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In 2001, the Bul gar ian Gov ern ment de cided to re fur bish and con vert the re search re ac tor in
So fia into a low-power re ac tor. Due to this, a par tial dis man tling of IRT-So fia’s old sys tems
and equip ment was car ried out with the in ten tion of re us ing the con crete bioshield in the con -
struc tion of the new low-power re search re ac tor. For a more ef fi cient use of avail able re -
sources,  an en gi neer ing pro ject known as “The plan for the par tial dis man tling of IRT-So fia
equip ment as a part of its re fur bish ment into a low-power re search re ac tor” was drawn up
and has since been suc cess fully im ple mented.
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IN TRO DUC TION

The first crit i cal ity of the IRT-So fia re search re -
ac tor was reached in Sep tem ber 1961. The re ac tor had
been started up 4189 times and ran 24623 hours al to -
gether, at dif fer ent power lev els (by 2 MW) agreed
upon with the us ers at reg u lar weekly meet ings. The
re ac tor was shut down in 1999 for re fur bish ment and
con ver sion.

The re ac tor is of the pool type, cooled and mod -
er ated with light wa ter. The core con tains up to 48 fuel
and graph ite as sem blies. There are 14, 15, or 16 fuel
rods per as sem bly. The fuel rods are of the EK-10
(10% en rich ment) and C-36 (36% en rich ment) type.
The re flec tor in cludes 13 graph ite blocks. The safety
and con trol sys tem in cludes 7 in core rods – 2 safety
rods, 4 reg u lat ing rods (made from bo ron car bide in
alu mi num clad ding), and 1 au to matic reg u lat ing rod
(stain less steel in alu mi num clad ding). The cool ing
sys tem in cludes 3 pumps, a spe cial ejec tor pipe, max i -
mum flow rate of 540 m3, 2 heat exchangers, 4 ion
exchangers, and 2 me chan i cal fil ters. The max i mum
ca pac ity of the stor age pool is 108 fuel as sem blies. It
has con nec tions to the re ac tor pool and hot cell lab o ra -
to ries. The ex per i men tal chan nels are 11 hor i zon tal
and 12 ver ti cal, max i mum neu tron flux at 2 MW ther -
mal power is 2×1013 cm–2s–1. 

In 2001, the Bul gar ian Gov ern ment de cided to 
re fur bish and con vert the re search re ac tor IRT-So fia
into a low-power re ac tor. In or der to re al ize this pro -
ject, it was nec es sary to de velop and carry out a Plan
for the Par tial Dis man tling (PPD) [1] of re search re ac -
tor IRT-So fia, in keep ing with na tional leg is la tion [2,
3] and the IAEA Safety Guide [4].

The PPD was com piled with the aim of de scrib -
ing in de tail the suc ces sion of pro ce dures re lated to the
dis man tling of the IRT-So fia equip ment and was not
meant to be used for the pur pose of its re con struc tion
into a low-power re ac tor and the en su ing op er a tions
for the re duc tion of ra dio ac tive waste (RAW) vol ume,
de con tam i na tion, sort ing, pack ag ing, tem po rary stor -
age or trans por ta tion and de liv ery to the “Ra dio ac tive
waste” state com pany. The main pur pose of the PPD
was to en sure the safety of the per son nel and pop u la -
tion on the whole and the pro tec tion of the en vi ron -
ment.

THE PUR POSE OF PAR TIAL
DIS MAN TLING

Par tial dis man tling (PD) ac tiv i ties are a part of a
wider pro cess of the re con struc tion of the re search re -
ac tor IRT-So fia. Each and ev ery one of these ac tiv i ties
is meant to safe guard the health and safety stan dards of 
the per son nel, as well as the pro tec tion of the en vi ron -
ment. The fi nal stage of the re fur bish ment, af ter the
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par tial dis man tling, is to be the ini tial stage of mount -
ing new re ac tor sys tems and equip ment. The cri te ria to 
be taken into ac count should be those that en sure ut -
most tech no log i cal ad van tages for the mount ing of
new sys tems and equip ment and guar an tee that sur -
face con tam i na tion lev els and ef fec tive dose rates
(EFD) are be low val ues per mit ted by Bul gar ian nor -
ma tive re quire ments.

The IRT-So fia equip ment has been dis man tled in 
the fol low ing se quence:
– re moval of the pri mary cool ing loop sys tems,
– re moval of in ter nal re ac tor sys tems,
– re moval of the bot tom rack from the spent fuel

stor age, and
– re moval of the ther mal col umn.

