrl ng washi hg. Eﬁl’ﬁgg% valves 11
are typicall ' . D ed. I ed ajlr. wth the flow
of "conpr esse%‘da T %&é’%ﬁ%‘?‘&eﬁ'&ﬁ%ﬁ?ﬂ’ g‘lﬂ%%ﬂi%:%xl%sg‘auﬁw vagf"ésct???sc ally
oper at ed sol gnoi d. . eratio f the stem he npni tored by
detectors m?@ﬁ%&%“ﬂ‘&?’eﬂ‘%w&m ”&qmsw%éﬁgffg?ﬂ?e and
ot her parameters at various points throughout the system 20 Feedback

| oops may betomq“itwlﬁ%en‘iwggﬂ‘t‘@mmé&@ﬂ#beFﬂ@@yﬁhﬂ%!@é&bﬂi&ti ng

accordi ng to preset control conditions. During use the
fibres bedonsystemcbwingsetforchpe with & I'worstrcask" isityation t Gausingthel systesputorbe run

"backwashi ng" at regular intervals to renove the inpurities and nmaintain
t he effi ci eningfficiently.
Furthermore, choosing the size, number and type of modules 5 required when
designing a filtration plant for a particular purpose involves the consideration of a
number of factors. For example, plant capacity, level of filtration required, backwashing
10 requirements and type of feedstream to be filtered each need to be investigated. Whilst
some of these factors are relatively easy to measure, quantifying the characteristics of the
feedstream in particular has proved difficult. Plant designers have tended in this respect
to make assumptioﬁs about feedstream quality based on previous experience ﬁm similar
types of feedstreams. To ensure that a particular filtration result is achieved, the plant
15 may be designed using "worst case” assumptions for the feedstream. The designer must
then balance these feedstream assumptions against size and cost constraints, as well as
the other factors discussed above.
The problem of feedstream assessment is exacerbated when an unusual or unique
feedstream is involved. In such cases, extensive and costly testing with scale models
20 may be required to assess the effects of the particular feedstream on the desired type of

filter unit. This adds significantly to the costs of designing and building filtration plants.

particularly where many different filter units need to be tested.
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the filtering. The frequency and type of backwashing will be dependent on

the state and type of feedstreambeing filtered. Figure 3 illustrates

fl ux decli neygbgrdgasgar i ous types of feed. In many situpéiRBssobiag St ate

of the feedstreamis dynamc and thus it is difficult to predict when

and how often backwashing will be requi r_e‘p. This can lead to the 5 system

being set to cope with a "worst case" situation, causing the systemto be
run i nef fi Gj IRVA . | ?st&mﬁiﬁl i ze, nunber
and type of mduﬁgg%ongatuoﬁhgd’ ﬁﬁgr%nveﬁﬁéﬁgg’g%ﬁfﬂggg&ﬁsp ra |(l)f1 pl ant for
a particular pu e | gl *g gpgi lon._of nunber of
factors. For @éﬁ%ﬁ"e‘,"{e&\‘ n ‘zfat%%gfl&y, tggééfgfg}eﬁﬁr?ation required,
backwashing 10 requirenents_and type of feedstrgamto be filtered each
need to be invest gﬁh&igﬁ%f’f@ mvemm%‘d??é"ﬁ?“‘??é?e“”&f?t’éﬁ%?n&wePel atively
easy to neasure, quantifying the characteristics of the feedstreamin
particul ar ha%ongplandmenitpring gystem whigh eangscertaindhesstate okthe fegdstrgam in repl s

respect to nmake assun&tions about feedstream quality based on

previ ous egpetime ascopirolthe filiering/system dynamyically in fespanseitorthestats of the ensur e t hat
a particular filtration result is achieved, the plant 15 may be desi gned

usi ng "wor st feedstéamssunpti ons for the feedstream The desi gner nust
t hen bal ance these feedstream assunpti ons agai nst size and cost

constraints, PIROEOIURE OF INVENTHONot her factors di scussed above.
According to a first aspect, the present invention provides a method of determining
the fouling effect of a feedstream on a filter having known characteristics, said method
10 comprising the steps of:
i)  passing the feedstream through a filter having known characteristics;
ii) determining the change in resistance to flow of the feedstream across the filter,
eidxer continuously or over a number of time intervals; and |
iii) from this data, calculating a feed fouling index (FFI) representative of the fouling
15 characteristics of the feedstream with respect to the filter.
Preferably, the Fﬁ is calculated by plotting the change in resistance across the
filter as a function of volume filtered and measuring the gradient of a curve so plotted at
a point or interval where the curve approaches a straight line.
In a preferred embodiment the change in resistance may be measured by taking
20 readings of the cumulative volume of feedstream passing through the filter over time.
Alternatively, pressure sensing devices may be positioned on either side of the filter to

relate resistance changes in terms of trans-membrane pressure (TMP) drop.



The probl em of feedstream assessnent i s exacerbated when an unusual or
unique ._. feedstreamis involved..ln such cases extensive and costly
testing with scale nodels 20 nay be required to assess the effects of the
particul ar feedstreamon the desired type of filter unit. This adds
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pr| or art. 0 ;Hg \{ﬁpﬁ £ at least in one of
its aspects, | S Fo aﬁhé‘ﬁéai}%m &b‘g’%{”t}@‘? ‘r’%g érpl ng system which can
ascertain t ate.qf the § dst am| r eal | and control t he
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f eedstream Di SCLOSU A NVENTI ON Accordl ng to a first
aspect, t he Moniteringa numherof epsrating pargracters of e BYFMB  det er i ni ng t he

fouling effect of a feedstream on a filter having known characteristics,
sai d met Hodii) 10caledating an indgx representative ofthe fouling nature of the feedstream to the

filtering system using the resistance value determined in i); and
iif) controlling the operation of the filtering system in dependence on the value of the
feed fouling index calculated.
It will be appreciated that the filtering system may be controlled in a variety of
10 ways employing the feed fouling index as the controlling factor. For example, the
backwashing cycle may be optimised for a particular quality of feedstream and varied
dynamically in accordance with the quality of feedstream on a continuous basis.
Similarly, the syétem may provide a self set up procedure on the basis of an -initial
feedstream quality which optimises the performance of the filtering system upon initial
15 installation.
In particular, the invention has been found useful in measuring the fouling
character of a backwash lagoon. The filtration process separates the incoming feed into
a filtrate and backwash stream. The backwash stream is typically 10% of the incoming
feedsm flow. In some applications it is important to try and recover as much liquid
20 as possible from the backwash stream, for example, filtration systems in arid areas. In
these cases the backwash is normally settled in a lagoon. The supernatant from the
lagoon is then returned to the front of the filtration plant and shandied or mixed with the

incoming feedstream. By turning on and off the supematant flow, the fouling character



1) passing the feedstreamthrough a filter having known characteristics;

1i)_ "determning the change in resistance to flow.of the feedstream across .
the filter, ei ther continuously or over a nunber of time intervals;

and iii) fromthis data, calculating a feed fouling index (FFI)

represent at ingospladghe fouling 15 characteristics of the pepssdsnermn W th
respect to the filter. Preferably, the FFI is calculated by
plotting the change in resistance across the filter as a function of
volume filtered and neasuring the gradi et of a curve so plotted at a

poi nt or interyal, wher .t 2 N

In a pref erreq@mmwﬁﬁ%%ﬂg% g@%&gﬁn saﬁlct{é@fn%wy*%déh %eﬁgesﬁrlg eby
taking 20 readj ngs of e cunul atj ve vol.unme .of feedstyeam passin hr ough
the 111 ter oviomint e of he sipariataptbegfos K7y el B hERMR BEE Klind [y D
positioned on either side of the filter to rel ate resjstance changes

in.terms of tinders thesysen can by armageddo takgpstionte porrect this problem gighes 5/ 283236
PCT/ AU96/ 00144 - 5-

In a second amamaticaliconthrovgintequestingopemsionintexvention. an on-1i ne net hod of

nmoni t ori ng and controlling a filtering system said nethod conprising
the steps af: In a third aspect, the present invention provides an off-line method of determining

the potential fouling effect of a feedstream, said method including the steps of:

i)  passing a sample of the feedstream at a predetermined pressure through a filter
having known characteristics;

ji) determining the change in resistance to flow of the feedstream across the filter,

10 either continuously or over a number of time intervals; and
iif) from this data, calculating a feed fouling index (FFI) representative of the fouling
characteristics of the feedstream sample on the known filter.

| Preferably, the method further includes the step of correiating.the FFl witha
second FFI calculated for a membrane filter for use in a filtration unit.

15 Desirably, the FFI is calculated by plotting the change in resistance across the filter
as a function of volume filtered and measuring the gradient of a curve so plotted at a
point or interval where the curve approaches a straight line.

It is desirable that the change in resistance of the filter is measured by recording at
a number of predetermined points in time the cumulative volume of feedstream having
20 passed through the filter.
In other embodiments, pressure sensing devices may be used to measure or

estimate changes in resistance of the filter over time.



). determning the resistance of filtering elenments used in the filtering

syst em by noni t aring a nunber—of opecratiog paraneters of the system

5 ii) calculating an index representative of the fouling nature of the
feedstreamto the filtering systemusing the resistance val ue

det er m ned wosns23saNd iii) controlling the operation pefrdvagediud t eri ng
systemin dependence on the val ue of the feed fouling index

cal cul at ed. It will be appreC|7at ed that the filtering system may

be controlled in a variety of 10 ways enploying the feed fouling index as

th troll b
e controlling it%&@&am&&anﬁémkealcm%ys a cor ﬁ?ﬁ%ﬁgg%ﬂﬁfﬁéy e

optimsed for a partlcu ar quallty of fee

dynam cal ly | of f i re on a _continuous
basi s. ?grl v, § e gyst Wiﬁfﬁet %ed W’ cﬁﬁ' B¥bcedure on

t he basis of | trea qgual i optim ses the

per f or mance fqopetpf%agé&% ?Wﬁaﬁmf?fﬁrnst al | ati on.

In particular, t e Jjnvention has been found useful in neasuring the fouling
character of a b a3pect. Jbe Present invention provides an appamtusdestise it es t he
incomng feed into a filtrate and backwash stream The backwash

stream i s % ygetemminipg tigopotentielifouling efliastiofa feedstreamdrydloe method 6f thewthirtaspeotre
applications it is inmportaht to try and recover as nmuch liquid 20 as
possi bl e fr oabdviescsalibappavatuk inctudigm f or exanple, filtration systens in arid
areas. In t hese cases the backwash is normally settled in a | agoon.
The supernat ant & fikénHavig known propétiesn i s then returned to the front of the
filtration plant and shandied or mxed with the

means to pass a sample of the feedstream through said filter at a predetermined
pressure; and “

10 means for measuring the change in resistance to flow of the feedstream through the
filter over time;

calculating quantitatively a feed fouling index (FFI) indicative of the fouling
nature of the feedstream on the ﬁlter based on the measured change in resistance to flow
s0 as to estimate the potential fouling effect of the feedstream on other known filters.

15 Preferably, the means to pass the feedstream sample through the filter includes a
container for holding the sample, and means for pressurising means for pressurising the
sample within the container for delivery of the sample to the filter at a preselected
pressure.

