Methods for the measuring surface tritium inside TFTR using beta decay
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Three potential methods for evalusiing ibe surface tritium content of the TFITR vacuum vesse] ane
described, each based on a different technique for measuring ibe in site bela emission from inbiam.
These methods should be able 10 provide boih a bocal and a global assessment of the iritium conient
within the top =1 wm of the inner wall surface. 2 J995 American Tnstide of Physice

I. INTRODUCTION

Locsting and recycling anbaurmed trifium fesl from the
inmer walls of DT tokamaks like TFTR, JET, and ITER is
important since their in-vesss! inventory tritium needs to be
minimized. Described here are thrse potential wchnlques for
in shty measgrements of the sweface tritium on the TFTR
tokamak vacuum vessel wall.

Tritium produced from DD reactions has aleady been
measured on graphite wall tiles removed from TFTR, JET,
and other lokamaks by counting the iritlum bela emission
using a p-i-n diede or chamneltron detector.” Bets eedasion
from iritium imglanted in surfaces has also been measured
by wsing a phasphar sereen and image intensifier,” and by
focusing the secondary electrons created by tritium belas us-
ing an elecirostatic lens.” Thess methods sre excellent for
determining the surface tritium concentration of samples re-
moved from the fokamak, but they canmot {yet) be wsed for
TFTR DT since the tritiated wall tiles cannot be removed
before the mn is over

Messurements of the surface tritiom contamination o
TFTR skould be made durlng the DT experimental run, the
tritium clean-op campaign, and prior to decommissioning.
Strong spatial nopuniformities of the friiem concentration
can be anticipated based on previous relention measurements
of deuterium in TFTR*" and tritivm in JET.® For example,
higher tritium concentrations are expected on the inner car-
bon bumper limiter (which contacts the plasma) than on the
recessed metzl walls.

The betas emitted by tritium decay have a broad Fermi
spectrum with & maximum energy of =18 ke'V and an aver-
oge energy of 5.6 ke, Since the maximum range of tritium
be=tas in carhom is =3 .p:rn,? all trmbom measurements made
using beda detection are restricted io iritium within a surfsce
bayer =1 pm thick. Therefore, these messuremanis provide a
donwer fiavdt o the Eeibium Ioventary. At least half of tbe -
tium is expected o be n codeposiied layers =1 pm thick or
in cracks batween the carbon wall files,™ neither of which
would be directly visible via beda detection (see Sec. VI,

The iritam Inwentory inside the TFTR vessel & re-
stricted to =2 10" Ci. Assuming that =110 Ci is within
=« ] um of the vessel surface area of = 10° cm®, the aversged
beta emission rale should be =4:x10% betssfom® s, which
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corresponds to a current of =62107" Afem? or a power of
~3X 1077 Wem?,

I MRECT BETA DETECTION WITH MAGNETIC
STEERING

The principbe of 1his metbod i3 illusizaied i Fig. 1. A
beda detector is insected o the botvom of the vessel at the
and af a movable probe. The horcoomtal and vertcal mag-
netic fields of the okamak are applied without a plasma ar
fill gas. Thee betas emitted from the wall are “steered™ by the
magnetic fiskd onto the probe head, allowing the wall o be
scanned poloidally and possibly toroidally (with an addi-
fional toroadal field component),

The betas emitied at the wall will spiral across the mag-
netic field and travel freely along the magnetic field towand
the detector. The spatial resolution 3t ibe wall will be detee-
mined by the Larmor radies of the cloctrons i the applicd
magnetic fisld. The gyroradius p of a 10 keV electnon with a
pitch angle x with respect to a magnetic field 8{G} is plcm)
=3 4{100 G/B)sin y. Thus the viewing diameter a1 =100 G
is abowl Xp=6 cm, which is saitable for examination of the
=32 m high inner bumper limiter, The available magnelic-
fields of 10=100 G san be scanned during a standand TFTR

FIG. 1. Schematic view of the TFTR vecoum vessel Mlmmatieg megneiss
sivzring of ritium beas emitied from the fmer well omo & rTemovnble beia
detectior, The spplied boritonial and vertical muagnetic Nields of =100 G can
e scamned to form & map of the surfece tricham oo fhe vessel inner wall. &
similar pohe mechanism could be usel with 3 bisssd electnde o measune
i fonization cumeal made by 1he widem b=ies in & neoiral flling ges.

