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OnMarch25™2003, Tonics TtalbalS.p.A. Gommissioned WL [IDelft Hydraulics fo perform @
dynamic hydrauliclanalysis(ofithe Sulaibiya[Wastewater Treatmentland [Reclamation Plantlin
Kuwait.[Thelplant(consists 0flan ultrafiltration[System (UF) [@nd alreverse[0smosis system (RO).
With [@ maximum Feed ‘Capacity [0f 22,032 th*/h (6f brackish Water, the[Sulaibiya Wastewater
Treatment/and ReclamationPlant(is ftheWworld’sTargestimembrane[based Water(reclamation
facility.The Facility [produces 18,720 m’/h fresh Water For @griculture Ppurposes.

Theaim(oflthestudy i fo verify [the [properiworking 0flthe .domplete plant for all relevant
operatingconditions@and(émergency [situations@nd/to[adviceon(alternative [Operating [procedures
andheasures.The[properworking is[defined based [dn[@llowable [pressure in/the skid. Thesurge
analysis/@valuatesWhether(dll thain [piping systems [fulfil the aximum/and minimum allowable
pressure rating0fthe ihvolved[pipeinder normal land [émergency [Operating conditions, [such(as
pump Switches, valveldlosure(or power failure(scenarios.

t/descr

WANDA, [the validated [computer program [for liydraulic [designand [dynamic(analysis[ofpipeline
designldeveloped by WL [[IDelft Hydraulics, hasBeenisedfor all iydrauliclcalculations. Three
modelswereBuilt: the UF [feed hodel (normaloperation), the WF backwashmodeland the RO
model. [7steady [stateGases[@nd[around 30 linsteady state cases have Beensimulated.
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The[UF[$ystem

TheWltra Filtration (UF) System [Gonsists[0f
fivefrains fed By [six pumps¥ialone dommon
header,[and onelstand by pump(see figure(l
and[2).(Threelfrains((train[B,[ClandD)Consist
of14skidseach, [twoltrains[donsist0f[13
skids[@éach((train[A [dndE).[Thefiltrated Water
islcollected(in the[WF Backwash Wwaterbasins.
Because the[UF [system donsists0f five UF
trains[@ach/consistingoffepeating[Sub]
systems, [Only One(frain(is thodelled ih[detail
(trainB).The Hydraulic behaviour0fthe
simplifiedpartsismodelledlinlaway that
most(essential Hydraulic[properties(such(as
storage Volume, lihertia, iead lossand
hydraulic/stiffness/arelincluded. These
properties(are responsible forthe[damping
behaviour(ofialpressuresurge. Thepossible
consequences [0fipressure surge reflections are
checked.

Eachskid[consists(of/several thembrane
vessels.Thehaximum/(allowable tinder
pressurelin the(skids(is[10.2[Barg. Theliead
losslover(thelentire(skiddepends(on/the(status
ofTtheskid((dirt/collection).

Onftop ofieach(skid[4[small Vent[valveslare
present.These valves/danOpen(very fast[tollet
inldir(drlexpel Water.

Flowcontrol walvesipstream 0fTthe skids
controlthe[discharge distributionlin/the
system.Downstream ofthe(skid[the Wwater
enters|thepermeate lineland flows/towards [the
reclamed water(basin.

Figure(1:[Schematisation of'the(Ultra Filtration[system
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Results[UF[$ystem

[l Ultra[Filtration/skids

Inthesteady[state, the minimum over
pressurelin thelskids(is[small. Thedistance
between [thelskids(and [the pumpsisshort, [thus
anfinderpressurewavecaused By [@pump trip
reaches the first(skid @almostimmediately [after
alpump frip.
IthWas(Hotpossibleto use(dir Wessels(to
preventunallowableinder(pressures/in the
skids. Therefore, [the [solutionhad o Be found
inloperating/conditions.

Amongtheldases[studied, Waslanlelectric
power failure[(emergency [situation), which
results infafull [pump frip (FPT).TheValves
downstream ofthe [pumpsare [fail (close. In
reaction [fo this[FPT ithe Ventvalves[on top[of
all’skids/openlimmediately [@fter@®PT,in
orderfo [prevent theskidsfrominallowable
under pressures((seefigure5and6).
Furthermore, the walves/downstream0f’the
skidlareslowly(closed, fo[prevent(the Went
valves from filling large [parts [0f the[System
with air.

