L.H.M.A,
TEC/39.3619/13/ACD/AD/JIVAV/TVR
April 30th, 1981

-20th PLENARY MEETING OF THE WORKING GRQUP
"HOT CELLS AND REMOTE HANDLING"

- at Karlsruhe

May, 1981

DECONTAMINATION AND REFURBISHMENT OF A HOT CELL TO BE USED FOR THE
PRESSURE VESSEL STEEL SURVEILLANCE PROGRAMME

A.C. DEMILDT, A. DANIELS, J. VAN de VELDE, T. VAN RANSBEECK
§.C.K./C.E.N. - LHMA, 2400 MOL, BELGIUM




TABLE OF CONTENTS

Abstract

1. Iptroduction

2. Planning

3. Description of the hot cell

4. Decontamination and dismantling

4.1. Remote decontamination and removal of in-cell eguipment
4.2. Dismantling and waste disposal of the a-boxes
4.3, Work area decaontamination

4.4, Persannel interventions and guantities of waste
5. Refurbishment of fhe cell

5.1. Cell interior refurbishment

5.2. Supplementary wofk-statian

5.3. In-cell overhead crane

5.4. Cell lighting modifications

5.5. In-cell intervention possibility

5.8. Transfer system
E. Installation af nsw egquipment

§.1. Tension test apperatus instzllatian
5.2. Impact test apparatus installation
6.3. Profile projectar installation

£.4. Cutting spparatus
Conclusions
Refersnces

Figure captians

w LS X I 2 B - 4

QO o @ o o W

_

10
12
12
13

14

15

16



Abstract

The B-y concrete hot cell called the 1000 Ci-cell, which has been

used for several years as a prototype chemical plant for the 1ieolation
and production of actinium oxide, <& now completely evacuated,
decontaminated, and refurbished. Equipment for mechanical measurements
has now been installed.

After decontamination of the two independent stainless steel a;boxes,
mounted tn the cell and the evacuation of the inner equipment, the
a-boxes themselves have been dismantled and discarded. The final step
wn the cleaning stage has been the decontamination of the hot cell itself
and the refurbishment, '

It consisted of sandblasting the epoxy-painted concrete walls and the
steel floor and liwing it again with a polyester cement, applied as

a paint. The new measurement equirment could then be installed in an

areq considered as non active,
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1. Introduction

The B-y concrete hot cell, called the 1000 Ci-cell, is one of the larger
facilities available at the LHMA laboratory of S.C.K./C.E.N. Mel. During

the lasﬁ vears it has been operational as a prototype semi-industrial
chemical plant for the isolation and producticn of actinium oxide [1].

By the end of this programme it was dscided to have a complete refurbishment
of this gell.

Work started with the decantamination of the two independent stainless

steel alpha-boxes of the cell and the dismantling and svacuation of the
equipment. The following step was tao dismantle and discard the a-boxes
themselves. Decontamination was completed by personnel who entered the cell.
For‘the refurbishment and in view of a post-irradiaticn examination programme,
major infrastructure modifications and adaptaticns have been made.

Finally new examination eguipment was installed.

2. Planning

In aorder to cope the rather complicated operations and to assure safe
actions all thé time, 1t has been necessary to draw up detailed procedures
and to exscute a series of simulaticn tests.

In this way, it has been possible to guarantee a continuous aperation of

all other post-irradiation examination installations in the same wark-hall.

" 3. Description of the hot cell

The 8-y hot cell infrastructure has been used during Five_years to isolate
227pc and 228Th from neutron-irradiated radium carbonate [1].

A ground plan how the cell was organized for that purpose is given in Fig. 1.
The two a-boxes instslled inside the concrete walls were in close circuit,
connected to a radon ventilation system. QOutside the concrete hot cell s
lead-shielded a-box has been canstructed for the insertion and removal of
the radium carbonate charged irradiaticn capsules. In the basement under

the hot cells storage facilities for liquid waste effluents has been installed.
The non-shiglded a-box installed in front of the hot cells and betweenrthe
twa work-stations has been used to introduce all chemical reegents needed

for the process.



