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1. Introduction

The type and number of individual measuringsystemsrequired for the Reduced
Technical Objective/Reduced Cost InternatiofiaérmonucleaExperimentaReactor(RTO/RC
— ITER) will be similar to thosedevelopedor the Final DesignReport (FDR) version of the
machine[1l]. The performanceof the individual systems,however, and the details of the
implementationand integration of the systemsinto the vacuum vesseland ports, will be
different, due to changesn the measurementequirementsand the revised design of key
machine components and layout.

The principal drivers fochangein the measurementequirementsre: (i) the changein
the plasma size and shape and (ii)change in experimentajprogram priorities. Both (i) and
(i) affect the detailed measuremenspecifications;(ii) in addition affects the timing of
implementation of the measuremeriibe time scaledor plasmaformation, build up and shut
down, andfor the basicplasmaphenomenan Reactor RTO/RC— ITER aresimilar to those
for FDR — ITER, and so no change in the timsolutionof the measurements required.The
experimentaprogramof the RTO/RC— ITER is expectedio place an enhancecemphasison
high performance modes of operation which require active profile control, sueheaseshear
operation.Measurementsf key profiles suchas q, pressure and rotation, will thereforebe
required earlier in the experimenfabgramand at a high level of reliability, andthis hasbeen
takeninto accountin assigningmeasuremenpriorities. Similarly, the proposedextensionto
the hydrogerphaseof operationto include a significant physicsprogramdrives a requirement
for more detailed measurement®arly in the operational program. On the other hand,
measurementsf fusion products(neutrons,gammasnow comelaterin the programmewith
the start of the D-trace T operation.

Key component changes in RTO/RATER includethe significant reductionof size,
the possible absence of a back-pl#te,configurationof the ports (whosesize alsodecreases,
but not to the same extent as the machine size)harulilding layout. Figure 1 showsone of
the possiblecross-sections.Changesn diagnosticperformancekey outstandingissues,and
implementation are discussed first, followed by the integration of the systems into the machine.

2. Changes in Diagnostic Performance and Implementation, and Key Issues
As for the FDRmagnetics there will be a set of pick-up coils, saddle loops and volzges
mounted in behindthe blanketmodulesand couplingto the plasmathroughgapsbetweenthe
modules. Inaddition,therewill be a setof coils mountedin the divertor diagnosticcassettes,
four continuous poloidal (Rogowski) loops mountedtomoutsideof the vacuumvessel,four
poloidal diamagnetic loops mounted inside the vessel Rogowskicoils mountedaroundthe
earth strapsof the blanket modulesfor measuringthe 'halo’' currents. The measurement
capability will be the same as that developed for the FDRER. The key issuefor the design
of the magneticdiagnostics remainsthe needfor the pick-up coils and loops to have good
electromagnetic coupling to the plasmasimultaneouslywith a long lifetime and low noise
performance irthe high radiationfields thatwill be presentn ITER. RadiationinducedEMF
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(discussedn [1]) hassinceemergedas a potential threatto long-pulse(>1000 s) operation,
and is being studied in a dedicated R&D programme.

The RTO/RC — ITER will require the sameset of neutron diagnostics as the
FDR — ITER. The configurationat the top of the machinewith no dedicatedvertical port
requiresa modified conceptfor the vertical neutroncamera.The numberof sightlinesof the
camera may be reduced due to interferemitie the coil supportstructure,anda few sightlines
would be distributedover severalsectors.The microfissionchamberswill be installed on the
plasma side of the vacuum vessel if the back [datdsent.Their optimumdistributionwill be
re-examinedvhenthe blanketstructureis determinedsince this affectstheir efficiency. The
number andlocation of the ex-vesseheutronflux monitors areessentially unchangedThe
key issuefor the designof the neutron diagnosticemains the needto provide accurateand
reliable calibrationmethodover a wide dynamicrangeof sevenordersof magnitude,starting
from the lower end of &elatively weak calibrationsource.For one of the productsof interest,
alpha particles, measurement techniquestten their infancy and so the basisfor designing
measurement systems for ITER is very limited.

