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Abstract

The filtration plants of three well-run water treatment facilities were recently scrutinised to measure their operational
efficiency. When the results from these investigations were compared, it was found that certain problems were common
to the three plants and that similar problems were likely to be encountered elsewhere.

The investigation methodology, which included a detailed evaluation of the filter media, backwashing procedures and
backwashing efficiency, was first refined and applied to the Balkfontein plant where it showed promise. Sedibeng Water
and the Water Research Group (WRG) from RAU undertook this as a combined project.

Shortly after the Balkfontein study commenced, similar studies were initiated at the Midvaal and Rietvlei Water
Treatment plants by GFJ (Pty) Ltd, the Midvaal Water Company and the WRG. The results were compared and it was
found that the three plants had the following problems in common: excessive media loss, inconsistent media gradings,
modified backwash velocities; inefficient backwash water utilisation and the presence of mudballs.

Of these, the low backwash velocities were found to be one of the most significant problems and this could partly be

traced to the partial failure of backwash isolation valves.

This paper briefly discusses the evaluation methodologies involved and results returned. It will aso highlight problems
that the authors expect to be present in other filtration facilities.

Introduction

TheRAU Water Research Group was approached by the Scientific
ServicesDivision of Sedibeng Water to assist withaninvestigation
into the state of thefiltersat the Balkfontein water treatment plant.
Theplant had been experiencingadecreasein effluent quality from
its filters over an extended time. This was associated with an
increased breakthrough of invertebrates. A preliminary investiga-
tion revealed that three aspects of the filters required specific
attention. These were:

e the hydraulic control system during filtration,
¢ the backwash system, and
e thefilter media

Theinvestigationyieldedinteresting results. Thisprompted similar
studies to be undertaken at the Stilfontein plant of the Midvaal
Water Company (GFJ Consulting Engineers played aleading role
inthisinvestigation) aswell asthe Rietvlei Water Treatment Plant
operated by the City of Tshwane Metropolitan Municipality. All
three plants are operated by a corps of well-trained personnel and
make use of advanced operational control methods.

These studieshave been compl eted and providean opportunity
to reflect on the overall status of the filters at the three plants and
possibly to use this information to focus the South African water
treatment community’s attention on the status of their filters.
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Evaluation of filtration plants
Filtration plants evaluated

Three plants were studied: Balkfontein, Stilfontein and Rietvlei.
The plants are all comparatively modern and are provided with
advanced electronic monitoring and control infrastructure.

Balkfontein has a design capacity of 360 MI/d and abstracts
water fromthemiddleV aal River closetoBothavilleintheFree State
Province. The water is treated to potable standard and distributed
over an area of 8 000 km? The process consists of coagulation/
flocculation, primary and secondary settling, filtrationand disinfec-
tion. A limeprocessisused and theaveragewater pH intheprocess
isin the order of 9.6. Varying levels of turbidity and increasing
concentrations of NOM (natural organic matter), algae and their
rel ated organic substances, have complicated water treatment over
theyears. Three process controllersand one supervisor operatethe
process. Civil,, el ectrical and mechanical maintenancestaff provides
support.

The Balkfontein filtration plant consists of 30 rapid-gravity
filters,each100m?inarea. Thefiltersareoperated onaconstant rate
basi susingdownstream control. Thefilterswererefurbished aspart
of anextensiverefurbishment and expansion programmeintheearly
1980s. Filter control and monitoringiseffected through anadvanced
SCADA system. The original filter design called for 750 mm deep
silica sand with an effective size of 0.65 mm and a uniformity
coefficient of less than 1.4, on a 250 mm gravel bed. Backwash
consisted of separateair andwater washes. Threewater cycleswere
used preceded by 3 air scours. Originally thefirst two washeswere
3 min and the last was 6 min long.

