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DISCLAIMER

This report is an account efork undertaken within théramework ofthe ITER EDA
Agreement. Neither the ITER Director, the Parties to the ITER Agreemend, $2eDOE, the
U.S. HomeTeamLeader,the U.S. Home Teamthe IAEA or any agencythereof, or any of
their employees, makes arwarranty, express or implied, or assunaey legal liability or
responsibility forthe accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or repres#msits use would not infringgrivately owned
rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise, daest necessarily constitute or imply its
endorsement, recommendation, or favoringthiy parties to the ITEREDA Agreement, the
IAEA or any agency thereof.

The views and opinions of authors expressed herein do not necessarily state or reflect those
of the ITER Director, the Parties to the ITER Agreement, the U.S. DOE, the U.S. Féame
Leader, the U.S. Home Team, the IAEA or any agency thereof.



Abstract

The 3-D neutronicanalysis forthe standard ITER divertor cassettess extended to
determine the nuclear parameters at specified locationaduh@ssstreaming and neutronics
issues for the diagnostic cassettéfe nuclear parameters in the attachnkeys andcoolant
pipes for the dome and plasma facing liners of the central diagnostic cassette irioktatesl
top attachmenkeys forthe outer plasma facing liners have the highest nuclear heating and
damage. Rewelding of the coolant pipe connections for the dome block is of particular concern
and these connectiorshould beplaced farthelaway fromthe domesurface. The nuclear
parameters in thevaveguides antheir coolant pipe connections confirmttht rewelding is
feasiblefor these connectionsThe damage in the VV due to streamthgoughthe viewing
slots ismuch lower tharthat resulting from streaming througthe pumpingducts in the
standard cassette and rewelding remééasible. The increased toroidajapsbetween the
central diagnostic cassettes and #agacentcassettes due to cut-outs for X-point viewing
increase the total magnet heating lbgsthan 0.1 kW inthe 20 TFcoils. The increased
streaming will be compensated by the added attenuation in the diagnostic equipment and
coolant pipes in the ports at the diagnostissettes.The nuclear parametevgere determined
in the candidate materiafer the mirror assemblies in the diagnostiassettes. These are
molybdenum, tungsten ancbpper. Tungstemxperiences théowest damage and is the
preferred candidate from the neutronics point of view.



1. INTRODUCTION

Four central diagnostic cassettes atédized in ITER [1]. They replace thestandard
divertor cassettes at ports 3, 8, 13, and 18. While the basic structheedifignostic cassette
body is similar tathat of thestandard casset{€ig. 1), the wings and gas boxeare replaced
by a full steel structure with thick plasma facing linéffgg. 2). This providesadditional
neutron attenuation. On the other hand, the central diagnostic cassette employssi@ajng
mirror assemblies, and cut-outs at ports 3 and 13 for X-point diagntsdicsould lead to
additional radiatiorstreaming. In addition, waveguide panate attached to th&des of the
cassettes at ports 8 and 18 foicrowave diagnosticgFig. 3). Detailedthree-dimensional
neutronics calculations have been perforrf@dthe standard divertor cassette andclear
heating and damagwofiles were generatd@,3]. The 3-Dresults ofthe standard cassette
were used along with the geometrical differences in the central diagnostic casdetéznine
the nuclear parameters at specified locations addfessstreaming and neutronidssues
associated withthe central diagnosticassette. The impact of theinstrumented standard
cassettes surroundirige central diagnostic cassetteas taken intoaccount. Conservative
assumptions were used in scaling the results from the 3-D results of the standard cassette.

Fig. 1. The standard divertor cassette.
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Fig. 2. The central diagnostic cassette showing the viewing slots and mirrors.

Fig. 3. The central diagnostic cassette showing the waveguide panel.



