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Abstract

A large proportion of the surface waters of South Africa and Lesotho, are soft and acidic, requiring stabilisation to prevent
aggressive/corrosive attack of cement concrete/metal conduits, etc. The predominant control measure utilised by water
utilities to prevent such attack is pH adjustment for calcium carbonate saturation control through the addition of lime or
sodium akali’s, and carbon dioxide. However, lime mediated stabilisation is expensive and progressively more so as the
availability of high quality white lime suitable for water treatment is in short supply in South Africa, with the shortfall being
imported at growing cost.

Accordingly, a Water Research Commission project has considered the use of the limestone based Sidestream
Stabilisation Process (SSP) process as an aternative for stabilising water of the Lesotho Highlands project. The SSP is
achieved by taking a small sidestream of unstabilised water, dosing high levels of gaseous carbon dioxide (CO,), and then
contacting the CO,-acidified stream with limestone. The acidified sidestream takes up considerable amounts of calcium
carbonate (CaCO,), increasing both the Alkalinity and the calcium concentrations. Thereafter CO, is stripped, recovered
and reused in the process. After CO, stripping, the sidestream is blended with the main stream in the correct proportions
to alow for a fully stabilised main stream.

This paper presents results of experimental pilot plant work, and discusses the pilot plant trials with consideration for
scale-up and industrialisation. Using conservative estimates based on the experimental results, both a basic and detailed
financial evaluation/assessment of the SSP is presented, showing the significant potential benefits of employing SSP
stabilisation technology.

Introduction
co, co, - CaCo,
o . . addition contact
A significant proportion of thewaters of South Africaand Lesotho
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(termed stabilisation) isconventionally achieved by the addition of
lime (Ca(OH),) and carbon dioxide (CO,). Although thisprocessis
well documented and understood, it has a number of drawbacks
whichincludetheuseof troublesomelime, high chemical operating
costs, and the need for high-quality white limewhich is currently
inshort supply in South Africa. Analternative stabilisation process
isstabilisation viacontact with limestone (solid calcium carbonate
—CaCQ0,). Operation of limestone contactors in South Africa has
shownlimestone-mediated stabilisationto haveanumber of advan-
tages over lime-mediated stabilisation (Mackintosh et al., 1998a).
However, the use of limestone-mediated stabilisation has hitherto
been limited to smaller water treatment works (less than 30 MI/d)
because of thelarge contact tanksrequired. Morerecently, consid-
eration of theuseof limestone-mediated stabilisationfor largewater
treatment workswasmadeviableby thedevelopment of the CSIR' s
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Figure 1
Conceptual description of the sidestream stabilisation process

limestone mediated sidestream stabilisation process (SSP).

The SSP proposes using limestone in a manner potentially
suitablefor largewater works(Mackintosheta ., 1998b). With Rand
Water considering water transport and treatment requirements for
the L esotho Highlands Scheme, SSPwasidentified asapotentialy
attractive alternative to conventional stabilisation using lime and
CO,. This paper providesfeedback on aWater Research Commis-
sionfunded project that |ooked at themodelling and operation of an
SSP pilot plant and preliminary consideration of the financial
viability of SSPfor use by Rand Water for the L esotho Highlands
Scheme. AsSSPrequiresthedosing, stripping and recovery of CO,
inarelatively complex process, asimplified version of the SSP (in
which no stripping and recovery of CO, are required) was also
assessed at a desktop level.
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Thesidestream stabilisation processes

SSPconsistsof taking asidestream of unstabilisedwater, dosing high
levelsof gaseousCO,, andthencontactingthe CO,-acidified stream
with limestone. The acidified sidestream takes up considerable
amounts of CaCO,, increasing the Alkalinity and the calcium
concentration. Thereafter CO, isstripped, recovered and reused in
the process. After CO, stripping, thesidestreamisblended with the
mainstreaminthecorrect proportionsto alow for afully stabilised
mainstream. The SSP is shown conceptually in Fig. 1.

With the requirement for stripping and recovery of CO,, SSP
can be seen to be a complicated process (increased process equip-
ment requirements). A “simplified SSP” canbeconsideredinwhich
no CO, stripping and/or recovery are practised.