Preferably, the pressurising means is a manually operated pump. Most preferably,

20 the container and pressurising means are provided in the form of a modified manually
operated garden-spraying apparatus.

Desirably, the filter element is of the cellulose acetate type. It is particularly

desirable that 0.22 micrometre cellulose acetate filter paper is used.
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t he | agoon can be nonitored by noting the changes in the feed fouling
index. |f tREooemsassf Ul i NG Nature of the supernatant begi npchRusdvdtssundul y,
as shown by rising feed fouling I ndex, the system can be arranged to
take action to correct this problemeither automatically or through
requesting operator intervention. 5 In ®third aspect, the pr esent

foul i ng effect ofhgares Ws%#ﬂ”?%%%ﬁ&%%%u% fop 2 5‘39%?9“6" )

passing a sanple of the feedstreamat . a predetermn ressure,thraou
filter hmﬁﬁgmﬂ%m%@'em g{"' as;qoy&' gRgS I fo “ghange
In resistance to flow of the feedstream across the filter, 10 either
conti nuously lbine bayweenthegantainer and the Fgulaterer val s; and iii) fromthis

data, calculating a feed fouling index (FFI) representative of the fouling
characteristics oOPreferably, oncientmere maguatylopersble valvesareprevided toallow for
Preferably, the nethod further includes the step of correlating the FFI
with a 5 pﬁﬁmgdeEleaﬁiﬂgoidmam:aimr a nenbrane filter for use in a

filtration unit.

Another property of the filtering system which may be measured and used as a
control parameter is the backwash efficiency. Backwash efficiency is a property of both
the filtering system and of the feedstream and thus may be used to optimise the filtering
system performance. Further, by using a perplexed experimental design it is possible to

10 evaluate which of a number of designs is most appropriate to a given site or set of
operating conditions.

As backwash efficiency also varies with the property of the feedstream and varies
dramatically with pH changes when dosing the fem with chemicals such as alum,
it has been found to be a useful control parameter to control dosing procedures. The

15 usual method of control is to measure the pH directly and control using pH as the control
parameter. However, pH sensors have been found difficult to keep in accurate
calibration and control using the fouling character of the feedstream has been found to
provide more reliable operation.

According to a fifth aspect of the present invention there is provided a method of

20 monitoring and controlling a filtering system, said method comprising the steps of:

i)  determining resistance values of filtering elements used in the filtering system at

predetermined times during the backwash cycle of the system by monitoring a number of

operating parameters of the system;



15 Desirably, the FFI is calculated by plotting the change in

resi stance_across the filter —as..adunction of volune filtered and
nmeasuring the gradient of a curve so plotted at a poi nt or interval
where the curve approaches a straight |ine. It is desirable

that the chwoges s resi stance of the filter is neasured bypcrat9éstino at
a nunber of predeterm ned points in time the cunul ative vol une of
f eedstream having 20 passed through ”r}é filter. I n ot her

enbodi ments, pressure sensing devices Yy be used to neasure or
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It is desi rﬁ?‘é‘"‘t‘hﬁ"‘?ﬂfe‘h&ﬂ%SX%{F‘B&F%&&W%W%@M@S‘Mﬁie to
entry of the,, resi stance, or pressure data. In a particularly preferred
enbodi ment , Hhe @ %‘i‘e operanon@;ﬁ}ea(ﬁm wwm'ammerzsﬁpeﬂwabrap)émeo

provi de a more accurate FFI. In a fourth aspect, the present
i nvention prmem%ﬁpﬁﬁl‘aﬂ%@f or use in 5 determning the potenti al
fouling effect of a feedstream by the nmethod of the third aspect
above, saPd appdreferably; the predétennined times during the dadkiwasiecycleaneé jugt afiepain
properties; previous backwash, just before a next backwash and just after said next backwash.
According to a sixth aspect of the invention there is provided apparatus for
monitoring and controlling a filtering system comprising:
i)  means for determining resistance values of filtering elements used in the filtering
10  system at predetermined times during the backwash cycle of the system by m&nitoring a
number of operating parameters of the system;
i) means for calculating a backwash efficiency value representative of the efficiency
of the backwash cycle c-)f the filtering system using the resistance values determine& ini);
and
15 iii) means for controlling the operation of the filtering system in dependence on the
value of the backwash efficiency calculated.
According to a seventh aspect of the invention there is provided a method of
monitoring the operation of a filtration system comprising the following steps:-
a) sampling system parameter values at selected locations within the
20 filtration system at a predetermined sampling rate;

b) generating a parameter profile characteristic from the sampled parameter

values at predetermined intervals of time; and



means to pass a sanple of the feedstreamthrough said filter at a

pr edet er mi_ned pressure; and _10 means for neasuring the change
in resistance to flow of the feedstreamthrough the filter over tine;
cal-cul ating quantitatively a feed fouling index (FFI) indicative of the
foul i ng wolaisdsee of the feedstreamon the filter basedppgihégoifasur ed
change in resistance to flow so as to estimate the potential fouling
effect of the feedstream on other known fjlters. 15 Preferably, the
means to pass the feedstream sanpl e thrdd&h the filter includes a

preseurising the O wlyliiie B bl MERR Mool pienliadfalit 07 (e
roferably, the prEeaipn S ERBNFARED, mmnull Iy operated purp. Mbst
preferably, 20 the container and pressurising neans are provided in the
form of a nodi fi edreiEFbl, the analysing stepdpcludes compariog thegensrated Prfilen at us.
Desirably, the filter element is of the cellulose acetate type. It is
particul ar|y characterigticsigaiantiacdesiredichaxactoristic endidentifying e¢gions wibinabet at e fil ter
baper 15 1 S;Edée:nemtecl characteristic which diverge from the desired characteristic.
According to a eighth aspect, the present invention provides apparatus for
monitoring the operation of a filtration system comprising:-
a) means for sampling system parameter values at selected locations within
the filtration system at a predetermined sampling rate;
10 b) means for generating a parameter profile characteristic from the sampled
parameter values at predetermined intervals of time; and
c) means for analysing the parameter profile characteristic to determine
correct operation of the filtration system.
The means for analysis may include means for comparing the generated profile
15 characteristic against a desired characteristic and identifying regions within the
generated characteristic which diverge from the desired characteristic. As a resuit of this
comparison, the analysis means may indicate likely fault_s causing the divergence and
also suggest possible solutions to the problem so that the fault may be corrected or
circumvented and the system operation be returned to optimal operation. Such
20 “troubleshooting” may be performed in an interactive way by providing an operator/user

with an interactive display of the snapshot wherein the operator can indicate an area of

the snapshot he is interested in and obtain details as to faults and solutions in regard to
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I n one enbodi nent, the regulating nmeans takes the form of an adjustable
val ve i ncorporating a pressure gauge. It is desirable that a second
pressure gawMQe6/2823d ocat ed i n- | i ne between the cont aipggravegsbiid e
regul at or. Preferably, one or nore nmanually operabl e val ves are
provided to allow for 5 primng and clggning of the apparatus.

Anot her property of the filtering system which may be neasured and used as

a cont r AlalysiRlof Rt REioh of teEndpakdt\VBalBcrh ok fHe Mm%fs%’}@%meﬂfcﬁﬂﬁé ency is

a property of both the filtering system and of the feedstream and thus
nmay be used gyowaPbt dibpSovitWRedu drighd KRY system performance. Further, by
using a perplexed experinmental design it is possible to 10 evaluate which
of .a nunber of designs is nost appropriate to a given site or set of

operating conditions. As backwash efficiency also varies with

t he property; | es dramatically with pH changes
when dosi ng ?ﬁ@é@gﬁéﬁﬁﬂiﬁﬁmﬁm| s such as alum it has been
found to he a u%o trol parameter to control dosing procedures. The
15 usual net ho it 9f she-inyention wilhpow be deseribed] by wasiofesamplel usi ng

pH as the control, paraneter. However, pH sensors have been found
difficult tonlbayith rfersmestotheaccompanying|figureain whickind control using the
fouling character of the feedstream has been found to provi de nore

reliabl e oper at iFigure 1 shows a typical cross-flow microfiltration system;
Figure 2 shows a detailed cross-sectional view of a fibre module used in Figure 1;
Figure 3 shows different types of flux decline over time;
10 Figure 4 shows a graph of the resistance characteristic of a membrane;
Figure 5 shows a graph of resistance versus volume of filtrate following
backwashing; - |
Figure 6 is a schematic 'diagram of an apparatus according to the fourth aspect of |
the invention; |
15 Figure 7 shows a typical backwash profile for a continuous membrane filtration
machine;
Figure 8 shows a snapshot profile obtained from a filtration machine installed on
a domestic water supply for pre-treatment to Reverse Osmosis with a rewet program
fault; |
20 Figure 9 shows a snapshot profile of the same machine as Figure 8 with the fault

corrected;

Figure 10 shows a snapshot profile obtained from a filtration machine with a

faulty filtrate valve positioner;



According to a fifth aspect of the present invention there is provided a
met hod of 20 nonitoring and controlling a filtering system said_nethod
conprising the steps of: i) determ ning resistance val ues of
filtering elements used in the filtering system at pr edet er m ned
times during véesdsgggkwash cycle of the system by nonitori ngpéy/RtsEetaqe Of
operating paraneters of the system WO 96/ 28236
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cal cul ating a backwash efficiency val ue réf)r esentative of the effici ency of
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filtering systtsﬁt g{seaendence on the value of the backwash
efficiency cal Preferably, the predet erm' ned timnes

during the backwash_cycle are just_ afte Vi OUS ckwash, just
before a next back/d&ie %ﬂ’ﬁ“ﬁﬁm%ﬂs’(‘@rp"%é? &’%ﬂfﬂﬂge% nma ine with
According to a sixth aspect of the invention there is provided apparatus
for rronﬂ’@?ﬂswgfmpmm’r@ a filtering system conprising:
1) means for determ ning resistance values of filtering elenents used in
the filteritg 10 HKguetdshowsasoapshetofithesame machinaasFiguge ihwiththelfawlsh cycl e
of the system by nonitoring a

corrected.

MODES FOR CARRYING OUT INVENTION

In one preferred form of the invention, the monitoring and control system
comprises a dedicated computer processing system interfaced to a number of sensing and
10 monitoring devices arranged to monitor selected operating parameters of the system.

Under the control of system programs the processor responds to the entered parameters

to control the operation of the filtering system. Apart from control of the system

operation, the control and monitoring system may be prc;grammed to perform regular

testing of system performance, data logging and system telemetry.

15 As stated above, a good indication of the state of the feedstream has been found to

be the feed fouling index (FFI). This index is a function of how fouling the feedstream

is and will vary with the quality of the feedstream. The FFI for a particular system can

be calculated as follows.

