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Abstract 

Existing decontamination techniques in  the UWlEA involve 
remote cleaning by cave operators using a variety of manipulators. 
W3en ac t iv i ty  levels a re  a s  low as can te achieved by t h i s  rrethod, 
intervention by air-suited men is usually necessary for further 
decontamination. 

A new philosophy is required i f  the col lect ive doses (Man-Rems) 
a re  to  te signif icant ly reduced. Decontamination to low ac t iv i ty  
levels  should te ~ o s s i b l e  using remote handling equipment so tha t  
operators or maintenance crews w i l l  not receive radiation doses 
even h e n  intervention is necessary for r m v a l  or ins ta l la t ion  of 
equipnent e tc .  The c e l l  am3 its equipment should ke designed with 
decontamination and subsequent disposal as a f i r s t  consideration. 
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1. Introduction 

1.1 The mthods viiich have k e n  used for decontaminati$n$cells and equipment 
over the past 20-30 years are simple and sometimes crude. The cost in terms 
of mney and operator dosage is comparatively high ard the down time to effect 
decontamination, resulting in  the loss of use of the facil i ty,  is very 
expensive. The down times quoted by various faci l i ty  operators for 
decontamination range from 6 months to  2 years. These methods have been applied 
successfully over the years in limiting radiation doses to operators and 
maintenance staff to within the internationally accepted limits. However, there 
is in  addition increasing pressure to implement m r e  fully the ICRP 
reconmendations that a l l  operator doses te kept as low as reasonably achievable, 
economic and social factors k ing  taken into account. 

There is therefore a need to review, and improve, our methods and procedures 
for decontamination to achieve a reduction in doses ard indeed to take a new 
look a t  the design of our fac i l i t i es  with decontamination ard ultimate disposal 
in mind. 

1.2 When planning new fac i l i t i es  it would be sensible to consider carefully 
the cel l  operations and maintenance such that contamination is minimised and 
even avoided if  ~oss ib l e .  Equipment and the fac i l i t i es  should be spc i f i ed ,  
and designed in such a way that decontamination, retrieval or disposal can be 
achieved, cheaply, quickly and a t  no risk to the operating and mintenance 
staff .  

1.3 A l l  mter ia l s  used on the inside of cel ls  should have high decontamination 
- factors (DFs) . The inner surfaces of the ce l l  ard equipment should te made 
of, or covered w i t h ,  a radiation resistant mte r i a l  that can te either (a) 
easily decontaminated by simple methods without resorting to surface removal, 
or (b) an easily strippable mte r i a l  that presents no problems w i t h  spread of 
contamination or disposal. Sliding contact surfaces, lead screws ard moving 
parts should, khere possible, be contained within kllows or q c i a l l y  shaped 
tents. Equipment should te so designed that contamination cannot enter into 
crevices and the surfaces are m o t h  and contoured to fac i l i t a te  easy remote 
cleaning. Great care must be taken to ensure that successful removal of 
contamination does not result in  a much bigger problem of a larger volume of 
active waste. 

1.4 &contamination should k achieved by using remte techniques ard as far 
as possible eliminate the necessity for intervention. 

1.5 Some, if  not all, of these principles have teen suggested previously ht 
have not been widely adopted in  practice. This paper reviews current practice 
in the UKAEA and suggests lines of future development mrk into a s p c t s  of 
decontamination and the design of new faci l i t ies .  



2. Containment and Decontamination Techniques 

2.1 'Q-pical exis t ing layout and design of hot c e l l s  

Most of the hot c e l l s  bu i l t  in the UK were designed between 15-25 years ago. 
The designers were far-seeing in  as much tha t  they designed for safety and 
f l e x i b i l i t y  to cope with a v i r tua l ly  unknown set of in-cell tasks. The f ac t  
tha t  mst of the f a c i l i t i e s  b u i l t  in those times are  still working safely is 
a great t r ibu te  t o  the or iginal  designers. It must be remembered tha t  the 
majority of concrete-shielded cells were designed for handling beta g m a  
act ivi ty .  Alpha ac t iv i ty  was then minimal. Contamination was recognised and 
understood but l i t t l e  experience existed regarding its containment. Alpha 
ac t iv i ty  usually existed without k t a  g- ac t iv i ty  k i n g  present and was 
contained in unshielded or l i gh t ly  shielded glove or tong operated boxes. 
Typical concrete shielded hot cells of the period a r e  shown on Fig I. 
The upper su i t e  of c e l l s  is the  High Active l i ne  consisting of 5 c e l l s  
with 1627 mm (5' 6") thick concrete walls, zinc bromide windows and Master Slave 
Manipulators (MSMs), and a Power Manipulator. The lower su i t e  is the Medium 
Active l i ne  with 1220 mm (4 f t )  t h i c k  walls. Some c e l l s  have zinc branide, 
others block glass  windows with MSMs and a power manipulator. The space between 
c e l l s  is for f lask t ransfers  and mintenance. The walls ktween c e l l s  a re  
removable to  allow internal  t ransfers  and passage way for  the power manipulator 
and hoist .  

