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Abstract. The requirements for plasma and first wall measurements on ITER, and
the planned ITER diagnostic system, have been reviewed as part of the ITER
design review process by a panel of experts experienced in operating modern
tokamaks. The review panel recommended some changes In both the
measurement requirements and the diagnostic system. These changes have been
largely adopted and a new baseline diagnostic system has been developed. In this
paper we present the main changes and outline the new baseline diagnostic
system.

1. Introduction

« Summer 2007. An expert panel reviewed:
- The requirements for plasma and first wall measurements
- The components of the diaghostic system.

« December 2007. The cross party Diagnostic Working Group (DWG), developed a
proposal that takes into account these changes. In common with other changes
coming from the ITER Design review, effort was made to make the changes cost
neutral.

« Early 2008. The DWG proposal was reviewed in the ITER Organization (10) and
accepted into the ITER Baseline, resulting in a new baseline for the ITER
diagnostic system.

 In this paper we present the main changes arising from this process and we
outline the new baseline diagnostic system.

2. Changes to Measurement Requirements

« The Review Panel recommended:
- Changes to the specifications of about 15 of the physical parameters.
- Completion of the specification of undecided parameters

 Following the review, the DWG worked with members of the 10 staff and
developed improved requirements (some of the changes are shown in Table 1).

3. Changes to the Diagnhostic System

e Since the diagnostic system was originally defined in 2001
- Changes in some of the requirements for measurements coming especially from
the developing sophistication of plasma control and to support more advanced
physics studies.
- New types of plasma operation are possible that have significant advantages for
plasma performance.

 Review Panel recommendations to reflect these developments:
- Some additional systems
- Providing interfaces to bring formerly un-credited systems into the baseline.
- In one or two cases systems were removed, because of duplicated measurement
capabillity, or reduced capability.

Figure 1. Divertor Neutron Flux Monitor
iIntegrated into a divertor cassette

Figure 2. X-ray camera design concept
Integrated into an equatorial port (#9)
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Main recommendations and system changes
- Provide for installation of a high resolution neutron spectrometer - achieved
by adding a collimator to the neutron camera so that an instrument can be

Installed cost-effectively after the initial plasma operation.

- In order to achieve the calibration of the array of neutron flux detectors, recent
work has shown that it will be necessary to have a flux detector close-coupled to
the plasma - achieved by adding a neutron flux detector below the divertor dome

(Figure 1).

Table 1 Requirements for Plasma and First Wall Measurement
Examples of some of the 43 measurements, showing changes in blue

N

RANGE RESOLUTION
or
MEASUREMENT PARAMETER CONDITION COVERAGE ACCURACY
Time or | Spatial or
Freq. | Wave No.
Ip > 2 MA, full
Main plasma gaps, bpore 10 ms 10 mm
Dsep
Ip Quench 10 ms 20 mm
Divertor channel | IP >3 MA 10 ms 10 mm
2. Plasma Position and ocation (r dir.) Ip Quench 10 ms 20 mm
Shape
Sum of 3 or 10 mm/_s
more (system noise
0)
dzdt c_)f current Default 0- 5m/s 1 ms toroidally *2 .A) :
centroid . | (scenario gain
symmetric .
. variation) +
locations .
plasma noise
| >3 MA 0.01- 5 100 us | Integral 5 % atbp=1
4. Plasma Energy bp :
Ip Quench 0.01- 5 1 ms Integral ~ 30%
Main Plasma Prad Default 0.1 MW- 1 GW 1 ms Integral 10 %
| X-pOInt/ MARFE 1y o it 30kW- 03GW | 1ms | Integral 10 %
5. Radiated Power region Prad
Divertor Prad Default 30 kW- 0.3 GW 1 ms Integral 10 %
Total Prad Disruption 30 MW - 300GW 0.1ms Integral 20 %
Total neutron flux 1-10%-7.510%n/s 1 ms Integral 10 %
Neutron /a source 1-10%4- 6-10"®n/me.s| 1ms a/l10 10 %
7. Neutron Flux and
Emissivity
Fusion power 100 kW 1.5 GW 1 ms Integral 10 %
Fusion power 1 kW/me - 15 0
density MW/m?3 1 ms /10 10%
. (0,1) <
8. Error Field, Locked Br/<Bp> 104 _ 102 1ms (m.n) < 30 %
Mode and RWM
(10 ,3)
9. Low (m,n) MHD (0,1) <
Modes, Sawteeth, Evéﬁ;rjg Ie>x, al 104 — 102 éok:::i_ (m,n) < 10 %
Disruption Precursors P (10 ,3)
étreF“e' Ratio In Plasma, 1/, r/a<0.85 0.01- 10 100ms  a/10 20 %
Be, C,Orel. conc. 1-104-5-10° 10 ms Integral 10 % (rel.)
1016 - 5.10L9
Be, C,O influx 1 101/m2i 10 10 ms Integral 10 % (rel.)
Cu rel. Conc. 1-10°- 5:103 10 ms Integral 10 % (rel.)
1015 - 5.1018
Cu influx L 101/ 25 10 10 ms Integral 10 % (rel.)
12. Impurity Species m=.S
Monitoring
W rel. conc. 1-10%- 5.104 10 ms Integral 10 % (rel.)
104 - 5.107
W influx 1 101/m2i 10 10 ms Integral 10 % (rel.)
Extrinsic(Ne,Ar, Kr) 1.104 - 2.10? 10ms | Integral = 10 % (rel)
rel. Conc.
Extrinsic (Ne, Ar, 1-10t- 2.10%° 0
Kn) influx IM2.s 10 ms Integral 10 % (rel.)
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- The temperature of the divertor target plates should be measured with good spatial
and temporal resolution - achieved by adding an infra-red thermography system. Figure 4. Configuration of the

divertor erosion monitor. The laser
path is implemented in the toroidal
center of the divertor cassette,

- The X-ray measurements should be enhanced - achieved by installing an X-ray
camera in the equatorial port 9 (Figure 2).