The numberandtype of optical / IR systemsfor the RTO/RC — ITER will be the
same as for theDR. The conceptsand designsdevelopedor the implementatiorat the mid-
plane and divertor levels will also be the same. The new large radial upper ports make it
possibleto adopt an approachwhich is similar to that developedfor the equatorial ports:
labyrinthsin shielding blocks provide the optical accessat the sametime as providing the
necessaryshielding. It should now be possibleto find an implementationfor the edge
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Thomsonscatteringsystemwhich meetsthe measurementequirementdor edgetemperature
measurementior a wider variety of plasmasandfor the full edgeregion (r/a >0.9). For all
these systems, a key issgehe first mirror, which is unavoidablyexposedo the plasmaand
so subject to a high level of radiation, nuclear heatingpaniicle bombardment. This problem
is particularly severe in the divertor. Further, the opsgatemsare distributedwith the active
componentgsourcesdetectorsetc) locatedoutsidethe biological shieldand so alignmentof
multiple, distributedcomponentsnustbe maintainedevenwhenthe supportingstructuresare
moving. Two systems,the toroidal interferometer/polarimetesystem and the poloidal
polarimetric system, require retroreflectorsembeddedin, or mountedbehind, the blanket.
These are as vulnerable as the other mirrors, and harder to maintain.

The bolometric systemwill havethe samenumberof detectorsandlines of sight as
for the FDR — ITER. The detectors will be mounted in port plugs and in the diverton, thied
gaps between blanket modules. The key step in applying bolometry to ITERIe/gepment
of a bolometer head that will have good S/N and lidatime in the hostileITER environment.
A dedicated R&D program is planned to address this issue.

The RTO/RC — ITER will require theamearray of passiveandactivespectroscopic
diagnosticsas for the FDR- ITER, but in somecaseghe implementatiorof the diagnostics
will be simpler and the performance of the systemsheiiimproved. The simplificationsarise
mainly for thesystemsworking in the visible andinfraredregionsinstalledin the upperradial
ports (see above). At this location, the impunitgnitoring systemsoperatingin the VUV will
view the edge plasmawithout the backgroundof the hot core and this will lead to an
improvementin the signal/noiseratio. However, in the absenceof vertical ports for
diagnostics,VUV views of the inner core (high field side) will not be possible and so
information on the spatial location of impurities will be reduced. For M@&&surementshere
will be no significant changein the performanceof the diagnostic. The performanceof the
passiveNPA systemwill be improved, mainly due to the reduced plasmasize. Active
spectroscopy(CXRS) with the diagnostic neutral beam (DNB) will have an improved
performance for similar reasons. The power, modulation and pulse length requiremtgs
DNB will bethe sameasFDR — ITER. The optimumbeamenergyneedsto be re-evaluated,
and may now be slightly less than 100 keV/ar.the divertor level, the spatialresolutionin
the measurements will be reduced because the cassettes areasrmdddierer sight-linescanbe
accommodated. Apart from the fimstirror problemdiscussedbove,an additionalissueis the
need for a vacuum extension outside the bioshield for the VUV/X-ray systems.

The biggest hardware changesfor microwave systems are expectedin the
reflectometer for plasma position, which needs to be fed through the uppepaathahnd has
a designsensitiveto the detailsof the vacuumvesseland plasma-facingcomponentdesigns.
The performanceof mostof thesediagnosticswill be unchanged. However, becauseof the
changesn the machinegeometryand operatingconditions,secondharmonicaccessfor the
ECE system improves. For divertor reflectometry, the smaller size divibetor cassettesvill
reduce the number of channels that bamstalledandwill leadto a reductionin the extracted
spatial information. The key issues for microwave systems dine areaof calibrationfor the
ECE, and transmission through non-optimised waveguides for the reflectometers.