2.2 Materials used and range of access ib i l i ty  of Manipulator 

The internal  surfaces of the c e l l s  are  lined with mild s t e e l  p l a t e  ard coated 
with epoxy paint. This paint has proved very successful w e r  the mny years 
of service in active conditions. Ckl one occasion when the c e l l s  became 
contaminated with SrgO i n  the form of a dust, it was decided to attempt its 
removal by remotely applying strippable lacquer over the surfaces. In those 
c e l l s  where ac t iv i ty  was re la t ive ly  low the lacquer s t r i p p d  off l i k e  r o l l s  
of wallpaper and brought with it most of the ac t iv i ty .  In the cell where 
a c t i v i t y  was f a i r l y  high the strippable lacquer could not be readily r m v e d .  
The lacquer had hecome polimerised in a few hours and w a s  so hardened it had 
t o  be scraped off and the whole of the c e l l  surfaces reduced to bare m e t a l .  
The exercise involved the use of strong paint s t r ippers  and intervention t o  
completely remove the lacquer and epoxy paint. 

In order t o  decontaminate c e l l  surfaces or equipment in the c e l l  remotely f u l l  
use of the through the wall manipulators is essent ia l .  Within the normal range 
of the through the wall manipulators the surfaces and equipment can k 
reasonably dea l t  with, but outside the i r  range, the p w e r  mnipulator must be 
used. There are  many areas which cannot k adequately reached, which means 
t h a t  the remaining contamination can only be removed by the intervention of 
air-suited operators. This type of intervention is one of the major causes 
of operator dosage. Older f a c i l i t i e s  tended t o  have corduits a d  service 
ou t l e t s  mounted on the inner surfaces of the c e l l s  and great  d i f f i cu l ty  has 
been exper'enced in removing decontamination from around and behind t h i s  
equipment (1) 



2.3.1 It is perhaps necessary to consider what has to te decontaminated before 
discussing the reasons for doing th i s  work which is expensive and could 
be hazardous, these are: 

(a) Caves and cel ls ,  &ich provide shielding for protection, may k lined 
directly on the inner walls to form a decontaminable barrier, or 
have a separate m e t a l  box with an a i r  gap between it and the 
shielding. 

(b) Equipment and tools used for carrying out the work of the cave or cell  
and includes instruments. 

(c) Radioactive sources and reactor fuel which my tx required for 
production or research and development, and 

(d) Active waste which is produced in carrying out work in caves ard cells.  
This waste may or may not have to b conditioned to reduce its ' 
activity or bulk, but it is packaged and where necessary, shielded. 

All of these items require decontamination in some form ard to a lesser 
or greater degree dependent upon their final destination. 

2.3.2 Decontamination processes usually tend to disperse or di lute the 
contamination and increase the volume. Resent methods also often expose 
staff  to radiation during decontamination periods. It is very important 
t o  te certain that  the reasons for doing th is  work are valid ard that 
advantages and cost benefits outweigh the disadvantages ard expenses. (1) 

Some of the reasons given for decontamination are l is ted blow:- 

2.3.3 It is necessary to decontaminate equipment so that it can te approached 
and handled for mintenance, repair or d i f i c a t i o n .  This procedure is 
adopted when the equipment is expensive or large and diff icul t  to handle, 
and avoids it kcoming active waste. An example is the decontamination 
of manipulators, the efficient cleaning of which allows better maintenance 
and less breakdown frequency. (2) 

2.3.4 Early removal of contamination may prevent special f ac i l i t i e s  being 
made unusable; e.g. the removal of acid from fuel elements a t  an early stage 
avoids contamination of flasks, posting fac i l i t i e s  and caves. 

2.3.5 &contamination can separate different types of activity, the mst obvious 
exanple being the separation of fission products during reprocessing. 

2.3.6 The cost of subsequent processes my  te reduced following a decontamination 
stage, i.e. less shielding may te required. Similarly, contaminated waste 
can be treated such that it can b disposed of via a cheaper route. 

2.3.7 Contamination can cause exposure to operators a d  damage to organic 
materials i f  l e f t  in place. 



2.3.8 Regulations which specify tha t  surface contamination is reduced to 
specified levels  before equipment may leave the f a c i l i t i e s ,  e.g. 
transport  f lasks  and specialised equipment requiring rraintenance off 
s i t e .  

