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A B S T H A C T

A p ilo i  p la n t f o r  p ro ilm ittii  rad u ilion  vu lca n ised  n a tu ra l rubber lalcx ( R V X R lj  u ,is e.siiihli.slwd ui R u h lur  
Board, h uiia  tn 1992. Irra d ia tio n  is  d u n e  b \  a haicfi p ro cess  in the  p la n t ih c  pLint has a \er \u tilc  saieix 
sxs iem jo r  s a fc t \  o l o p era to rs  a n d  p eo p le  n orkina  in a n d  a ro un d  the p lant

[N T R O D U C TIO N

A panoram ic wei s lo raijc  typo g ainm a irrad ia to r p lant wiiii m axim um  source strcnuUi ol V7 PBq.Cohali-fMl 
was com m issioned  in A p n l 1992 ;it R u bb er Bo;ird. Koiiaviim  lor p ro ducing  r;idiation vuic;uiised natural 
rubber latex. T h e  tacility  w ;ls londed w idi 0 .37 Pbq. C iih ;d i-60 (X p encils) intiially to suuiditrdise tlie 
paK ess p aram eters, f lic  irrad ia tio n  ol' rub ber laiex is done as a batch  p ruccss in a s tain less steel ves.sci ol 
KMX) Hires capacity . R ubber laicx  is s tirred  con tinu o usly  during  irrad ia tio n  using paddle stirrers  p rim ded  
in Iho product vessel at three locauo ns lor ensuring  u iiilon n  dose d isiribu iinn  The radiaiiDii source is 
stored in a cy lin drica l source cage and shielded  und er w ater and  is brough t upto ilie centre ol Uie product 
vessel tor irrad ia iio n  by a h y d rau lic  system  witii uvo h o isi wire ropes. A vcntiiatio ii system  is provided to 
remove O zone and 0 \ u1ls o f  m irogen  lo n n ed  d uring  irrad iation . A n um b er ol sale tv  interlocks ;u-e pro\ ided 
to ensure absolu te  s;dety  o f Uie personnel w orking in iJie rad ia tion  cen u c  and  also lo preveiii aecidciual 
radiation exp osu re . A con cre te  b io logical sh ield  o f suiUible U iickness a ' d ilfe rrem  locations are provided all 
around the irrad iau on  cell, D eiails  o f  die p lant wiUi em p h asis  on safety  aspeci.s are discussed in die paper

Dem ineralised W a te r  P lan t

Tlie source sto rag e  pool is filled  wiUi d em ineralised  w ater. DM - w ater is esseniiai lor die protection i»l 
radiation source. T h e  con dac tiv iiy  o f Uie w ater in die pool ha.s to be m ain tained  at 10 micro 
siemens/O.Olm. T liis w ill rcdu cc Uic possibility  o f corro sion  o f die se:iied source. The pool is connected to 
an em ergency w a te r tan k  o f a t least h a lf  Llie volum e t*f source s to rage pool lor em ergency condiuons. The 
low conductivity  o f  ilic w ater is m ain tained  by d ie use o f  a  su itable  D M -w ater p lan t fitted widi conductivity 
meter and rad ia tion  m o nito r. I f  tJie conductivity  is g rea te r d ian  U) m icro  siem ens per 0,01m  for long 
penod. source w ill be corroded  and  w ater w ill be coiiL 'uninated. R adiation  m o nito r continuously monitt)rs 
trace am ount o f ac tiv ity , if  any . in the pool water.

Control System  an d  P lan t O p era tion

Tlie control system  ensure  com p lete  safety o f d ie p lan t and  personnel R adiation  source, w hen n<»t in use. 
rem ains m shield  co n d itio n  a t the bottom  o f d ie source s to rage poo\ R aising  die source from die shield 
condition to source exposed  con dition  is d ie m ost im po rtan t p aram eter o f  d ie faciiity. Source expt»sed 
condition is d an gero us  for o perato rs  and o th er h um an  beings if  accidentally  get exposed. T lierefore. it is 
im portant d ia t source exposed  con dition  m ust have several safety p reco nd itio ns. Tliese preconditions are 
basic requiremenLs o f  contro l system . Source low ering can  be done w idiout any p recondition  by operating  
sourcc lower push b utton . T he source can  aJso be brought dow n manuaJIv o r autom aticaJly in any one of 
ine severaJ em ergen cy  con diuo n s.



