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ANALYSIS OF THE ITER
H-MODE CONFINEMENT DATABASE*

H-MoDE DATABASE WORKING GROUPt
PRESENTED BY D.P. SCHISSEL

In order to predict the global energy con_ement time in the next generation of large
tokamsks it is essential to have data from machines of different sizes and operating parameter

. regimes. This data can also be used to construct d;m_n_ioaless scaUngs and thereby attempt to
differentiate between Bohm and gyro-Bohm based transport models. Previously, 1 at the request
of the ITER project, H-mode global confinement data was assembled from six machines ASDEX,
Dm-D, JET, JFT-2M, PBX-M, and PDX into a single database (DB1). This conaboration has
continned 2 with the initial database being expanded by extending the plasma parameter space
as well as by improving the precision of some of the relevant calculated plasma parameters. This
paper summarizes work that has been performed on the newest version (ITERH.DB2) of the
confinement database.

The main emphasis of the recent confinement database work has been to extend and
improve the quality of the database as well as improve the analysis. The DB2 confinement
database cc_ists of 5998 records of which 3433 are iu the H-mode phase. Previously, 1 a standard
selection set of H-mode discharges was selected from DB1 for regression analysis. The philosophy
of tllat standard DBI selection has been continued with DB2 and combined with some additional

data constraints which reflect the extended data range that DB2 represents. The DB2 standard
selection (1627 records) which has been specined concurrently with the public release of DB2
may be easilyreproducedby utilizingtheSELDB2 attribute.2 Thisstandardselectionincludes
onlyneutralbeam heatedH-mode dischargesand,ofthose,excludesany time sliceswithhigh
radiation (P,.,,I/PT > 0.6), with large fast particle content (W//Wr > 0.4), with transient

behavior (0.35 > I_v'T/Pr or < -0.05), with degraded confinement at _low q", with operation
near the _ lhnit, with hot ion operation, and with pellet injection. In comparison with the
selection set used in Ref. 3, the ICRH and combined ICRH/NBI heated discharges from JET have
been excluded. Additionally, the JET pulses fix_a 1987 (_20 time slices) have been eliminated
from the standard selectkm set because they have a much larger uncertainty on absorbed power
than the other JET pulses, lt must be emphasised that there has been no restriction on wall
material or evaporation so that discharges with plasma facing composition of stainless steel,
Inconel, carbon, and beryllium have been combined into one dataset. To restrict the standard
selection to any one of these materials would unacceptably remove a substantial piece of the
database.

With respecttoDBI, thedatainDB2 hasbeenimprovedby increasingtheaccuracyofthe
thermalconfinement(_'_a)throughbetterestimatesofthefastioncontent,s Moreover,efforts
have been made to take into account the effect on confinement of open versus closed divertor
tokamaks and different wall conditioning techniques. The ASDEX data in DB2 is with a closed

divertor and various wall conditioni_s techniques. The normalization of ASDEX confinement
has already been discussed iu detail and remains the same for the present analysis. The JET
data normalization previously performed s is no longer required since that data has been removed
from the standard selection set. The normalization factors for the ASDEX confinement values
sre now available from the database.

The previousworks on normal;-.;n_EL1__mgPDX confinementhas been expandedforthis
study; the normalizations for the PDX confinement are also in the database. PDX ELMing
confinementincreaseswithincreasingR_I__where R_ isdefinedastheratioofthedivertorto
nucl--planeDa ennsmon. This ratiocanoe used as a measure oftheneutralparticleretention

. ofthe divertorwhere a largeR_ indicatesa closeddivertor.The PDX ELMing ccztRuement
hasbeen normalizedinthedatabaseas1"ta/(R_/R_) °'4.The term R_ isa constantforall

J
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tokamaksand isintendedto describetheRD_I_,ifthePDX divertorhad the same propertiesas
utok therewillbeanothertokamak whose RDP_,= _tok Therefore,when R _' isthesame as "_D°A"Da " Da

no confinement correction. The exponent 0.4 has been calculated 3 from the PDX ELMing data
in DB2. ltisnot possibleto quantitativelydeterminehow a PDX dischargewith an "open"
divertorcorrespondsto a similar"open"divertorfrom anothertokamak. Therefore,itisnot
possiblefrom a physica/basistodeterminethevalueofutoh Instead,ntokhasbeen determined
by includingthisterm in thestandardregressionand _ the rootmean squareerror
(RMSE). The resultfrom thisregression(Fig.1)isa valueof_2 forutok whichisatthelowerA_Da