The plant is operated on a large-scale stop-start protocol to
make use of off-peak power tariffsfor abstraction and distribution
of thetreated water. Thismeansthat the entirefilter plant hasto be
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shut down on adaily basis. Dueto the prohibitive cost (in terms of
wasted water) and logistics, thefiltersare not backwashed oncethe
plant is shut down. This protocol is currently under review.

The Stilfontein plant, operated by the Midvaal Water Com-
pany, consistsof fourindependent filtrationfacilities. Theplant has
atotal design capacity of 250 Ml/d and abstracts water from the
Middle Vaal River at Stilfontein. The process consists of coagula-
tion/flocculation, dissolved air flotation (DAF), ozone, secondary
chemical addition, settling, filtration and disinfection. The North
filterswereoriginally constructedin 1967/68 and upgradedin1975.
A lateral system wasinstalled at thistime. The South | filter block
(lateral system) wasconstructedin 1975 andthe Southl | filter block
(false floor) in 1980. In 1981 the South Il filter block was
constructed with a false floor system. The East/West filter block
was constructed in the early 1960s and modified to a false floor
system in the early 1980s.

The Stilfontein plant hasatotal of 56 rapid gravity filterswith
surface areas ranging between 37 m? and 56 m2. The filters were
originally designed with downstream flow control. The East/West
filtersareintheprocessof being rehabilitated and shoul d befinished
within thisyear. The current filter design callsfor afilter depth of
between 800 and 950 mm deep silicasand with an effective size of
0,70 mm and an uniformity coefficient of lessthan 1.5. Backwash
consists of separate air and water washes. Three water cycles are
used preceded by 3 air scours. All the washes are 3 minutes.

Aninvestigationinto theintegrity of the plant waslaunched as
turbiditiesof lessthan 0.5 NTU could not be maintained especially
inthelight of international trendsto aim for final water turbidities
of less than 0.1 NTU to minimise health risks associated with
pathogen breakthrough.

The Rietvlel Water Treatment Plant treats eutrophied water
from the Rietvlei Damin Pretoria. The plant hasa40 MI/d design
capacity and makesuse of adirect filtration process. Filtered water
is passed through open-bed GAC filters prior to disinfection and
distribution. This is required due to the ever-decreasing water
quality in the Rietvlei Dam. The plant augments the Rand Water
supply to Pretoriaand distributes its water to the south and south-
eastern portions of Pretoria.

Rietvlei operates 10 DAFF filters, each with a surface area of
approximately 22.5 m? flotation requiresthat thefilters operate at
constant rate although a measure of surface level stability is aso
required - this is achieved through downstream flow control.
SCADA isused to effect filter monitoring and control. Thefilters
were upgraded and converted to DAFF (dissolved air flotation and
filtration) in 1987. Thebed designwasmodifiedtodual mediafilters
in the period 1990 to 1992. The dual bed originally consisted of
anthracite (150 mmdeep of unknowngrading), silica(730 mmdeep,
d,;=0.70, UC<1.4) and gravel (250 mm deep). A lateral system s
used. Backwash consistsof separateair and water washes. Thecycle
lengthsvary asit iscontrolled manually. The design wash consists
of 2 water washesof 6 min duration separated by air washeslasting
3min.

Evaluation methodology

Thesamebasic methodol ogy wasusedintheevaluation of thethree
filtrationfacilities.

Theeva uation of themediawasbased ontheguidelinesfor filter
evaluation suggested by AWWA (2000) and consisted of the
following procedures:

(@ Visual inspection of thefilter for cracks, holes, depressions or
mounds
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(b) Determination of washwater trough and walkway levels

(c) Determination of medialevelsto determine medialoss

(d) Gravel layer assessments — to determine underfloor system
integrity and washwater distribution,

(e) Mudball and mediaintermixing inspections

(f) Filter coring for sieveanalysis

(9) Floc retention analysis to determine backwash efficiency

(h) Bed-expansion and rate-of-rise measurements

(i) Backwash turbidity analysis, to determine the efficiency of
backwash water usage.