P recond ilio ns to  be Sutisfiud lo Expose S ource

1. P o o l w aicr lev e l m ain tained  ai requ ired  level,
2. Po w er ON,
3. H y d rau lic  sysiem  O N  - o il p ressure m aim aincd  a i w o rk in g  p ressu re  (6.5 x lO ^K g./m ^)
4 V en iila iio n  system  ON.
5. R adiation  level in iho cell a t the p rese t level (< 25  m icro  S ie v c n  p er h ou r)
6. S er\'ice  key s, u ip  w ire  and em ergency  push b u tton  n o t operated ,
7. P roduct v essel properly  aligned
8. S earch  o peration  com pleted , cell d o o r c lo sed  and  d o o r in terlock  cum  latch  bar pulled.

S ource  O p era tion  Disable Situations

T lie  fo llow ing  are tJie condition.s under w hich  tiie sou rcc  h o isi o peration  is prcvonted:
1. Pool w ater below  s;»fe level.
2. R adiation  level in the ce ll/labyrin th  abo ve  norm aJ.

F ailu re  o f  ventilation  system ,
4 H ydrau lic  o il level in the lank below  m inim um  requ ired ,
5. H y d rau lic  o il pressure in ilie sysiem  below  w o rk ing  p ressure .
6. Source d isab le  sw itch (Service keys) operated
7. P roduct vessel not aligned  properly.
8. E m erg ency  u ip  wire pulled,
9. S carch  o p erauo n  sequence not fulfilled .
10. Pow er failure

.Automatic S ource  Low ering

T he follow ing  condiuon^ will brm g dow n tJie source from  exposed  condiuon  
1, H eal sen sor/sm o ke d itec io r inside the  cell gets actu ated .
2 Po w er failure.
3. V entiJation  sysiem  failure.
4. H y d rau h c  oil pressure below m inim um  w ork ing  condition .
5. Fa ll in pool w ater level. An illum inated  in d ica to r p;m el is provided on iJie wall o f the control room lo 

identif)’ the source position  w h eth er exposed  o r sh ielded . Also clearly visible irradiation  status 
ind ica to rs  are  provided at the con tro l conso le  to ind ica te  source in shield, .source in transit, sourcc 
ra ised , d oo r open, vessel a lign m ent n o i O .K .. exh aust failure etc. D istinct audio  alarm s operate 
d urin g  search  operation , source tran sit and em erg en cy  situations. In addition  to ilie above, an overall 
general em ergency  alarm  can be activated  from  the con tro l room  by die operator.

T h e  safety o f the operation  o f irrad iatio n  facililies  d ep end s on the design features on  safety incorporated in 
ilie facililies. In gam m a irrad iation  facilities four d is iinc iiv e  considerations are included for analysing die 
safety  o f  ihe total sysiem  These are

1. Personnel safely  against external exp osu re  to rad iation .
2. Personnel safety  aga ins t any radioactive  con tam ination .
3. E x po sure  to noxious gases,
4 Industrial safely  o f operations against fire, sm oke, exp losives eic.

Im portan t technical spccilicaiions o f the Plant are  g iv en  in table 1.
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T a b le  1: Im porian i lech njcal spcc ifica iion s

Facililies T ecn ica i spc*.iii. -- -----------------------‘ 'u o n s

Irradiaior overall s ize 2 0.6m  X 15m  --------------------------------

R adiation  cell size 4 .5 m  X 4m  X  4 m  (he igh t)

Sou rce  s io rage pool s ize  (long) X (w ide) X (deep) 2 .6 m  X 2 .0m  X 6 .3m

R adiation sou rce  shield ing W ater

B iological shield C o ncrete  w a ll(2 3 5 0  K g . /m ^  v.j , „ . . , ,M  Xm (hick (m ax)
R oof thickness 1.5m. o fc o n a e te .

Max. Source capacity 3.7 P B q .o f c o b a l t - 6 0 .

Product con ta iner size I 2m  d ia  X 1.2m  h eig h t (C vU ii.i,. ,* "»t al vessel)
V entilation  system 20 A ir chan ges  p e r  hour.

Power supply 4 40  V, 3 P h ase, 10 KW .

M ovem ent o f  latex con ta iner C onuiiner m o un ted  on a  iro lk   ̂ ........