Background theoretical considerations

For the use of SSP, understanding of thebasi ¢ principlesgoverning
the carbonate system in the aqueous, gaseous and solid phasesisof
importance. In particular, dissolution of gaseous CO, into aliquid
phase, dissolutionof solid cal cium carbonateintoaliquid phase, and
recovery of excess dissolved CO, from the liquid phase to the
gaseous phase must be considered (Loewenthal et a., 1986). The
following aqueous, gaseous and solid phaseinteractionsneed to be
considered:

The dissolution of carbon dioxide into an aqueous medium
depends on a number of factors, inter alia the difference in CO,
concentration in the two phases, the surface area at the gag/liquid
interface, and the mixing energy within the agueous phase. In
addition, temperature, pressure and ionic strength are important
considerations. However, by using a gas phase with aCO, partial
pressure very much greater than that normally encountered by
aqueous media, inordinately high concentrations of molecularly
dissolved carbonate species can be attained. Such high concentra-
tions of carbonate speciesand the dosing chemical type (CO,) lead
toawater with exceptionally hightotal acidity and calcium carbon-
ate dissolution potential.

The dissolution of calcium carbonates can only occur if the
solutionisundersaturated with regard to solid carbonate. Tempera-
ture and pressure of the system, calcium and carbonate species
distribution and the partial pressure of CO, influencethe solubility
of CaCO,. Within the normal pH range of natural waters, the
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dissolutionrate of carbonate mineralsissurface controlled; that is,
the rate of dissolution is determined by a chemical reaction at the
water-mineral interface. Whilst at very low pH, the rate of disso-
Iutionissofast that therateislimited by thetransport of thereacting
species between the bulk of the solution and the surface of the
mineral. Therate can then be described in terms of transport of the
reactants and products through a stagnant boundary layer. How-
ever, suffice to note that waters with high acidity and calcium
carbonate dissolution potential brought into contact with solid
CaCO,mineralswill takeup exceptionally highlevelsof calciumand
carbonate species.

The stripping of carbon dioxide from an aqueous medium
depends on a number of factors, inter alia the difference in CO,
concentration in the aqueous and gaseous phases, the surface area
at thegas/liquidinterface, and pressure. Importantly, by increasing
thefreesurfaceareaand substantially reducingthepressure, transfer
to the gaseous phase by gas-water contact represents a convenient
and possibly cost-effective treatment method for removing excess
dissolved CO,,.

Considering the complex interaction of the above-mentioned
processes, itisdesirableto develop model sto accurately predictthe
behaviour and describe the agueous, gaseous and solid phase
chemistry of SSP. Such amodel would be useful for devel oping an
improved understanding of the processes, for optimisation of the
process and importantly for plant control during industrial-scale
application.

Process modelling packages

For ease of process optimisation during future industrialisation, it
was considered preferable to look to commercia “ off-the-shelf”

chemical engineeringtypeprocessmodel ling packages. Following
onfromaninitial screening procedure, the most suitable packages
availableat thetimewerethefairly similar packagesASPENPLUS
(Aspen, 1994) (manufactured and distributed by Aspen Technology
Inc.) and PRO/I1 (1997) (manufactured and distributed by Simula-
tion Sciences Inc.). Both packages have the ability to perform
rigorousmassand energy balancesand arewidely used inindustry
for designing new processes, evaluating alternative process plant
configurations and optimising existing process plants. Because of

variousfactorsat thetime, including package devel opment consid-
erations and budget constraints, PRO/I1 was selected as the most
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suitablepackage.

A thorough study using PRO/Il tomodel
SSP showed that it was indeed possible to
accurately model certainstepsof SSP, namely:

Chemical costs used in the simplified SSP basic financial evaluation

TABLE1

(Stellenbosch, November 1999)

feed generation, CO, addition/dissolution,

and CaCO, addition/dissolution (equilib- Chemical Notes Cost Purity
riumconditions). However, difficultieswere (Riton) | (%)
encountered when it was required that CO, _

be stripped from the sidestream. Lengthy | Limestone Aqueastab pebbles, Bredasdorp 140 95
interactionswiththemanufacturersrevea ed Lime Local limewith available CaO of 65% 750 85.9
that the package may have hitherto uniden- Carbondioxide - 730 100
tified carbonate chemistry limitations Sodiumhydroxide Inflakeforminbags 2500 100
(SIMSCI, 2000). Unfortunately, this sig- | Sodaash Dense soda ash 1700 95

nificant development ledtotheforced aban-
donment of theuseof PRO/II (itwasconsid-
ered probable that the ASPEN PLUS package would have similar
limitations). During aperiod of growing concernastothelimitations
of PRO/I1, the proj ect team proceeded with devel oping anin-house
model. Considering that the failure of PRO/II wasin the complex
arenaof CO, stripping it made senseto initiate model devel opment
by looking at asimplified SSP which excludes CO, stripping and
recovery.