4, Decontamination and dismantling

The feared contamination one was confronted with, was caused by the
following three isotopes and their daughters, representing three radicactive

natural families

228Ra - g-irradiation - t 1/2 : 1,52.103%
22770 - g-irradiaticn - £ 1/2 @ 21.8Y
228ThH - g-irradiation - ¢t 1/2 : 1.97Y

The presence of the thres isotopic families implied following gaseous

daughter products

222gn, £ 4/2.: 3.82 d
219gn, £ 1/2 ; 3.92 s
220Rn, t 1/2.: 52 s

Due to the complexity of the contamination and the permanent presence of
radigactive a-emitting gases. the whole decontamination and dismantling

operaticn had to be divided. intc three phases EZ and 3] :

1. removal of the in-cell equipment and decontamination of the a-boxes ;
2, dismantling of the a-boxes and evacuation as conditioned radicective
a-emitting waste ;

3. decontamination of the inner concrete hot cell itselif.

4.1. Remote decontamination and removal cf in-cell equipment

This task has been completely performed by remote contral using the
existing master slave manipulators [IRL type ME and M8)}. The dismantled
pouipment has been discarded in tinned waste boxes, which had been put

in La Calhéne 270 waste transport containers.

- The two emptied a-baoxes in the concrete cell,.the bottém of which
was mainly contamimated, have the subject of follawing Dperatians':
- mechanical cleaning of the bottom ;
- chemical clesning with decontaminated reactants { Exal -Turco,
diluted nitric and hydrochloric acids with addition of Ba - La -
Th salts) ;

- rinsing with highly pressurized water jets.
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The degree of decontaminaticn was controlled by gamma measuring in the

~a-boxes and by sampling with wet absorbing paper the remaining contaminating

deposits.
After performance of the described procedures, the gamma-ray figld was

15Rh™! in the ae1-box and 25Rh~! in a2-box.

4.2, Dismantling and waste disposal of the a-boxes

The use of a plasma burner has been preferred over other technigues, as in
this situation it was the fastest way to cut the stainless steel o-boxes
into suitable pieces for the accepted waste containers.

The rapidity with which this could be realized reduced most drastilcally

the radiation risks of the personnel.

The disadventages of this cutting technigue were howsver, the real fire
hazard inciuding the vulnerability of the P.V.C. intervention air-tight
sults and a supplementary diversion of formed contaminated metal oxides
creating an additicnal waste and decontamination problem.

Dismantling of the a-boxes with the plasma burner has been mainly performed
manually ; a semi-automatic system has also been used but its efficlency
was rather small dusg to the very special form of those o-boxes.

This operation  procedure has required a large number of personnel entries
in the 1000 Ci hot cell. '

The whole operation was made possible and authorized by the radiation control
responsibles thank to an intervention lock [2] which was temporarily
instellied at the hot cell (Fig. 23). This lock was equipped with & shower,
the necessary air ducts and the infrastructure for conditioning and removal

of the waste.

The non-burnable waste has been removed via 400 ¢ oil drumé, mixed with

concrete (Fig. 3) and intensely vibhrated for creating a good setting.

The burnable waste, esgentially P.V.C. sults, has been transported as such

to the Waste department for further trsetment.

Apart from this, an 11 ton weighing port considersd as siightly a-contaminated
has also bsen discarded. creating in this way available space at the front
side for a third work-psest later in the refurbishment stage. This should

after refurbishing the hot cells,creats a third work-post.



4.3, Work area decontamination

As the hot cell during the dismantling periocd of the highly contaminated
alpha boxes. has bean used during 2 years as a work-hall, the floor received
a cunsiderable enhancsment of contaminatisn. The walls and the cedling

of fhe hot cell have also béén considerably contaminated, partially by

the gaseous daughter isotopes and partially by the volatilization of the
metal oxides due to the plasma burning activity.