The old bioshield and alu mi num cover of the re -
ac tor pool have been pre served with the pur pose of uti -
liz ing them for the new low-power re ac tor. The new
stain less steel re ac tor ves sel was to be mounted onto
the old alu mi num ves sel with an ap pro pri ate ma te rial
in be tween. The re ac tor build ing was also pre served
for fu ture use.

What the PDP of fers is the ad van tage of the sec -
ond ary use of re ac tor fa cil i ties and the uti li za tion of
ex pe ri ence pre vi ously gained by the per son nel dur ing
the op er a tion of IRT-So fia.

PRE CON DI TIONS FOR THE
IM PLE MEN TA TION OF PAR TIAL
DIS MAN TLING AC TIV I TIES 

The first pre con di tion was the trans por ta tion of
the spent nu clear fuel to Rus sia un der the in ter na tional
RRRFR pro ject, fi nanced and sup ported by the
US-DOE. This was suc cess fully car ried out in the
sum mer of 2008.

An or ga ni za tional struc ture for the man age ment
of the PD pro ce dure was set up, with clearly de fined
ac tiv i ties and re spon si bil i ties (fig. 1).

A char ac ter iza tion of the IRT-So fia equip ment
for dis man tling has been car ried out by mea sur ing
meth ods, sam ples and smears (fig. 2), and through cal -
cu la tion meth ods.

The most sig nif i cant radionuclides that have
been de ter mined in the metal sam ples taken are 63Ni,
152Eu, 137Cs, 55Fe, and 60Co. In ad di tion, graph ite
blocks were taken out from the ther mal col umn within.

The blocks were there through out the op er a tion
of IRT-2000. A sam ple was taken from the graph ite
blocks for anal y sis with a high res o lu tion X-ray spec -
trom e ter and a high res o lu tion gamma spec trom e ter.
The re sults from the anal y ses show the pres ence of
152Eu, 60Co, 14C, and a small quan tity of 3H.

Pre pa ra tory ac tiv i ties prior to the dis man tling
were car ried out. A san i tary check-point con sist ing of
re stric tive bar ri ers and a por tal mon i tor of the
RADOS-RTM-860TS type was in stalled.  For pro tec -
tion from ra dio ac tive dis charges dur ing the dis man -
tling, a tent with tem po rary ven ti la tion based on HEPA 
fil ters was set up (fig. 3).

Checks were also made of the con di tion of the
12.5 tons bridge crane and the operability of the per -
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Fig ure 1. Or ga ni za tional
struc ture for man age ment of the
PD procedure

Fig ure 2. Smear and sam ple-taking



ma nent ven ti la tion sys tem, spe cial sew age, power
sup ply, ra di a tion con trol sys tems, etc. 

A site for sec ond ary pro cess ing and de con tam i -
na tion of the dis man tled equip ment was set up. Spe cial 
con tain ers for the RAW (made of con crete and steel)
were pro vided. The re ac tor’s main hall was cleared of
re dun dant equip ment, shield ing blocks, ex per i men tal
de vices etc., which could ob struct the PD pro ce dure.
Af ter the pre lim i nary pre-dis man tling de con tam i na -
tion of the in ter nal re ac tor equip ment, a nec es sary
quan tity of wa ter was drained from the re ac tor’s tank.
The equip ment in tended for dis man tling was dis con -
nected from the power sup ply. The drain ing of the pri -
mary cir cuit pipes, heat exchangers, and pumps was
per formed. Prior to the com mence ment of the dis man -
tling, ra di a tion con di tions were checked.

IM PLE MEN TA TION

Dur ing the im ple men ta tion of the PD, fol low ing
work zones were de fined:
– zone 1 – dis man tling of re ac tor pool equip ment

(figs. 4 and 5),
– zone 2 – dis man tling of pri mary cool ing loop

equip ment (figs. 6 and 7),
– zone 3 – dis man tling of equip ment at the re ac tor

site on the level of 8 m (I&C sys tem driv ers; ver ti -
cal chan nels; driv ers for sta tion ary and mo bile
ion iza tion cham bers, etc.),

– zone 4 – dis man tling of the ther mal col umn (figs.
8-10), and

– zone 5 – sec ond ary pro cess ing and de ac ti va tion of
the dis man tled equip ment.