Process model development and pilot plant
assessment

Modelling the simplified SSP

Thetheoretical viability of thesimplified SSPwasconsidered by the
development of amodel. The model included JAVA programming
and the use of the STASOFT 4 package. The STASOFT 4 package
is an aguatic chemistry calculation package that consists of two
programs, namely STASOFT 4, with auser-friendly graphical user
interface and Watchem, aMSDOSversion command lineand input
file-driven program (Morrison and L oewenthal, 2000). At thetime
model devel opment commenced, STASOFT 4 devel opment wasin
itsfinal stages, andMr lanMorrisonkindly madeapreliminary test-
version of the software available for the purpose of modelling the
simplified SSP.

Inthesimplified SSP (Fig. 2), theraw water streamissplitinto
a mainstream and a sidestream. Carbon dioxide is dosed to the
sidestream, after which the sidestream is contacted with solid
calcium carbonatein acontactor, to take up alkalinity and calcium.
Thesidestreamisblended in with the mainstream againto formthe
final blend. Variationsof theprocessinclude: different sidestream/
mainstream blending ratios, stripping CO, totheatmospherebefore
or after blendingor not at all, and theaddition of variousalkalissuch
aslime, sodium hydroxide or sodium carbonate.

Asthereisno gasrecycling inthesimplified SSP, STASOFT 4
could beused to model thesimplified SSP. However, asevaluation
of thesimplified SSPrequired alargenumber of runs(toinvestigate
theinfluenceof varying CO, dosageand percentagesi destream), the
use of STASOFT 4 was impractical. The Watchem program was
therefore used to overcomethislimitation. Watchemusesthe same
aguatic chemistry routines as STASOFT 4, but itsuser interfaceis
viainput files, which makes it possible to specify the variance of
input parametersover arange. Model output ismadein output-files
that the user can customise and import into MSExcel, to obtain
graphical representation of the output.

Modelling and pilot plant operation of the SSP
The following section describes the development of a program,

called “SSP-MOD”, for predicting the behaviour of the SSP. The

12
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SSP-MOD program was developed from the model developed to
describe simplified SSP. The SSP-MOD program describes the
various unit processes of the SSP processincluding CO, stripping,
recovery and subsequent recycling.

ASSTASOFT 4/Watchemdoesnot provideamechanismtotake
the feedback gas stream (recovered CO,) into account, it could not
beused for SSPsimulations. It wastherefore necessary toincorpo-
rate computer programming to model the SSP process. JAVA was
used asaprogramming language, duetoitsrelatively user-friendly
object-oriented style. Modulesweredevel oped tomodel thevarious
unit operations and a steady state mass balance for the SSP. The
programwasfurther adapted to allow runsat multipleinput ranges,
to produce multiple outputs, which can be exported to MSExcel for
graphical representation.

Following development, the model was compared with
STASOFT 4 and found to be accurate. In parallel with verification
and calibration of the SSP model, it was necessary to optimise SSP
pilot-plant operation. These two objectives were carried out in an
iterativemanner.

Assessment of the SSP process had shown that the stripping
and recovery of CO, is an essential step in the SSP and that
maximising CO, recovery at economical “fresh” CO, doseswas of
primary importancein an attempt to optimisethe process. Previous
pilot plant work had shown that CO, recovery using vacuum pumps
waspotentially problematic, and thereforetheuse of aneductor was
considered. Eductors have the potential advantages over vacuum
pumps of low cost, simplicity and reliability, ease of installation,
non-electrical, corrosion and erosion resistant. Unfortunately, dur-
ing the project both eductors tested did not operate at the required
design specifications. Neither the South Africandistributorsnor the
USA manufacturers could provide ameaningful reason asto why
theeductorsdid not operateeffectively at required conditions. This
resulted in the project team not being able to optimise pilot-plant
operation. Nevertheless, non-optimised use of the eductors pro-
vided pilot-plant results which revealed that:

e Whenarelatively lowvacuum (~62- 68kPa) andrel atively high
“fresh” CO, dose (788 mg/l) were maintained, CO, recoveries
of 30 to 40% were obtained (even though pilot plant perfor-
mancewasnot optimal dueto poor performanceof theeductor).