2.3.9 Decontamination may be necessary to avoid ac t iv i ty  release into the 
environment,e.g. changing f i l t e r s .  

2.3.10 It may be necessary to decontaminate an area so t h a t  accurate 
measurements of the radioactivity from some source may be made. 

2.3.11 The f i n a l  d i s ~ o s a l  of a contaminated f a c i l i t y ,  or piece of equipmnt, 
w i l l  require a decontamination campaign. 

2.3.12 Timely decontamination may l i m i t  radioactive events during h i c h  
unpleasant products "grow in", e.g. Americium 241.. 

2.3.13 Decontamination is sometimes used a s  par t  of campaigns to recover 
f i s s i l e  material. 

2.3.14 Following incidents , i t  may k necessary to decontaminate the mrking 
area,e.g.if a glove bursts, surrounding areas have to be 
decontaminated. 

2.3.15 In chemical analysis work it is often necessary to decontaminate the 
working area of a c e l l  to prevent cross contamination between ce l l s .  

2.4 Existing Cecontamination Techniques 

2.4.1 The large undivided type c e l l s  lined with s t e e l  against  the concrete 
shielding w a l l s  were designed for maximum f l e x i b i l i t y  to deal with a wide 
range of production and research work. In conjunction with windows, MSMs, 
a pwer mnipulator and hoist ,  t ransfers  within the c e l l  were intended 
t o  be as simple as possible. This layout, however, allowed the spread 
of contamination within the c e l l .  In order to  reduce contamination spread 
the large c e l l  area w a s  subdivided by part-fixed walls and part- 
s l iding door. There was no real containment of each individual c e l l .  
More reliance w a s  placed upon the a i r  flows and the c e l l  depression t o  
loca l i se  the spread of any contamination. 

2.4.2 In the early days of c e l l  design there w a s  insignificant alpha ac t iv i ty  
and so the emphasis was not upon high in tegr i ty  containment. Most c e l l s  
were designed mainly for beta ganmn work. The in tegr i ty  of the system 
rel ied upon the following:- 

(a )  A necjative a i r  pressure of about 25 mm W.G. (l") with the a b i l i t y  to 
increase t h i s  in the event of an incident. 

(b) High number of a i r  changes up to 20/hr. 

(C) A i r  flow directions generally downwards to f i l t e r e d  extracts  and away 
from ~ e n e t r a t i o n s .  

(d) Gaiters on and Power Manipulators as  a seal  and contamination 
control. 



(e) 4 veloci ty  of lm/sec (200 ft/min) across any opening into the c e l l .  

( f )  S t r i c t  control of cascade vent i la t ion from clean areas progressively 
t o  high active areas a l so  ensuring no two openings in  adjacent zones 
were opened a t  the s m  time. 

&contamination used in  its widest sense m y  involve the following 
methods :- 

Loose contamination can k removed by using dry methods such as, 
brushing, collecting on s t icky cloth,  vacuum cleaning and swabbing. 

Similarly, further removal of contamination can k by wet n ~ t h o d s  
using water je t s ,  steam lances, scrubbing with water and 
detergents. 

Surface remval  with high pressure water je t s ,  shot, g r i t ,  or g lass  
bead blasting, machining or grinding. Chemical attack also with 
e lec t ro lys i s .  Coated surfaces such as paints  m y  a lso  k removed 
by the methods above. Surfaces may k removed by f l m  spall ing.  

Other techniques which m y  ke used involve the evaporation of 
vo la t i les ,  layer removal where s t r i p  coatings have been used, and 
h r s i o n  i n  baths using ultrasonics.  

Gases may k docontaminated by sore of the following methods:- 
f i l t r a t i o n ,  gettering, absorption on charcoal, e l ec t r c s t a t i c  
col lect ion a d  cryogenic separation. 

The decontamination of l iquids  is p s s i b l e  using one of a selection 
of methods depending upon the solution to k treated:- f i l t r a t i o n  
including suction devices, f l oc  t r ea tmnt ,  precipi ta t ion and 
f i l t r a t i o n ,  d i s t i l l a t i o n ,  ion exchange, e lec t ro lys i s ,  solvent 
extraction, magnetic separation, cold and hot trapping, drying, 
and surface run-off over a weir. 

It is r e c m n d e d  tha t  the l e a s t  disturbing and simplest methods are  
used for decontamination in  the f i r s t  instances. The cost  of 
decontamination must k weighed careful ly  against  the benefi ts  gained. 
If during the treatment of small objects the concentrated contamination 
is transferred to a much larger volume requiring fur ther  treatment, the 
costs i n  time, money, resources and man-rein exposure are  increased. 