The resistance of a particular membrane is determined by:

20 R= AP x A
nxQ
where
R= resistance to flow (m™), typically 10'%;

n= viscosity of the feedstream (Pa, S), assumed to be water;



nunber of operating paraneters of the system ii) nmeans for

cal cul ating a backwash efficiency value—ropresentative of theefficiency

of the backwash cycle of the filtering systemusing the resistance val ues

determned in i); and 15 iii) neans for controlling the operation of
the filteriwgosissssem i n dependence on the val ue of plealbssdonssh

ef ficiency cal cul at ed. According to a seventh aspect of the
invention there is provided a nmethod of 3. nonitoring the operation of a
filtration systemconprising the foll owm ng steps: - a)

sanpling syst emapas anpjeSyure/adtdss the MenitPdne (L) ofteRGatbird® a¥rMP; N the 20
filtration system at a predeterm ned sarrpl Ing rate; b)
generating a pa éhem H,ﬁdfrom t he sanpl ed paraneter

val ues at pr edet neg |nt vals o | me; ”’and WO 96/ 28236

PCT/ AU96/ 00144 -10-

C) anal ysi ngﬂ'ﬁe pMWB‘Y‘8F°BPBf)1 | e characteri st Ic to determ ne correct
operation of the filftration st raply, the analysing
step incl udes CW@WMMM i pecomes fo Holed the resistance

s rises. In many cases this rise is proportional to the quantity of liquid which has passed

through the membrane. A graph of the resistance characteristic is shown in Figure 4.

R= Ro+R

R, +FFIx~
A

where:
10 = resistance to flow due to fouling layer;

= resistance to flow when V =0;

4 £ 7

. =Feed Fouling Index, typically 0-500 x 10"’m; and
v = Volume of filtrate passed through the membrane.
The performance of a given fibre compared to a standard fibre is given by the

15 MMP, where MMP for the standard fibre is defined to be 1. So for a membrane X,

FFI,
*TFF MSF
where:
MMP, =. membrane porosity for fibre x;
FFI, = feedstream fouling index for fibre x; and
20 FFlygg = feed fouling index for standard fibre on the same

feedstream as used for FFI,.



characteristic against a desired characteristic and identifying regions
within the 5 generated characteristic which diverge fromthe desired
characteristic. According to a eighth aspect, the present

i nvention provi des apparatus for noni toring the operation of a

filtration 6morrpri si ng: - a) means foicﬁﬁﬂ%hbm system
paraneter values at selected |ocations within the filtration

system at a predeterm ned sanpling rate; 10 b) means for
generating a paranmeter profile characteritic fromthe sanpled

par anet er val ues _at _pr.edefernjn (ntervals of ting; d C)
nmeans for anal ysiﬁ’@ f%ﬁ?“ﬁ%éﬁﬁ‘if”kﬁ@f Iuée‘itﬂg?wg&’fegﬁébenfyoofdﬂﬁ‘&sﬁf%
correct operation of the filtration_syste . .. .JThe neans for
andl ysi s nay Pracessfiem hefoutipygus @bﬁm@#ﬂﬂg Alags. Jior instapee,if g bigreacter is)
characteristic against a desired characteristic and _identifying regions
within the toprodyes:secondary sewages ot qatedipaperyasteprdf a elarifier jsused lorq\@a'desi r ed
characteristic. As a result of this conparison, the anal ysis neans
may i ndi cat e pdtabld watkr tHetRFI willigive gn cstignathi of theppuspeadediadlids level and they naturggest
possi bl e solutions to the problemso that the fault nmay be corrected or

ci rcunmvent gd @hthe dolids (Particirsizepeonmressibilityetc By vaeying the opérating parnpretens ofon.

Such 20 "troubl eshooting” may be performed in an interactive way by

provi ding an @AQipsdéahd pra&ss and monitétihgthe FF it &1 RCoptivitsed féritheon@hucub e
snapshot wherein“"the operator can indicate an area of t he snapshot he

i's i nterest edpf Do Angki e, iidvahh MoRechibntiad phforfifles0! Uti ONs in regard to

The compressibility of a dirt layer is a measure of the increase in resistance of a
given dirt layer as the TMP increases. This can be seen as an apparent increase in FFI.
10 Some feedstreams are relatively incompressible, or may become appreciably
compressible over a threshold TMP value. River waters fall into this class. However, as
the "organic" solids level increases the compressibility increases. Sewage is
compressible according to its quality. If the suspended mﬁds level is high, and
particularly if algae are present, the compressibility is high. Paper waste is extremely
15 compressible.

It has been found that good quality secondary sewage (suspended solids and
soluble BOD less than approximately 5) has considerably less compressibility than
ordinary or poor quality secondary sewage. The FFI is also lower, allowing both higher
fluxes and higher TMP's to be used. The latter extends the time between chemical

20 cleans, reducing the operating costs of the system.

The recirculation pressure drop is a measure of the blocking of modules. It has

been found that in floccing of sewage to remove phosphate, the TMP may recover with

each backwash. The maximum TMP reached might remain low, but the recirculation
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anal ysis of that region of the snapshot. Selection of the type of analysis
requi red can be by way of drop down nenu or the |iKke. _ BRI EF
DESCRI PTI ONWOMR62823V NGS 5 Preferred enbodi nents opciRgeshobisgnt i on
w Il now be described, by way of exanple only, with reference to the
acconpanyi ng figures in which: -15- Figure 1 shows a typical
cross-flow mcrofiltrati on system Figure 2 shows a detailed

Flgure
S St B, T S ittt
h r eristic af .a nme ane
IS:| S\S?e%g;ﬁgmq‘éﬁ‘“‘ghg'ﬁ eé#tgr es g’%%etg%ggﬁ \‘3%1“5??& 'c??‘“'ﬂ‘f‘?rglﬁ"éh‘f ol | owi ng

backwashi ng; re 6 |s a schematic di agram of an apparat us
accordi ng tot?%ém%ma’h‘?ﬂ@&% the invention; 15 Figure 7

h a typi cal backvva rofile for a conti nuous marrbraneflltratlon
fmg\msne- yP c{] b preferred embodiment, shown in Figure 6, the invention consists of an

5 apparatus 30 for use in determining the potential fouling effect of a feedstream using a
method described above.

The apparatus 30 includes a sample container 31 and a manually operable
pressurising pump 32. A pressure hose 33 extends from the interior of the container 31
to a filter housing 34, and includes in-line a first manually operable valve 35

10 incorporating a first pressure gauge 36. A second pressure gauge 37 is also provided in-
line with the hose 33 intermediate the container 31 and the filter housing 34. In an
alternative embodlment, the pressure hose 33 is omitted, and valve 35 dlrectly connects
the interior of the container 31 with the filter housing 34.

The filter housing 34 is adapted to hold a disposable filter element (not shown)

15 having known characteristics. In a preferred embodiment, 0.2 um cellulose acetate filter
paper is used.

In use, a feedstream sample is placed in the container 31. The apparatus is primed
and a clean filter element is installed into the filter housing 34. The manual pump is
then operated to pressurise the container to about 120 kPa.

20 The first valve 35 is opened until the feedstream fluid is being supplied to the filter
at a steady 50 kPa. The filtrate flowing from the outlet side of the filter housing 34 is
captured in a measuring beaker (not shown). At the end of each minute, the cumulative

volume of fittrate is recorded, until about 16 samples have been taken.



Figure 8 shows a snapshot profile obtained froma filtration nmachine

installed on a donestic water supply for_pretreatment to _Reverse
Csnosis with a rewet program fault; 20 Figure 9 shows a
snapshot profile of the sanme nmachi ne as Fi gure 8 with the fault

corrected; wo 96128236 Figure 10 shows a snapshot profil ep@hicdsnedsf rom a
filtration nachine with a faulty filtrate val ve positioner;
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Figure 11 shows m%g} ' @ﬁ%ﬂ? re 10 wit
thg fault corrected, m&&ﬂé%ﬁae@&nﬁﬂga e ’?ﬁx&ﬂd@ﬁd@%ﬁgpgﬁot profile

obt ai ned fron@r@pirﬁtio’ilrfglt@ﬂﬂure &1 ne with excessive rewet pressure

spi kes; and shows a snapshot of the same nachi ne as

i RRYI N
::Il\lg/lérN% loi with t hleh frgcuonied time anﬁ cumulgttiw?edvolmne dataare entere mtocf\propnetgyw

software program which calculates the FFI of the feedstream according to the
5 mathematical relationships discussed above. The FFI may be calculated more precisely
by including software routines which extrapolate the time/volume curve. Other data
manipulation techniques such as averaging or interpolation may be similarly employed.
Other valves 38 and 39 may be provided for the purposes of priming and cleaning
the apparatus. There may also be provided valves, gauges or pressure or flow sensors for
10 otherwise controlling or measuring the pressure and flow characteristics of the
feedstream sample.
It should be noted that the FFI is a characteristic of the feedstream and the filter.
By calibrating the propertiés of other types of filters with a range of FFIs, the potential.
fouling effect of a particular feedstream on a range of filter types may be quantitatively
15 estimated with a single feedstream sample. Filtration systems may be designed and
scaled to a particular performance level without the need for extensive and costly testing
procedures.
The FFI may also be used to optimise, monitor and troubleshoot the operation of
existing filtration systems. In its on-line form, the invention may perform continuous or
20 regular checks of feedstream quality. This allows backwashing and maintenance cycles
to be run with maximum efficiency.
The off-line form of the invention may be used to troubleshoot existing systems

which do not include on-line testing. Alternatively, the off-line system, and particularly



In.one preferred formof the invention, the nonitoring and control system
conpri ses a dedi cated conput. of
sensing and 10 nonitoring devices arranged to moni tor sel ect ed operating

paranmeters of the system Under the control of system prograns the
processor rwopesdss t0 the entered paraneters t 0 cont petaubeoondacr ati on
of the filtering system Apart fromcontrol of the system oper ati on,

the control and nonitoring system nmay be,programed to performregul ar
testing of system perfornmance, data Iogg?ng and systemtelenetry. 15

found to B Eﬂfﬁf&%éw’“ﬁ“ﬁéﬂ?@% %E%?‘E%PE in SRS ERARERET T o
how, 0111 i 2 oy o bl SR
(1002 oty B LSS A S B AR o
typically 10[err]; [err] viscosity of the feedstream (Pa,
S), assuned Yasiey eoquon elememsmresponse to a given feedstréam. This is of particular
. 5 importance where the feedstream to be filtered is of a unique or rare type.
As stated earlier, backwash efficiency is also a useful control parameter. As
shown in Figure 5, after each backwash, the resistance of the membrane drops but does
not return to the original value. The backwash efficiency is a measure of how closely the

resistance value returns to its original value.

10 The backwash efficiency (BE) is defined as follows:
BE=1-2"R 100

where R; = resistance at time i (i=1 denotes just after the previous backwash, i=2 just
before the backwash in question and i=3 just after the backwash in question).
The backwash efficiency can be used to optimise the efficiency of the backwash.
15  For instance, it has been shown that increasing the capacity of the air lines to the
machines (and hence the air supply) increases the maximum negative TMP of the
backwash. This in turn increases the backwash efficiency. Additionally, the inclusion of
an air on pump on (AOPO) stage has also been shown to increase the backwash
efficiency. "Air-on pump-on" refers to a process where feed liquid is reintroduced into
20 the shell of a continuous microfiltration unit while a gas backwash is still proceeding. A
duration of 10 seconds AOPO was shown to make no further improvement in backwash
efficiency compared to 5 seconds AOPO. Additionallyl, an 8,000 litre/hour/module

crossflow during backwash sweep was shown to give the same backwash efficiency as
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[err] P = pressure across the nenbrane (Pa), often referred to as TWP,
Q =" flow t hrough nmenbrane (nferr]se[err]); and A = menbr ane

area (nferr])woosm8236 When |iquid passes through the nmenmpcgatobboreCcones
fouled and the resistance 5 rises. In many cases this rise is proportional

to the quantity of |iquid which has passegl t hrough the nenbrane. A
graph of the resistance characteristic is B5own in Fi gure 4.