O034-674895/6E| TIASE.00 £ 1896 American Insti
Downloaded 041 Dec 2001?(-) 198.35.6.98. Redistribution su Jh(s:?to AIP license or copyright, see http: //olps aip. orgrﬂm/rsmr Jsp



bela irsjectory
qgrid elomani

I pmf apsriuro

aparturs plaln
Channel Elsciran Multplher

Ampieitoe® MO-501

e,

T Centar
o Tokamak

FIG 2. Dhfectur geometry seesd for befa delection with magmetic skeering
The Amplekiron chasnekmon detscior can coust 0 k=W helss with high
afficiency op i g rate of =1 comis'e. The blssed grid & m=od to sappres
rcrmdary electnens. emitiad frpm the wall, and the aperiee is used 1o il
i heEin. coeai o,

shot cyvcle time of ~8 8 to create & map of ibe oritium con-
centration along the surface of the inner bamper Hmitse

The design of B prototype detector and probe “head ' for
use in TFTR is shown in Fig. 2. The aperture has s larpe
solid angle (=2 sr) to collect betas over the widest possible
range of pitch angles. A hiasable mesh grid over the aperture
is whed o repel low-emergy (=100 eV] secondary elecimans,
which may be made in the passage through the wall,” The
pratatype detector is an Amptektron channesl electron multi-
plisr with a built in high-voltage power supply and pulss
forming elecironics® This delectar has mo intrinsic energy
resolutlon, 80 for the initkal experiments the palse signals
will ke comverbed inio an analog signal proportional o the
coumt rate, with a time resolution =1 ms. Later Herations
may be made using a p-i-n diode detector, which has pood
energy resolution.!

The expecied befa flux steered toward this detecior
shauld depend only weakly on the magnetic-field strength,
since the magpetic felds will not focus or defocus the beta
atream. Howesver, the et fus through the aperiure will de-
peed on ibe rato of the electron gyroradius p o te aperiere
dizmeter &, the aperiure solid angls {1, and ibe angle of ihe
fizld line. For the first TFTR prototype with d=0.1 cm=Sp
and {d=2m fhe collected beia Aux per oni aperiure aren
should be similar fo that esmified direcily ai the wall area
which s magnetically connected to the detector.

Thus the expected count rate in this detector is ~10%
connts’s for d=0.1 cm, which is near the limit for pulse
counting. This detector has already been bench-tesied nsing R
small tmbium beta SOTCE, which for calibration pUTpasss can
e mounied onto the probe head fisell or pear i1 reiracied
position in the shielded basement area. An additiona] in situ
calibration may be obiained by introducing low pressure inl-
tiwm gas into the vessel while the magnetic fizlds are pointed
mio an area of ko inbiom betn emission; for example, a
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tritluen gas level of =100 Ci at a pressure of =107 Torr
should be readily detectable,

This methad would mainly be usefol for determining the
spazial distribution of the tritium on the wall, mther than the
total triium inveotory in the vesszl, The need to infegrate
these local signals over the whole wall area would introduce
at least a faclor-pd-2 uneerizinly in the bial sarface ipven-

toey.

. BETA DETECTION USING TFTR AS AN
IONIZATION CHAMBER

A melhod more likely o provide an accurale measure=
ment of the ol surfece iritlum inventory =1 wm deep is
besed on an ionization chamber,” which is the operating prin-
ciple of most commerncial fritium detectors, Am ionization
chamber works by collscting the electron-ion pairs made by
amy ionizing radialion in pasing throoagh a neatral gas; typi-
cally the iomiFation rabe ig =340 eVion, 1.8, =20 ions’
tritium beta, Tritum jonization chambers generally measure
the small current (=1 pASRCT) drawn betwsen biased walls
{=10-20 V) of & small chamber {=~1000 cm”) filled with gag
at pear atmosphesic pressure contalning tritham, with an -
certainty of ~ 2%,

Ideally, the TFTR vacuum wvessel could be made into a
largs ionization chamber by biasing an electrode sttached to
a probe similar to that in Fig. 1. The vecoum chamber wouald
be filled with a standard tokamak gas such as helivm o a
pressure just large emough o sfop the tritium betas (=10
Tarr}, t minimize the gas load on ihe tritium recovery sys-
tem and ihe fonization produced by beckground radiation,
The expected bonization current would be =107 A for a
iritiem invenbory of ==1000 Ci, which & essily measurable.

The bias voltage should be large enough to prevent re-
comtdnation or diffusion of the ons, bet small enough o
avold gas muliplication (o simplify calibration), The appra-
priate voltage depends on the type and pressure of the gas
and om the chamber geometry,” but is likely to be in the range
of =~10-100 V. The carent—voltage characteristic of the
TFTR chamber will be messared directly 1o identify the pla-
tean region characteristic of an kenization chamber,

This ionizaiicn currend would be a simple measure of the
total tritium oonbent =1 gem from surface, and could be cali-
bratedd with samples of iritiam gas (see Sec. 1), However,
some iritiom beda londzation may not be collecied by this
electrode dus to diffusion or recombination, of 10 geomerric
effects due to small magnetic fields inside the vessel (~10
Oh. It may therefore be wseful o have another electmode at a
different bocation fo crods-check this measurement.