CQerator dose leve ls  

&contamination occurs in caves usually from two w i n  causes, (a)  
external surface deposits (e.g. crud) may ke knocked off or f a l l  from 
a component, (b) when fue l  and n~tals are  cutl &mtamination w i l l  be 
spread over a wide area of the cave. Using current equipment and 
techniques the release of a few gramnes of radioactive m t e r i a l  into 
a cave means irrevocably tha t  a considerable amount of money must be 
s p n t  during decontamination processes, a d  t ha t  eventually x r sonne l  
w i l l  required t o  enter the cave and receive some radiation dose. 

Amoderately ' d i r ty '  cave w i l l  require several weeks to clean it t o  a 
reasonable standard before entry for maintenance can k considered. 



Experience has shown tha t  the contamination of a cave is probably 
equivalent t o  comi t t i ng  approximately £20,000, not counting the loss  of 
f a c i l i t i e s  costs,  when a clean-up programme is embarked u p n .  It must 
a lso ke- remembered tha t  work carried out by men wearing protective clothing 
reduces a m n ' s  output to l e s s  than 30% of normal. 

2.5.3 The Management of active buildings work to within the ICRP and local  
recommendations and regulation of 5 Man Rems/year. As an example, i n  1977 
the t o t a l  dose accrued by ten c e l l  operatives working in a typical  high 
ac t iv i ty  f a c i l i t y  a t  Harwell m u n t e d  to 18.12 Rems, i.e. an average of 
1.81 Rem/year, with a maximm for any individual of 2.59 Rems. From 
measurements taken a t  the surface of the c e l l  windows it is estimated tha t  
the dose received by the ten operators whilst working a t  the c e l l  face 
only would t o t a l  1.7 Rem, i.e. an average of 0.17 Rem/man. 

The difference,  16.46 Ferns, would te accrued i n  carrying out f lask arid 
contaminated equipment handling and c e l l  intervention. 111'1977 the  to t a l  
dose at t r ibuted to cell en t r ies  a l o w  was 8.32 Rems.  Expressed as an 
average per operator the dosages were:- 

C e l l  face operations 0.17 Rems 
Transfer operations 0.30 " 
Cell intervention 0.83 " 
Handling contaminated 

equipment 0.51 " 

1.81 Rems 

2.6 Problems encountered i n  decontaminating Dry Caves 

2.6.1 When cave operators decide t o  remove a few grammes of active m t e r i a l  from 
their  f a c i l i t y  they encounter numerous d i f f i cu l t i e s .  Small par t icu la te  
ac t iv i ty  is almost invisible and is d i f f i c u l t  to locate  with mni tors .  . 

Even well-designed and bui l t  caves are  often f u l l  of nooks and crannies 
into which active pa r t i c l e s  s e t t l e ,  thus mking the i r  location and removal 
onerous. 

2.6.2 The choice of cleaning methods is h p r t a n t ,  tecause a wrong judgement m y  
spread the ac t iv i ty  over a wider area. Work is then escalated into chasing 
less and less ac t iv i ty  w e r  larger  areas. Even the tools  and equipn-ent 
used for decontamination become contaminated despite operator s k i l l s .  

2.6.3 &trac t  vent i la t ion f i l t e r s  of ten present problems tecause they bcome 
active and are  re la t ively large objects. A decision is required when t o  
shut-off vent i la t ion &d change f i l t e r s .  In f ac t  mst f i l t e r s  a re  chacged 
when the pressure drop is considered high, not because the ac t iv i ty  has 
reached a cer ta in  level.  

2.6.4 @contamination waste, emanating from c e l l s  and caves a f t e r  clean-up 
campaigns, is usually of considerable volume, and rarely receives any 
further treatment t o  reduce the volume pr ior  to  packaging for d i s p s a l .  
This a l l  requires shielding which adds considerable mass so that  the t o t a l  
weight of m t e r i a l  from a single cave clean-up requiring d ispsa l .  can m u n t  
to many tonnes. 

2.7 Methods of reducing and avoiding contamination 

2.  7.1 In any cave system there are  some simple rules which when applied could 
help to  reduce contamination, problems, cos ts  and radiation dosage to 
personnel :- 



Remove all known sources of radioactivity to a separately shielded store. 

Vacuum clean very thoroughly and efficiently a l l  the surfaces of the 
cave. 

Rerove all the equipment into an enclosed cleaning booth. 

Clean the bench using a minimum m u n t  of water and detergents, to less 
than 10  m Rem/hr. 

Any "hot-spts"associated with fixed contamination s b u l d  be quickly 
identified and shielded to enable subsequent removal by appropriate 
surf ace treatment. 