Sandblasting using a specially treated metal slack (VASILGRIT) has bsen
chosen as decontamination technigue for the inner wails of the concrete

hot cell. This choice was basecd an a high efficiency énd a low price

of the product. An important dlsadvaniage of this technigues was the
production of a new type of solid waste (powder). Eight tons:VASILGRIT
have been used for decontaminating 200 m? of wall. The used and contaminated
VASILGRIT has been discarded, mixed with vibrated concrete in oil drums of
400 %£. An other important disadvantage cf the use of VASILGRIT was the
creation of fine dust (broken grains)} which blocked ahd congasted the air
filters of the. ventilation circuit.

To avoid this problem the absolute filters had to bs esgquipped with a supple-
mentary prefilter which implled a delay in the werk as they hed to be
regulary renewed.

A last phase in this decontamination was the thorough discarding of the
fine dust, deposited everywhere in the hot cell. This was performed with
vacuum cleaners and by sperging the ceiling and walls with water under high
pressure (10 bar)]. These solutions have been collected in 50 & PVC flasks
and after sedimentation of the dust,the decantated fiuid has bsen sent

to the Waste department.

The remaining sludge (fine wet dust)} has besn treated with concrete to form

snlid waste.

4.4. Personnel interventions and quantities of waste

The whole dismantling and decontamination éperation has been performed
by personnel wearing intervention suits. A one-piece PVC suilt has been
chosen for these duties. The PVC material was mostly self-extinguishing.
In view of the plasma burning, an.aluminium—lined asbestcs coat was wern
over the PV(G suit. For mechanical interventions, a lsather apron has

been used.
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As safety measure, each FPVC suit has been esquipped by LHMA with & double-
vent connéction syatem for medicel air supply. 1In tﬁis way at the transition
from the shower room to the work-lock and vice-versa, a continucus air

supply could be assured, so that femporary air shortage could be prevented
sich as to avoid psychological disasfrous reactions due to panic.

A wireless electronic communication system provided the contact between

the persornnel in the active zone and the supervising psrsonngl at the aqtside
of the hot cell.

The personnel itself has been medically screened for major lung and trachea
affactions as well as for claustrophobia.

Fig. 4 gives a synoptic view of the procedure of access to the intervention.
zane.

Table 1A provides a survey of the different work periods, mentioning the

umber of interventieons and the gquantities of discarded conditioned and

non conditicned waste.
Table 1B gives the number of man-rem which has been received by the

personnel [71.



TABLE IA

Review of interventions in the 1000 Ci-cell

Date Descriptiom of the Humber of Evacuated
intervention in the interventions waste
1000 Ci-cell of 2 men during
2 hours
10.05.78 dtsmantling o 50 18 v?jggl?]
24.05.76 ”
06.12.78 dismantling aZ 51 19 vessels
21.12.7B {400 2)
21.03.77 dismantling o407 20 10 vessels
31.03.77 and glove-hox (400 23
23.05.77 delay-tank 50 i s with
- pisce
27.05.77 (200 m long - @ 32 cml 18 > am length
£8.08.77 dismantling o3 10 1 a-box
24.,08.77
05,89.77' decontamination and 28 two parts
21.09.77 evacution of y-door total 11 tons
14.41.77 dismantling Df‘waste cc 56 ysesels
43.12.77 boxes and ventilation
circuit Iin the cellar
13.02.78 decontamination of the
07.04.78 1000 Ci-cell by sand- - 100 23 vessels
blasting
09.04.78 vacuum cleaning 37 sclid waste
08.05.7/8 ’ :
11.05.78 wet cleaning 11 liguid waste
23.05.78
05.09.78 decontamination of the 12 7 vessels
15.09.78 cellar (200 2)
22.01.79 test decontamination of 8
31.01.79 lead bricks
18.03.79 evacuyation of contaminated 17 16 wooden boxes