. = 4 t
Foul 1 ng 1 ayer, “Hoo0 Simeblbmoduie. AR Gidb of he backniafite? A bl A il e’ ©
A e LA T

s P, wiher o ToORell i S Srgtipe P e i ABRRHdA ol B Smdlgb o o o

menbrane X. [er

née]ntical feed if h‘?@fﬁfx becomes more important than operating cost.

5 Additionally, the backwash efficiency measurements can be used to optimise
treatment of feed. It is well known that chlorine reduces the fouling of reverse osmosis
(RO) membranes, and it is also used in ultrafilters as a liquid backwash. Not
surprisingly, it is believed to improve the backwash efficiency for continuous
microfiltration, both on sewage with polypropylene membranes and town water with

10 PVDF membranes. Other chemicals can also be used to improve the backwash
efficiency. The concentrations of these chemicals and the way in which they are applied
(ie. time before the feeci hits the membrane and possibly applying a higher pulse of
chemical just after a backwash or only applying ﬁxe chemical after a backwash) may be
further optimised. It is possible that allowing the machine to run to its maximum TMP

15 before backwashing may be found to be more efficient. (This compares with the current
methods of backwashing after a fixed time in filtration, or after a predefined TMP or
resistance increase.)

Additionally, the use of precoats to prevent the sticking of solids to the membranes

may be optimised using backwash efficiency measurements. These have the effect of

20 collecting impurities on the coating, the coating and impurities being blown off the
membrane during the backwash process. These precoats could be used to make

backwashable ultrafiiters, nanofilters or RO filters possible.



MW err] = menbrane porosity for fibre x; FFI[err] =

feedstream fouling index for fibre x. and 20 EEl[err] = feed
fouling index for standard fibre on the sane

feedstream as used for FFI[err]. WO 96/ 28236
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The feed fouling index (FFI) can be used to neasure the efficiency of the
upstream process fromthe conti nuouz mcrofiltration plants. For

i nstance, if a bioreactor is used produce secondary sewage, or

EL?:‘L?E E’Maf’frg.“’i‘?fm rallpl i afnd E@%ﬂ‘%ﬁ%ﬁ%‘é@fé @af’“%z'r“é'ﬁg‘"@ﬁéf Pt ure
5
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al 1 owi ng. ot AR5 AEEeaped e Rl irgsed. Howeve, i e sphef Ity B0 of o

dirt layer is a nmeasure of the increase in resistance of a given dirt
| ayer as the backwashefliciensy decreased from abaut 98% 1o Q%o hhis Was found tq se¥ersREe i n
FFI. 10 Sone feedstreans are relatively inconpressible, or may becone

appreci abl ¢ raising the pH above 6.0 again.

A number of testing procedures can also be employed by the control and
monitoring system to ascertain whether the filtration system is operating correctly and to
check for failures or deterioration in system performance.

A wastewater filtering system may comprise several hundred modules, each

10 module containing many thousands of fibres. Although failure in these systems is rare,
the failure or breakage of a single fibre may compromise the integrity of the entire
system by allowing unfiltered influent to enter the interior of the failed fibre and thereby
contaminate the filtrate. |

A known test for idéntifying a module containing a failed fibre is the Diffusive Air

15 Flow Test (DAF). Diffusive air flow is the flow of air from high to low pressure zones
via solubilisation of the air in water within the membrane. In this test the space
intermediate the fibres and shell of a selected module or modules is filled with air or
water and the interior of the fibres is supplied with pressurised air. The fibre membrane
is previously wetted to fill the pores with liquid and the rate at which air diffuses from

20 the interior of the fibre to the exterior of the fibre is measured. In the absence of any
failed fibres the rate will correlate with a reference value which is indicative of the
expected diffusive flow from the fibre interior to the fibre exterior at a given pressure

difference for the particular membrane.



conpressi ble over a threshold TMP value. River waters fall into this class.

However, as the "organic" solids |level increases _the conpressibility
i ncreases. Sewage is conpressi ble according to its quality. If the
suspended solids level is high, and particularly if algae are present,

t he conpresswbiokihdays | S hi gh. Paper waste is extrenely 15 gp#Ausé&id €

It has been found that good quality secondary sewage (suspended solids and
sol ubl e BOD | ess than approximately 5) has considerably | ess
conpressibility than ordinary or poOr quality secondary sewage. The

used. The 1 at tor Sifisifio Bt el dRSinn prepmed s iR Riingt g Wil el 0 O
orop is o 'rré‘ggﬁ%ei b 2 o SFERDREP i e TR oS o5 the BuntiE pBORR 1 e

in floccing of se tor ve te, the TMP may recover with
each backwash thefpem %ﬂﬂg\é&ﬁg{]ﬁ uatioRai n | ow, but the
recircul ation V\D 96/ 28236
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pressure builds up rapiddy. This has been correlated with a build up in
solids in the nodul e. These factors may be used to trigger the

chem cal clearyhefeat her than the

P= bubble point pressure;
0= wetting angle;
B= Bechold capillary constant;

v= surface tension of wetting liquid; and
10 d= pore diameter.
Clearly if a failed fibre is present the measured rate will be higher as it will include
a component due to flow of air through the fault as opposed to diffusive flow through the
pores. Another test useful in monitoring the integrity of the fibre lumens is the pressure
decay test. This test is generally available in some form as an automated process on
15 standard machines. As with the DAF test, the lumens are first pressurised with air to the
test pressure (usually 100 kPa) keeping the shell-side of the membrane full. Once the
test pressure has been reached the filtrate side is sealed and the shell-side vented to
atmosphere. The drop in pressure of the filtrate system with time i§ then monitored.
This pressure decay will be directly related to air flow across the membrane and hence
20 system integrity, assuming no leaking valves.
This test is particularly useful for systems that require integrity levels of less than
log 4.5 to 5.0 as it is a simple and convenient test to carry out on-site. However,

integrity levels greater than log 5 require pressure decay rates of below 1 kPa/min (0.14



maxi nrum TMP as usual | y happens. In a second preferred
egbodi nent, shown in_Figure 6 the inveption.cansists of an 5 apparatus
30 for use in determning the potential fouling effect of a feedstream

using a met hod descri bed above. The apparatus 30 incl udes
a sanpl e cwolegngdss 31 and a manual | y operabl e pr es vAusegotInp 32. A
pressure hose 33 extends fromthe interior of the container 31 to a

filter housing 34, and includes in-li ne,a first manual |y operabl e val ve 35
10 incorporating a first pressure gauge 36. A second pressure gauge 37 is

al so provi d?&ilxhﬁ),wmchm&mt%h'aa&u@acégﬁftéf'nat iZhe engkﬁﬂ&&%v&\‘iﬁ‘ﬁ@' ner 31

and the fil housing 34. In an dinment, the pressure
hose 33 is ted, and valve 35 directly connects the interior of
the container 31 with the filter housi ng 34. The filter housing

34 i s adapted t hold a dis filter not . shown 15 havi ng
known char act er 'ESF&'S“S %"%%@%‘??‘8&‘“@%&%@% %’l SYstR @IFEH A ose acetate
filter gl S .use I.n use, afeedstreamsanplels
placed in t FFE“’W Prip ’?EmsTFPea detested deteriorationin pegformance pargpelers. | ean
filter elenment is installed into the filter housing 34. The manual punp is
then operhted t Biltstionsystemsuse pdargyniimaben of valves sarantrolitheir aiaation zgd the The
first valve 35 is opened until the feedstreamfluid is being supplied to
the filter correct operationsf these valives israiticdlite optirhal system pérformanpef Thecdnwel out | et
side of the filter housing 34 is captured in a measuring beaker (not
shown) . At tshftert/udcorliing &coheforiibfthe présentiaveitioh) prévides a number of options for
control and monitoring of valves.
It has been found difficult to detect whether a single valve has failed on the
10 filtration machine or is leaking. Major failures will stop the machine working and are
simply detected by a filtrate failure alarm. The use of an intelligent monitoring and
control system enables extensive monitoring of valve performance. The control system
measures a pressure profile of the machine at a predetermined reference time and
compares the current value at regular intervals or continuously with the reference profile.
15 If there is no significant difference, this is taken as indicating the machine is working
normally and all valves are operating correctly. Any significant difference will indicate
a valve fault and will be reported by the monitoring system.
The following embodiment illustrates one form of the invention as it relates to
the pressure profile for the backwash cycle of a membrane filtration system, however, as
20 noted earlier, the invention according to this aspect is equally applicable to the operating

parameters of any filtration system, for example, polymer melt filtration, gas filtration

and reverse osmosis systems where regular cleaning of the filter membranes is required.



vol-une of filtrate is recorded, until about 16 sanples have been taken.
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The flow may then be stopped and the apparatus flushed and cleaned in
preparati on Jygleshdshé her testing. The recorded 1t ipg®a9€lo0144

cunul ative volune data are entered into a proprietary sof tware program
whi ch cal cul ates the FFI of the feedstre according to the 5 mathenatical
rel ati onshi ps di scussed above. The FFI n¥Y be cal cul ated nore precisely

by includi ng softwgr i vol. curve.
O her data ngﬁlb%ﬁl{&#ﬁ BH’%? gﬁﬁ’lﬁ&g%%% }%‘35‘&@?5@ d &'ﬁgﬁgr poI ation
may be simla er val 38, and
provi ded for E’Ffé“ﬁgf‘%’ée gt RIPVides arﬁ°ﬁ§}d°é%° Epoumt pH °mm‘°“tq‘? ’SS‘P HIE Ther e
may al so be provided val ves, gaug s or pressure or flow sensors for 10
ot herwi se conémafhﬁga%w% I, this epbadimentof shejnyenton tordiagneseer i st i cs
of t he f eedstream sarTE It should be noted that the FFI is
a charact er i sprobleyss wiicheckwashiperformaneriin pieentinupusspembrane filgtionainitor at i ng t he
properties of other types of filters wwth a range of FFls, the potenti al
5 Due to the nature of the backwash, pressures and flows change rapidly and must
therefore be recorded using specialised data logging equipment and/or software capable
of measuring and recording the changes. The most commonly used means is by a laptop
computer fitted with the necessary analogue to digital converters and isolators for
analogue instrumentation inputs or direct digital inputs, together with the appropriate
10 software for collection, storage, display and analysis of the data obtained. In a typical
backwash profile, data will be collected on feed and filtrate pressures and on feed (or
filtrate) flows. Such equipment typically samples data at the rate of 10 to 20 points per
second, compared with, say, once every 2 minutes for long term data collection.
In order to interpret the backwash profile an understanding of the various stages
15  of the backwash and their purpose is required.
A typical profile for a continuous microfiltration unit is shown in Figure 7. The
data presented was collected using data logging equipment at a sampling rate of 20
samples per second. The transmembrane pressure (TMP) has been calculated from the
difference between the feed and filtrate pressures, and is also shown in Figure 7.
20 The pressure profile shown in Figure 7 contains a number of characteristics

associated with the various backwash steps, that influence the efficiency of the

backwash. The following describes the backwash stages with reference to Figure 7.



fouling effect of a particular feedstreamon a range of filter types nay be
guantitatively 15

systens may be desi gned and scaled to a particul ar performance |evel
wi t hout the need for extensive and costly testing pr ocedur es.