Thisloperationsequence leadsfoldcceptable
pressures(inthelentire/system.
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Figure2:
[Schematisation0flalskid
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The[RO[$ystem

Figure(3:
Schematisation0fithe

ReverselOsmosis

TheROplanticonsists0f6 frains, @achfrain
having|three(stages, seelalsofigure(3.
Theffirstistage(consists 0f four [Pumpsfeeding
four[ROskidsfrom[the[same reservoir.
Downstream0fthe[skids, [the[permeate [flow
(50% ofthefeedflow)lis[conveyed tothe
permeatellicader, Whereas(the (brine flow [(also
50%(oflthefeed flow)(is [donveyed folthe
second stage.

Thelsecond(stageconsists dffwo pumps
feedingfwo [RO[skids. In(dddition, iere 50%
oflthefeed is [permeate flow, Whichlis
conveyed[tolthe permeate ieader@nd50% [of
thefeed(isBrine. Thebrineflow(is[donveyed
to/thelthird/stage.

Thelthird [stage [onsists0fione [pump feeding
onelskid. Here,40%[0fthe feed is[Permeate,
while60% [0fthe feed s Brine.[AValve
downstream dflthe third stage [skid aintains
a/donstant flow[rate.

Thelgverall brine flow [is [15% [ofTthe [fotal
flow. Downstream(oflthe permeate Hieader,
CO,[strippers @re Tocated.

Theldsmoticpressure/causes @ldifferent
relationbetween(pressureland flow(thanone
wouldlexpectbasedonliydraulics. Ifthe
pressureldifferenceBetween feedland
permeatehas/decreased below the[dsmotic
pressure, [dlreverse flow [in[the permeate(line
occurs.

Therefore, forthisproject, dnew WANDA
componenthiasBeen(developed/called the
R(everse)O(smosis)resist. It describes/the
behaviour(ofltheflow rate[from the(feed [tothe
permeate(sideoflthe RO Wessel. Thevalue lof
thelosmotic [pressurelisalproperty that/gives
the head loss(over(the ROresist, where [the
flowratelis (Zero. Furthermore, [the resistance
ofthe ROresistfis linear o [the flow rate.

Overview (0f Ultra Filtration8kids
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Results[RO[System

OnelofltheGases/analysed was the [pump [frip
ofTall first(stage [Ppumps (t=0s), followed by [the
closurelofTthe Walves fothe feed, permeateland
brinelline(t=1s), thefrip[ofiall[Secondstage
pumps[(t=2s)andthird [stage [pumps(t=4s).

Themewly developed ROresistsfunctioned
correctlylinthe(simulations. [Figure(4 shows
thepressure/difference0veriand theldischarge
throughonelofthe ROresists. Theldsmotic
pressure0fithe ROresist(is 30 th. [After(1.7
seconds the[pressure difference between feed
and[permeate(dropsbelow theldsmotic
pressure, butremains [positive. However, at
thatihoment/thedischarge through the
ROresistlbecomes megative.

Figure(4: Results(oflthe simulation
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Figure(3: Ventvalveldischarge
UF[$ystem[in[backwash
Discharge through vent valves on skid after FPT

Every 24 minutes theskidsneed@backwash,which fakes40
seconds. [Forlthe Backwash flow[dondition oflthe UF System(d

separatethodellistade. [Five pumps, for(éach frainone, are ised i 1200 Dis¢harge VentVaived
to[clean the UF [system.[Atmost, dneskid/can Beinbackwash(per = 800

train.[Whenthe[UF system is[in backwash[Operation, the =

maximum(flow [rate through d[skid is [@pproximately 4 fimes g 400

larger(thanwhen(the 'UF [system is [in (UF [Operation. & Discharge VentValke2
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Results[UF[$ystem[in[backwash

Figure 6: Pressurein/skid Uit
Forlthe Backwash(flow[Condition, alsolan(€lectric power failure EF’fessure downstream of skid after FPT
was[simulated.[Again, the [FPT wasfollowed by theopening [6f 04
the WentvalvesandtheGlosure[oflthe Valve [downstream(ofthe
skid[(figureSland6).
Herelalso,thissequence led [to[Satisfying results. E 02
@
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For[ore[information[¢ontact:

Ruud.Lemmens@wldelft.nl
Christof.Lubbers@wldelft.nl

WL | Delft Hydraulics

Decisive advice: from multidisciplinary policy
studies to design and technical assistance on

all water{telated issues.

Rotterdamseweg[185
p.o.[box[177

2600[MH[Delft
The[Netherlands
telephone[i+3 1[]15[285[85[85
telefax}+3 1152858582
e[mailfinfo@wildelft.nl

internetfWwww.wildelft.nl
WL[] [Pelft[Hydraulics