Prevention is te t te r  than a cure, so if  crud is present on fuel elements 
it should ke removed, unless it is i tself  to be the subject of examination, 
into a special faci l i ty  prior to p s t i n g  them into caves. 

It is estimated that the fu l l  implementation of ghe above measures 
involving the provision of m r e  advanced and efficient caves and equipment 
would reduce the t i m e  for decontamination by a factor of 2 and the to ta l  
operator Man Rems by a factor of 5. 

2.7.2 Metallography cel ls  present a different problem since they are both 'wet' 
and 'dry' in their designation. Grinding and pl i sh ing  is perhaps the 
most dif f icul t  to deal w i t h  from a decontamination viewpoint. However, 
two suggestions are put forward for consideration 

(a) Decide if the process is 'wet' or 'dry' and keep to whichever is 
decided upon and design the equipment accordingly. 

(b) Localise and enclose the contamination e.g. cutting should be done 
in separate small ce l l  with specialised equipment to  prevent 
contamination spread and have f i r s t  class clean-up fac i l i t i es .  

2.8 Problems with 'Wet' Facil i t ies 

2.8.1 Fuel reprocessing is ~erhaps  the major plant which contains 'wet' 
faci l i t ies .  This plant consists of process vessels, pipework, valves, 
pumps etc typical of a chemical plant. The nature of the plant and 
equipment rule out the use of the type of decontamination equipment used 
in caves and cells. An entirely different approach has to be made. 
Normally the plants are decontaminated in-situ, but if so designed for 
remote dimantling, could be remved to a decontamination centre. 
Experience with 'highly active' chemical process, shows that 
decontamination is a very long process involving mnths of work kefore it 
can te reduced to safe man entry levels. Fortunately 'wet' plants do not 
usually require to be decontaminated so frequently as 'dry' ones. 

2.8.2 The standard of construction of plants may have som significance i n  the 
ease or difficulty with which decontamination is carried out. Rough 
handling on s i t e ,  poor workmanship in welding and f i t t ing  has occurred 
a t  mst s i t es  when the highest of standards of equipment a d  workmnship 
is required. However, no quantified evidence has been collected to prove 
that these shortcomings really affect the levels of contamination bu t  
opinions of many experienced staff tend to confirm these statements. 



2.8.3 The problems are  associated with the decontamination of mtals, concrete 
and coated surfaces, in par t icular  s ta in less  s t e e l  which is widely used 
in  chemical plants  am3 ce l l s .  Stainless  steel is chosen m i n l y  tecause 
of its corrosion resistance,  cost  and general famil iar i ty  with t h i s  group 
of m t e r i a l s .  Contamination of s ta in less  s t e e l  by active agents occurs 
in the upper surface oxide films, the chemistry of which is not fu l ly  
understood. There a re  indications tha t  the type of surface f in i sh  is 
more important than w a s  f i r s t  believed. e.g. Electrolytic p o l i s h i q  may 
not, provide a mirror f in i sh  a s  obtained by mchanical p l i s h i q ,  ht 
indications a r e  tha t  the surface of the former is easier to decontaminate 
(7) .  Fixed contamination on m e t a l  surfaces can only te reduced by surface 
removal chemically or mechanically. Recent investigations of possible 
decontamination treatments for m j o r  chemcial plant  a t  Windscale indicate 
tha t  it is possible to decontaminate to general radiation levels  of 25-100 
mR/hr, but "hot-spots" of 10- ntamination local  shielding 
or vessel  removal. A\ C_ J - &% tt &-m TzG-d-) 

\ ---- 
The rmst effect ive chemical treatments for  s t a in l e s s  steel decontamination 
are:- 

(a )  Alternate n i t r i c  acid and sodium hydroxide. 
(b) Alternate n i t r i c  acid and oxalate/citrate/peroxide. 
(C) Alternate n i t r i c  acid and tartrates/hydroxide/peroxide. 
(d) Alternate alkaline permanganate and oxalic acid. 
(e) Fluor ide/nitr  i c  acid. 

2.8.4 Painted surfaces should only chosen For very l i g h t  dut ies  i.e. here  there 
is l i t t l e  r isk of mechanical and chemical damage and where radiation 
damaqe is s l igh t .  Paint should only te used where its regular removal 
and renewal presents m problems. 