SAFETY AS SESS MENT

The safety as sess ment of the PDP of IRT-So fia
iden ti fied haz ards that could pos si bly ac com pany the
pro ce dure. They are to be mainly as so ci ated with ra -
dio ac tive ma te ri als ob tained dur ing the dis man tling of

the in ner body de vices, ther mal col umn and pri mary
cir cu la tion loop, the body of the re ac tor core, ejec tor,
pipe lines, pumps, heat exchangers, graph ite, con crete
from the bi o log i cal shield, etc.

In ad di tion, con ven tional (in dus trial) haz ards
are also to be taken into ac count when the op er a tion of
ma chines at high al ti tudes and risks caused by ex ter nal 
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Fig ure 4. Re ac tor pool prior to the dismantling

Fig ure 5. Re ac tor pool af ter the dismantling

Fig ure 3. Tem po rary tent and ventilation

Fig ure 6. Cool ing loop prior to the dismantling



fac tors such as fire, earth quake, and floods have to be
taken into con sid er ation, as well.

Based on the re sults of nor mal and ac ci den tal
sce nario anal y sis and com par i son with safety cri te ria,

safety mea sures for ra di a tion pro tec tion were de fined,
in clud ing mea sures such as the use of pro tec tive cloth -
ing, un der wear, shoes, masks, and res pi ra tors against
radionuclide in ha la tion. Also in cluded into the sys tem
were: safety en gi neer ing pro tec tion mea sures (bar ri -
ers, tents, ven ti la tion, etc.), por ta ble ven ti la tion sys -
tems, ma te ri als for pro vid ing pro tec tion (lead blocks,
PVC sheets, etc.)

The minimization of dose ex po sure of the per -
son nel ac cord ing to the ALARA prin ci ple was re al -
ized by op ti miz ing the num ber of per sons ir ra di ated, in 
com pli ance with dose lim its de ter mined by the said
reg u la tion and the low est at tain able lev els pos si ble.

Rules and in struc tions con cern ing the con duct of 
the per son nel dur ing the dis man tling were set up. At
each of the zones, the per son on duty de ter mined the
time al lowed for do sim e try mea sure ments, de pend ing
on the equiv a lent dose rate and ac cepted lim its of per -
mis si ble ir ra di a tion.

RA DI A TION DOSES

Col lec tive doses ob tained dur ing the par tial dis -
man tling are:
– in the re ac tor pool – 2.47 man mSv,
– dur ing the ex ter nal dis man tling of the ther mal col -

umn (re ac tor hall) – 2.41 man mSv,
– on the re ac tor site it self – 80 man µSv,
– on the site for the sec ond ary treat ment and de con -

tam i na tion of the dis man tled equip ment –
271 man µSv, and

– on the pre mises of the 1 CL (pre mises 103) –
123 man µSv.

Waste man age ment in volves all ac tiv i ties, in -
clud ing de com mis sion ing, con nected with the ma nip -
u la tion, pre lim i nary treat ment, pro cess ing, con di tion -
ing, stor age and dis posal of RAW, ex cept for their
trans por ta tion out side the per im e ter of the re ac tor site.

RAW man age ment stages are shown in the
scheme on fig. 11.
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Fig ure 8. Ther mal col umn prior to the dis man tling

Fig ure 9. Graph ite from the re moval of the ther mal
col umn

Fig ure 10. Ther mal col umn af ter the dismantling

Fig ure 7. Cool ing loop af ter the dismantling



All the ra dio ac tive ma te ri als and waste gen er -
ated dur ing the PD of IRT-So fia are de scribed in log -
books, es pe cially those con cern ing PD ac tiv i ties. The
gen er ated RAW was col lected sep a rately, ac cord ing to 
kind (solid or liq uid) and cat e go ri za tion. Radionuclide 
con tent mon i tor ing was done with por ta ble ra dio met -
ric ap pli ances, at a lo ca tion where the ra di a tion back -
ground in the re stricted zone is suf fi ciently low, so as
to give a qual i ta tive anal y sis of the iso tope con tent. 

Fol low ing RAW cat e go ries were de ter mined ac -
cord ing to [5], ar ti cle 5 and [6].

Solid RAW of the first cat e gory (1): Tran si tional
RAW which can be re leased from reg u la tory con trol
af ter proper treat ment and/or tem po rary stor age.

Solid RAW of the sec ond cat e gory (2): Low- and
me dium ac tiv ity wastes. Ad di tion ally, this cat e gory is
cat e go rized as cat e gory 2a – short-lived, low- and me -
dium- ac tiv ity wastes and as cat e gory 2b – long life -
time, low- and me dium ac tiv ity wastes.