2. NUCLEAR PARAMETERS IN ATTACHMENTS OF DOME AND LINERS

The plasma facing linetthat replace thevings and gas boxes ithe central diagnostic
cassette are attached mechanically to the cadsade usingdumbbellkeys fromthe side.
Each of the inneand outer liners isttachedusing two keys,one at the top and one at the
bottom as shown in Fig. 2. The dome block is altached mechanically to the cassbetiely
with two dumbbell keys.

The central diagnostic cassette sisrrounded on both sides lystrumented standard
cassettes which havess material in theregion adjacent to the plasma facitigers. This
includes the wings with more than 75% vdiaction and the emptgas boxes shown iRig.

1. As a resultthe nuclear parameters in the bottom attachrkeps forthe plasma facing
liners in the central diagnostic cassette walty toroidally withthe lowest values being at the
center of the cassette where more shielding is provideéldebthick plasma facininers. The
keysare shielded by th&7.5 cmthick liners. The largest nuclear parameters will be at the
sides of the cassette where the impact of the lower material denadjaoéntcassettes will be
more pronounced. The pealiclear parameters in the bottom attachnkewyts atthe sides of
the central diagnostic cassette were determirsial the results ofthe 3D calculation$or the
standard cassette taking into account the contribution of neygenmetrating the plasma facing
liner of the central diagnostic cassette with additional effective thickness of about 8 cm.

Regarding the top attachment keys for the plasma facing liners aatiatiemenkeys for
the domeblock, the impact of the adjacentings isnegligible and the nuclear parameters are
toroidally uniform. The nuclear parametefsr thesekeys weredetermined fronthe profiles
generated for the standard cassette in the dome and central region of the cassette. Table 1 gives
the peak nuclear parametdw the attachments. Note that the parameterfor the two
attachments of the dome block are nearly identical. dtbenic displacemenand helium
production results are given after a full power year (FPY) of operation whicbsponds to a
fluence of 1 MW-a/rh The nuclear parameters at thever attachmenkeys forthe inner and
outer plasma facing liners will be lower by about a factomaf atthe toroidal center of the
cassette.The topattachmenkeys forthe outer plasma facing liners have the highest nuclear
heating and damage.



Table 1. Peak Nuclear Parameters in the Attachment Keys for the Dome and Plasma Facing
Liners of the Central Diagnostic Cassette

Nuclear Atomic Helium
Heating Displacement|  Production
(Wicnv) (dpa/FPY) | (He appm/FPY)
Dome Body Attachment Keys 0.50 0.09 1.92
Inner Plasma Facing Liner
Top Key 0.77 0.14 2.95
Bottom Key 0.45 0.08 1.73
Outer Plasma Facing Liner
Top Key 0.85 0.15 3.26
Bottom Key 0.50 0.09 1.92

3. NUCLEAR PARAMETERS IN COOLING PIPES FOR DOME BLOCK

The dome of the central diagnostic cassette is modified therstandard cassetté/Vhile
the profile of the dome plasma facisgrface isexactly the same as that of teeandard
cassette, the locations of the water feed/rgpypasaredifferent. The dome block is smaller
resulting in the coolant pipe connections being located closer to the plasma facing surface of the
dome. These coolanpipesare welded to the cassettedy. A critical nuclearissue is the
feasibility of rewelding thepipes. This depends othe accumulated heliuproduction in the
pipes. The results ofthe 3D calculationsor the standard cassette wetsed, taking into
account the different locatiorier the pipe connections in the central diagnostissette. The
nuclearheating,atomic displacement ratend helium productiomate values ared.6 W/cn,
0.14 dpa/FPYand4.65 He appm/FPYrespectively. The damage valuesorrespond to an
ITER fluence of IMW-a/n?. Since thdimit for rewelding isabout 1 Heappm, the results
imply thatrewelding will bepossible forthese coolant connections if the central diagnostic
cassette is used in ITER for a fluence of only about 0.2 MW-a/m

The nuclear parameters were also determined for the coolant pipe connections of the dome
plasma facing material. They aexposed to a highdevel of radiation because of their
proximity to the dome front surface that has a full view ofgl@sma. The nuclear parameters
were determined to be 3.23 W/ .4 dpa/FPY, and 15 He appm/FPY. Reweldingtliese
pipes is not feasiblanlessthe diagnostic cassette used for afluence not exceedin@.06