¢ Whenarelatively high vacuum (~40to 45 kPa) and relatively
low “fresh” CO, dose (~300 mg/l) was maintained CO, recov-
eries of 20 to 40% were obtained.

¢ Duetothenon-optimal performance of the eductor, along run
incorporating highvacuumandahigh*fresh” CO, dosewasnot
possible.

Utilisingresultsobtained fromboth themodel sdevel oped and pil ot-
plant operation, financial evaluationsof boththesimplified SSPand
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Figure 3
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SSPwereconducted to assesstheattractivenessof the processesfor
industrialisation. These financial evaluations are discussed in the
following sections.

Financial assessment of the viability of a
simplified SSP

Theraw water characteristicssel ected asthemodel input werethose
of atypical Stellenbosch soft, raw water with temperature=20 °C,
conductivity =6 mS/m, dissolved calcium=2mg/l asCa, pH = 6.3
andakalinity =5mg/l asCaCO,. Inorder to determinetheviability
of the simplified SSP various operating configurations were as-
sessed including: varying sidestream/mainstream blending ratios,
stripping CO, to the atmosphere before or after blending or not at
all, andtheadditionof variousal kalissuchaslime, sodiumhydroxide
or sodium carbonate.

Chemical costsin Table 1 were used to compare the running
costsof thesimplified SSPto conventional stabilisationusinglime
and carbon dioxide. The costs presented in Table 1 were valid in
Stellenbosch, South Africain November 1999. (It should be noted
that the costs of chemicals used vary considerably with both the
quality of the product and the region to which the product must be
transported. The cost of white lime has in particular fluctuated
considerably).

From the various scenarios the required chemical dosages,
together withthechemical costs, wereusedtodeterminetherunning
costsof each simplified SSP variation. A running cost comparison
was then made between the simplified SSP and conventional
stabilisation (based on achieving the same final water quality).
Comparison showed that:

» Stripping excess CO, to the atmosphere before blending the
sidestream and mainstream was not financially attractive.

» Stripping excess CO, to the atmosphere after blending the
sidestream and mainstream, was financialy attractive. The
financial attractiveness varied with both the CO, stripping
efficiency and the alkalis used for final pH adjustment. Use of
sodium alkaliswasfound to providelittle or no saving relative
totheuseof lime, asaresult of the high cost of these chemicals.

e Wherepartia stripping of themainstream wasaccompanied by
limedosing, an attractive chemical cost savingincurred.

* Importantly, where no stripping of CO, was practised and
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nominal limedosingwasemployed, significant chemical savings
relative to conventional lime and CO, mediated stabilisation
were observed.
For exampl e, thefollowing graph (Fig. 3) indicatesthecase
where, usingtheraw water described earlier, afinal akalin-
ity of 50 mg/l and a CCPP of zero isrequired. The graph
indicates that the use of a20% sidestream would lead to a
50% chemical cost saving of 2.63 c/kl. On a 100 Ml/d
treatment plant thiswould translateto asaving of R78 900/
month, and R959 950/year.
= Considering the practical implications of CO, stripping froma
mainstream in alarge water treatment works, it isof particular
interest that the study showed that significant savings are
potentially possible where no CO, stripping is required. It
should, however, al so be noted that the viability of the process
ishighly dependent onthecostsof therequired chemicals(CO,/
white lime vs. limestone). These costs need to be carefully
considered at each particular application. Furthermore, recent
increasesin whitelime coststo approximately R2 700/t would
maketheuseof themoreeasily dosed sodium alkalisattractive.

Financial assessment of the suitability of the SSP
for the Lesotho Highlands Scheme

In order to consider the desirability and suitability of the SSP
process for the Lesotho Highlands Scheme, it was necessary to
compare the operational costs of SSP with those of conventional
lime and CO, mediated stabilisation. The Rand Water process
engineersandthe CSIR project team choseto consider an operation-
aly and financialy conservative scenario (i.e. well within the
performance capabilitiesof the pilot plant operation). Thescenario
chosenwasarelatively large percentage sidestream (i.e. conserva
tiveinthatitwouldreflectincreased capital cost) andlow percentage
CO, recovery (i.e. conservative in that higher recovery had been
achieved in the pilot plant operation).