Solid RAW of the third cat e gory (3): High ac tiv -
ity wastes.

Ta ble 1 shows the quan ti ties of RAW re sult ing
from the par tial dis man tling of IRT-So fia equip ment.

The RAW ob tained from the par tial dis man tling
of IRT-So fia equip ment was col lected, de con tam i -
nated, packed and tem po rarily stored on the re ac tor

site (fig. 12). Af ter pack ing, it was placed in li censed
trans port con tain ers, to be de liv ered for stor age to the
state en ter prise “RAW”.

Liq uid RAW from the IRT was de liv ered to the
state en ter prise for re cy cling and stor age.

CON CLU SION

A fi nal ra dio log i cal sur vey of the re ac tor pool
and the pre mises af ter the com ple tion of dis man tling
ac tiv i ties has been per formed to en sure that the es tab -
lished cri te ria have been met. 

An in spec tion of ra di a tion pro tec tion mea sures
ap plied at the IRT-So fia site was then per formed by
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Fig ure 11. RAW man age ment stages

Ta ble 1. Quantities of RAW

RAW streams description Planned Obtained

Solid RAW, reactor pool, partial
dismantling, RAW storage, metal
of 2a and 2b category

1680 kg 1686 kg

Solid RAW, reactor pool, partial
dismantling, RAW storage,
non-metals of 2a and 2b category

70 kg 70 kg

Solid RAW, thermal column,
partial dismantling, RAW storage,
metal of 2a and 2b category

5040 kg 5040 kg

Solid RAW, thermal column,
partial dismantling, RAW storage,
non-metal of 2a and 2b category

10000 kg 11035 kg

Solid RAW, I CL, partial
dismantling, RAW storage, metal
of the 1st, and 2a category

5800 kg 2736 kg

Liquid RAW, reactor hall, partial
dismantling, tanks, coolant from
reactor pool

60000 L 60000 L

Liquid RAW, reactor hall, partial
dismantling, tanks,
decontamination solutions

6000 L 1000 L

Liquid RAW, reactor hall, partial
dismantling, RAW storage,
ion-exchange resins

320 L 160 L

Fig ure 12. Site for tem po rary dis posal of con tain ers with
RAW



BNRA in spec tors. The con clu sions of this in spec tion
were as fol lows:

· “Ad e quate mea sures of ra di a tion pro tec tion were
ap plied dur ing the par tial dis man tling pro ce dure.
Data com ing from the mon i tor ing of the IRT-So fia 
site for ra di a tion prove that the dis man tling pro ce -
dure did not have a sig nif i cant im pact on the read -
ing.”

· “The man age ment of RAW ob tained from the par -
tial dis man tling of IRT-So fia has been car ried out
ac cord ing to in ter nal work ing doc u ments and in
keep ing with ra di a tion pro tec tion mea sures.”

· “The com mis sion ad vised IRT lead ers to pre pare
and build a site for the tem po rary dis posal of con -
tain ers con tain ing RAW.”

As rec om mended, a site for the tem po rary dis -
posal of RAW was built prior to its de liv ery and stor -
age at the  “RAW” state en ter prise [7] and [8].

The fi nal re port and con clu sions call for novel
equip ment and sys tems in deal ing with the said is sue.
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DELIMI^NO  UKLAWAWE  ISTRA@IVA^KOG  REAKTORA
IRT-SOFIJA  PRE  WEGOVE  OBNOVE

Bugarska vlada odlu~ila je 2001. godine da istra`iva~ki reaktor u Sofiji obnovi i
preobrati u reaktor male snage. U tu svrhu sprovedeno je delimi~no rastavqawe starih sistema i
opreme IRT-Sofija, sa namerom da se u konstrukciji novog istra`iva~kog reaktora male snage
ponovo upotrebi biolo{ki {tit od betona. Radi delotvornijeg kori{}ewa raspolo`ivih
sredstava, na~iwen je in`ewerski projekat poznat pod imenom “Plan za delimi~no uklawawe
opreme IRT-Sofija kao deo prevo|ewa u istra`iva~ki reaktor male snage”, koji se od tada
uspe{no primewuje.

Kqu~ne re~i: istra`iva~ki reaktor, delimi~no uklawawe, radioaktivni otpad, 
.........................dekontaminacija, procena sigurnosti, za{tita od zra~ewa