MW-a/n?. For a rewelding limit of 1 He appm aadsuminghattwo identical cassettes will
be used aeach locationwith eachused for anITER fluence of 0.5 MW-a/n?¥, the He
production rate is limited to 0.5 He appm/FPY. For reweldinth@fcoolant pipe connections
of the dome block to b&easible,they have to be movedownwardabout 7 cm frontheir
present location while remaining at the center of the dolmek. Forthe pipe connections of
the domePFC, the helium productiorrate is excessive and there is no solution for
reweldability other than moving these connections to the same locatiatdsr the dome
block, if feasible, and routing the coolant vertically through the dome block to the PFC.

4. PEAK NUCLEAR PARAMETERS IN WAVEGUIDES

Waveguides for microwave diagnostics are incorporated in the central diagnostic cassettes
at ports 8 and8. The waveguide panels aatached tdoth sides othe central diagnostic
cassette.There are 8 diagnostaccesses (3 inboard channels and 5 outboard channels) for
each waveguide panel as shown in Fig. 3. The waveguide accessapoipksced/ery close
to the plasma facingurface.The peak nuclear heating and damage in the waveguide panels
occur at these accepsints. Anactively cooledCFC armor brazed to a coppéeatsink is
provided forprotection of thevaveguides. Both stainlesteel and Cu are employed in the
waveguides. Hence the nuclear parameters will be provided for both materials.

Since the waveguide panels are attached tsithes ofthe central diagnosticassette, the
nuclear parameters will be estimatesised orthe attenuation in the adjacestandard cassette
for which detailed 3D calculationwere performed. The waveguides athe inner and outer
vertical targets will have similar contributions frdhre adjacent instrumentetiandard cassette
and the central diagnostic cassette since the vertical targets are idertithl cassettes. On
the otherhand,the two waveguides ahe side ofthe outer plasma facing liner in tlentral
diagnostic cassette are adjacent to the wings of the instrunstatethrd cassette wigmaller
materialdensity. The different contributions to nuclear parameters in teseeguides from
the adjacent instrumentexfandard cassette atite central diagnostic cassette are taken into
account. Tables 2 and 3 give the peak nucleaating,atomic displacement ratnd helium
production rate in the different waveguides. The damage values are after an ITER fluence of 1
MW-a/n?. Table 2givesthe results for SS andable 3includes theresults for Cu. The
highest heating and damage occur in the top wavegu@eent to the outerings of the
instrumented standard cassette. The lowest nuclear parameters are in thewabegrddes.
Although the helium production values are relativielyh, this should not be afoncern since



the assembly/disassembly procedure de waveguides does not consider the
welding/rewelding option and a mechanical attachment is being developed.

Table 2. Peak Nuclear Parameters in SS of the Waveguides

Nuclear Atomic Helium
Waveguide Location Heating Displacement|  Production
(Wicnv) (dpa/FPY) | (He appm/FPY)
Inner Vertical Target
Top 0.58 0.23 2.49
Middle 0.52 0.19 2.18
Bottom 0.50 0.16 2.07
Outer Vertical Target
Top 1.14 0.61 6.71
Middle 0.86 0.43 4.64
Bottom 0.80 0.35 4.30
Outer Plasma Facing Liner
Top 1.20 0.78 9.05
Bottom 0.98 0.62 6.02