2.8.5 Cbe of the rmst useful construction m t e r i a l s  is concrete ard t h i s  has 
been widely used Concrete has many very a t t r ac t ive  properties,  the main . 
ones being low cost,  s t a b i l i t y ,  corrosive resistance b t h  w e t  and dry, 
and the ease with which it can !X? used. There are  many p i t f a l l s  which 
a re  not generally appreciated however. Concrete is not impervious to  
gases or l iquids,  and its surface usually contains cracks am3 holes in to  
which ac t iv i ty  can seep or diffuse and become trapped. Cbce it has tecome 
contaminated, concrete cannot te readily cleaned ard must therefore be 
disposed of as act ive waste. Concrete should only te used h e r e  there 
is l i t t le  or no r isk of it becoming contaminated. 

2.8.6 Part of the P.F.R. p r c g r m  a t  Dounreay involved the decontamination 
of fuel  pin cladding for  examination by electron microscopy (8) .  
Oxide f&s are  cut into small sections approximtely 0.6 cm long and 
defuelled by dissolution in n i t r i c  acid. Carbide fuels  however have t o  
be defuelled mchanically using special  d r i l l i ng  techniques. These 
sections a re  0.6 m long ard any remaining fuel  is removed by dissolution 
in  acid. In order to decontaminate them fur ther  the sections a re  passed 
into a decontamination c e l l  where they are  agitated ultrasonically in  
special  strong detergent. The c i t r i c  acid concentration was 20 gms/li tre 
of water and the detergent "Teepol" was 10% volume in water. Latterly,  
t h i s  solution has k e n  replaced by proprietary m t e r i a l s  such as Decon 
90 or Quadralene. 



The ks t  results were obtained with a cascade system, where the items 
are exposed to progressively cleaner solutions. 

2.8.7 Tne chemical breakdown of mte r i a l s  for examination which my contain 
alpha, beta, garm and neutron emitting radioactive species is carried 
out in fac i l i t i es  a t  H a ~ w e l l ( ~ ) .  A s  well as the usual requirements 
of containment, general durability, and ease of decontamination, the in- 
ce l l  components, equipment, and mnipulator mte r i a l s  must k able to 
res is t  attack from a range of acidic materials which are capable of 
dissolving even resistant mter ia ls .  !the following principles have k e n  
developed:- 

(a) Careful containment of the acid mte r i a l s  and dissolution procedures. 
This necessitates the use  of water and air-cooled vapour condensing 
arrangements, and solid absorbant traps such as  soda l i m e ,  charcoal 
etc. 

(b) Extensive use of plastic covered surfaces on top of stainless steel  
containment. Vertical surfaces covered with chlorinated rubber 
strippable paint coats .to trap radioactivity. Working surfaces are 
of rigid F W  sectioned for containment in case of incidents. 

(C) S t r ic t  control of high a i r  flows, distribution, ard input and output 
a i r  f i l t e r s ,  to ensure no high concentrations of acid fumes. 

Glassware is used on a once-through basis kcause decontamination is 
impracticable. Cellulose absorbants are used to mop-up liquid spillages. 
General decontamination is carried out regularly over all working surfaces 
using detergent complexing agents on absorbant pads. "Hot spots" are 
treated with either abrasives or acid solutions. Loose particulate m t t e r  
is collected via a miniature vacuum cleaner. The high specific act ivi ty 
solutions from the analysis process are neutralised ard solidified using 
lime and cement. !these blocks are packaged in sealed cans and sent for 
disposal. !the faci l i ty  works wll ard has k e n  successful in its complete 
system concept from input to disposal. 

3.  A suggested new philosophy for Hot Cells 

3.1 The design philosophy of any new hot cel l  fac i l i ty  should incluck among 
its principal aims the control of contaminants within the containment, ease 
of decontamination of equipment and a l l  internal surfaces ardl the ultimate 
d i s p s a l  of the total  facility. 

3.2 It is suggested that the following objectives should k m t  when designing 
and operating new facilities:- 

(a) Facil i t ies should k designed for operation, decontamination a d  
dismantling without man entry. Provision should k made for man entry 
but this  should normally be used only after  radiation levels have ken. 
reduced to very low values by remote methods. 

(b) It should be ~ o s s i b l e  to see a d  reach wery p t r t  of the ce l l  remotely. 

(C) The remote handling equipment should k safe, reliable, and capable 
of of reaching everywhere in the cel l ,  k easily operable and a t  the 

' same t i m e  easily decontaminable. 



(d) All  equipment and tools  i n  the c e l l  should be nodular and each 
module remotely replaceable. 

(e )  Equipment ard surfaces should have no nooks or crannies, but be 
smooth and contoured for  easy cleaning. Any moving or s l id ing  pa r t s  
should be separately enclosed with easy remvable dust-tight 
covers. 

(£1 Materials used in-cell should have high decontamination factors  
(DFs) . 

(g) No services or equiprent sha l l  be fixed to the inside of a box or 
ce l l .  