The FFI naywelosne2se used to optim se, nonitor and troubl estantusshads
operation of existing filtration systens. In its on-line form the
invention may perform continuous or 20_segular checks of feedstream
quality. This allows backwashing and maintenance cycles to be run

wi th maxi mum ef fi Riefing to Figure 7, the 1mtf£h§‘aclé‘&r£sh'steﬁ?s ﬁl@ﬁiﬂ:ﬂhﬁ:ﬁ'ﬁeﬂa (WS heon may

be used to troubl eshoot” existing systens do not include on-line

tggf t2 '8 N9 Al t gf b Y step1€toUrdin lil & ﬁ%msmneaeﬂn&% blefdthiht With air. The VO
t he
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appar at us dej%'f’?’b‘gal,n W‘Bﬂ?ﬁ"& aiy pressurs o pysh the liguid ot of the lymen ing |,
f eedstream gl(gﬂg’lit beforlgtheflltratlon syst%mls deS|gned
Quantitative Tea$ ¢esfling the membrage bubble WIEH%Iey gners

to nore accurately predict the |ikely behaviour of a variety of
filtrati ons eldsippressursis teodyighs dreakthronghy pfairintocthe|shell sislqmayipcenr; Thigimay

particular 5 inportance where the feedstreamto be filtered is of a unique
or rare type.lead to a reduced negative transmembrane pressure (TMP) in the blowback step (C)

and/or uneven backwashing. If the lumens are not fully drained then backwashing will
be uneven. Consequently, the lumens must be fully drained to achieve the most efficient
backwash.

10 The next step is the pressurise step (B). During this step both the shell and
filtrate sides should ideally pressurise to about 600 kPa (87 psi). This will result in the
maximum negative TMP during the blowback step. In Figure 1 both the shell and
filtrate have pressurised uniformly to around 600 kPa .and there is minimal negative
TMP during this stage.

15 The pressurise step is foliowed by the blowback step (C). The negative TMP
generated in this step by the rapid opening of the shell side valves, is critical to the
efficient backwashing of the membrane. The negative TMP generated can depend on the
speed at which the backwash valves open, the presence of air on the shell side (Step B
above), and the resistance in the backwash lines that the accelerating liquid must

20 overcome.

The air on-pump on step (D) has been found to be particularly beneficial in most

feed streams. Sufficient time should be allowed in the program for this step (minimum 5



As Stated earlier, backwash efficiency is also a useful control paraneter.

menbr ane drops but does not return to the original value. The backwash
efficiency is a neasure of how closely the resi stance value returns to
its original wodeaszss 10 The backwash efficiency (BE) irctdefosbads as

fol | ows: [err] where Rlerr] = resistance at time i (i=1

denotes just after the previous backvvash,zi =2 just before the backwash
in question and i=3 just after the backwazh in guestion). The

backwash. ef 11 GL.&Ray, Fihaliol 3PRled Aoald iRSridlE afll b s 30 inQhstillg Dackwash.

15 For instance, | een shown t reasi ng capacity-of the air

lines to the Q‘%&!&i (and hence the air supply) increases the maxi num
negative TMP SFeq( € fﬂS@ackwash. This in turn increases the backwash

efficiency. Additiqnpally, I ncl usi .of . an.ajr on on (ACPO
stage has al so bee&“?ﬁ%%iﬁSQFWEP%ﬁﬂ@‘@mW&mw&‘Mé "Air-on
punp-on" refers to a_process where feed liquid is reintroduced into 20

the shell of Jlusking ofsolidstrom thesnodules and the removal ofiain from the shell sidsmnosto i s

still proceeding. A duration of 10 seconds AOPO was shown to nmake no
further i np¥ ofilirasion and rewettingash efficiency conpared to 5 seconds ACPQO.
Additionally, an 8,000 litre/hour/nodul e crossfl ow during backwash

sweep was shown t o Agsunsing the tinsenfor thisclepdadnbeeh setbased oy agsedetermined design
sweep flow, then if the flow in this step is below the design flow, inadequate solids
removal will occur leading to module blockage and poor backwash recovery. If the flow
is higher than the design flow then the result will be excessive backwash production,

10 reducing overall efficiency.

Step (F) is required to refill the lumens and purge remaining air from the filtrate
system prior to rewetting.

If the lumen fill is in;:omplete this will result in air entering the lumen during the
pressurise step of the rewet leading to a pseudo-backwash and consequent poor rewet.

15 An excessively long exhaust step does not affect the backwash but will increase
downtime and backwash waste volume, hence overall efficiency and filtrate production
will be lowered.

The next stage in the backwash process is the rewet cycle. This cycle is required
to return the lumens to a suitable state for recommencement of the filtration cycle. This

20 cycle commences with a pressuriée step (G) and, as with the backwash pressurise step
(B), both the filtrate and shell side pressures should reach at least 500 kPa but preferably

600 kPa (87 psi). Pressures lower than this may lead to incomplete rewetting.
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4,000 litre/ hour/nodule. Al stages of the backwash ie. initial duration of
ait on (pre ACPO), length of AOPO velocity and duration of sweep
stage, etc. womsnimeopti m sed. This may wel| vary for p@gladeetsyPe.
feed type, a particular feed with tinme, or an I dentical feed if high
flux beconmes nore inportant than operating cost. 5 Addi tional ly,

t he backwash efficiency neasurenents cai®be used to opti m se t r eat ment

of feed. It is we : | educes.the foyli of reverse
0SnDSi S (RO ﬂn%%?%%ésln %%en'g@%t% %lg ?sa*%ﬁwﬁg%a\'sﬁgﬁ? tﬁ)a{f%? frapatagtcat 5

i qui d back urpeisingly, it is beljieved to inprove the
backwash ef :‘Nlﬁgg%mr%&h?tg?e s&'ﬁ‘i?‘?‘ﬂ@gﬁ@ presdire '%RGF?‘!&"LY&PF same 1ats: Bf thavshell\age

wi th pol ypro%\{éa e nenbranes and town water with 10 PVDF nenbranes. O her
cheni cal s caf™*&t Baﬁ‘ﬁ%'ﬁ”ﬁ‘yé"ﬂqﬁéh%mmm either agfegativeoncy. The
concentrations _of these chenm cals and the way in which they are applied
(ie. time bePByve P spikeand theseshouldbeayoided. and possi bly applying a hi gher
pul se of chem cal just after a backwash or only applying the chem cal
after a bdadckwash)Dutigg the rewet exhaust step somptir isirelested fromithe fitos walld iatd that
allowing the machine to run to its maxi mum TMP 15 before backwashi ng nmay

be found to iellsidee The piuposervf the(shéll exhaastiep @y iswb plirgt Bis &itrérd e shell
prior to returning to filtration (or a second rewet).

Further details of backwash operation are detailed in our associated patent
applications, PCT/AU95/00587, AU-A-55847/86, AU-B-34400/84 and AU-A-77066/87,

10 which are incorporated herein by reference.

The backwash profile measures pressures and flows directly (along with other
data as required). As aresult it is capable of picking up faults which are not always
apparent using a visual check of vﬂves, actuators, solenoids etc.

The following examples are designed to give an indication of the types of

15 problems that can be identified using the profile analysis.
Example 1 - 4dM10C CMF Unit- Rewet Program Fault

Figure 8. shows the snapshot profile obtained from a 4M10C machine installed
on a domestic water supply for pre-treatment to Reverse Osmosis. The snapshot was
performed using logging equipment at a sample rate of 20 Hz. The machine had been

20 performing poorly and required frequent cleﬁng.

The only abnormal feature to note on the backwash portion of the cycle (0 to 65

s) is that the filtrate pressure remains high during the shell sweep. This was re-

programmed to vent 5 seconds after the start of the shell sweep stage.



met hods of backwashing after a fixed tinme in filtration, or after a
predefi ned TMP or _resistance increase.) Addi tionally, the
use of precoats to prevent the sticking of solids to the nmenbranes

may be optim sed using backwash efficiency neasurenents. These have the

effect of Zfo6gh@CtiNng inpurities on the coating, the copé&fRBsAIfAs

I mpurities being blown off the menbr ane during the backwash process.
These precoats could be used to nake backwashabl e ultrafilters,
nanofilters or RO filters possible. -26- WD 96/ 28236

PCT/ AU96/ 00144 -19-

An exanpl e of usi My theRackivash stage the rewet profile:is clparly abmormal oA proflem is e

fl occi ng of dri.nking water to renove true (dissolved) colour. It was
found that t FP@PE'F‘Fti‘EH’e‘hE%“G? pressurise step ag the filtrate and shell sidescde net prepsurips
decreased. However, as the pH dropped below 6.0 the backwash

ef ficiency deeifemmiyamordotheyteach 609dPas This dedicaelsithat ginis escaping fiom thesystene on 5
rai sing the pH above 6.0 agai n. A nunber of testing procedures

can al so be ecangipeyenting\adequateqoessurishtionn Closer inspsotiort sfitheyslart shévesd that tikscert ai n
whether the filtration systemis operating correctly and to check for
failures op desdvalverwdsifailing © closs dariRgheé feWetBrassarise stage. This was due to a
programming fault w_hich was easily rectified. The resulting profile is shown in Figure
9. The new profile shows the effect of venting the filtrate pressure during the shell
sweep and also the marked improvement in the rewet profile.
Example 2 - 90M10C CMF Unit - Faulty filtrate valve positioner.
10 The profile obtained from a 90M10C machine is shown in Figure 10,
Pressurisation is very poor during both the backwash and rewet pressurisation steps. The
TMP during the blowback is actually positive rather than negative hence there was no
real backwash at all. The fault in this case was a filtrate control valve. The valve
positioner was not allowing the filtrate control valve to close fully at any stage.
15 Consequently the unit could not pressurise as air was continually being lost through the
filtrate line.
After readjusting the filtrate control valve positioner, the profile was re-recorded
with the result shown in Figure 11. The negative TMP is now about 380 kPa which
gives a good backwash.
20 The profile, however, still shows a minor problem during the rewet exhaust,
during which the duration of the negative TMP spike is longer than desirable (about 2.5

seconds c.f, a recommended maximum of 1 second). This was found to be dueto a

program fault that resulted in one of the shell side valves still being partially open during



A wastewater filtering systemmay conprise several hundred nodul es, each

10 nodul e containing many. thousands of fibres . Although failure in these
systems is rare, the failure or breakage of a single fibre my
conprom se the integrity of the entire system by allow ng unfiltered

I nfluent toweowé/meaéd he interior of the failed fibre and thecgRXveoo144

contam nate the filtrate. A known test for identifying a nodul e
containing a failed fibre is the Diffusive Air 15 Flow Test (DAF).
Diffusive air flowis the flow of air f78m hi gh to | ow pressure zones

via sol ubi | i gg@t: e MLt hi e nbr.a I his test the
<pace A pal oF e sl W33 ok o Tkl o B e o g ooy

nodul es is fjl ] .3l . Qr . wat.er angd the interjor of the fibres is
suppl i ed wi t*?%?%‘semﬁélls“g@r ducipg excessive 4 iito fraff system. {'hq resyltis thabihs|
wetted to fi he, pores with liquid and the rate at which air diffuses
from 20 t hﬁ&‘fﬁ"éﬁﬁ?&?ﬁ ngtaccyrias Fapidiy as ibethervisevwopld die to the atiditional | s
nmeasured. In the_absence of any failed fibres the rate will correlate
with a referepaadingifie which is indicative of the expect ed diffusive
flowfromthe fibre interior to the fibre exterior at a given pressure

di fferencé fExample 3p300MiQ- ExcessimeRawet Pressure SpikedD 96/ 28236

PCT/ AU96/ 00144

This machine was installed as part of a drinking water plant filtering surface
water. The machine is fitted with a chart recorder to monitor plant flows and TMP. The
chart recorder was indicating pressﬁre spikes during the backwash/rewet cycle of up to
180 kPa. There was concern that these spikes may lead to-reduced backwash efficiency

10 and increased fouling. A snapshot was carried out using data logging equipment,
sampling at a rate of 20 Hz. The resulting profile is shown in Figure 12.