IV, SCINTILLATOR DETECTOR USING A FILL GAS

& third possible method (0 measare tritivm inside TFTR
would be to fill the chamber with a scintilisting gas 2nd
observe the light emission with discrete detectors or TV cam-
erms. This bechnigue could provide good spatial resolution if
the pressure was missd high enoogh, e.g, the iritiom bedn
range 18 =03 cm in belium at simospheric pressure. Scintil-
lation light from tritium betz decay s solid phosphors is
used in exit signs (=230 Ci) and watch dials {=0.2 Ci).

Plasea diagrcatics
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The scinfillation processes in gases s due @ molecular
excilalion and subsequent photon emission. The efficlency s
highest for inert gases and increases with ibeir alomic num-
ber; for exampie, He and Ar make ~1000 photons per 4.7
MeV alpha at atmospheric pressure.™'" Moble gases emit
predominantly in the uliravialet =3i=400 nm, but 3 small
pereentape of nitrogen mixed with & noble gas can shift its
emission partially into the visible, This efficiency is ~0.1%
for comversion of alpha particle energy inlo photons, and is
presumably similer for becas.

Thus the betas emitted froem =10 00 Ci of trilium in-
side the vessel would produce at least =03 mW of TV light,
or 107" Wicm?® s when stapping in & scintillating gas. If
ihis emission were at 400 nm and imaged at f72 with an
ophical transmisston of 05 onto an imaging defecior with
quantom effickency of 02, i would result in about four
eleciron-hole pairs per second per 20 um*20 gm pinel. The
emission could be increased by gas multiplication wsing an
inseried electrode, although probably with & boss of spatial
resalution.'' The UV emission can be converted to visible
wsing & small amount of nitrogen or organic gas," or with &
fuorescent L'evisible converter just outside & vacuom wie-
dhorw,

V. RADIATION BACKGROQUNDS INSIDE THE TFTR
VESSEL

Measarements of tritium beta decsy sctivity inside the
TFTR vessel must take into sccount the background dwe o
lhe decay of residual radioactivity in the tokamak structare
cased by the DT peatrons.'® The primary residual decay
product inside the vessel is v rays, which have g broad en-
ergy specirum with a maximum == [ keV, with a peak en-
ergy =2-3 MeV. The total ¥y flux inside the vessel 1 day
after o serica of DT discharges producing =10 neutrons is
calculated to be =23 10° yem® s, but is =10 less than this
after | month of cooling.

These p mys can ineract directly with a detector 10 pro-
dusce background counis; howewer, the probability of such a
direct interaction is low. For example, for the Ampiekiron
detecior the probabilily of counbing a =2 keV x Ay s
~2%-3%" and decreases with increased energy, so this
background should be small compared o the estimated beta
count tate of =10°—10° s™', even st the end of the DT run
{=1x10" ncutrons), Similardy, the direct yray background
in the gas-filled methods shoold be small diee o the low
ionization rate of the high-cocrgy gammas.

Activation ¥ rays can also produce fast electrons on the
insibe surface of the vessel due fo Compton scattering or the
pleotoelectrie effect, and nootritium beta decays may akso
occur in the surface materials af the wall, The effective prob-
ability for creafing Complon eleclrons = relatively small,
e.g., <003 electrons'y in carbon.™ Nontritium beta decays
shoald be nepligible for the cafbon inner wall where most of
the tritiom betas are expected, bui some higher cnergy betas
may come from decay of activation products in the metallic
wall surfaces.
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V1. TRITIUM BELOW THE SURFACE LAYER

All ihe tritham beda decay messurements  described
aheve are limdted to 6 surface layer =1 um thick from which
triffum betas can escape. Since the dokamak wall can be
eraded and codeposiied over a preater depth, depanding on
the number of high powered discharges, 1t woold also be
wseful 1o make in sitw meascrements of the this subsurface
tritium. Previous surface analysis'™ sugpests that == S0%—
(r#% of the tritinm in the TFTR wall may eventually regide in
this smbsurface codeposited layer by ihe end of the DT ren

Subsarface fritiom coald potentially be measured by a
condrolled evaporation of a selected surface laver, e.g., by the
baser release method. The newly exposed surface can be
measared with the methods of Secs. 1T or IV, and ibe relessed
iritium can be messured by the beta decay methods shave,
by & residual gas analyzer, or by spectroscopic means'® in the
presence of an ehmic plasma,

For svalaabing the nbwm inventory inside the TFTR
vessel daring the post-DIT clean-up campalgn, il may be sof-
ficient to show a relative decresse, eg., by a clean-up cam-
paign with Hel} glow discharges, After this period the extent
of subsurface tritium will also be cvaluaied by removing
samiples of wall material for «x sitn analysis, and by messar-
ing tritium punped from the vessel ino ik gas holding fank,
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