Sal'ety Provided w ith  m ecti.uij, .,| 
e lectrical and  h y d rau lic  in iert.., 1 ,

Source A ssem bly In the  f o m  o f a  cyU ndncal 
p os iu on s  for the  sou rce  units

Sourcc specifications T o ta l length  =  0 .4 6 3 m , T ouil tli., _ ^
A ctive len g th s  0 .4 m m . A c tiw  =Q()^115m

CobaJt-60 slugs si2e length  rods 0 .0 06 4m  d ia  X 0 .0 25 4m

C lassification  o f irrad iator C lass  III (W et s to rag e  and m nl.,|,.

i
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T h e d esig n  fea tu res/sa fe ly  in terlock s a t the R V N R L  Plant, R u b b e r Board a re  sum m arised  in Figure 2,

1. C ell d o o r  in terlock T h e  door in terlo ck  is p rovided  to be ra ised  only  if the cell entry door 
IS  c lo sed . T h is  in terlock  a lso  m akes  su re  Uiat the door can be opened 
o n ly  I f  die sou rce  is low ered  to the  d o o I and is in shield conditionI . Pool w a te r level 

in terlock I f  the  pool w ate r is not m a in ta jn ed  to the desired  level the source' 
can n o t be ra ised . A level sw itch  (em ergency) provided in Uie pool 
ser%'cs and conveys the  s ig nal to d ie  con tro l system. This level 
sw itch  a lso  a c t  durin g  sou rce  exposed  con dition  and  lower the source 
to sh ield  if w a te r level com e dow n beyond  die safe limit. If die pool 
w ate r falls to a level m o re d ian  0 .3 m  below die norm al level die 
cm ergen cv  w a te r tank gets con nec ted  to die pool

R ad iauo n  d etec to r A .G .M . d etec to r p rovided  in d ie m aze  widi display near manual 
en try  door is e lecm ca lly  in terlock ed  w idi m anual c n tn ’ door such 
d ia t diis d oo r cannot be opened w hen die radiation  level inside i.s 
h ich c r iJian a p reset level

4 C ell search F ive electrical sw itches liave to be p ressed  in a given sequence 
fo llow edby  die c losing  o f  d ie m anu al entry door. The source raise is 
e lec trica lly  in terlock ed  such  Uiat d iesource can be raised only it diis 
o p era tio n  is ca rried  o u t in a  g iven tim e inter\-al

E x liaust fan I f  the v en tilau on  system  is not kepi 'O N ' the source cannot be raised 
S im ilarly , in ca se  the ven tila tio n  system  fails tlic sourcc will 
au tom atica llv  eo  to sh ield  position

6. F ire /S m o k e  a larm s P ro vided  m sjd e the  cell and  it is eiecLrically interlocked wiUi source 
ra ise  system  such  tliat it low ers the sourcc (nto tiic pool if 
tem p eraiu re  ra ises above 55^’C

7 Product vesse! in terlock If llie irrad ia to r u-olley is not p ro p erly  aligned  on the pool, the 
source m ovem ent can be o bstructed . An clectrica] interlock ensures 
tliai Llie tro lley  is p roperly  aligned. A w edge is used it) stop tJie 
s lid ing  o f tJie product vessel on tlie n iils

8. W ate r irea tm eni system  
m o nito r

A fixed rad ia tion  m o nito r (G am m a A rea / Zone m onitor) witli an 
aud ib le  alarm  is instxilled in tlie D M -plaiu  m dcteci :ontam ination 
a ris in g  from  sou rcc  leak age. T h is  m o nito r is inierlocked with tlie 
irrad ia to r co n u o l such  tliat tJie sou rcc  re tu rns to its shielded position 
and  tlie w ate r c ircu la iin g  stops i f  the radiauo n  reach tlie preset alann 
level.

y . T n p  w ire the cell pulling  o f  w hich  low ers the sourcc into ilie pt)oI by means of 
an e lecu ica l interlock.

10 W ire rope tension  
interlock

I f  tlie tension o f  the source reusing w ire ropes are uneven o r low, iJie 
w ire  rope s tre tch  lev er w ill ac tivate  the m icro  switch and Llie source 
will be au iom atjcally  low ered  to sh ie ld  position. The tension o f the 
source raism g w ire  ropes can be sensed  and adjusted  from outside 
Llie cell area.

11 Service keys T h e  hydrau lic  system  used  to exp ose  the source is provided with a 
d isco n necting  m echan ism  to enab le  servicing to be earned  out 
w ithout the d an ger o f  Uie source b em e m advertenilv  exnosed

12 E m ergency  slop  device 
E m ergency  push  button 
is p ro v id ed  a t I

Lhe conLroI con so le  to term inate  tlie irradiation  at any tune.