The blowback stage of the cycle shows a good negative TMP (- 446 kPa) and
looks .normal. The rewet cycle is the source of the pressure spikes with positive spikes
of 177 kPa during the pressurise and 117 kPa during the exhaust.

15 Examination of the sequence table in conjunction with the pressure profile showed
that the spike corresponded with the closing of the feed and backwash valves. In this
case the backwash valve was closing faster than the feed valve causing the shell side to
pressurise. This was rectified by introducing a 2 second delay after closing the feed
valve and before closing the backwash valve. It can be seen from Figure 13 that the

20 pressure spike in question has essentially been eliminated. Further tuning could be done
to minimise some of the other spikes although this is unnecessary as they are relatively

small and unlikely to be a problem.



- 20~ It is inportant to note that if a certain pressure is

exceeded di ffusive flowwill be _upset by the creation of bubbles of
air at the pores. This is known as the bubbl e point of t he nenbrane
and is defined by the follow ng equation: [err] 5 where:

P = bubbiye ogosaBé Pressure; 0 = wetting artgiAU96/00144

B = Bechol d capillary constant; [err] = surface tension
of wetting liquid; and 10 d = pore di aneter. Clearly

if afailed fibre is present the measur efrate will be hi gher as it wll
I ncl ude a co Rﬂﬁ %!gg < Al f pposed to
di ffusive flow throug L e %ﬂcﬂ%ﬁ:‘é’ﬁvﬁe&b@@%ﬁ% %\Qﬁpﬂﬁ&?ﬁﬁ%‘%ﬁ!ﬁt oring
the integrity of the fihre Lunens is t ressure decay test. This
Lost I's' genes SRR thelnreatpR B aRRlcobliH & LRaretion sbe RS on ' 12
standard machi nes, As w,th the DAF test, the lunens .are first pressurised
with air to tHﬁoushouttkf&lfmmg*emeSe%@aappﬁmnmnwsmgw URERR | - s de
of the nenbrane full. Once the test pressure has been reached the
filtrate si deof valveoperatiorspandsprae ofthese tinings apesitespecific. at nosphere. The
drop in pressure of the filtrate systemwith tine is then nonitored.
Thi s pressure dechhasieeh fannd that by puise widttemediilating sheropktation ofithe valvesitaey
menbr ane and hence
can accurately opened and closed at any desired rate. The control system can adjust the
rate of opening and closing of valves to avoid water hammer.
The control and monitoring system may also monitor pressure spikes and control
the valves accordingly. Such monitoring may also provide closed loop control which
10 compensates for performance degradation of the valves as they age over time.
Position control of the valves is also possible by using open loop control and
controlling the loop using measurements of flow and pressure drop within the system.
It will be appreciated that the forms of the invention described are not limited to
the specific embodiments described above and further exemplifications of the invention

15 are possible without departing from the scope of the invention.



20 systemintegrity, assumi ng no |eaking valves. This test is
particularly useful for systens that requireinteqrity levels of less than
log 4.5 to 5.0 as it is a sinple and convenient test to carry out on-site.
However, integrity levels greater than log 5 require pressure decay
rates of |wedesmsisskPa/ min (0.14 WD 96/ 28236 PCT/AU96/00144

PCT/ AU96/ 00144 — e

psi/mn), which are difficult to neasurg_accurately. In suciﬂ Eﬁﬁ l!"he DAF

test woul d be used. These tests can
aut omat i cal gy Amst he control system at regul ar
response to a detected deterioration in performance pararreters

Filtration syst PoabOiN 4 Eggl operatlon
and the 1 co&r eeﬂ#’ gﬁ |'o (E#rﬁ;ﬁh?ee ao\;\égéeldé crl‘{)'l C@F O%tl mal

syst em per f gr mange. Le cont rol m according to one formof the
present invg?ﬂ ‘ﬁmm t—:-‘?‘dé“%?fiocé’F‘ &els{ﬁqg? control and
nonitoring Qf valves. has been fo nd difficult to detect

whet her a s})ng|@svas%fm¢@&%ﬁﬁmrém@s W ¢ istiS%achine or is

| eaki ng. Mpjor failures will stop the machine working and are
s 3i) determining the change in resistance to flow of the feedstream across the filter,

either continuously or over a number of time intervals; and
iii) from this data, calculating a feed fouling index (FFI) representative of the fouling
characteristics of the feedstream with respect to the filter.
2. A method according to claim 1, wherein the FFI is calculated by plotting the
10 change in resistance across the filter as a function of volume filtered and measuring the
gradient of a curve so plotted at a point or interval where the curve approaches a straight
line.
3. A method according to claim 2, wherein the change in mi@ce is measured by
taking readings of the cumulative volume of feedstream passing through the filter over
15 time.
4. A method according to claim 2, wherein pressure sensing devices are positioned on
either side of the filter to relate resistance changes in terms of trans-membrane pressure
(TMP) drop.
5.  An on-line method of monitoring and controlling a filtering system, said method
20 comprising the steps of:
i)  determining the resistance of filtering elements used in the filtering system by

monitoring a number of operating parameters of the system;



R

‘ .
sinply detected by a filtrate failure alarm The use of an mm!lw“m
ve
. af #he

nonitoring and control system_enabl es extensive mm‘

performance. The control system nmeasures a press

machi ne at a predeterm ned reference tinme and conpares the current
val ue at regubpagnsadt erval s or continuously with the referepefapseioidse. 15
If there is no significant difference, this is taken as indicating the
machi ne i s worKking normal Iy and all_val ves are operating correctly.
Any significant difference will indicat e=30" a valve fault and will be

reported by t ﬁkﬁz nw&ﬂlﬂygtrl%‘e@yf%lﬁ{rﬁindex L sle{xtatriVﬁ ofmefo{ll%lgl &M&f{tﬁgb odi ment

illustrates o formo e I'nvemtton el ates e pressure
profile for the back h cle of a nenbrang filtration systen owever, as
D0 ot ed ear | eSS ok AHeFg olraDysits e Reands ehid dpBEn S g nd )
applicable to_the operating g&garreters of any filtration system for

exanpl e, pol yddr Fetolling,the operatign ofthe filteming syster in dépendengg on the yalpe of the npsi s

systenms where regul ar cleaning of the filter menbranes is required.
VWO 96/ 28236  feed fouling index calculated.
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A backwash pr @& i | &niaff-bnemethodiofaletermining thepotentidl fohlingeflgctof adtedsiraduy, said) t he
backwash cycle. It provides a considerable anount of information on what is
happeni ng meikod iigudifig thearpyefsh and is used in this enbodi ment of the

I nvention to di agnose

i)  passing a sample of the feedstream at a predetermined pressure through a filter

having known characteristics;
ii) determining the change in resistance to flow of the feedstream across the filter,

10 either continuously or over a number of time intervals; and
iif) from this data, calculating a feed fouling index (FFI) representative of the fouling
characteristics of the feedstream sample on the known filter.

7. The method according to claim 6 further including the step of correlating the FFI
with a second FFI calculated for a membrane filter for use in a filtration unit.

15 8. The method according to claim 6 wherein the FFI is calculated by plotting the
change in resistance across the filter as a function of volume filtered and measuring the
gradient of a curve so plotted at a point or interval where the curve approaches a
substantially straight line.

9.  The method according to claim 6 wherein the change in resistance of the filter is

20 measured by recording at a number of predetermined points in time the cumulative
volume of feedstream having passed through the filter.

10. The method according to claim 6 wherein pressure sensing devices are used to

measure or estimate changes in resistance of the filter over time.
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Eﬁl—e_mg_wl_th ba(I:Jlj\évatsg {)ﬁ(raf”orrrance in a continuous ggﬂmamuﬁnnmm\

change rapidly and nust therefore be recorded using spedci ali séd Hat a

| eggi ng equi pnent and/ or software capabl e of measuring and recording

t he changeswodémaspost comonly used neans is by a | aptop pCT/IAGGRN er
fitted wth the necessary anal ogue to digital converters and isolators for
anal ogue instrunmentation inputs or di rec:}l digital inputs, together with the

appropriate 10 software for collectiof, storage, display and anal ysis of

t he data obtgin lcal . f ]

col |l ected on?#'egghea)ﬁghﬁ%?}g@tﬁf&%gﬁghﬁpgﬁf g@é‘ﬁ?‘g‘?@ gl“'(\Aaﬂ#‘lltfr'ﬁlr?at e)
flows. Such equi nt typi.call.y sanples d at the rate of 10 to 20 points
per secﬁﬂ?&%ﬁmwmwp%ﬁw%&ry 2 minutes for long term
data col | ection. . In order to jnterpret the backwash profile an
under st andi ndgof Themethod pcgordingtg glawm 11?5‘5‘1"“& %c%mmwﬁmﬁmhepur pose
i's required. _Atypical profile for_a continuous

m crof i | t r at eutered date to provide amoargaccpmgiecaleplatiomef FFLl.  dat a present ed was

col |l ected using data | oggi ng equi pnent at a sanpling rate of 20

sanpl es per d42coAd appnatus foanserie déternining thegotential fquiing effect of e fedsteckmitlyat ed
fromthe di fference between the feed and filtrate pressures, and is

al so shown i thelh&hddeacéording @o claim 1, saidlapparstasimcbudingy of i [ e shown in Figure 7
contains a nunber of characteristics associated with the various
backwash steps, j fftér Hating kas\aeplopaties;f i ci ency of the backwash. The
foll owi ng descri bes the backwash stages with reference to Figure 7.

means to pass a sample of the feedstream through said filter at a predetermined

pressure; and

10 means for measuring the change in resistance to flow of the feedstream through the
filter over time;

means for calculating quantitatively a feed fouling index (FFI) indicative of the

fouling nature of the feedstream on the filter based on the measured change in resistan?:e
to flow so as to estimate the potential fouling effect of the feedstream on other known

15 filters. .
14. Apparatus according to claim 13 wherein the means to pass the feedstream sample
through the filter includes a container for holding the sample, and means for pressurising
means for pressurising the sample within the container for delivery of the sample to the
filter at a preselected pressure.

