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Abstract. The possibility of stationary Type-I ELMy H-modeeration in helium plasma is
studied with hydrogen NBI and ELM pacing with hydem pellets. A possible extension of
the operational domain is also discussed.

1. Introduction

The first Type-I ELMy H-mode operation in ITER pDEF phase is expected to be in helium
plasma [1] at half field, 82.65 T ()=7.5 MA). In helium plasma it is possible to usd f
power for heating, Bx = Pus+PectPc = 73 MW, once it is installed. Moreover, the L-H
power threshold in helium, Rye is 1.4-2 times lower than in hydrogen,yRB. Two
approaches to testing ELM control are foreseenTiR: the RMP coils (in pure helium
plasmas) and the use of hydrogen pellets in hefarget plasmas. Here we assess the Type-I
ELMy H-mode operational space (OS) in ITER heliutasmas with ELM pacing by
hydrogen pellets. Hydrogen throughput from the field side (LFS) pellets required for
ELM pacing can be as large as helium puffing. Thennmissue is the dilution of helium
plasma by hydrogen which may reduce the Type-I ElHMynode OS, defined by power loss
to the SOL, Bo/P.y> 1.4, by increasing the L-H power threshold singgP1.4-2 Ry ne ~

2 Rup. This effect was analyzed in [2]. It was foundttf@ar low separatrix density and
auxiliary heating power,dq3 ~ 2 13°m™, Pay< 60 MW, the Type-I ELMy H-mode operation
is possible only transiently. To find the OS foatginary operation we extend here our
considerations to higher separatrix densities arttig full power, ps~ 2.5 16°m™, Py,= 73
MW, and we also consider a case with reduced plasuntace, S and current (fig.1).
Residual fuelling from the LFS hydrogen pellets EitM pacing is calculated taking into
account the outwards particle drift [3].

2. Plasma M odel

For core transport we use the scaling based mdgleFpr boundary conditions and patrticle
sources in the core we use the parameterizati¢®]. oAt the Edge Transport Barrier (ETB)
the heat diffusivitiesy;, Xe are fitted to provide the pedestal pressure adogrtb [5],
Tedpedlp? ~ Bpped~ A Psol/PLup)> **Inped”, taking A = 1, as for hydrogen with the ETB
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width from [6], Aped = 0.076[3p,ped1’2. For all plasma species we assume the same diffasi

D = 0.1 §i+Xe). To assess the effect of density peaking=F(0)/npea = 1 - 1.5 we vary
particle pinch, V = 2 C D rfaC=0-0.6. The heat diffusivitiex;= 2X., at the core are fitted to
providete = 0.7 Tggy2,p, from the scaling prediction for deuteriuigy2 o, which is valid both
for hydrogen and He plasmas [7]. Our modeling shthed, for the pedestal parameters
considered, the residual core fuelling from pelistsegligible due to the outward drift. Thus,
this source of hydrogen is counted only in totabtighput, G. The pellet frequency required
to keep the ELM energy loss at the acceptable |&WE, < AWnaxis determined from the
scaling, fe= 0.2 Rol/AWmax We assume the conservative valyé/.= 0.6 MJ, required
for 1, = 15 MA. Hydrogen throughput, (&= f,ei Npel is calculated for the minimal foreseen
pellet size, Ny~ 1.5 Pa m Helium throughput, given by = 0.027u"*Pso, %5~ 0.2 G

[2], is fitted to avoid plasma detachmepts 1, wherey is the normalized gas pressure in the
divertor. Here we choose the maximal possible pam@peed, &y = 75 m/s, which
corresponds to,3=1.27 [2]. Operation with higher power enableshieigedge densitiesy&s

~ Psol”®® Operation with maximal pumping speeg=8527 close to detachmeni~ 1,
reduces edge hydrogen densitygn (Gu/Su)>%, reduces the hydrogen core sourcg.dz
Gu/St™ and increases the He core sourceedgs 28 Thus, it is favorable for
minimization of undesirable helium dilution by hgden (fig.2).