5. NUCLEAR PARAMETERS IN COOLING PIPES FOR WAVEGUIDE PANELS

The water feed/returpipes forthe waveguide panels are welded to the casbeitly.
These pipe connections are at three locationshasvn in Fig. 3. These are in the inner
cassettdeg, outer cassettkeg, and central part of the cassdelowthe dome. The nuclear
parameters at these pipe connections can be determined from the profiles generated from the 3D
calculations of the standard cassette. Using these profiles is readondhéeinner and outer
legs which are identical in both the standard and diagnostic cassettes. On ttaud)grese
profiles yield conservative estimati&s the pipe connections in the middle part of dsatral
diagnostic cassette which has more material replacingitigss and gas boxes dhe adjacent
standard cassette. However, the additional shielding provided ¢et@l diagnostic cassette
will have a small impact oreducing the nuclear parameters in these pipe connections since
they are at the center of the cassette behind the dome. Hence, the nuclear parameter profiles for
the standard cassette wensed toestimate the parameters in the pi@Ennections without
correctionfor the additionakhielding. This yields slightlgonservative estimatesTable 4
givesthe nuclear parameters in the pipe connectionshe waveguidganels. The nuclear
parameters are the highest for the pipe connections in the central part of the whsdettas
the largesview of the plasma. Rewelding appears to feasiblefor the connections in the
inner and outer legs for a fluence oMW-a/n?. The conservative helium productitor the



pipe connections in the central part of the cassette inditaesewelding is possible if the
diagnostic cassette issed inITER for a fluencelessthan0.75 MW-a/n?. In ITER, it is
assumed that twientical cassettes will besedconsecutively at eadcation. Hencegach
cassette will baised for adTER fluence of 0.5 MW-a/n? and rewelding will be feasible at
these pipe connections for the rewelding limit of 1 He appm.

Table 3. Peak Nuclear Parameters in Cu of the Waveguides

Nuclear Atomic Helium
Waveguide Location Heating Displacement|  Production
(Wicnv) (dpa/FPY) | (He appm/FPY)
Inner Vertical Target
Top 0.64 0.25 1.66
Middle 0.57 0.20 1.45
Bottom 0.55 0.17 1.38
Outer Vertical Target
Top 1.25 0.65 4.47
Middle 0.95 0.46 3.09
Bottom 0.88 0.37 2.87
Outer Plasma Facing Liner
Top 1.32 0.84 6.05
Bottom 1.08 0.66 5.40

Table 4. Nuclear Parameters in Coolant Pipe Connections of the Waveguide Panels

Nuclear Atomic Helium
Location Heating Displacement|  Production

(Wicnv) (dpa/FPY) | (He appm/FPY)
Inner Leg of Cassette 0.09 0.013 0.70
Outer Leg of Cassette 0.11 0.016 0.76
Central Part of Cassette 0.19 0.033 1.30

6. STREAMING THROUGH THE VIEWING SLOTS

Viewing slots are employed at the toroidal center of the central diagnostic cassette for
visible monitoring and imaging of the divertor plasma and tang@tg mirror assemblies.
There are two inward and two outward viewing slots with a toroidal widthcoh.8 They are
connected to the regidoelow the domewherethe mirrors are located. Neutron streaming
through these slots is a concern sinaggait affect the damage in tl@ver part ofthe vacuum
vessel behindhe cassette andhpact the feasibility ofewelding. Detailed 3D calculations



were performed for the standard cassette with the divertor pumping ducts at the bidtesa.
ducts have a toroidal width of 17.5 cm and a poloidal widtB705 cm. The results showed
that thehot spots inthe vacuunvessel behind these du@sperience nucledreating,atomic
displacementate, andhelium productionrate values of0.027 W/cm, 0.008 dpa/FPY and
0.183 He appm/FPY, respectively. The results implied that rewelditigeofacuunmvessel is
feasible. The impact of streamimgas minimized by inclining thgoumping ducts towards the
outer and inner divertor legauchthat the VVbehindthem does not see angirect source
neutrons. Only secondary neutronscattered fronthe divertor cassette components and
adjacent blanketodules will contribute tstreaming. This igshe casealso forthe viewing
slots in the central diagnostic cassette.