Water treatment considerations

Rand Water monitoredtheK atse Damraw water quality viaon-site
sample collection. The water considered was a typical As River
outfall water with pH = 7.27, conductivity = 8.1 mS/m, hardness
= 41.75 mg/l as CaCO,, dissolved calcium = 9.25 mg/l as Ca,
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TABLE?2
Cost comparison input variables (delivered to Clarens, October 2000)

Conventional SSP

PLANT CAPACITY 2 000 Mi/d 2 000 MlI/d
TIC COST R77million R99million
Project lifespan 10 years 10 years
Operating days 350 days per year 350 days per year
Chemicals Chemical Cost Chemical Cost

dose (RI) dose (RIt)
Carbon dioxide (CO,) 26.0mg/l 700* 38.0 700*
Lime (Ca(OH),) 35.0mg/l 1 400* - -
Limestone (CaCO,) - - 46.1mg/| 370*
Chemica wastage 5% per chemical 5% per chemical

Plant power consumption Electricity costs assumed to be R0.01/m? higher for the SSP
than for conventional stabilisation (NOTE: This additional

electricity cost isincluded despite the fact that in the SSP
process only 10% of the mainstream undergoes treatment,

therefore requiring less pumping.

Plant operation, maintenance, etc. | Labour costs assumed equal for both conventional stabilisation

and SSP (costs therefore cancelled in the model)

Maintenance 5% of capital cost 5% of capital cost
Financial model
TABLE3
Project financial assessment summary — The scenario evaluated was for stabilisation of water treated via
Conventional stabilisation vs. SSP (2 000 Ml/d) filtration assisted by ferric chloride dosing (Rand Water's most
likely treatment scenario). In this scenario a “high” percentage
Conventional SSP sidestream (10%) combined with “low” percentage CO, recovery
and reuse (10%), and an airstrip of the blended stream was utilised.
Capital cost (R million) 7 929 The financial model took into account chemical costs, labour
costs, maintenance shutdowns, capital costs recovery, inflation,
Payback period required return oninvestment andrisk. Thefinancial model consid-
(corrected for inflation and risk) 4.3 years erstheseand then essentially comparestheability of SSPto pay for
itself based onthesavingsit provides. Thedatausedinthefinancia
Discount rate mode! are summarisedin Table2.
Averageinflation % %
Required real return 10% 10% Financial model results
Estimated risk 0% 30%
Thefinancial assessment showed that payback period corrected for
Internal rate of return (IRR) 52% inflation (7%) is 2.5 years, and payback period corrected for
inflationandrisk (37%) is4.3years. Both of thesearevery attractive
Net present value (NPV) R2.7million|  in the municipal sector, where payback periods of up to 15 years

areusually thenorm. Furthermore, themodel cal cul atesanet present
value (NPV) and an internal rate of return (IRR) for the project

Alkalinity = 35.55 mg/l as CaCO,, magnesium = 4.13 mg/l asMg
and sodium = 3.3 mg/l asNa. Furthermore, Rand Water carried out
laboratory-scale experiments to assess water treatment options.
Bothdirectandindirectfiltration (inwhichferricchlorideisused as
thecoagul ant) and membranemicro-filtrationwereeval uated. Rand
Water al sodeterminedtheir stabilisationrequirementsto ensurethat
thewater isnon-corrosive asbeing aCCPPvalueof 1to2mg/l, an
Alkalinity greater than 50 mg/l as CaCO,, and pH val ueof approxi-
mately 8.2.

14 1SBN 1-86845-946-2 = Water SA Specia Edition: WISA Proceedings 2002

lifespan. To infer financial feasibility, the NPV needs only to be
greater than zero. The NPV was calculated to be R2.7 million with
an associated IRR of 52%. These two figures confirm that the
project, with the assumptions made, is financialy very attractive
and that a risk factor of up to 35% {52% - 7% (inflation) - 10%
(required return)}, could still be applied to givean NPV of zero. A
summary of theresultsof thedetail ed financial assessmentisshown
inTable3.
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The detailed financial assessment therefore showed that even
withanumber of conservative assumptionsto thedetriment of SSP
(lifespan of 10 years (Rand Water norm is 30 years), raised
electricity costs for SSP, risk discount factor of 30% per annum,
minimum required return of investment of 10% per annum, low
percentage CO, recovery) the process potentially providessignifi-
cant financial advantage over conventional lime/CO, stabilisation.
The project team and Rand Water believethat SSP may present an
opportunity for significant stabilisation cost savings and the proc-
ess should now be taken through an industrialisation process.

