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The possibility of reducing the ITERachinecost without changinghe overall programmatic
objectives by a reduction of the size (including divertor size) antughen power iscurrently
being analysed by the JCT and the Home Teams. Incrptsada triangularity could improve
the confinement but creates a second x-point nedofhdeading to highepowerloading near
the strike points of the outer separatrix. Initial studiethefeffect of size reduction on divertor
performanceusing the B2-Eirene code package are preseritgdvarious design options
(Fig. 1). The power entering the edge plasma ranges from 100 MW to 150 MW, asauiribe
assumptions are used for the transport coefficients as previously [1]. The passigs of D-
T (represented by D in calculations)e, and Cions. The He density at the innermost closed
flux surface is specified at §it, and then adjusted to yield a dghput equal tdhe helium
production rate. The pumping duct is located beflbgrdome in the privatidux region (PFR).
Physical and simplifie¢hemicalsputtering at thdower targets provid¢he source of C[1].
The operation window results are summarized below mostly in terms of pmasers. density
and helium concentration vs. particle throughput.
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Fig. 1a. Design options of ITERivertor with vertical targetsand their variations considered inthe present
paper. The plasma major radiuR, and nominal values of the power entering ¢édgeplasma P;,) andthe line-

average densityn(,) are also given (cR =8.1 m,P,, = 200 MW andn,, = 1-1G°m for the FDR ITER [2])

In the Monte-Carlo codeised tocalculate neutral particleransport, | '~
pumping is simulated bgibsorbingequal fraction ofall particles at the
duct entrance. This results in different pumpspgeds for DT and He
probably becausthe neutral-neutral collisionghich could equilibrate
the neutralpressure inthe PFR are not yet taken into account and
geometric effects are therefore more pronounEedITER parameters,
the helium-related quantiti€sye, pPHe, MHe) Can approximately be scaled ‘
linearly together [3], because the edge helium concentratiatais/ely 1t
low and the reaction rates and radiation emissivity arelmgi, sothat Fig. 1b. LAM standard
He-He interactions and He effects on thest of the plasma can beas above and flat target
neglected. The helium throughput is therefore adjusted to match the

fusion power with the correct ratio of pumpisgeed forhelium andfor the fuelgas, yielding
the upstream helium density.

Thedesignoptionsare the variants presently being considet#dl (“Low Aspect Machine”),
IAM (“Intermediate Aspect Machine”) and EU-I (“European IAM()ig. 1). The peakpower
load on thedivertor, shown inFig. 2a compared to FDR ITER4], is similar at the same
density for all FDR and RTO/RC ITERersions.The variation of therder of 20%can result
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from differences irdetail of the geometr{e. g., angle — sedelow). Notethat 60 to 70 % of

the input power is radiated in these cases. The resulting helium concentration at the core edge is
plotted as a function of the peglower inFig. 2b. The limits for these quantities are also
indicatedthere, showinghat all thedevices have a finite operatingindow in this space,
provided the correct upstream density is set. IAM is first limited pwhereas EU-1 and LAM

are first limited by peak power.
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Fig. 2a. Peak poweload onthe divertor for RTO/RC Fig. 2b. Helium concentration at the core-edge
and FDR ITER options vs. upstream density interface vs. peak power load

Effect of a double null. To see the sensitivity of the divertor operation to thedown
asymmetry of the divertor configuration, density scans have been done fdrAMeequilibria
differing by the separation of the two separatrices in the outer mid-glagés, 2, andl cm).
The power delivered by particles to the top divertor surfaaégrally increases with a decrease
of the Asep value,becoming significant alsep= 1 cm, Fig. 3a (tis value willhowever be
sensitive to the assumptions tre cross-field transport)The peakpower tothe bottom target
first increases assepis reducedthen decreased-ig. 3b). This can be explained as the result
of two competing effectswvhen the configuration becomes mosgmmetric,the top divertor
takes part of botlthe power andthe particlefrom the bottomone. The reduction of particle
flux reduces the carbon influx (in the calculatioosly the bottom plates are carbon) ahds
the total radiated power, and appears before the reductipowadr since the density profile is
normally broader than the energy profile. Peak power loadiniyedtop divertor target remains

below 2 MW/n? for Asgp= 1 cm. Whendsep> 3 cm, the power load oie top is similar to
that on the first wall.
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Fig. 3a. Total power delivered to the outer upper Fig. 3b. Peak power vaipstream density for different
divertor target by the particlegs. upstream density for separatrix separation
different separatrix separatiofisep= 3, 2, and 1 cm