- A longstanding shortage of good measurement techniques for the confined fast going through the pumping slot on
lons and especially alpha particles has made it difficult to meet the measurement the lower outer cassette body.
requirement. Based on the recent success of Collective Thomson Scattering (CTS) Mirrors under the divertor dome
on TEXTOR, provision has now been made for a cost-effective subsequent allow viewing of the strike-point
installation of a system (Figure 3). regions of the vertical targets.

Probe beam o Probe 1 = mirror Receiverhom array b) Dust microbalance. Measures local dust concentrations under the divertor targets
during operation. Operational experience will be required to learn how to scale the
local measurements to a dust inventory. The preferred technigue is a capacitive
diaphragm gauge [9], installed on divertor cassettes to sample the toroidal gap
between cassettes.

c) Laser desorption. A system aimed at local measurement of surface concentration of
trittum during shutdowns. A laser induced breakdown spectroscopy [10] system will
/ be introduced by remote handling to make local measurements of the tritium trapped

Extreme & central IN the surfaces.

oo e / d) Removable samples. This is to provide local measurement of dust and tritium during

Receiver mirror

shutdowns. Dust and deposit collectors in areas well shadowed from the plasma are

_ _ _ _ _ _ recovered by remote handling for analysis.
Figure 3. Low field side launch and receiver for CTS diagnostic

iIntegrated into an equatorial port (#12)
5. Summary

4. Dust and Tritium Control: New Measurements and D 1agnostics The requirements for plasma and first wall measurements on ITER, and the
composition of the planned diagnostic system, have been reviewed by a panel of
experts experienced In operating tokamaks. The requirements and systems were
found to be 'reasonably optimal' but needing modification in some key areas. In
response, changes have been made to both the measurement requirements and the
composition of the diagnostic system. It is believed that the new baseline diagnostic
system (Table 2, Figure 5) represents a cost effective solution to the needs for
plasma and first wall measurements on ITER. While good progress is being made
with diagnostic design, some areas still require R&D.

Progress with the highest priority topics are summarized in parallel papers at this
conference [11,12]

Two important areas highlighted by the review panel, already under study, were the
need for measurement of dust and retained trittum. To satisfy the safety
requirements, an ITER dust and tritium control strategy [5] has been developed
which comprises removal and measurement. Dust removal will be conducted during
scheduled divertor replacement shutdowns where the vessel floor is accessible for
vacuum cleaning. The main tritium removal Is conducted at the same time; tritium
trapped In the divertor and the dust are carried out of the vessel. The most accurate
assessment of dust and tritium inventory will be made during these shutdowns.
However, the levels of dust and tritium must also be monitored during operation to
prevent unacceptable inventories being reached before these shutdowns. Accurate
measurement of the tritium deficit in the tritium plant provides monitoring of the
tritium Inventory during operation [6], but because of accumulated error in tritium
burn-up estimates, direct measurement of the in-vessel inventory is required. The
requirements for the measurements have been determined (Table 3).

Figure 5 Diagnostic Port Allocation following the Design Review

To meet the new measurement reguirements, it Is proposed to add four new
diagnostic systems to the ITER design:

a) Divertor erosion monitor. Measures change In thickness of the inner and outer
divertor target plates during operation. Two techniques are under consideration: i) a
speckle interferometer [7] and 1i) laser radar [8]. Either system will view the divertor
targets through optics mount in the divertor dome (Figure 4).

Table 2 The new Diagnostic Baseline following the Design Review

Magnetic Diagnostics Spectroscopic and NPA Systems
Outer-Vessel Magnetics EU CXRS Active Spectr. (based on DNB) EU/RF
In-Vessel Magnetics EU H Alpha Spectroscopy RF
Divertor Magnetics EU VUV Imp Mon (Main Plas and Div) KO
Continuous Rogowski Coils EU Visible & UV Imp Mon (Div) JA
Diamagnetic Loop EU X-Ray Crystal Spectrometers IN/US
Halo Current Sensors EU Radial X-Ray Camera CN
IN
Neutron and Fusion Product Diag. Beam Emission Spectroscopy
Radial Neutron Camera EU Neutral Particle Analysers RF
Vertical Neutron Camera RF MSE (based on heating beam) US
Microfission Chambers JA Hard X-ray Monitor EU
CN
Neutron Flux Monitors (Ex-Vessel) Microwave Diagnostics
Neutron Flux Monitors (Divertor) RF ECE Diagnostics for Main Plasma IN/US
Gamma-Ray Spect. (interfaces) EU/RF Reflectometers for Main Plasma RF/US
Neutron Activation System KO Reflectometers for Plasma Posn EU
High Res Neutron Spectr (interfaces) EU Divertor Interferometer Us
Optical Systems Pl_asma-lfacmg Comps and Operational
Diagnostics
Thomson Scattering (Core) EU IR Cameras, visible/IR TV EU/US
Thomson Scattering (Edge) JA Thermocouples EU/JA
Thomson Scat/LIF Interfaces (Div. region) RF Pressure Gauges EU
Toroidal Interferom./Polarim US Residual Gas Analyzers UsS
Polarimetric Syst. (Pol. Field Meas) JA IR Thermography Divertor JA
Collective Scatt. (LFS front end) EU Langmuir Probes CN
tbd
Bolometric System Dust and Erosion Monitors
Bolometric Array For Main Plasma EU Tritium Retention Monitors tbd
Bolometric Array For Divertor EU Diagnostic Neutral Beam IN
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