20 15. Apparatus according to claim 14 wherein the pressurising means is a manually

operated pump.



P/ ALB6) 00144 A

Referring to Figure 7, the initial backwash step i raan Y uten

(A). The function of this step is to drain liquid fromthe |unens
prior to preg@bshsised Wth air. The | umen drain requi ey sudkibdigd ent
air pressure to push the liquid out of the lunmen in a reasonabl e tinme

period wi thout exceeding the nenbrane bubple point. If the lumen 5 drain
pressure is too high, breakthrough of ai F*4'nto the shell side may occur.

Thi s may |l ea r | r enbrane pressure. (TMP) in

t he bl owback S&Gép%tp@ra&a%%g?ﬁ%ﬁgééﬁl%g%ﬁc%&ﬁq% are not
fully drai ned then back hi wi | | .. De uneyen. Conseguently, the
s st bEFaRE B PEAER B8 GTER e SeHGaRIa Gereied B P o s

10 The next step is the pressurise step (B). During this step both
t he. shel | and apparatusfi|trate sides should ideally pressurise to about 600
kPa (87 psi). This will result in the maxi mum negati ve TMP during the

bl owback st ep.17l n Apipgratus adcopding totchaim I awhiereinrtlie filter usesfa filter elementdiy of the
pressurised uniformy to around 600 kPa and there is mnimal negative
TVP duri ng §hicgllalbsegeetate type. The pressurise step is followed by the
bl owback step (C). The negative TW
18. Apparatus according to claim 14 wherein one or more manually operable valves
are provided to allow for priming and cleaning of the apparatus.
19. A method of monitoring the operation of a filtration system comprising the
following steps:-
10 a) sampling system parameter values at selected locations within the
filtration system at a predetermined sampling rate;
b) generating a parameter profile characteristic from the sampled parameter
values at predetermined intervals of time; and |
c) analysing the parameter profile characteristic to determine correct
15 operation of the filtration system.
20. A method according to claim 19 wherein the analysing step includes comparing
the generated profile characteristic against a desired characteristic and identifying
regions within the generated characteristic which diverge from the desired characteristic.
21.  An apparatus for monitoring the operation of a filtration system comprising:-
20 a) means for sampling system parameter values at selected locations within
the filtration system at a predetermined sampling rate;

b) means for generating a parameter profile characteristic from the sampled

parameter values at predetermined intervals of time; and



generated in this step by fhe re rapld en|n f the shell side valves, is
critical to the effici m“ﬂ““ ‘E ~the nmenpbrane The negative __
TMP generated can depend on ﬂ t which the backwash val ves
open, the presence of air on the® shel I" side (Step B above), and the
resi st ancavo osiasdss backwash |ines that the accel erating | pquiatsemssds 20

over cone. The air on- purrp on step (D) has been found to be
particularly beneficial in nost ged streans. Sufficient time should

be allowed in the programfor this ste|5’ {m nimum 5 WO 96/ 28236

PCT/ AU96/ 00144

seconds). The acf&| ti Oneanifo{g%aloysﬁg %atr%m%terpr%ﬁel Wﬁr’e al cfeth ?hl s poi nt

i n ensuring During the shell sweep

step sufficient qfoﬁgw S reqﬁﬁg @L?%onewgtﬁﬁne t he conpl ete fl ushi ng of

solids fro he dulesa there qQf ,air fromthe, s side prior to
5 filtrati rfgg g to claim Shercln %@'?ﬂ?&vs{sﬂﬁ%P’eﬂﬁs step
has been set based, on predeterm ned design sweep fl ow, then if the
flowin thi @TQQW%%W g profile-characteristic agpinyt algsired terigicand  ; enpyal

wi Il occur |eading to nodul e bl ockage and poor backwash recovery. If the
fl ow 5 identifying regions within the generated characteristic which diverge from the desired

characteristic.
23.  Apparatus according to claim 22 wherein as a result of the comparison, the
analysis means indicates likely faults causing the divergence and suggests possible
solutions to the problem so that the fault may be corrected or circumvented and the
10 system operation be returned to optimal operation.
24. Apparatus according to claim 23 wherein an operator/user is provided with an
interactive display of the generated profile characteristic and the operator can indicate an
area of the generated profile characteristic the operater is interested in and obtain details
as to faults and solutions in regard to analysis of that region of the generated profile
15 characteristic.
25. A method of monitoring and controlling a filtering system, said method
comprising the steps of:
i)  determining resistance values of filtering elements used in the filtering system at
predetermined times during the backwash cycle of the system by monitoring a number of
20 operating parameters of the system;
ii)  calculating a backwash efficiency value representative of the efficiency of the

backwash cycle of the filtering system using the resistance values determined in i); and



e
e

i s higher than the design flow then the regﬂm \mll be excessive backwash
s\ g

production, 10 reducing_overal | ‘@‘!ﬁ‘ Step (F) is
required to refill the [unmens an'u ) air fromthe filtrate
systemprior to rewetting. = ¢ If the lumen fill is inconplete

this Wil regddsngigai r entering the lumen during the PATESEhe13£ St ep
of the rewet leading to a pseudo-backwash and consequent poor rewet. 15 An

excessively | ong exhaust step does not affect the backwash but will

I ncrease downti me and backwash wasf#-vol ume, hence overal |l effici ency
and filtrate producti an AN wered. . The next stage
"2t he backnadh pPoisite e onemon ot SIS Sitemin depepdencs on e IiipE e ' 297
return the lu rLs togsuita | e state for recommencenent of the filtration
cycle. This wash eilicieq dnith a pressurise step (G and, as with

t he backwash pressurise step. B), both the filtrate and shell side

pressures sho@fd Aelaethocbaccp@mttosle@g% herein the predetesmingd times durgiggh pa (87

psi). Pressures lower than this may |ead to i nconplete rewetting.
WO 96/ 28236  backwash cycle are just after a previous backwash, just before a next backwash and just

PCT/ AU96/ 00144 - -25-
5 after said next backwash. '
27. Apparatus for monitoring and controlling a filtering system comprising:
i)  means for determining resistance values of filtering elements used in the filtering
system at predetermined times during the backwash cycle of the system by monitoring a
number of operating parameters of the system;

10 ii) means for calculating a backwash efficiency value representative of the efficiency
of the backwash cycle of the filtering system using the resistance values determined in i);
and
iii) means for controlling the operation of the filtering system in depéndenoe on the
value of the backwash efficiency calculated.

15 28. Apparatus according to claim 27 wherein the predetermined times during the

backwash cycle are just after a previous backwash, just before a next backwash and just

after said next backwash.



The next stage in the rewet cycle is the rewet exhaust step (H). It is

i nportant at this stage_that the shell and filtrate pressures drop at
roughl’y the sane rate. |If the shell - and filtrate pressures drop at
different tines, the result will be either a negative or positive TMP
spi ke and tﬁﬁﬁ@nﬁﬁPU|d be avoi ded. 5 During the rewavesdiaist step
sone air is released fromthe fibre walls into the shel | side. The

pur pose of the shell exhaust step (1) is to purge this air fromthe shel
prior to returning to filtration (or &/%econd rewet). Furt her
details of backwash operation are detailed in our associated patent
appl i cations, PCT/ AU95/ 00587, AU A-55847/86, AU B-34400/84 and

AU- A- 77066/ 87, 10 which are incorporated herein by reference.

The backwash profile neasures pressures and flows directly (along with

ot her data as required). As a result it is capable of picking up
faults which are not al ways apparerf using a visual check of valves,
actuators, solenoids etc. The fol l owi ng exanpl es are desi gned
to give an indication of the gs_of ﬂS probl ens that can be identified
using the profile analysis. Exanmpl e} 1 - 0C CVF Uni t-Rewet Program
Faul t Figure 8. slhows the shap t\ profile obtained froma
AMLOC nachi ne install onl a donestj c supply for pre-treatnent
to Reverse Osnosis. Thg snap$hdt was i ng | oggi ng equi pnent
at a sanple rate of 20 . The Jmachin rform ng poorly and

requi red frequent cleani\ng.

N

!

-

10
Figure |

|




The only abnormal feature to note on the backwash portion of the cycle (O
to 65 s) is that the filtrate pressure rgoains high durihg—the shel
sweep. This was re- programmed to vent 5 seconds after the start of

t he shell sweep stage. WD 96/ 28236

PCT/ AU96/ O0gtyrb6r28236 PCT/AUSE®144

Unli ke the backwash stage the rewet profile is clearly abnormal. A problem
S apparent with the rewet pressurise step as the filtrate and shel

si des do not pressurise uni form yw/por do they reach 600 kPa. This
indicates that air is escaping fromthe system and preventing adequate
pressurisation. Cl oser inspection of the plant showed that the 5 feed
valve was failing to close during the rewet pressurise stage. This was due

toa programm ng fault which was easily rectified. The resulting
profile is shown in Figure 9. The new profile shows the effect of
venting the filtrate pressure during the shell sweep and al so the

mar ked i nmprovenent in the rewet profile. Exanple 2 - 90MLOC CMF Unit -
Faulty filtrate val ve positioner. 10 The profile obtained froma
90M CC machine is shown in Figure 10; Pressurisation is very poor
during both the backwash and rewet pressurisation steps. The TMP

during the bl owback is actually positive rather than negative hence there
was no

Figure 2




real backwash at all. The fault in this case was a filtrate control valve.

Fhe valve — positioner was nat_allowing the filtrate control valve to
close fully at any stage. 15 Consequently the unit could not pressurise as
air was continually being |ost through the filtrate line.

After readwaeeseséthe filtrate control valve positioner, plRgapeRbiche Was
re-recorded with the result shown in Figure 11. The negative TMP is
now about 380 kPa which gi ves a good backwash. 20 The
profile, however, still shows a mnor problemduring the rewet exhaust,
during which the duration of the negative TMP spike is |onger than
desirable (about 2.5 seconds3gi1s. a recommended maxi mum of | second).
This was found to be due to a program fault that resulted in one of
the shell side valves still being partially open during WO

96/ 28236

PCT/ AU96/ 00144 -27-

the initial part of the pressurise step. This allows filtrate to be pushed
fromthe | unens to the shell thus introducing excessive air into the
filtrate system The result is that the filtrate exhaust does not

occur as rapidly as it otherwise would due to the additional
expanding air.