' end ofthePDX datarange.In ourpreviousstudys thevalueofR_h, had been setto3.0.
Having determinedthe standardDB2 selectionsetand correctedthe ASDEX and PDX

confinementvalueswe now determinethe ELM-free and ELMing power law scalings.For the
ELM-f_ee subsetof858 observationsthepower law model regressionyields(RMSE of12.3%)

nh= 0.036'°6 "s=PE°'67",-°'17Mo.41R1.ma-0.11 (I)

withunitsofs,MA, T, MW, 1019m -a,and meters(Fig.2).The exponentuncertainties(one
standarddeviationfromordinaryleastsquares)are0.03,0.04,0.02,0.02,0.03,0.060.04,and 0.05
respectively. The loss power PL represents the auxiliary plus Ohmic power minus shinethrough,
unconfined orbit, and charge exchange losses and the ]_rT correction. For the ELMing dataset
(769 observations) the RMSE is 13.8% and the scMing is (Fig. 3)

rth--0.022_.Te BO.ISp_0.TOn=0.42MO.S0 R2.SOaO.SOKt.Oa . (2)

The exponentuncertaintiesare0.03,0.04,0.02,0.02,0.03,0.080.05,and 0.05respectively,lt
shouldbe notedthatalltypesofELMs havebeen includedin theELMinE dataset.

Realizingthat the choiceof R_ w_ both unavoidableand physicallyarbitrary,itis
prudenttoexamine the sensitivityoftheregressionresulton ournumericalchoice.Increasing
thePDX confinementdataby 10% has a considerableeffecton theR and _ scaling(changeof
R-0'ISK-°'14). However, this sensitivity is not enough to easily produce sn R sca/ing similar to
that obt_ed with the ELM-f_m data. The strong R scaling in the ELMing compared to ELM-
flee scMing has been previously observed. 1,s lt should be stated that, in the present database, no

clear dependence of the PDX ELM-free confinement on R_ can be determined and therefore
no normalization has been attempted. However, the norma/ization is less important in the
ELM-free case since only 22 time slices sre involved compared to 91 in the ELMing dataset.
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Fig. 1. The parametricdependenceof theR sr.al- FiS,2. Observed"rtj_versusthat predictedfromptek
ing andthe RMSEvemus"D." Eq. (1) for the ELM-freestandarddataset.
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To investigatethe robustnessofthe ELMing scalingwe base a scalingon alltokamaks
exceptJET and utilizethisnew scalingtopredictJET confinement.Ifthe JET ELMing data
isremoved fix_mthestandardselectionsettheELMing scaling(681observations)becomes

Tt_= 0.023/_.76B_.Isp_O.(m oAo MO.SO R2.SOaO._ _I.oo., . (3)
t

with an R_MSE of 13.6%, which is quite similar to F_xt.(2). TJ_eexponent uncertaLnties axe 0.04,
0.04, 0.02, 0.03, 0.03, 0.10 0.06, and 0.05 respectively. Figure 4 displays the observed ELMing

. JET confinement data against the predictions fix)m Eq. (3). The JET data are in general well
predicted. However, there is a band of JET data that is under predicted by about 20%. We
do not know the reason for this split. Deleting the JET data increases the sensitivity of the
regression to the PDX conRnp:ment data (change of R-°'=sK -°'13 for a 10% 1"_hincrease). Setting
the value of utoh to 3, r,s in Ref. 3, reduces the ELMing R scaling to R 1"7 (Fig. 1).AL,Da

Althoughthe two ELMing scalin_[Eqs.(2)and (3)]aresimilaritisinterestingto note
the di_enmt JET currentscalingbetween the ELM-free and ELMing data. The JET sub-

To.9o,o.3o Do.35 p_O.7=st of the standard selection set has I-_ _ _ ,,, ='z for the ELM-free data and
rO._.0.60 D0.45 D-O_

_'th _ -p '°= _'r =z, far the ELMing data. One notices a weak current dependence in the
ELlVrmg data as was previously observed, s The very weak JET current scaling must be better
understood. One possible explanation behind the weak current scaling is that the high current
ELMs are extremely severe, possibly even a return to L-mode, when compared to those from
the other tokamaks.