63.04,78

lead bricks

total : 17 tons




TABLE 1B

Dose equivalent man-rem received by the personnel during the dismantling

Period Collective dose Number of Individual measured
equivalent persons max. dose
man-rem (manjfmm
1. Dismantlirmg
ol 81 56 2100
May 1876
2. Dismantling
a? 45 42 1860
December 1876
3. Dismantiing
ad-a7 3.7 14 600
March 1876
4. Dismantling
¥-door . 25 10 411
September 1977
5. Dismantling
cellar 5.1 26 858
September 1373
8. Decontaminaticn .
1000 Ci-cell 5. 53 within the normal
February-March 1579 limits
7. Totel
130 - 2108

1+2+3+4+5+86

+ dismantling a3

and delay tank
May 1977




5. Refurbishment of the cell

5.1. Cell interior refurbishment

Complete refurbishment dF the cell inner surfaces was necessary.. After
the.cracks in the concrete of the inner walls had been sealed by an epoxy
resin, several (epoxy-finish) coatings were applied to create approximately
a 180 pm film.

Fpoxy Finish has been selected to provide good radiation resistancg and
a-highly impervious surfacs (easy decontamination) and the light colour

finish improves in-cell visibility.

5.2, Supplementary work—-station

In order to cover the entire available volume of the hot cell and in

view of future sguipment to be installed for the planned post-irradiation
programme, a supplementary work-station at the front side of the cell was
found necessary (Fig. 1). Therefore, the big concrete plug in the

front side between the two windows has besn replaced by a steel box, filled
with baryte concrete, equipped with a lead glass window and one master slave

manipulator [Fig. 5).

5.3. In—cell overhead crane

The 10 kN in-cell bridge crane was inspected and modified. This crane

has not been removed from its rails, it was serviced during cell entry.

In view of the high contamination level, the steel cable, electrical wires

and control rack have been replaced. The mechanical parts of the bridge

were in good condition and no replacements have been required.

5.4, Cell lighting modifications

The existing light fixtures have bsen replaced hy six 250 W mercury vapour
lamps located above the cell work-stations. Additional iighting has besn
supplied as well by fthree halogen 500 W lamps. The new lighting levels

have begen determined to be about 1000 1lux.
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5.5. In—cell intervention possibility

Cell access has been made possible by installing an alpha tight door
behind the heavy concrete door at the left side of the cell (Fig. 1).
In this panel a transfer system, 1.e. La Calh&ne e-door, has besen installed

allowing introduction of material or svacuation of waste with low activity.

, 5.6, Transfer system (Fig. B)
e 8 | o - |
In the lateral wall at the right side of the cell, the existing rotating
heavily contaminated introeduction system‘(Fig. 1) has been completely
removed from the ceoncrete shielding and replaced by a "lLa Calhéne a-tight”
transfer aystem.

At both sides of the lining a 45 cm thick lead-shislded docr has been
installed.

Both systems,i.e. the "lLa Calhene a-tight doors and the lead shielding

dogrs are operatsd pneumatically.

6. Installation of new equipment

The post-irradiation examination of an irradiated pressure vessel steel

is important in Belgium, as seven pdwer plants will become operational

from 1384 on, then producing about 58% of all electric power.

For these PWR power stations, systematic surveillance of the pressure vessel
steel must be made during the whole time of the nuclear reacteor. Tabhle 2.
projects the ﬁumber of tests per year fram 1385 on [4].

In aorder to satisfy this future demand for pressure vessel surveillance tests, -
new devices have beeﬁ installed in this 1000 €i-cell, and within the near

future, this new test equipment will be operational [5, E].

6.1. Tension test apparatus tnstallation

A 10 ton capacity Instren tension apparatus, adapted to remote handling
has been mounted in the cell. In order to satisfy the tension tests on
the tension specimens as well as on the fracture mechanics W.D0.L. specimens,
_ at high and low temperatures, a furnace and ccld chamber, mountec on an
S{ivkl 9 electro-mechanical frame designed in the laboratory, have hbeen installed.

Fig. 7 gives an in-cell view of this frame with furnace &nd cold chamber.