(h) A m o t h ,  clean surface with a high DF is preferred for cells and 
caves, but i f  t h i s  is not possible the al ternat ive is an eas i ly  
s t r ippable  coating which is also easy to  dispose of k e n  removed. 

( j )  Each c e l l  should have access to light-weight, portable, e f f i c i en t  
decontamination and cleaning equipment, e.g. f i l t e r e d  vacuum 
cleaner, f i l t e r e d  vacuum scrubbing unit  with a b i l i t y  to in j ec t  
various cleaning fluids.  

(k )  Ventilation should provide, a s  near a s  possible,laminar flow from 
high to low level  in order to keep contamination on the lower 
surfaces. Depression should never be l e s s  than 15 mm water gauge. 
Flow ve loc i t ies  should be selected to  ensure uniform scavenging 
of the c e l l  with the extract  a t  c e l l  work face level a t  the sides  
and rear with easy remote change of HEPA f i l t e r s .  

(1) Window and c e l l  l ight ing should be designed in  conjunction with 
each other and should ke tested out in a mock up to se lec t  the best 
combination. 

(m) Decontamination should be carried out every day or after each 
specif ic  job whichever is the sooner. 

(n) Prevention of decontamination is be t te r  than successful clean-up 
a f t e r  contamination, e.g. removal of crud from fuel  pins before 
examination in-cell. Also local contairnnent of 'd i r ty '  processes. 

(0) Fac i l i t i e s  should k designed to ensure reductions to minimum levels  
of accumulated radiation doses to operator and mintenance s t a f f  
consistent with economic design. 

3.3  Ultimate disposal of f a c i l i t i e s  could be very d i f f i c u l t  for s t a f f  who in  
l a t e r  years i nhe r i t  the buildings and equipment, therefore much more thought 
and design e f f o r t  should be given t o  decmiss ioning .  No equipment should be 
designed and made unless its f ina l  disposal is c lear ly  established. Similarly, 
cave and c e l l  l inings or boxes should be decontaminable and reducable to a 
disposable size. I£ g o d  "housekeeping" has been practised in the cave, the 
remaining shielding walls should not k e n  contaminated. After the removal of 
a l l  contaminated items, the lead, s t ee l ,  or concrete shielding duly sealed 
should be clean enough for remval by labour working in normal clean conditions. 
It a l so  follows tha t  the building i t s e l f  should ke clean and can ei ther  be 
reused or disposed of, if necessary. 



3.4 Codes of Practice 

Much information exists in the published l i terature on rrethods of 
decontamination and the UKAFA and BNFL have recently produced a draft Code of 
Practice on Radioactive Decontamination (Ref Atomic Energy Code of Practice 
on Radioactive Cecontamination AECP 1057 UKAEA 1977). This document has been 
prepared in collaboration w i t h  the major nuclear organisations in Great Britain, 
for example, Central Electricity Generating Board, Nuclear Power Company, 
British Nuclear Fuels Ltd, MOD, and the United Kingdon Atomic Energy Authority. 
It covers the mechanism of contamination and decontamination, methods of 
decontamination, design of plant and equipment for decontamination. As a large 
proportion of decontamination work is carried out by direct handling, a great 
deal of consideration has k e n  given to health physics c r i t e r ia  ad control 
of radiation dosages. Because of the increasing emphasis on reducing radiation 
dosages to Fersonnel there is now a need to extend the scope of th is  code of 
practice to include recomnendations on equipment, techniques and methods for 
carrying out remte decontamination. 

4. Typical &.sign of New Cells 

4.1 New Radiochemistry fac i l i t i es  are being designed a t  Harwell consisting 
of a l ine of 5 shielded cells  and a larger cel l  a t  the end to k used for box 
handling, decontamination, waste handling and p kaging. A t  the side of the (6 large cel l  is a glove box maintenance fac i l i ty  . 
4.2 The suite of cel ls  w i l l  have remvable boxes with self-sealing couplings 
t6 isolate services to the box and a t  the box. A special lift-ff trolley is 
used to disconnect the box and l i f t  it on its rear shielding for r w v a l  and 
replacement. This is a new departure for the U.K., but has been successfully 
used in Germany and other countries. A l l  connections and disconnections are 
carried out remotely without exposing staff to radiation. Fig 2. 

4.3 When an experiment or work schedule has been completed it w i l l  be necessary 
to remove the box from its cell. Fig 3. A t  the same time the rear shield door 
t o  the decontamination suite is opened. 

4.4 'Ihe crane picks up the box from its shielding door l i f t s ,  rotates it through 
180° and lowers it onto the decontamination suite shielding door. Fig 4. 