The number and type plasma-facing and operational diagnosticsrequiredfor
the RTO/RC HTER arevery similar to thoserequiredfor the FDR — ITER: Viewing systems
will be usedto surveythe first wall and divertor platesduring a pulse,and the temperaturef
the divertor plates will beneasuredy infraredthermography. Additional operationakystems
include monitors for runawaglectrons Langmuir probes,pressuregaugesand gasanalyzers.
The problems of implementation on ITER vary with each diagnostic.

3. Diagnostic Integration and Maintenance

As for the FDR — ITER, the integration of tdéferent diagnosticsystemsncluding the design
of the port plugs and in-vessel machine componisras importantpart of the designprocess.
In this activity properaccountmust be takenof the nuclear shielding requirements tritium

containmentand vacuum requirements,as well as maintainability with remote handling
equipment. In generdéhe changefrom the FDR geometryaffectsdiagnosticinstallationin all

locations,but the most substantiachangeoccur at the upperport level, dueto the large radial
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ports. This change hasostly beneficialconsequencesletailedbelow. At the mid-planeand
divertor levelsthe changesareless substantialand the conceptsand most of the designsfor
diagnostic installation developed for the FDR — ITER are directly applicable:

Vacuum vessel: Diagnostic components(for example magnetic pick-up coils and
bolometers) are nomstalledon the plasmaside of the vacuumvessel(ratherthanthe plasma
or vacuumvesselside of the backplate). The proposednstallationof pre-assembleddouble
sectors of vacuum vessel allowsst diagnosticequipmento be installedprior to the vacuum
vesselassembly. The wiring pathsto equipmenton the vesselare simplified with respectto
FDR ITER.

Upper horizontal port: This port takesover the functions of the FDR designvertical
port. In this design, more sophisticatedshielding structurescan be incorporatedin the
diagnostic block, and there is, in principle, more straigiward accesgor maintenancef in-
vessel components (withe exceptionof the portsresidingover the neutralbeamcell). These
two factors should allow designswith better accessto the plasma (aperturesof up to
~ 150 x 600 mm arepotentiallyfeasible). For severaloptical systemsijt is now possibleto
view the edge with sufficiergignal path, yet with no backgroundrom the core. Finally, this
port admits the use of a one-piece front end diagnostic blocknitnastto the three-piece=DR
design, allowing easier alignment of systems with separate transmit / receive lines.

Equatorial port: In the Port Plug, standardremote handling componentgconnectors,
RH welded pipes, etc.) and diagnostic compon@ntgs windows, mirrors etc.) will remainat
approximately the same size astloe FDR — ITER, and effective neutronshieldinglabyrinths
will be maintained. Thesefeaturesmay consumea larger fractional volume of the plug and
consequentlyt may not be possibleto install as many diagnosticsper port. A provisional
arrangementor the distribution of diagnosticshas beenmade, producingapproximatelythe
same measurementapability as for the FDR — ITER. All the measurementsequired for
machine protection and plasma control are accommodated.

Divertor port: Four full accessdiagnostic ports are planned at the divertor level,
although the final numbeatependson the remotehandlingaccesgort configuration. Because
of the smaller cassette and port, the access details for the diagnostics at tidl Iéasieto be
redefined. Congestion at this level is eased somewhat by the displacethemhafneticsand
bolometry wiring access routes to the upper horizontal port level.

4. Performance Assessment and Planned Future Work

Relative to the FDR — ITER, thdiagnosticsystemis expectedo haveapproximatelythe same
measuremertapability. In someareasthe measurementapability should be improved, for

example the measurementstioé edgetemperatureand densityby Thomsonscatteringandthe

measurements of light ion impuritiey active CXRS with the DNB, while in othersit will be

reduced for example,the spatial resolutionin the measuremenof impurities in the divertor

regionwill beless. An importantmeasuremenis that of the currentprofile which now has
higher priority. Both of the methods being pursued, multiple chord polarimetrylS&q have
implementation difficulties under ITER conditions and require dedicated design work.

Additional topics, such as the survivability of key in-vessel diagnostic components,for

example, first mirrors and bolometers, and RIEMF, remain important and will be cavehed
supporting R&D programme.
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