Summary and conclusions

Thispaper providesfeedback ontheassessment of limestone-based
alternativesfor the stabilisation of soft, acidic water for largewater
treatment works. Asabasisfor thisassessment, equilibrium-based
aquaticchemistry modellingtoolsweredevel oped andtwo alternate
forms of limestone-mediated stabilisation were investigated. The
alternatives assessed were the simplified SSP process (raw water
splitinto amainstream and asidestream - dose CO, to sidestream
- contact sidestreamwithlimestone - strip CO,, withnorecovery
or blend sidestream and mai nstream without stripping, etc.) and the
SSP (same as simplified SSP but includes CO, stripping and
recovery). Furthermore, pilot-plant operation of the SSPwas used
to confirm and calibrate the accuracy of the processmodel. There-
after, financial evaluation of both the simplified SSPand SSPwere
carried out.

Financial evaluation of thesimplified SSP, relativetolimeand
carbondioxidemediated stabilisation (using Stellenboschwater and
chemical prices, November 1999), reveal ed that whereawater with
afinal alkalinity of 50mg/l andaCCPPof zerowasrequired, theuse
of a20%sidestreamwoul dleadtoa50% chemical cost saving of 2.63
c/kl. Financia evaluation of SSP for use at Clarens for Lesotho
Highlands Schemewater, againrelativetolimeand carbon dioxide
mediated stabilisation (using Katse Dam water after filtration and
chemical prices, October 2000), revealed that even with anumber
of conservative assumptions to the detriment of SSP, the process
potentially providessignificant financial advantagesover conven-
tional lime/CO, stabilisation with a project payback period of 4.3
years, NPV of R2.7 million and IRR of 52%.

Of obviousconsiderationfor thesefinancial assessmentsarethe
costsof therequired chemicals(CO,/whitelimevs. limestone). The
pricesfor both limestone and white lime vary geographically with
transport costs. In recent yearsthe price of high-quality whitelime
has risen dramatically (depending on quality, the Rand exchange
rate, and the region to which the product must be transported).
Individual assessment of therelevant processtherefore needsto be
considered on acase-by-casebasis. Dueto thesevariationsadirect
comparison betweenthesimplified SSPand the SSPcannot bemade
from the information presented in this paper. Nevertheless, a
number of important conclusions can be made and these are
summarised below.

Inconclusion:

e The low-risk simplified SSP was shown via desktop-based
equilibriumchemistry modellingtobeaviablealternativefor the
full stabilisation of soft, acidic waters.

e Thesimplified SSP providessignificant financial savingsover
conventional limeand carbon dioxidestabilisation. For example,

on a 100 MI/d treatment plant treating atypical Stellenbosch
raw water, andrequiringafina akalinity of 50mg/l andaCCPP
of zero, the use of a20% sidestream would result in asaving of
R78 900/month, and R959 950/year.

¢ Although optimisation of SSP pilot plant operation could not
be achieved, resultsfrom operation with substandard eductors
revealedthat CO, recoveriesof 20t0 40% were obtained. It can
therefore be assumed that higher CO, recoveries could be
obtained if pilot-plant operation was optimal.

e Conservative financial assessment of SSP for use at Clarens
(Lesotho Highlands Scheme), inwhich CO, recovery andreuse
assumptions were well within pilot-plant performance, indi-
catesthat SSP provides significant financial savingsover con-
ventional lime and CO, stabilisation with a project payback
period of 4.3 years, NPV of R2.7 million and IRR of 52%.

¢ Thetrend of chemical costsisthat raw, graded limestone will
alwaysbesignificantly lessexpensivethan use of beneficiated
limeand CO, (withthelatter tworequiring considerableenergy
inputs). Thiscost differenceisexaggerated by thepresent South
African need to import high-quality white lime. Hence, whilst
use of the simplified SSP and SSP needsto be considered on a
case-by-casebasis, these processesshould alwaysoffer signifi-
cant chemical cost savingsover the use of lime and CO, based
stabilisation.

The aboveresults serve as strong motivation for further investiga-
tion and industrialisation of both the simplified SSP and SSP.
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