Streaming in the case of the diagnostic cassette will be reduced because of the smaller
toroidal width (8 cm) of the viewing slots comparedhat of thepumping ductg17.5cm) in
the standard cassette. In addition, the wings and gas boxes in the standard cassette are replaced
by a full SS structure witkthick plasma facinginers. This results imdditional shielding and
less streamingThe additional effective shieldinipickness arounthe viewingslots isabout
30 cm thatresults in more than an order miagnitude attenuation. The effect of tujacent
standard cassettes on neutron streaming through the viewing slots is minimal since the slots are
at the center of the cassette separated toroidally by at least 30 cm of tashettaterialfrom
the adjacentassettes witlwings and gasboxes. Furthermoregttenuation in the mirror
assembly results in further reduction of the streaming to the VV. Based on this, it is concluded
that the damage in the VV due to streantimgpughthe viewingslots ismuch lower tharthat
resulting from streaming throughe pumpingducts inthe standard cassette. Hence, the
feasibility of rewelding of the VV behind the slots should not be a concern.

7. SHIELDING IMPACT OF CUT-OUT UNDER THE DIAGNOSTIC CASSETTE

The viewing channel under the central diagnostic cassette is 20 cm high and 18 cm wide in
the toroidal direction. The concern is that it might result in higher damage in the VV due to the
reduced shielding by the cassette body. However, as discussed above rédpagings and
gas boxes of the standard cassette by full SS structurehigkhplasma facing lineresults in
an increase of about 30 cm in the effective shieltlgkness. Thisnore than compensates
for the lost shielding inthe cut-outfor the viewing channelinder the diagnosticcassette.
Hence,damage in the VV behind the central diagnostic cassette will not be highethéihan
behind the standard cassette and the feasibility of the VV rewelding should not be a concern.



8. STREAMING THROUGH THE GAPS BETWEEN CASSETTES

The nominal toroidal gap betweewljacentdivertor cassettes is dm. X-point VUV/
visible spectroscopy and X-pointiDAR/isible spectroscopyare allocated to the central
diagnostic cassettes ports 3 andl3. The viewing access of theskagnosticsare made
through the gaps between tbentral cassette and thdjacentone with a cut-out oeachside
of the outer vertical targeind outer leg of the central diagnostssette. As a result, the
nominal gap of 1 cm is increased to ~2.5 cm at the outboard vertical target and increases to ~12
cm at the back of the upper part of the outbdegd Thiscan lead to increased streaming into
the divertor port and enhanced magnet damage and heating.

Detailed 3D calculationsiere performed fomagnet shielding in the divertor region with
the standard cassette geometry including the nominal 1 cm toroidal gap. Thecpeakagnet
damage in the part of the TF coils adjacent to the divpddrwas found to be lowdhan the
design limits by at least two orders of magnituddthough thismagnet damage is not solely
contributed by streaming throudhe toroidalgaps,one can conservativelgssumethat the
enhancement in magnet damage is related to the increassigaphe cut-out in the outer
vertical targetand outer leg of the central cassette could result inoat a factor of 3 higher
local damage in the TEoils adjacent to thdivertor ports 3 and.3. This increase isnuch
lower thanthe design margin. Henceven with the additionalstreaming,the peaklocal
magnet damage will remain well below the design limit. In addition, the ports were assumed to
be empty in the 3D calculations and the additional shielgirayided by the diagnostic
equipment and coolant pipes located in the port will certainly reduce the impact of streaming on
magnet damage.

The contribution to nuclear heating in the TF cdilsm the divertorports wasalso
calculated in the 3D calculation using the standard cassette with the nominal 1 cm ¢@pidal
The total heating in the TF coil parts in the divertor region was determined to be 2.1 kW for the
20 TF coils. This is contributed mostly bye partsadjacent to thelivertor ports. The larger
gap due to the cut-out in the diagnostic cassettelez@hto atmost a factor ofL.5 higher
streaming neutrons into the port. This takes into account the larger gap and the fact that the cut-
out is employed only irthe upper part ofthe outer leg of the centralassette. If we
conservatively neglect the additional attenuatmovided bythe diagnostic equipment and
coolant pipes located in the port, the nuclear heating ibwbehalves of TFcoils surrounding



ports 3 and 13vill increase by a factor df.5. The remaining TF coils will not baffected.
Hence, the increased gap size results conservatively in only a 5% increase in magnet heating in
the divertor region. This corresponds to only 0.1 kW.