From various considerations, it appears possible that a aimple power law representation
may not be an adequate model to describe the data. An example of such an occurrence, which
was previously investigated, 8 would be when exponents of a simple power law expression are not
constant but vary with other plasma parameters. This is called an interaction. Results from
JFT2-M 4 show such an effect where the stored energy increases with density _,_tlow current but
is independent of density at high current. Such interactions can be investigated by adding, on
a logarithmic scale, quadratic terms in the simple model. Several potential interaction terms
have been investigated within the ELM-free subset of the standard DB2 selection set. Three
interaction terms have been found to be significant and shed light on previous work that examined



themagneticfielddependenceI and theM dependence3 ofconfinement.The interactioncanbe
describedby

= Z+ O.3in(n,)inCBTlj)+O.lin(j)in(PLlS)+O.Sin()in(PrlCn,V)) (4)
whereL denotesthelineartermsofa simplepowerlawscaling,j isthecurrentdensity(I_/Area),

• S istheplasmasurfaceares,and V istheplasmavolume.Thiscanbe interpreted,forexample,
by writingtheeffectivedensityexponentas a_/! = c_0+ 0.3].n(BT/_)- 0.5in(M).Note that
"heao term representstheeffectivecoefficientatoneunit(e.g.1 Tesla,1 _MA_/m2 far._hydrog.en
plasma)oftheregressionvariables.The RMSE forthe ELM-free fitincludingthemteractlon
terms dropsto 11.5%. Our restfltindicatesthatas the currentincreasesthe densityscaling
becomes weak_ which isconsistentwiththeJFT-2M results.

To examine the implicationsof cur work on the confinementpredictionsforITER we
consider the CDA design (I_ = 22 MA, Bw = 4.85 T, PL = 200 MW, M = 2.5, R = 6 m,
a = 2.15m, K = 2.2,ne= 12.5x I0lem -s)and one oftherecentEDA concepts(I_= 25 MA,
Bw = 6 T, Pr = 216 MW, M = 2.5,R = 7.75m, a = 2.8m, K = 1.6,ne= 11 x 10TM m-S).
For the CDA designthe_'thpredictionis4.5-4-0.7s forELM-free and 4.8• 0.7s forELMing
discharges.The uncertaintyrepresentstwo standarddeviationsfrom ordinaryleastsquares
rc_ssicn. Clearly,giventhe stateduncertainties,no differencecan be inferredbetween the
the ELM-free and EL1_fiugconfinementpredictions.Recentresultsfrom DIII-De indicatean
approximate15% reductionoftheELM-free _'thcan be expectedinthepresenceofELMs.

The sensitivityoftheITER predictionstothechoiceofR_ issubstantial;changingR_
from 2 to 3 reducesthe CDA EL/vfiugconfinementfrom 4.8sto 2.8s.FortheEDA design,the
ELM-free and ELMing confinementpredictionsare6.6sand 6.8srespectively.Finally,including
thethreeinteractiontermsincreasestheELM-free ITER predictionsby appraximately15%; _'th
is5.3-i-0.8s and 7.6± 1.2sfortheCDA and EDA respectively.

Our analysisindicatesthatthe sensitivityof the scalingsand ITER predictionsto less
quantifiableparameters(e.g.divertortype)issignificant.Therefore,any attem.p.tto utilize
these global scMin_ to differentiate between a Bohm and a gyro-Bohm type scaling appears
difficult. Interaction terms have been found to be significant. This result questions the validity
ofseparatingthe major plasma parametersintoa simplepower law expressionforI"_.Future
work shouldincludedetailedexperimentaland physicalclarificationoftheinteractionterms.

1 Christiansen, J.P., eta/., Nucl.

Fusion 32 (.1992) 291.
2 Thomsen, _,., et al., to be sub-

mitted to Nucl. Fusion.
3 Kardmm, 0., et al., to be pub- 5.0 ,.

lished in Plasma Phys. and ELMyH-m0de "•
Contr. Fusion Reseaz_. ,•

4 Suzuld, N., et al., Plssma Phys. _.
and Contr. Nucl. Fusion o

Research, Vol. 1, (1988) 207. E ._, ,"5 Kardmm, 0., eta/., Contr. Fu- _ 1.0 - ""
don and Plasma Phys. (Proc. ¢
16th Euro. Conf. Venice, 1989), E

Vot. 13B, Part I, EPS (1989J 253. ._ a__,,
6 Schisml, D.P., et Al., C_tr.

Fusion and Plasma Phys. (Proc. o° A
19th Euro. Conf. Innsbruck, --m 0_5 - ,"
1992). Vol. 16C, Part I, EPS E

(,9921235. ,

l

• I I
0.10._i 0.5 1.0 5.0

0.02310.76B0"13p-0.68i_0.30R2.48K_I.0I_0.28n0.40

Fig.4. Observed"rthvemusthat predictedfrom Eq. (3) for
the JET ELMingdata. Recallthat Eq. (3) is bard on =!1
tokamaks except JET.
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