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Remote characterization of high-level radioactive waste at the THORP nuclear reprocessing plant
Background

In the THORP (Thermal Oxide Reprocessing Plant) facility at Sellafield, West Cumbria, spent fuel from nuclear reactors around the world is sheared into short pieces between 2.5cm and 10cm in length as a precursor to fuel dissolution. The sheared fuel pieces, comprising metal cladding and fuel, fall down a chute into a perforated basket which is suspended in hot (90ºC) 7M nitric acid. For operational reasons, the plant uses a total of seven baskets. As a consequence of increased levels of corrosion of the baskets it became necessary to replace them to allow continued operation of the dissolution cycle.

Routine camera inspections had identified an accumulation of a solid material in the upper, vapour area of the basket. Characterization of this material was required to aid waste sentencing of the redundant baskets. Radiometric measurements were taken to identify the radionuclide inventory of the deposit but as these provided no information on the non-radioactive components, full characterization was not possible. Due to the difficulties in taking an active sample from behind the biological shield and the subsequent difficulties with laboratory analysis, a remote method for analysis was investigated.
The LIBS solution

Optical access to the material was possible via a 1-metre thick lead-glass radiation shield window. The component could be positioned approximately 3 metres beyond the window and raised / lowered by means of a hoist within the hot cell.  In September 2001 Applied Photonics Ltd carried out the first remote analysis of a material within a hot cell by directing the laser beam of a telescope LIBS instrument (LIBSCAN) through a lead-glass radiation shield window.
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The results of the analysis showed that the contaminant material was rich in zirconium and molybdenum. Combining this information with existing knowledge of the chemistry of the process, it was deduced that the contaminant material consisted mainly of zirconium molybdate - a material that is known to form during the reprocessing of spent fuel and which is largely insoluble in nitric acid. The results of the LIBS measurements combined with the radionuclide analysis confirmed that an existing on-site storage facility could be used to receive the redundant dissolver baskets.

[image: image5.jpg]23 34 LS 7 N o) = a
‘“wvdt\”‘\\;'./ o 'J-.t.,’(f"?uil‘ .p\u
N3 N T O
» a.'-b.- - b\ l‘),. ruo./ S gt
.,\.v.lv..ﬁ} Y (@i g
P AN TR NIRRT T2 5 R C —
. - Y% e - —
b IR I N -G — QO =
SR YOPs RGNS T O O +—
.r.“ va‘ .1 \\ 1!7 3 Vh
IR N T Y C > O
«vu}‘i'/. l'..,z, » .\v e — ”n
vhv O T /.\vo«-tn) - a O O
b,.b'g » b .Ilvf S
o 3 BN L Y
L LN ARy = )
e A oy SRS n ©
N O.J 4 ¢, vV Y v‘.‘f.-. - ° ) - — b
Syl iyl Yot Q ')
- RERVITH v.wv BN ¢
w; -sm,lx;, :1: e
SN RIS SNop o %)
. I I~ ’,
'x‘ «/-0&71 3G L )
N A A EEA JS S YA © OXOXOZOROXOZOXOXOZOXOXOZOXO L0
T,.J\;?h:..{r R m 020%0% 0% 0 %0 %0 %0 %0 %0 0%0%0%0%0
o~v4. o~vf o. A 0%90%0%0%0%0%0%0%09%0%0%0%0%0%0
~1 . OO0 0000000 -0-0-0-020
OZO0O0Z0 000" 020002002020
TOZO0OZO0OT0Z0OZ0OL0 00 00105020
DIOZTO0OZO0OZOTOZO0OL0ON0OZ0OLT0OX0OZ0N0 20
T OZO0OZO0OL0OZOZOZO0OZ0OL0OZ0OZ0Z0 L0
S AO0OZO0O X0 R0 Z0O X0 IO IO T0OZX0O X000
SO0 X0 Z0O X0 X0 X0 T0OZ0O X000 L0
RO X O RO RO RO RO R0 X0 X000 X0 R0
G EOE O S0 0 S0 S0 S0 S0 S0 N0 S0 S0 S
¥ AT O RO RO X0 X0 XOC L0 L0 L0 L0 X0
| X () @ () @ @ ) @ @ @ @ @
I L @ @ @ @ @ @ @ () @ ) @
ra @ @ () ) () () () @ ) @ ()

contamination

- Or

- Yo . 1
T R RS R AR R IR RN AR R i
= \ JERS Q?v%. i .a)?v/.. Qow,...) v./ ?5..?. 5.. /) N\Y .?rl..,o A 4N ~J/:.‘
e R z& ;.,4 »u WG ol 3 T G SN z. »na‘,.,.,@w. TR
Th. ,:. ».. L v e ‘ sl AT
y G ufl 4 P DAD ’ 3> a . 3,4y » . D vy
W X véé.«.{ vw.«.f vmvuMozuh\va.z..wvv M Vs
g [ SR » e h‘,'.vr .
SRR R R S
) \tﬁrl ‘VAZ-‘V ~ S
N V2 > e P - AN
r J,J.A.~ J’JROA yn,k’.“v y iy NR#V o e
v K .4‘:‘- »! o .. ‘CW“. VA.N VY/A v';u‘..ﬁalu....v i.‘ /4~ 5 B s .-
R5ES WYY SORIE 1 B it r R i
. N 4‘;0 - x . ‘-47 .V 5 -v 4\40 . s N <‘¢o <‘oo ih M
s /s 3 \ 9 \ R \
~)¢7:)¢7~)¢1 Aﬁcf‘_..,).:u? | - L,.\,J.)::;)Q,L .\.J.):.,L):v,a_ ~.,
s o» A T ¢~ »y )os NG .,.u. ~v./u_7. ). KA »?5' .yvx.w ~v./ ‘ v;.x.ﬂo.vz. .yvx.ﬂ?v. -1, ST ? Y .y/uwoyv\!)o

Laser module

loffofiofiofiofiofl_flofl_Noflofiofiol

Control uni

[oo|[e][e]

ia

[ia





Laser beam of the LIBSCAN instrument being directed through the lead glass shield window
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Schematic showing the deployment of the telescopic LIBS instrument at the THORP plant
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