To keep an attachment spdoe the waveguide panektached to theides ofthe central
diagnostic cassettes @brts 8 andl8, the toroidal gap between thertical targets of these
cassettes and tlagljacentcassettes is increased t@®. Howeverthe gap betweeadjacent
cassette bodies remains withe nominalwidth of 1 cm. Streaming to the divertquort is
determined primarily by thevidth of the gap between the thicker outegs. As a result, the
impact of the largegap between the outeertical targets on magnet damasyed heating is
negligible particularlywhen the attenuation by the diagnostic equipment and coqig@s
located in the ports is accounted for.

It is concluded that the increased toroidal gaps between the central diagnostic cassettes and
the adjacent cassettes due to cut-outs for X-point viewing and for wavegaickementesults
in an increase in the local peak magnet damagessfthan a factor of 3. Even with the
additional streaming the peak local magnet damage will remainbedeilv the design limit.
The increase in total magnet heating is conservatively estimated to be less than 0.1 kW in the 20
TF coils. This is verysmall compared to the 17 k\designlimit on total TF coil nuclear
heating in ITER. It should be noted that the increased streaming resultinth&danrgergaps
might be compensated by the added attenuation in the diagnostic equipment andomsant
in the ports at the diagnostic cassettes and the net effect couldvwer anagnet damage and
heating. Information about the material in the port is needed to quantify this effect.

9. NUCLEAR PARAMETERS IN MIRROR ASSEMBLIES

Mirror assemblies are installed at the toroidal center ofcthdral diagnosticassette.
They are located in the middle part of essette. One assembly hasoroidal and poloidal
widths of 15 and 33 cm, respectively, and is located under the dostmwas in Fig. 2. The
other assembly in located at the bottom of the cassétietoroidal and poloidalidths of 20
and 50 cm, respectively. Candidate material§or the mirrors at both locations are
molybdenum, tungsten andopper. Molybdenum and tungsten exhibfjood optical
characteristics andow sputtering yield. Onthe otherhand, copper haslarge thermal
conductivity, sothat it is easier to conduct heat to the casdmityy. Nuclear heating and
damage in the candidate materials will be taken into account in the choice of niatethal
different mirrors.
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The nuclear heating and damagée were calculatedfor the mirrors atthe two locations
below the dome and at the bottom of thassette. The profiles generated fronthe 3D
calculations withthe standard cassette wenised toconservatively estimate thealues in the
mirrors. The resultsare conservative becaukss shielding is provided ke wings and
empty gas boxes in the standard cassé&tte.additional effective shieldirtipickness of about
30 cm in the central diagnostic cassette more than compefwaties streaminghroughthe 8
cm wide viewingslots. The 3Dresults forthe standard cassette were obtairfed stainless
steelstructure. Theresults were therefore modified itaclude the differences in damage and
heating cross sections for the candidate mirror materials relative to SS. The results are given in
Table 5. Itis clear that damage and heating values in the top assembly belovthe dome
are about amrder of magnitude higher than thosethe bottom mirrorassembly. Nuclear
heating is comparablfor the three candidate materialsth W being slightly higher. Cu
experiences the highest radiation damage (helium productioatamit displacement) among
the three candidate materials. On the otrerd, W, which hasbout20% highernuclear
heating than Mo and Cu will experience tbevest damage. Based on these results it appears
that tungsten is the preferred candidate from the neutronics point of view.