Pressure vessel surveillance programme peak demand

TABLE 2

Year Nuclear power supply PIE demand

(GW) " Charpy-V | Tension | WOL
1977 1.4 80 14 10
1585 5.2 220 40 30

1.
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6.2. Impact test apparatus installation

For the Charpy-V impact tasting and according to ASTM specifications,

@ Tindus Olsen impact tester with a 36.5 kgm (359 J) capacity fitted for
remote handling is installed.

This apparatus has been fitted with dynamic load recording eguipment.

Impact specimen conditioning is made by a furnace and cold chamber assembly,
while for the positioning on the anvil of the impact tester, an automatic
electro-pneumatic robot was purchased and adapted to the specific needs.

S{Cd£f4C7 Fig. 8 represents the impact tester and the speciman positioning stage.

%cgu AN

’%(&k€-1ﬁ) initiatien and propagation, can be useful for the relation with fracture

The additional information obtaineg from the instrumented impact test

i.e. general yield load, maximum load and energy differentiztion between

mechanic tests [5).

6.3. Profile projector installation

A profile projector is installed between the tension apparatus and the
impact tester, in front of the supplementary work-station which has been
pianned.
This apparatus, allowing specimen contour projection on a scraen, equipped
with a precision measuring X-Y table (250 x 125 mm displacement), driven
%{-JJL by stepping motors, has a digital measuring system outzide the hot cell (Fig.9].
' 13 The mainm purpose of this device is dimensional measurements on the specimens
such as '
- dimensional controls on the tension specimen before and after fracture :
- lateral expansidn measurement on the broken halves of the Charpy-V

specimen.

As 1in the same hot cell post-irradiation examination programmes will be
made on LWR fuel assembly spacer grids, the contour projector will be

indispensable for dimensional ccontrols of these grids.
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8.4. Cutting apparatus

As the handling of the surveillance capsule itself in fuel material
contaminated hot cells must be avoided at any time, it was decided to
inetall a cutting device for dismantling of the capsule in the 1000 Ci-cell
as well,

. S&{d4—,14, Dismantling is carried cut by cutting iongitudinally the weldings of the

capsule shelves over a length of about ons metrs.

S0 de a5 «»)%mﬁmwﬂs 090 Gl
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Conclusions

Presently the refurbishment and installiation of new equipment into the
1000 Ci-gell hes been completed and acceptance tests are going on. The
first irradiated capsule will probably be handled after the summer holidays.
The programme of operations which has been presented here proved that it is
nossible to safely decontaminate and refurbish & big hot cell facility after

many years of remote operation even in rather severe chemical circumstances.

Planning of wark was pertformed in such a manner that no radiation risks
developed.

The personnel was never exposed to radiation in excess of our current
limits and no contamination was released beyond normal controls.

The following observations can be useful for future hot cell design

gonsiderations :

- remaoval of contaminated eguipment or parts of equipment must be foreseen
wherever possible :

- the surface finish of the cell walls is of high importance in view of
decontamination easiness ;

- the technigue of plasma-torch cutting for the a-box evacuation and-
spray-cleaning of cell walls has been proved useful in this kind of

WOork.
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FIGURE CAPTIONS

Fig. 1. The 1000 Ci-cell before dismantling

Fig. 2. Intervention chamber with tent for dismantling of the infrastructure

of the 1800 Ci-cell
Fig. 3. Evacuation of conditioned steel vessels
Fig. 4. Synoptic 0% the procedure for entrance to the intervention area
Fig. 5. Supplementary work-station
Fig. 8. Transfer system
Fig. 7. Frame with furnace and cold chamber of the tension apparatus
Fig. 8. Impact tester installation with automatic specimen positiuning stage

Fig. 8. Profile projector installation
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Fig. I. The 1000 Ci-cell before dismantling.
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Intervention tent l Shower - Intervention chamber

S

Work area

@

@

1 Begin of
the inter

Fig.. 4, Synoptic of the procedure for entrance the zone of intervention.



Supplementary work—-statiomn.

Fig. 5.
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Fig. 6.

Transfer system.



Fig. 7.

Frame with furnace and cold chamber

of the tension apparatus.



Fig. 8. Impact tester installation with automatic

specimen positioning stage.