4.5 The crane is roved away from the decontamination suite, whose door can now 
be closed. This seals the box into a separate ce l l  which w i l l  allow clean-up 
and removal of the redundant equipment in the box. In this p s i t i o n  the rear 
panel of the box can k removed remotely by the front face operating 
manipulators, allowing fu l l  access into the box. Tnere are also mnipulators 
i n  the rear shielding door assisting in decontamination and equipment removal. 
Once the large ce l l  door is closed, the crane can k used to pick up a clean 
box containing a new experiment ad assis t  in installing it in the vacated 
cell .  Fig 5. 

The complete operation can k carried out remotely without radiation exposure 
to the staff .  

4.6 Other features of the cel l  design which have k e n  adopted to reduce the 
spread of contamination include :- 



(a) buble  cover p s t i n g  systems a t  the ce l l  rear. 

(b) No inter-cell comunication except via suitable air  locks to prevent cross 
contamination. 

(C) Proposed ce l l  and equipment materials to have high DFs, easy decontamination 
and disposal. 

(d) In-cell safe f i l t e r  change using a newly developed f i l t e r  and simple remote 
change system. 

(e) Use of double separation manipulators so that the "hot arm" remains in the 
box when the box is removed, leaving both exposed ends sealed. The "hot 
arm" can also te l i f ted off inside when the box is cleared in the 
decontamination cel l ,  leaving a seal in the box face. 

( f )  The design of the ce l l  complex structure is such that it is rmdular and 
could k e  enlarged to form a very big single undivided cell .  Alternatively 
the concrete teams, roof slabs and walls could te dismantled and removed, 
i n  fact completely decomissioned by normal labour. 

5. Research and Development 

Although the general principles which are r e c m n d e d  for the design of new 
active fac i l i t i es  can te stated fa i r ly  simply as in Section 3 of this paper 
there is a great deal of research and development which should te done to 
ensure successful attainment of the stated objectives. The following areas 
of %D have teen identified and work has started on some of these in 
U.K.A.E.A. Proqramnes for others are being considered but many of the items 
listed have yet to ke started. 

(a) Research into the nature of surface contamination by radioactive species . 
and the physical ard chemical bonding phenomena. . 

(b) Characterisation of a l l  known radioactive contaminants and how they 
contaminate. 

(c) New materials whose surface is resistant to  contamination and is easily 
cleaned. 

(d) Surface finishes which are resistant to contamination and are easily cleaned 
or removable and present no disposal problems. 

(e) Instruments which can detect, locate and rreasure contamination accurately. 
Simple, portable instruments which are easy to read and use are needed. 

( f )  The protection of concrete which isolates it from both dry and wet 
contaminating environments. 

(g) Xadiation and contamination resistant plastics, particularly for clear 
visibi l i ty.  

(h) New decontamination techniques or the development of existing ones. 
Development of data, methods and practices which states how to deal with 
a l l  types of contaminants and surfaces. 



( j )  Development of decontamination equipment for use in cel ls  and the treatment 
of waste e.g. small portable f i l tered efficient vacuum cleaning equipment, 
small remte use vacuum scrubbing mchines with injection of various fluids, 
ultrasonic cleaners, electro-chemical decontamination and small re- 
circulating vacuum g r i t  blasters. 

(k )  Ikvelopment of new remote handling equipment. 

(1) kvelopment of ventilation systems inside cel ls  which minimises 
contamination spread. Establish the significance of velocity, a i r  
distribution, flow direction ard filtered re-circulation systems. 

(m) Separation of contamination from wet decontamination fluids. 

(n) Safe reduction of waste without spreading or contaminating the equipment. 

6. Conclusions 

The mthods used for decontaminating hot cel ls  and equipment have changed l i t t l e  
over the past twenty years or so. Improvements have been made, for instance, 
in the choice of decontaminating agents and in the development of particular 
pieces of equipment for use in specific in-cell situations. However, m major 
advances have been mde towards a radical improvement in decontamination methods 
which would reduce operator doses. This situation is recognised within the 
UXAEA and designers are now including as an essential part of their brief the 
need to properly cater for improved methods of decontamination of both ce l l s  
and equipment during normal operation an3 for the purposes of ultimate d i spsa l .  
To ass is t  designers in this task, some basic research is required, e.g. into 
the ~ c h a n i s m  of contamination of surfaces, and prcgrames are currently k i n g  
formulated or discussed. There is, in addition, the need for development of 
surface decontamination methods and equipment which w i l l  allow decontamination 
of in-cell surfaces to levels of say <l0  mfiem/h~ by remote means, in 
particular the fundamental surface and material studies. 

Some of this  work uld well be. shared between the European organisations 
participating in s conference. 

~ ~. 

/ 
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