A variation of the input powerwas done foLAM. In addition to thestandard value d®;,
120 MW, adensity scan fol00 MW and one poinfor 150 MW (corresponding tdPs,s
700 MW atQ = 10 or 1000 MW atgnition) were calculatedThe higherpowers require
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higher density for acceptable heat loads and helium fractions, which may be counteracted in part

by increasing the edge radiation (Fig. 4a and b).
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Fig. 4a. Peak powerload vs. upstream density forFig. 4b. He concentration upstreanvs. upstream
different values of the input power density for different values of the input power

A divertor lengthvariation (see Fig. 1) was done for the LAM at®M options, aswell as for

the FDR ITER [4], to see the consequences of shortening the divertor. The shape of the divertor
targets was modified so as to keep the “wetted area” near $lparatrix strike point
approximately the same. The variation of the peak power loads on the outer and inner targets is
shown in Fig. 5. Whereas in LAM the peak loadtba outer target is rather insensitive to this
change, both FDR aniAM show aconsiderable increase of thisucial parametewith a

shorter divertor. Howeverthe radiatedpower remains thesame. InLAM, we also see an
increase of the peaowerload at the inner divertotarget. The reason for sucldifferent
behaviour of the LAM,FDR, and IAM divertors is notyet clear, but thisindicates the
increasing risk of unacceptable conditions on the targets if the divertor were shortened.
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Fig. 5. Variation of the peak power load on the targets with upstream density for different divertor length
The helium concentration upstreanfesind to depend mostly ahe DT throughput,Fig. 6.

This gives a lower boundary of 200 P&sr(with necessary margin) fdéne DT throudpput to
provide g < 6%. Changes in the pumping speed, target angle, or poweshiown here) do
not change the curve but changes in geometry do (Fig. 6).

The effectof thebafflewas studied for the EU-I cagEig. 1), and no variation of pegkower
loads or helium concentration was found when the baffle was removed.padiadly attached
plasma, the recycling in the outer part of the SOL is low and so is the density of neete)ls
and therefore the baffleas little effect. If these resultsre confirmed, a significant cost
reduction could result from simplification of the first wall baffle modules.

A variation of target angle to the magnetisurfaces waperformed to optimise the divertor
shape for LAM and IAM. For IAM, the beneficial effect of a smaller grazing anghe&k, and
for LAM, it is evenreversedFig. 7. With the tightdivertor, the carbon concentration in the
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plasma decreases, despite a higher sputtering source. It is not yet clear whetheel&éesl ito
the ion or to the neutral transport.
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Fig. 6 He concentration upstream vs. DT throughputFig. 7. Variation of the peak power with target
inclination

A flat target option without a dome and with an outwardly slanted target in the region of the flux
expansion close tthe x-point, Fig. 1b, was also considered fdhe LAM parameters. This
geometryfavourscomplete detachment at rathew densitiesfFig. 8a. However,the particle
source due to ionisation insidiee separatrix is a factor 2 higher tham the vertical target
options for attached plasma at the same peaker, Fig. 8b. When the plasmdetaches, this
source becomes unacceptably high, even above the gas puffing rate.
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Fig. 8a. Peak poweload vs. upstream density for theFig. 8b. lonisation DT source in the core wgstream
vertical target and flat target LAM density for vertical target and flat target LAM
Conclusions . . . . .
The peakpowerloading of the divertor targefer the different variants of the reduced size

machine can remain in the same range of 5 to 10 MViimthe same range of the upstream

plasma density (3.3 to 3.80n-3) as in FDR ITER. This favourdevicessuch adAM and

EU-I which have a higher Greenwald density and a higher operating diemsstyady state. It

can be lowered by a moderate reduction of the input power. Power loading at the top should not
be a problem as long as the outer separatrix remains more than 2 cm outside the inner one in the
outboard mid-planeThe relative helium concentratiarpstream increases as the DT patrticle

throughput is reduced, yielding a minimum value26D Pa-r¥s with margins fothe particle
throughput. Tight baffllngnay beunnecessary becausetbé high screening efficiency of the
plasmafor theseconditions. Shorteninghe divertor noticeably increases ttigk of excessive
power loads. Further modelling is required to optimise the divertor shape.
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