Table 5. Nuclear Parameters in the Candidate Mirror Materials

Nuclear Atomic Helium
Mirror Assembly Location Heating Displacement|  Production
(Wicn?) (dpa/FPY) | (He appm/FPY)
Top Mirror Assembly
Mo 0.25 0.021 0.277
wW 0.29 0.008 0.013
Cu 0.25 0.043 1.140
Bottom Mirror Assembly
Mo 0.029 0.0023 0.034
wW 0.034 0.0009 0.002
Cu 0.029 0.0048 0.141

10. SUMMARY AND CONCLUSIONS

The 3D results of the standard cassette were used along with the geometrical differences in
the central diagnostic cassette to determine the nuclear parameters at specified locations and
address streaming and neutrorigsues. Conservative assumptions were useddaling the
results from the 3D results of the standard cassette.
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The nuclear parameters in the attachment keys and cpqgbest forthe dome and plasma
facing liners of the central diagnostic cassette have detenminedThe topattachmenkeys
for the outer plasma facing liners have the highest nuclear heating and daittage85
Wi/cn? and 3.26 He appm/FPY. Rewelding will be possible forctimant connections of the
dome block if the central diagnostic cassettased inITER for afluence of only0.2 MW-
a/n?. Rewelding for theoolantpipes forthe domePFC isnot feasibleunlessthe diagnostic
cassette is used forflaence not exceeding.06 MW-a/n?. Hence,rewelding of the coolant
pipe connection$or the dome blockshould be ofparticular concern and these connections
should be placed farther away from the dome surface.

The nuclear parameters in thveaveguides andheir coolant pipe connections were
determined. The highest heating and damage occur in the top wavadjaicent to the outer
wings of the instrumented standard cassette. The lowettar parameters are in the inboard
waveguides. Although the helium production valuesrelagively high, this should not be of
concern since thassembly/disassembly proceduretioé waveguides does not consider the
welding/rewelding option and enechanical attachment iseing developed. The nuclear
parameters are the highefstr the pipe connections in the central part of tassette.
Rewelding appears to be feasible for the connections in the inner and outer legs for a fluence of
1 MW-a/nf. Rewelding is possible for the pipe connections in the central part of the cassette if
the diagnostic cassetteused inITER for afluencelessthan0.75 MW-a/n?. In ITER, it is
assumed that two identical cassettes wilubed consecutively, aachlocation. Hencegach
cassette will baised for adTER fluence of 0.5 MW-a/n? and rewelding will be feasible at
these pipe connections for the rewelding limit of 1 He appm.

The damage in the VV due to streaming through the viewing slots is much lowdhahan
resulting from streaming throughe pumpingducts inthe standard cassette. Hence, the
feasibility of rewelding of the VV behind theots should not be a concerdespite thelost
shielding in the cut-out for the viewing channel under the diagnostic cassette, the damage in the
VV behind the central diagnostic cassette will not be higher thanbehind the standard
cassette because of the added shielding in place of the wings and gas boxes.

The increased toroidajaps between the central diagnostic cassettes andadfjecent
cassettes due to cut-outs for X-point viewing and for wavegaitdehmentresults in an
increase in the local peak magnet damadessfthan a factor of 3. The peak magnet damage
will remain well below the design limit. The increasetatal magnet heating is conservatively
estimated to be less than 0.1 kW in the 20 TF coils which is very small compared to the 17 kW
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designlimit on total TF coilnuclear heating INTER. It should benoted that the increased
streaming resulting from the larger gaps might be compensated by the added attenuation by the
diagnostic equipment and coolant pipes in the ports at the diagnostic cassettes andffibe net
could be a lowemagnet damage arigkating. Information abouhe material in theort is

needed to quantify this effect.

The nuclear parametevgere determined ithe candidate mirror materials. These are
molybdenum, tungsten and copper. The damage and heating values in the top mirror assembly
are about amrder of magnitude higher than thosethe bottom mirrorassembly. Nuclear
heating is comparablfor the three candidate materialsth W being slightly higher. Cu
experiences the highest radiation damage among the three candidate materials. On the other
hand, W, which haabout20% highemuclear heating than Mo and Cu will experience the
lowest damage. It appears that tungsten is the preferred candidatbdragutronics point of
view.
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