3. Type-l ELMy H-mode Operational Space

The OS is assessed for the maximal pumping spegg, & m’/s at the detachment limit,

= 1 with the plasma model described above. Thisehpovides the boundary and pedestal
parameters and core fuelling as functions & PWe scan the plasma density by varying the
pinch velocity and the input power,R In real experiments the pinch velocity is not a
controllable parameter. Thus, the operational psiuld be chosen to provide the Type-I
ELMy H-mode conditions, &, > ayPup ~ B*®%h®’ [8] for any density peaking
expected in ITER. In our analysis we assuméd.4, andyy = 2, Y4e =1.4. The OS is limited
by N< Nmaxi~ @YPsol/S)-* and the NBI shine through limit, 3 ne in nei (Shown in fig. 3 for
full bore plasma for pure hydrogen and pure helaases). As follows from the scaling [8],
with assumeadr andyk, such operation will be possible even in pure bgédn for Ro. > 58
MW for F, =1. For low densities one can also expect shamkif the OS (fig.3b) due to
changes of the power threshold dependence on gemsit > Pyp(nerir), observed in
experiments. We assumeg;n~ 3.5 10°m™. With such changes the lower boundary of the
Type-1 ELMy H-mode operation in He plasma dilutedydrogen varies between 45 MW
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for pure helium (fig.3a) and 65 MW for pure hydragkmit (fig.3b). Therefore, the OS
where the stationary Type-l ELMy H-mode can be etgx for any contamination by
hydrogen exists and corresponds to high power tipardt is shown in blue in figures 3 and
4. This part of the OS in full bore plasma existsdensity peaking in the range=1 - 1.3.
The OS can be extended by reduction of plasmacyrfa In practice the possibility of such
reduction is limited by variation of plasma elongat(fig. 1). In the case of the reduced
elongation, the part of the OS where the statiofangye-l ELMy H-mode is expected for
arbitrary dilution extends fromd8,~ 60 MW for the range of moderate peakings; E - 1.2

to Pso.~ 70 MW for the range with high peaking=# - 1.7 (fig.4b). It is worth noting that,
for high power operation, the predicted separatexsity is rather high [2],eR ~ 2.5-2.6
10"°m3. For D = 0.1 Xi+Xe), this nis sufficient to keep plasma density above the NBI
shine-through limit, ®> nye~3 13°M™ > ne minner €ven without an anomalous pinch. This is
important because for helium operation, the aclukevdensity is limited by the detachment
condition,p < 1 for He puffing, and by the dilution for hydrogpallet fuelling if the pinch is
not sufficient. The core plasma radiation, predicter low By, n and T, expected in He
plasmas without the impurity injection, is a factdrlO smaller than predicted for Q = 10 DT
operation, Bgns< 4 MW. In the high power caseaR- Pad = Pso> 60 MW our modeling
predicts rather moderate fraction of hydroged(my + nye)~ 38%, (/ne~ 24%). In general

it is possible to reduce the shine-through lodsgtt contamination by hydrogen by reducing
the NBI energy (- 15%),\8 ~ B,2°, provided the OS enables operation with reduceepo

4. Conclusions and discussion

It is shown that for B=2.65 T, j < 7.5 MA the operational space for the stationarpéry
ELMy H-mode in Helium plasmas with substantial ddn by hydrogen can exist for a range
of density peaking, & 1-1.7, if the power coupled to the plasma isisigft to provide
Psoi~ 60-70 MW. Predicted stationary contamination bydrbgen remains moderate,
Ne/(Ng+npe)~ 38%, (m/ne~ 24%). Thus, if the R dependence on the dilution is weak, the

OS can spread on a wider range of n apd P
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Fig. 1 Possible reduction of power threshold Hy9- 2 Separatrix densitiese yinie s Mys helium source
shaping from CORSICA. Current is reduced froff the core api=1 with G,=30 Pa ri¥s and pumping
1,=7.5 MA to |=6.5 MA to keep >3 at B=2.65 T. Speed, §75 ni/s according to ref. [2].
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Fig. 3 OS for Type-l ELMy H-mode in He+H full-botasmas for parameters from fig.2: a) from scalBig
Py~ B*%.>*n%7 b) for Ry > Rup(n = 3.5 18°m3) in pure helium (B > 1.4 Ry pe= 2 Ryp) and in pure
hydrogen (B4 > 1.4 Ryx= 2.8 Ryp)- <neminner IS Shown for hydrogen NBI withy& 870 keV.
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Fig. 4 The same as figure 3, but for reduced eloog@ase shown in figure 1.