Filtersweretaken out of commission for approximately 2to 3hto
perform these tests. Detailed methodologies are presented else-
where (AWWA, 2000). The initial measurements ((a)-(g) above)
weretaken beforebackwashing. Duringbackwashing (h) and (i) were
performed. After backwashingfilter-coringwasonceagaindoneto
collect samplesfor floc retention analysis. The backwash turbidity
andflocretentionanalysisturbidities, mediagrainsize, mediagrain
size distribution and media specific gravity (SG) were measured
using standard laboratory equipment and procedures.

Results and discussion

Detailed results on the three individual evaluations are presented
elsewhere(Water Research Group (2001); GFJ(2001) and Spaleck
(2001)), each detailing issuesrel ating to specific problems experi-
enced at theseparateplants. Thispaper will, however, concernitsel f
with the most important i ssuesthat are common to thethree plants,
and that are possibly relevant to other plants in South Africa and
elsewhere.

Excessive media loss

Reduced bed depths lead to reduced bed capacity in terms of
suspended solids removal and reduced run lengths as well as a
reduced capacity for theremoval of manganese. Also, since media
constitutes one of the most significant sources of head loss during
filtration, a variation in adjoining bed depths can affect filtration
hydraulics detrimentally. Figure 1 compares current bed depths at
the various filtration plants with their respective design depths.

All plantsillustrateasignificant |ossof media. Onaverageonly
60% of theoriginal mediaremainsinthefilter. Somefiltershaveas
little as 20% of the origina media depth remaining. It is aso
interesting to notethat themedialevel sdiffer significantly between
filtersin the same plant. This suggests that the factors that lead to
medialossarehighly variable.

Teststo determine the cause of the medialoss are ongoing. At
thistimeitisexpected that thedelay betweentheair andwater cycle
during backwash, needstobeincreasedtoavoid simultaneousair and
water expulsionfromthebed. Theturbulence caused onthesurface
of themediaby thesimultaneousexpul sion of theair andwater could
|ead to excessivemedial osses. Thisphenomenon hasbeenreported
on elsewhere (Lombard and Haarhoff, 1995)

Inconsistent mediagradings

Ingeneral, mediagrainsseemtobelarger thanindicated by thedesign
specifications (Figs. 2 and 3). In the worst case, the current d,  is
70% larger. This has significant impacts on the backwashing
requirementsof afilter bed. Larger grainsrequire higher backwash
rates implying that the beds evaluated in these studies will not be
washed sufficiently evenif design backwash rates are maintained.

Reasonsfor thelarger grains are process effects (deposition of
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Figure 1
Comparison of current media depths to design depths
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Figure 2
Comparison of current media effective sizes to design values
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Figure 3
Comparison of current uniformity coefficients with design
specifications
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Figure 4
Comparison of measured backwash rates with design rates
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calcite) aswell astheplacement of mediaduring and after construc-
tion that is not according to specification. Intermixing of sand and
fine gravel during backwash can also lead to the measurement of
larger effectivesizes.

Uniformity coefficients,ingeneral, appear tobeclosetodesign
specifications. Somefiltersdo, however, contain mediawith much
higher valuesthan specified. Inthesespecific cases, wherethegrains
arelarger than anticipated, thehigher uniformity coefficientsaddto
theinsufficiency of the backwash design.

Modified backwash velocities

Theresultsgenerated herearepossibly themost surprising of all the
results. Inall plants, most of thefilters experienced wash ratesthat
were well below the design rate. In the worst case, the rate was
approximately 20% of the designrate. Thishasobviousimpactson
the amount of shear and agitation experienced by the mediain the
beds and therefore on the efficiency of the backwash.

At this point it is thought that the reduced rates are mainly
caused by thefailure of backwashisolation valveson thebackwash
manifoldtoclosecompletely. A largevolumeof thebackwashwater
islosttoother filters. Detail ed measurementsat Stilfonteinindicated
that average | osses on the different filtration facilitiesranged from
1110 26.5% of thetotal volume of water delivered by the backwash
pumps. The remainder of the reduction in backwash rate can be
attributed to wear and tear on the backwash pumps, increased head
|ossesdueto the deterioration of the backwash manifold, aswell as
increased | ossesduetothepartial blockage of nozzlecapsby grains
lodged in the slots. The last cause listed here has the potential for
the creation of significant additional head | osses.