Figure 3
() Usual (b) Severe (c) Mild

Time e
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5 Exanple 3 - 300MLO - Excessive Rewet Pressure Spikes. Thi s
machine was installed as part of a delnking.water plant fj| i

wat er. The machine is fitted with a chart recorder to nonitor plant flows
and TMP. The chart recorder was indicating pressure spikes during the
backwash/ r emm9ézgzsbe of up to 180 kPa. There was coreemAudsioorss t hese
spi kes may | ead to-reduced backwash efficiency 10 and i ncreased fouling.
A snapshot was carried out using data | oggi ng equi prent, sanpl i ng at
a rate of 20 Hz. The resulting profile is showm in Figure 12. ’

The bl owback stage of the cycle shows 441yood negative TMP (- 446 kPa) and

| ooks nornmal. The rewet cycle is the source of the pressure spikes with

positive spikes of 177 kPa during the pressurise and 117 kPa during

t he exhaust. 15 Exam nati on of the sequence table in conjunction with
the pressure profile showed that the spi ke corresponded with the
closing of the feed and backwash valves. In this case the backwash

val ve was closing faster than the feed val ve causing the shell side to
pressurise. This was rectified by introducing a 2 second delay after

closing the feed val ve and before closing the backwash valve. It can
be seen fromFigure 13 that the 20 pressure spike in question has
essentially been elimnated. Further tuning could be done to mnimse
sone of the other spj kes although this is unnecessary as they are
relatively | and unlikely to be a problem
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WD 96/ 28236

RPCT/ AL96/ 00144 -28 -

Anot her feature which may be provided by the control and nonitoring system
according to the invention is actual control of the operation of the val ves

used twoosgdreeit the filtration system Setting up a f,j,_?-“@&,j,ﬁ@ machi ne
requires careful timng of val ve operations and sone of these tim ngs

are site specific. 5 It has been found that by pul se width

nmodul ating the operation of the val ved1lghey can accurately opened and

cl osed at any desired rate. The control system can adjust the rate of

openi ng and cl osing of valves to avoid water hanmer. The contro

and nonitoring systemmay al so nonitor pressure spikes and control t he

val-ves accordingly. Such nonitoring may al so provide cl osed | oop control
which 10 conpensates for perfornmance degradation of the valves as they

age over tine. Position control of the valves is al so possible
by using open | oop control and controlling the | oop using neasurenents
of .flow and pressure drop within the system It wll be

appreciated that the forns of the invention described are not limted to
the specific enbodi nents descri bed above and further exenplifications. of
the invention 15 are possible w thout departing fromthe scope ofthe

i nventi on.
R
backwash
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WD 96/ 28236

PCT/ AU96/ 00144 . CLAI M5! ; =29 -

1. A nmet hod of determining the fouling effect of a feedstreamon a filter
havi ng known characteristics, said method conprising the steps of:

i) passi ngob&seseedst ream t hrough a filter havi ng known peinaussdosds Sstics;
5 ii) determning the change in resistance to flow of the feedstream
across the filter, ei ther continuously or over a nunber of tine
intervals; and iii) fromthis da®23? calculating a feed fouling index
(FFl') representative of the fouling characteristics of the feedstream
wWth respect to the filter. 2. A nethod according to claim1l

wherein the FFI is calculated by plotting the 10 change in resistance
across the filter as a function of volunme filtered and neasuring the
gradient of a curve so plotted at a point or interval where the curve
approaches a straight i ne. 3. A nethod according to claim?2
wherein the change ingkesi stance i s neasured by t aki ng readi ngs of the
curul ati ve vol unme of fBedstream passing through the filter over 15 tinme.
4. A nmet hod according to claim2, wherein pressure sensing devices are
posi tioned on o0

v)

b
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either side of the filter to relate resistance changes in terns of
"t rans- menbrane pressure (T\MP)._drap LN An.on-ti-pe—rethed—of— —
—Tmonitori ng and controlling a filtering system said nethod 20 conprising
the steps of: determ ning the resistance of filtering el enents

‘used in W69 %&éf” ng system by moni tori ng a nunbePCOAUYMRIMt i ng
paraneters 0 e system WO 96/ 28236

PCT/ AU96/ 00144 - 30- i)
calculating a feed fouling index reprgppntative of the fouling nature of

t he feedstreamto the filtering systemusing the resistance val ue

determned ini); and 1) CO”Fﬁ'JﬂE the operation of the filtering
system i n dependence on the value o i ndex

feed fo
e T LN ENT T G | Al

he steps of:

I-) passing a sanpl 07 the o o Preoe T ar il nep$r essure t hrough
a filter havi ng known char act erfi st}fcs;
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ii) determning the change in resistance to flow of the feedstrean1across
the filter, .10 either co

and |||) fromthis data, calculating a f eed fouling index (FFI)
representative of the fouling characteristics of the feedstream sanple
on t he knowwolosk$29¢ . 7. The method accordi ng to cl aircroudseqser

I ncl uding the step of correlating the FFI with a second FFI cal cul ated
for a menbrane filter for use in a filtration unit. 15 8. The et hod
according to claim6 wherein the FFI is calculated by plotting the

change in resistance across the filt&/s a function of volune filtered and

measuring the gradient of a curve so plotted at a point or interval
where the curve approaches a i&iﬁéﬁﬂélally straight |ine. 9.
The met hod according to claim®6 mhé change in resistance of the

{i e e cuml Qf?ﬁérﬁd E’ B ESoh BaSr e o B B g‘d”?ﬂrﬁﬁ'gﬂtfh'e”

filter. 10. g royToTte &sure sensi ng
i -

devi ces are used aflu of esti ftk changesfinjreki st ance of the
filter over tine. /28236
PCT/ AU96/ 00144 4831 -
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11. The nethod according to claim6 wherein the FFl is calculated by a
_ response to
12. The method according to claim11l mhereln t he conputer extrapol ates from

t he entered data to provide a nore accurate calculation of FFI. 5

13. An appameaes28i¥r use in determning the potential foul pefiaedeiosfah Of a

f eedst ream by the nmethod according to claim11, said apparatus

i ncl udi ng: a filter having known properties; nmeans to
pass a sanple of the feedstreamthrough said filter at a predeterm ned
pressure; and 10 means for nmea®{k3 ng the change in resistance to

fl ow of the feedstreamthrough the filter over tineg; nmeans

for calculating quantitatively a f eclPePi) dﬂbg i ndex (FFlI) indicative of the

fouling nature of th e filter g measur ed change
I n resistance Eggogségéoﬁﬁ tgt gﬁrg fouling effect

of the feedstream on YTV f@ratus
accordlngto cl ai m 13| whkr di njt h 1stopssthlefee st {em sanpl e
through the filter inglufdeg alco tclner f o Hol 4i npg tjhe [sagpl e, and neans
for pressurising nearjs for§ prlegburligsiind t he parpl ¢ t®in the
container for delivery of tihels lfey § o jgh fillterf al @ presel ected
pressure. 20 15. Appgrajug agcaydifnpitd cIaiFm 4 whgreifn hﬁ pressuri sing
means is a manual ly -
|
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oper at ed punp. WO 96/ 28236
RCTLALQ6/00144 . . . -32 -
16. Apparatus according to claim13 or 14 wherein the container and

pressuri sing means are provided in the formof a nodified nmanually
oper at ed gawoO®e28288 ayi ng appar at us. 17. Appar at pgrAt6E66d4aN0 L O
claim14 wherein the filter uses a filter elenent is of the 5 cellulose
acet ate type. 18. Apparatus according to claim1l4 wherein one or nore
manual | y operabl e val ves are provided to allow for primng and

cl eani ng of the apparatus. 19. A nmet hod of nonitoring the operation
of a filtration system conprising tRe/13 follow ng steps:- 10

a) sanpl i ng system paraneter values at selected |ocations within the
filtration systemat a predeterm ned sanpling rate; b)

generating a paraneter profile chaﬂﬁpﬂqnﬂftic fromthe sanpl ed paraneter

e e F P YR e L8888
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C) anal ysing the paranmeter profile characteristic to determ ne correct
15 - -operation of the filtration system 20. A _net hod

according to claim19 wherein the anal ysing step includes conparing
the generated profile characteristic against a desired characteristic and
i denti fyi ngvo9e28236r egi ons wi thin the generated characteri pégusdbofdd di verge

fromthe desired characteristic. 21. An apparatus for nonitoring
the operation of a filtration systemconprising:- 20 a) nmeans
for sanpling system paraneter values at selected locations within

the filtration systemat a predeterm ned sanpling rate; b)
means for generating a paraneter pAdf13e characteristic fromthe sanpl ed
paranmet er val ues at predeterm nedg,intervals of tine; and WO

96/- 28236 “tocsl G

E)C;T/ Augngﬁigglﬁgr §1a sEn(?t g gargrmgeg mof‘s.r I§ ogalgc ristic Eng;aterm' ne
0 eyl TT =

correct operatio g)parat us according
to.claim2l wherg n{the¢ npangs f nhl i ncljudgs gns for
conparing the generdted pjof}l ciir | st§ c |agpi nst Jagdesi red
characteristic a 51 ifgenti flyi edi s W ghi b the jg€ner at ed
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characteristic. 23. Apparatus according to claim22 wherein as a
result of the conparison, the _____analysis peans indicates likely faults
causing the divergence and suggests possible solutions to the problem
so that the fault may be corrected or circunvented and the 10 system
operati on Iwopsispssned to opti mal operation. 24. Appacpiaussmdrsaor di ng
to claim 23 wherein an operator/user is provided with an I nteractive
di splay of the generated profile characteristic and the operator can

i ndi cate an area of the generated profile characteristic the operator
Is interested in and obtain details as to faults and solutions in
regard to analysis of that region of the generated profile 15
characteristic. 25. A nethod ofizpepitoring and controlling a
filtering system said nethod conprising the steps of: i)
determ ni ng resi stance val ues of filteri ng elenents used in the filtering
system at predeterm ned ti ey t he backwash cycle of the system
by nonitoring a nunber of 20 operatl ngaggrameters of the system i)

calculating a ba h &f f nc rgpr es@t i e efficiency of
t he backwagﬁggl*gog t gl |*Pe ng'sy:stam ai % %egl(?i stance

val ues deternined}in{i)] afd lr
Ellmr!

1 1
10 20 30 40 S50 6 70 60 95 100 10 120 130 1
Time (seconds) :

Figure 12
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WO 96/ 28236

RCTLALRG/ 00144 : -34- 1)
controlling the operation of the f| |tering systemin dependence on the
val ue of the backwash efficiency cal cul at ed. 26. A net hod

accordi ng Woe28236 25 wherein the predeterm ned tines durPCTAURBO144
backwash cycle are just after a previous backwash, just before a next
backwash and just 5 after said next backwash. 27. Apparatus for
nonitoring and controlling a filtering system conpri sing: i) means
for determ ning resistance values of filtering elenents used in the
filtering system at predeterygpyed times during the backwash cycle of
the system by nonitoring a nunber of operating paraneters of the
system 10 ii) neans for calcylating a backwash efficiency val ue
representative of the efficiency BeM) dNLof t he backwash cycle of the

[11) reans for Sbni o | By Bnd¥ ofer B 1 8n o B 18 (B L8 1B sysiemin

dependence on t . gal cul ated. 15
28. Apparatus acgorgi tlo ¢l ajmRY iwhgrg} n k hd prjeddtegm ned ti nes during
t he back h pyd ejar¢ jls Afft e prievijoug bgck h, just before a
next backwash and jpst ajtey Qai xt] bgckyash. -
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