F ig u re  1: D esign  featu res/safeiy  in terlocks a i Lbe R V N R L Plant



R jd iation  S a fety  A sp ects

T he use ol h .g h  m u^ns.ty g am m . sourCB in ihe im d ia .o r s  has a  p olcn lia l for radial,on  hazards lo p lan , 
^ r s o n n e l  an d  pul,h c  m the even, o f any m alfunclion  o r fa ri.re  o f safely  sysicm s, ll is essenual lo e v l a i e  
Ihe h azard s  hkely  lo an.se und er norm al w orking eon d ino n s, as a lso  u nd er polenlial a e c d e n l  eond.liuns 
(e g) I,re. exp losion, corro s.o n , cle. .. in o rd er lo avoid h igh  doses lo p ersonnel. Personnel m onito ring  and 
area in o n .io n n g  dev ices  a re  com m only  used for die evaluation  o f ex ternal radiation  hazard.

Personnel M on ito ring

RV N RL P lant is inclu ded  m l ie  TL D  badge scr%ice conducted  by R adiation  Protection Services Division 
Bhahha A tom ic R esearch  Cenire. M um bai. T h e  lherm olum ine.scence D osim eter (TL D ) cards used bv the 
personnel are  ro u u n e ly  read by die T L D  - badge section  of RPSD . BA RC e v en ’ diree m onths and die 
reports iye s en t lo us.

T h e  q uarte rly  report.s o f radiation  doses received by d ie s ta ff m em bers have been 
analysed  from  1992 lo 199,‘i. T he yearly  averag e do.se for d ie personnel have 
been com pute  he num ber o f persons m onito red , die averag e do.se received by die 
personnel in d ifferen t years and n um b er o f batch  irrad iatio ns ea rn ed  out in each 
y ea r arc  g iven  in table 3.

T a b le  2; Tfje qualeriy  report o f  radiation  doses from 1992 lo 1995

Y ear N um ber ol 
batches 

rradiaied

N um ber o f 
persons 

m oniiored

T otal dose 
in m illi S ieveri 

(m Sv)

A verage dose 
in m illi S ieven  

(mSv)

1992 7 2 0.00 0 .0001993 13 7 1,00 0 .1101993 13 7 1.11 0.1601994 4 7 1.05 0.1501995 6 8 0 .6 0 0.070
Notes:
11 Dose lim its recom m en ded  hy ICRP (1991) for radiation  workers,

WluMe body {effccuvc dose) =  20 m Sv per year, averaged over defined  period o f 5 
^ years with no m ore ihaji 50 m Sv in a single year
- )  Dose below  m easurable  level ot 0.05 mSv is show n zero.

The anjdysis ind icates d ia l die dose received by personnel are  well w ith in  die perm issib le limit. It is found 
UUI nobody received  any  queer dose dun ng  the Iasi four years.

Area M onito ring

Routine a rea  m o nito rin g  procedure is being adopted  in d ie  R V N RL faciUty d uring  source 
in Shield and  source ra ised  condiUon. R adiadon  levels a t im p o n an l locauons o f die 
lacUiiy are tabulated  below .
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T a b le  3: R ad ia tion  levels  at im portant locations

SI. Location Source SourceNo, Shielded exposed
(m icro  S ievert/hour) (m icro  S ieven/hour)

1. C ell ro o f N eglig ib le 0.2T Steel door 0.3
3. C ontro l area " 0.1
4. D M -plan t room 0.35, S ervice room 0.1
6. N o occupancy  area 0.3

Note; 1) InsLium ent u sed  for tiie survey  =  D igirad  
2) E x p ec ted  accuracy  =  + /- 15%

From  tiie a b o v e  tab le  it can be seen  that the m easured  dose rate values are well within ihe permissible limii. 
I.e., 25 m icro  SieverL/liour.

In add itio n  to the  rad ia tio n  survey m eters , tw o radiation  detectors called  G am m a Area/Zone moniiors are 
ins ta lled  in the  facitlity  w hich  can give w arn ing  signal m case of abnorm al situations If tJie source gets 
s tu ck  up o r not re tu rn ed  to sh ielded  position  fully, then there will be h igher radiation level in the room 
T his level w ill trig g e r tiie zone m o nito r lo g ive aud io  alarm .
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