The results reported on here might appear to be contradictory
to the medialoss reported on earlier. However, as al three plants
makeuseof water andair scour, all threeplantsarevulnerabletothe
combined effect of air and water discharge mentioned earlier.

The presence of mudballs

Thefloc retention test gives an indication of how well thefilter is
cleaned during backwash. For thistest, the equivalent of 100 g of
sand is rinsed with 500 ml of water, and the turbidity of the water
returned asthe result. The guideline valuesfor interpretation state
that below 60 NTU isindicative of aclean filter, 60 to 120 NTU
indicates areasonably cleanfilter, 120 to 300 NTU isadirty filter
and above 300 NTU isvery dirty with potential mudball problems.
The average turbidity for the floc retention analysis performed on
the three plants is consistently above 300 NTU (Fig. 5). At
Balkfontein several filters exceeded turbiditiesof 1 000 NTU.

Theguidelinevauesare, however, considered to be conserva-
tive. Theresultsarealso highly dependent on external factorssuch
asmethod of agitation. Work iscurrently underway to revisethese
guidelines upward for South African plants dealing with turbid
waters.

However, the extensive mudballing encountered at the three
plants, asreflectedinthevisual inspection confirmsthat mudballing
isacommon occurrence. Thisisconsideredto bearesult of thelow
backwash velocities used.

Flow distribution duringfiltration
A snapshot study doneat Midvaal Water Treatment Plant indicated
that thefiltersexperienced asignificant variationinfiltration rates.

Filtrationratesvaried between 0.33to 4.25 m/hfor filtersthat were
supposed to befiltering at the samerate. Although not to the same
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degree, the same phenomenon was noticed at Balkfontein. The
filtration ratesareal so not constant and vary significantly overtime
- basically constituting surges on thefilter.

Inefficient backwash water utilisation

An evaluation of the backwashing procedure, done by logging the
wash effluent quality during backwash, reveal ed that wash water
wasbeingusedinefficiently (Fig. 6). After approximately 3minthe
backwash water quality remained constant. This indicates that
solidswerebeing removed fromthebed at aconstant rate. Based on
thesefindingslong water washeswere divided into shorter washes
at the Balkfontein plant. An additional air scour cycle was also
introduced betweenwater cycle3and4. Inthisway thesameamount
of water isused, but an increased rate of solidsremoval isattained
(Fig. 7). Thisfigureillustrates that the water originally used after
3 min removes turbidity from the filter more efficiently if used in
anew wash cycle after air scour.

Conclusions

It would appear as though most of the problems experienced in
filterscanberelatedtoafailureto properly cleanthemediaand also
inthefailureof thehydraulic control systems, both duringfiltration
and backwashing. These aspects are normally controlled by me-
chanical equipment that are subject to wear and tear and therefore
cannot be guaranteed to perform to specification indefinitely. A
thorough and complete evaluation of theimportant control itemsis
required on aregular basis.

Despitethe problemsthat wereidentified in thesethree plants,
the water quality, although not good, did not deteriorate to com-
pletely unacceptablelevels. Thisinitself should act asawarning as
itwould appear that filtersdevel op problemsover long periodsand
also decrease their effluent quality gradually. If operators are not
vigilant, asin the cases reported on here, this deterioration can go
by unnoticed, possibly resulting in sudden and catastrophic filter
breaches. Theresultsfrom thethree studiesalso indicate that there
areproblemscommonto thedifferent plantsand aquick evaluation
of these parameters at other plants would indicate whether those
plants are at risk. In any event, a properly planned and structured
filter evaluation programmewith diligent record-keeping should be
incorporatedintheoperational procedurefor any filtrationfacility.
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